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chapter 1. Running Liquids NMR Experiments

Sectionsin this chapter:

® 1.1, “NMR Experiment Tasks,” this page

® 1.2,“Saving NMR Data (optional),” on page 26

® 1.3, “Stopping an Experiment,” on page 26
Thisintroductory chapter describesthe use of VnmrJto run liquids NMR experiments with
the VnmrJ experimental interface. The tasks involved in running aliquids NMR

experiment generally follow the VnmrJinterface layout, moving from left to right over the
interface from the Locator to the Start, Acquire, and Process tabs.

The VnmrJ experimental interface, see Figure 1, isdescribed in A ppendix 15, “VnmrJ
Experimental Interface,” page 299.

Advanced function bar
(command line)

Menu bar——gne Edit View Experiments Acquisition Process Display Tools Help
Tool bar——- [ =60 [@CEFECE) .
Graphics
Tabs for — g % —controls
. = —
vertical 3
panels
L}
vl4 [magena |~ @]
Viewport—
vertical e
anel Auto| [Overtay Viewports]
p B
m
SR =
Start| Acquire | Process || Acouire | Accuire 8 Transform| ISTGBMM Show Time | Secuence | _Armays
euse sequence:  noesy _ DisplaySeguence |
Siifeo B Fourier Number in F2 & F1 ot uzed_[= | .
(Channels Stans per increment ~ Linear Preciction i 11 one |~ Graphms
Flags Number of increments 28 ~ Window functions: gaussian [~
Future Actions | g tme ] R o aen e canvas
Relaxation time [s] v —
Spectral Width [ppm] 1> 2 |v ;“’“E‘E’S ‘E“”VT“POLE‘" =
e i i) T Action
Tune method Iohi - P2 [specum _|v
—{——controls
Hardware i
Prob
bar | Temp | Spin | Lock HCNl;DSE [ ﬂ‘ Q!”
Folder tabs
and Pages

Figure1l. VnmrJ Experimentd Interface
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1.1 NMR Experiment Tasks

24

The following table lists the required tasks and where to obtain information.The VhmrJ
panels and pages listed are typical but may vary depending upon the choice of experiments.

Task For more information

Prepare for an experiment Chapter 2, “Preparing for an Experiment,” page 27

Select an experiment
Set up an experiment
Acquire NMR data

"Selecting an Experiment,” page 41

Chapter 3, “Experiment Setup,” page 41

Chapter 5, “Data Acquisition,” page 83

Process the data Chapter 6, “Processing Data,” page 105

Display the data Chapter 7, “Displaying FIDs and Spectra,” page 113
Print the data Chapter 8, “Plotting and Printing,” page 139

Save the data "Saving NMR Data (optional)," page 26

Prepare for an Experiment

Perform the following tasks before beginning an experiment:
® Start VnmrJd.
® Prepare the sample and position the sample tube in aturbine.
® | oad the probefile, if changing the probe.
® [nstall the probe, tune, and calibrate if necessary.

See Chapter 2, “Preparing for an Experiment,” page 27.

Select an Experiment

Select an experiment from the Experiments menu or drag-and-drop a protocol from the
Locator. Refer to 3.1, “ Selecting an Experiment,” on page 41 for more details.

Set Up an Experiment

The VnmrJexperimental setup and the functions avail able under the Start tab are described
in Chapter 3, “ Experiment Setup,” page 41.

Set up the experiment using the pages in the Sart tab.

Star(‘ Acquire ‘ Process| |Selup Harcwars]  Show Time _ ‘

e e |
Lol Gradient Shim
Shirm Motebook Page | EEE
Spin/Temp|| Sokwent CDCI3 2 Spin | at |20 Hz []
Comment TemE at [29.0 c [ Lock Find Resonance
STANDARD 1H OBSERVE ifhen Mot used -
Lock Shim on Lock ‘
Status: off ifhen Mot used hd
Lewel Shim method! ﬂ

1. Select the Sandard page.

Fill in the information for the sample, select a solvent, and enter comments. Enter a
name in the Samplefield t to name the sample. Define the sample, if desired, by
filling in the Notebook and Page.
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Insert the sample.
Regulate spinning and temperature on the Spin/Temp page.
Find Z0 adjust the lock using the Shim and L ock pages.

a > DN

Shim the system to adjust the field homogeneity using the controls provided on the
Shim page.

Acquire a Spectrum

VnmrJ NMR data acquisition and the functions provided under the Acquire tab are
described in Chapter 5, “Data Acquisition,” page 83. Set acquisition and acquire datausing
the pagesin the Acquiretab.

Shan\m‘y Sequen(sJ ArravsJ

Display Sequence ]

Start‘ Acquwel?rcess| | Acquire
e |

Arrays ]

Steady-State

Pulse Sequence| Data Excitation

Spectral width 5000.0 Hz ¥ Relaxation delay

Acquisition time 2.0439 sec = First pulse or r degrees
Future Actions Complex poims 10243 Inter-pulse delay

Observe Pulse or 45 degrees
Scans
F::;u;:z: Ig Receiver Gain g Auto
|4— (] off Calibration: pw30 |12.70 a1 Power [62_

1. Set up experimental parameters and post acquisition actions.

2. Click the Acquire button to acquire NMR data.

Process the Data

VnmrJNMR data processing and the functions accessed by clicking on the Processtab are
described in Chapter 6, “ Processing Data,” page 105.

o X

Full _‘J Clear Scree_u ‘

Star(‘ Acquire ‘ Process| | Transfarm J M Show Spectrumj

3 Tranator ol Display Reference Peak Picking
sighting Autnscale By subent | Peak Threshhold |
Display Transform FID #
Autophase By TMS ‘ Find Peaks ‘
More 1D wight interactiva| Full
ightin nteractive ull Screen
Integration ‘ Bl ‘ | (e Reference cursar to Integration
none - ull Spectrum
Cursors{Line Lists B W’W_’WF‘ A
Plot ] Transf 5 E ] Display Text = kT
ransform Size ntegral Values
Taxt Gutput Find nearest ling . =
Acquired Points 15,040 Baseline Correct Mormalized Walues
Wert Scale  |Absolute - DC Correct Set Morm io Il Qg
[ ] Linear Prediction  Auto LP ‘
Auxis \PPM - Find Integrals Clear Integrals ‘
[] Sokvent Subtraction
Display Mode [Phased | v BC Correct o
o

Display the Data

VnmrJdatadisplay isdescribed in Chapter 7, “Displaying FIDs and Spectra,” page 113. Click on
the Processtab and select the Display page and the graphic contr ol buttonsto manipulate the
display of the data.

S(art|Acqu|re| Process‘ ‘ Transfarm J AM_ Shaw Spec(rumJ

nox

Full _‘J C\earScree_n‘J |

Display Mode Axis Amplitude Scaling Reference Baseline Correct
(@) Phased ) Hertz ) Normalized By Sohvent OC Correct
) Abswal @ PP @ Ahsolute By TMS Autofind Integrals
) Power ) kHz Cancel BC Carrect
N . . B By Cursor
prsersjLine Lisig Screen Position Scale Adjust - _
Plot Find Peaks
e xt Qutput Full | Center | Autoscale | Reference cursor to —
Left Right + - .62 m [
| rom | | F52  [pom [~] :‘an =

Nearest Ling

Display Arrays Display offsets

Horizontal Labe| horizontal Mark at Cursar
Wertical wertical Clear Marks
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Print or Plot the Data

VnmrJ data display is described in Chapter 8, “Plotting and Printing,” page 139. Use the Plot
pageto create aprint or plot.

(o = m = = = 2 x
Start ‘ Acquire ‘ Process Transform | Aumpmcai_ Show Spectrum Full Clear Screen
Default Printout Autoplot Mode Spectrum FID
eighting ) Printer () Preview () File Full = Flot Spectrum Plot FID
Display Flot Spectrum Array Flot FID Array
More 1D Auto Plot Parameters -
Integration - - Full = Plot Spectrum Scale Plot FID Scale
Cursors/Line Lists Clear Plot
Manual Plot Peak Frequencies Screen Position Misc
Text Ourpur =] Ful__ | cemer Plat Text |
forme %i s i et | Rigmt Flot Maolecules |
Filename tlie el
Autoscale
5 Plot Integrals — [ Piot loga Set
Send this plot to: WYSIWYG
Integral Values Flot Pulse Sequence
Printer Type: B+ W 2 Scale: 0.1 Hz/mm

1.2 Saving NMR Data (optional)

Use either the Save Data Setup window or the Future Actions page to save the data if the
dataisacquired and the Automatic FI D save featurein the Future Actions page under the
Acquiretabisnot selected.

Method Description

Future Actions Page Click on the Acquire tab, Future Actions tab, and Save FID Now
button. Check the Automatic FID Save in the Future Actions panel
before starting an experiment to automatically save upon completion of
acquisition data acquisition.

Main VnmrJ Menu Click on File.

Options Select either Save as... or Auto Save.

Selecting Auto Save saves the data as specified in Save data setup...
Click on Save data setup... to customize where and under what name
datais saved (see VnmrJ Installation and Administration manual).

1.3 Stopping an Experiment

There are four waysto stop an experiment:
® Click on the Sop button Q
® Click on Acquisition in the main menu, then Abort Acquisition.
® Click on the Sop button in the Acquire panel.
® Enter aa on the command line.

26 NMR Spectroscopy User Guide 01-999378-00 A 0708



chapter 2. Preparing for an Experiment

Sectionsin this chapter:
® 2.1, "“Starting VnmrJ,” on page 27
® 2.2, “Preparing the Sample,” this page
® 2.3, “Ejecting and Inserting the Sample,” on page 29
® 2.4, "Loading aProbe File,” on page 30
® 2.5, “Tuning Probes on Systems with ProTune,” on page 30

® 2.6, “Tuning Probes on INOVA Systems and MERCURYplus/Vx Systems,” on page
35

2.1 Starting VnmrJ

1. Log on to the workstation.

2. Doubleclick on the VnmrJ icon.

2.2 Preparing the Sample

Sample preparation and positioning in the turbine affect the efficiency of auto shimming
methods. Variations in bulk magnetic susceptibility at air-to-glass, glass-to-solvent, and
solvent-to-air contact points can contribute a dominant portion of the variation of field
homogeneity from sample to sample. The time spent shimming, or even the need to shim
islargely dependent on the care in controlling the effects of these contact points.

® "Selecting a Solvent," page 27

® "Setting the Sample Height," page 27

® "Sample Position Using the Depth Gauge," page 28
® "Sample Tubes," page 29

Selecting a Solvent

Most samples are dissolved in a deuterated solvent that does not react or degrade the
sample. Theinstrument can be run unlocked if the sample must be run using a solvent that
is not deuterated.

Setting the Sample Height

Experimentation and calculation show that the liquid column length must be at least three
times the length of the observe coil window to minimize end effects. A typica sample
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28

length is5 cm regardless of the diameter of the NMR tube used. Solvent volumes of 0.6 ml
ina5-mmtubeand 3.1 ml in a10-mm tube are adequate for removing the end effects. Refer
to the manual provided with the probe in use for specific sample height and volume
specifications.

Reduction of sample volume to attain higher concentration usually fails (special plugs for
low volume samples are available and will help with line shape) because the increased
signal isfound around the base of the NMR resonance, not within the narrow portion of the
signal. In fact, awell-shimmed 0.4 ml sample will be lower in sensitivity than the same
solution diluted to 0.6 ml and also shimmed well. The questionable gain in sensitivity is
further degraded by the longer time it will take to shim the system. Small variations of
sample height that would be insignificant in a 0.6 to 0.8 ml sample can be dominant when
the sampleisonly 0.4 ml in volume.

For best results and minimum shimming time, samples should be prepared to be the same
height as much as possible. Above 0.7 ml there is little sensitivity to sample length aslong
as the bottom of the tube is positioned properly. Make every sample up to the same height
and obtain shim values using samples of that height.

Typical samples with volumes for Table 1. Sample Tube Depths
Wilmad 528 or 535 tubes with no

restricting plugs listed in Table 1 \Volume Length Depth (Range)

are placed at the depths shown in

the table. The depth isthe distance 700 pL 50 mm 68 mm (65-69 mm)
in mm from the bottom of the 600 uL 42 mm 65 mm (63-67 mm)
turbine to the bottom of the sample 500 pL 36 mm 62 mm (60-64 mm)
tube. 40uL  28mm 59 mm (58-62 mm)

Sample Position Using the Depth Gauge

Set the sample position to arepeatable position. Use the sample depth gauge provided,
shown in Figure 2. Use location 0 on the sample tray if a sample changer is present.

1. Insert the turbine into the top of the sample depth gauge.

Receiver coil area

\Center line of receiver coil

Figure2. Sample Depth Gauge
2. InserttheNMR sampletubeinto theturbine. Gently push the sample tube down until
it touches the moveable bottom of the sample depth gauge.
3. Loosen the knob on the sample depth gauge.

4. Raisethe bottom of the gauge, along with the sample tube and turbine, until the
sample volume is centered on the centering mark (CL, between 35 and 51 mm) in
the back of the gauge.

5. Tighten the knob.
6. Remove the sample tube and turbine from the depth gauge.
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7. Gently pull up onthe sampletube in the turbine, replace the turbine/sample tubeinto
the depth gauge, and gently push down on the sample tube until it touches the
repositioned bottom of the depth gauge.

Sample Tubes

Buy the best quality NMR sample tubes and clean the outside of each tube with a solvent
such as isopropy! acohol, followed by a careful wiping with a wiper tissue before placing
the tube in the probe.

Sample Changes and Probe Tuning

Probe tuning is required when there is a significant change in the polarity of the solvent.
Changing from anon-polar organic solvent to a more polar organic solvent or aqueous
solvent generally requiresretuning the probe. Changesin the ionic strength of the solution
(e.0., low salt to high salt) also require retuning of the probe.

2.3 Ejecting and Inserting the Sample

The spectrometer is equipped with hardware and software to provide computer control of
sample gjection, insertion, spinning, locking, and shimming. This section covers computer-
controlled sample gjection and insertion.

Insert
AN

‘ CEff Hamware| Show Tirme _ ‘

Start| Acquwre‘ Process

Standard | sample Insert ” Eject | Find 20
Lock R e | . Gradient Shim
APNarme;
R Solvent cDeR ~| spin |at[o Hz W "
SPINTEMB) 6 omment Temp |at[zsn ¢ | Lock Find Resonance
STANDARD 1H DBSERVE When Mot used vl
(Lo Shim on Lock
Status.  Off When Mot used vI
Level Shirn method: 2122 vI

Manual control of g ection and insertion isalso provided on each of these systemsto enable
you to withdraw samplesif necessary, but we strongly recommended that you use computer
control for maximum reproducibility and safety.

Ejecting a Sample

Always gject first (even if no sampleisin the magnet) to start airflow to carry the sample.
The gject air isturned on and, under computer control, the sample, if present, rises back to
the top of the upper barrel. Remove the sample and replace it with another sample.

Using the Start Tab

The Insert and Eject buttons are on the Start tab.
1. Click the Sart tab to open the setup tab.
2. Click the Eject button.
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Manual Ejection

The manual gect button is used only in emergencies.

® Pressthe black button on the top of the left leg of the magnet or inside the Magnet
Interface Box.

Inserting a Sample

The sample tube gradually lowers down the upper barrel under computer control. The
bearing air is turned off momentarily allowing the turbine to seat properly into the bearing
cylinder.

The two-stage sample insertion operation is provided for safety reasons, particularly when
working with the 5 mm upper barrel, which uses smaller turbines. Because the tube itself
is used as the bearing surface in this barrel, the tube must drop down the barrel slowly
enough to avoid breaking when contact is made with the conical guide. The second stage
drop then permits the tube to slide into the bearing cylinder. Operation using the larger
upper barrel, which can hold 5-, 10- and 16-mm tubes, isless susceptible to these problems
because the turbine makesinitial contact and aignment before the sample tube encounters
any close tolerance.

Using the Start Tab

1. Perform asample gjection (even if no sampleisin the magnet) to start airflow to
carry the sample.

Insert the sample by placing it in the top of the upper barrel.
Click the Sart tab to open the setup tab.
Click on the Standard page.

w M BN

Click Insert.

2.4 Loading a Probe File

Probe files can be created at any time and are typically created during system or probe
installation. Procedures for creating probe files and probe calibration files are provided in
the VnmrJ Installation and Administration manual .

1. Click the Probe button on the Hardware bar (bottom left corner of the VnmrJ
interface).

The probe selection window appears.
2. Click the Select Probe dropdown menu and select the desired probe.

3. Click Close to dismiss the window.

2.5 Tuning Probes on Systems with ProTune

This section applies to Varian NMR Systems spectrometers equipped with ProTune.
® "Configuring for Operation with Automated Sample Handlers,” page 31
® "Running Protune on Systems Not Using Automated Sample Handlers," page 32
® "Remote Tuning from the ProTune Window," page 32
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Configuring for Operation with Automated Sample Handlers
® Appliesto systems equipped with ProTune.

® The system must be properly configured and ProTune-calibrated. Refer to the VhmrJ
Installation and System Administration manual for configuring the software and
calibrating ProTune.

® Dataacquisition with an automated sample handler uses the Walkup interface.

1. Loginor switch operatorsto the walkup account administrator and start VnmrJ.
2. Click on the Tools button on the main menu bar.

3. Select Probe Tuning.

4. Select Auto tune setup ... from the pop-out menu.

5.  Specify when ProTune automatically tunesthe

pI’Obe Tune when changing:
. . . [¥] sample
Placing acheck in the box next to each change in éexpf,',m
condition resultsin automatically tuning the probe. = Sl
Click the Reset button to return to the default ¥ temperaure
.. [¥ high banct
conditions. Sy _—

[ Do not tune

6. Check the box next to Do not tuneif no tuning by
walkup operators is allowed. : [ Gose |

7. Selecting any option aside from Do not tune places a check box on the study panel,
and selecting Do not tune removes the check box from the study panel.

From the Tools menu, do this:

Do Gr’ame;"\trSmmmmg T —-OR-
Standard Calibration Experiments » Calibrate Probe...
Update locator ) Set Up Gradient Sh\mmm»
e o ocster SR From the hardware bar do this:
Select I, Temp | swin | Lock Probe
| Il HCMN_{23
Click
- S ) - |
e Grayed if the probe is
= a system level probe
and active for user
Opens .\Nlndow tO Edlt Tune sweep Tune gain |50 IeVeI prObe.
probe file
Open the Probe window: WEdit  Edit Probe |  sysem | Probe name
Place a check in this box Probe name | entry field
(as Shown) Parameters Zero 'I Lewel User "‘ Callbratlon avallablllty
‘ level

Make new probe | Jelete probe

Click here to select

a calibration - option is
grayed out, as shown,
if no probe is selected. [ |

Figure 3. Cdibrating a Probe
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Gradient shimming will start after each auto tune event if both auto tune and gradient
shimming are selected.

8. Click on Close to save the changes and exit the Setup Autotune window.

Running Protune on Systems Not Using Automated Sample
Handlers

1. Click on the Tools button on the main menu bar.

® Walkup interface — Select Tune Probe... Tune
fl’0m menu. Nucleus H1 F19

ol ool wis ol

® Experimental interface—Select Auto Tune
Probe... from menu.

Adwvanced Tune
Nucleus H1
Tune Criterion Medium =

Tune to Criterion ‘

2. Click on anucleusbutton next to Nucleus in the
Tune region to set the tune frequency.

3. Select acriteriafrom the dropdown menu next to
Tune Criterion in the Advanced Tune section: | close

Coarse — within 5 percent of optimum pw
M edium —within 2 percent of optimum pw
Fine — within 0.5 percent of optimum pw

The criteriafunction is available to the walkup operator depending on value set in
the parameter panellevel.

4. Click on Tuneto Criterion button.

5. Select the next nucleus and repeat step 2 through step 5 and continue with the next
step when all desired tuning is completed.

6. Click on Close to exit the ProTune module.

Remote Tuning from the ProTune Window

The ProTune interface window (shown in Figure 4) can be used to tune the probe.
Functions and features of ProTune arelisted in Table 2.

1. Start ProTune by entering the following in the VnmrJ command line:
protune('calibrate')

Thecalibrationfilesfor the probe shown on the hardware bar of the VnmrJinterface,
see Figure 5 are loaded.

Lock
i

Temp | Spin

HCN_123 — Probe name

Figure5. Probe Nameand VnmrJHardware Bar

2. Click on the Refresh button.

3. Makesurethat the motor and sweep communicationread OK before starting manual
tuning after the ProTune window appears.

Figure 4 shows the ProTune window with rf reflection at 499.5 MHz.
4. Enter the frequency (MHz) in the Tune To box.
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#Points  |[255 E
i
Tune Switch: () Off @On 2 050
Raw Data: @Off 0n O
Palar Plot: W Off [ 0n 0al

| Calibrate Channel |

emt[ ] oaf

Tune Backlash : 14.0 steps
Tune KHz i Step: 4.4 o0z k
Tune Reflection ! Step: 2.26E-5
Match Backlash: 8.0 steps
Match KHz [ Step: -3.1

Match Reflection / Step: -2.0E-4
Dip Freq: 100.122 ot 1

01+

Dip Refl: 1.759E-3 | | | I | I | |
Match at 100.500 MHz: -5.6 4B &= = 85 Frequendy (i ' 110 15
oW 1(tune) || CCW 1 ¢tune) || CW 1 (match) || CCW 1 (match) |
CW 5 (tune) || CCW 5 itune) || CW 5 (match) || CCW 5 (match) |
CW 10 (tune) || CCW 10 (tune) || CW 10 (match) || COW 10 (match) |
CW 50 (tune) || CCW 50 (tune) || CW 50 (match) || COW 50 (match) |
CW 100 itune) | | CCW 100 (tune) | | CW 100 (match) | | COW 100 (match) |
i CW500 itune) | | CCWS500 (tune) | | CW 500 (match) | | COW 500 (match) |

Figure4. Protune Software Interface Example

5. Click the Tune To button.
The software reads the appropriate channel file and starts tuning.

6. Do the following to stop the automatic tuning and tune manually:

a.  Click the Abort Command button (might require severa clicks) to stop.
b. Enter the corresponding chan # of the desired tune frequency.

c. Click theappropriate CCW (counterclockwise) and CW (clockwise) buttons
to adjust the tune and match.

d. Enter afrequency inthe Center box and click Refresh to update the
reflection window to center the window.

e. Enter afrequency width in the Span entry box and click Refresh to update
the reflection window to set the window span.

7. Close the ProTune window — acquisition will stop automatically. Enter aa on the
ProTune Window Description.

Table 2. ProTune Features and Functions

Feature Button, Label, or Message Description
Diagnostic and Motor Communication OK,  Status of Ethernet communications
tuning Sweep Communication OK  between the module and the workstation.

01-999378-00 A 0708 NMR Spectroscopy User Guide 33



Chapter 2. Preparing for an Experiment

Settings

Controls and output

Abort Command

Text Box

Tune Mode On/Off
Raw Data Mode On/Off
Tune Freq (MHz)
Match (dB)

Track Tune (s)

Center (MHz)

Span (MHz)
Number of Points

Initialize

Polar

Cmd:

Tune/Match Backlash

Tune/Match KHz/Step
Tune/Match Reflection/
Step

Dip Frequency
Dip Refl
Match a Freq MHz

Tune
MATCH
CCICCW #

Plot

Full

Stops current command

Probe name and channel number
Toggle TR Switch/Relay to tune
Toggle window to display raw data
Tune frequency

Criteriafor successful tuning

The number of times the plot should
update with new data

Sets center value of the sweep range
Sets span value of the sweep range

Number of the measurement points for all
segments of the sweep table for each
channel

Initialize tuning sensitivity. Run the tune
and match motors and update backlash,
frequency, and reflection values.

Toggle between polar plot (imaginary and
real reflection) and linear plot (reflection
v. frequency). Polar plot does not work in
raw data mode.

Sendsthe command in the field directly to
the motor modules

Difference between the number of steps
traveled from the tune frequency and the
number of steps traveled back to the tune
frequency. This vdue is the same for CW
and CCW movements.

Number of KHz the dip movesin 1 step

Minimum dip movement in one step with
no regard to frequency. Positive values are
inside the circle of origin, and negative
values are outside the circle of origin.

Frequency the dip occurs

Reflection the dip occurs

Value for the tuning criteria at the desired
frequency

Tune motor control

Match motor control

Clockwise or counter clockwise and
number of stepsto move

Displays Reflection v. Frequency in a
linear plot or imaginary and rea
Reflection on a polar plot. Right click to
draw abox around an area of interest and
expand the viewing area.

Displays the graph in full scale view; for
polar plat, it shows the unit circle
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2.6 Tuning Probes on INOVA Systems and MERCURYplus/Vx Systems

2.6 Tuning Probes on INOVA Systems and MERCURYplus/
VX Systems

Typically, probes are tuned using the TUNE INTERFACE, shown in Figure 8.
® "Selecting Correct Quarter-Wavelength," page 35
® "Tuning Using Qtune," page 35
® "Tuning Using the Inova TUNE INTERFACE Remote," page 37
® "Tuning Probes on MERCURY plus/-Vx with btune," page 39

Selecting Correct Quarter-Wavelength

When alarge change is made in the frequency of the observe nucleus on broadband
systems, such as switching from 13C to 15N, an additional change is made in the quarter-
wavelength cable, a coiled cable located on the system as follows:

¢ Attached to the preamplifier housing for 500-900-MHz systems

e uiynova: Attached to the inner face of the magnet console interface unit as part of the
observe circuitry on other systems

® MERCURYplug/-Vx: Attached to the inside of the left magnet leg or on the side of the
Magnet Interface Box.

The quarter-wavel ength cableis not changed for each nucleus, but only for broad ranges of
frequencies (for example, 40 to 80 MHz), usually covering a factor of two (an octave) in
frequency. An incorrect cable does not typically affect signal-to-noise, but may have a
profound effect on the 90° pulse length.

Tuning Using Qtune

The Qtune routine runs in the graphics canvas and uses VnmrJ panels. Start Qtune as
follows:

Setup the System for Tuning the Probe

UNITYINOVA — |eave the thumb wheel switch on the TUNE INTERFA CE set to observe
mode, or 0.

MERCURYplus/-Vx — connect the following cables:

® Connect the appropriate cable from the probe (35102 or J5302) to the TUNE J5402
connector on the inside of the magnet leg).

® Connect the appropriate cable from the transmitter (J5602 or J5603) to the TUNE
J5604 connector.

® Connect the appropriate cable from the receiver (35103 or J5303) to the
Q TUNE J5403 connector.
Magnet Interface Box — connect the following cables:

Connect the appropriate cablefrom probe (35102, Hi Bnd PreAmp, or from J6001, BB
Probe,) to J5402, Tune.

Connect the appropriate cable from the transmitter (J5602, Hi Bnd Tx, or J5603, Lo
Bnd TX) to J5604, Tune.

Connect the appropriate cable from thereceiver (35103, Hi Bnd Out, or J5303, Lo Bnd
Out) to J5403, Q-tune Tx Hi/Lo Bnd Obs Rx.
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Tuning with Qtune

1
2.
3.

10.

11
12.

13.

Click on Tools on the main menu
Select Manual Tune Probe... or enter gtune on the command line.

Select the center frequency of the nucleus to tune.
For example, set H1.

Select Start Probe Tune on the gtune panel see Figure 6.

Select Center Frequency j C13 75 4307 MHz

Start Probe Tune
Span [5.0 MHz
Power B dB Stop Probe Tune

Number of points 512 '| Gain |4 dB

Vertical scale i) | 12 | Autoscale | Quit Probe Tune

Figure6. Manual Tuning Panel

Choose an appropriate tuning Power (may be channel dependent)-typical valuesare
60 db for YNTYINOVA and 15 dB for MERCURYplus/-Vx.

Set the tuning Gain to 20 dB for YWTYINOVA and 0 dB for MERCURYplug/-Vx (a
typical gain).
Set a frequency Span that shows the tuning dip in full size:

® Thefrequency Span His approximately 10 MHz

® Thefrequency Span for lower frequencieslike N of 1 MHz may be adequate.

Adjust any of the parameters as needed.

All parameters (nucleus, frequency, span, power...) can be changed on-the-fly during
tuning.

A typical 13C tune dipisshownin Figure 7:.

Figure7. Frequency Span Display Showing 13C Tune Dip

Maximize the graphics canvas horizontally to have the best screen resolution.

Click on the Autoscal e button tofit thetuning dip vertically into the graphics canvas
or scale.

Shift the display manually using the Vertical scale.

Keep the default number of acquired points of change the number of points by
selecting a new value from the Number of Points drop-down menu.

Increasing the number of points provides better resolution at large spectral widths.
Higher resolutions will have smaller update rates.

Tune the other channels as follows:

a.  Switch tuning off by selecting Stop Probe Tune.
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2.6 Tuning Probes on INOVA Systems and MERCURYplus/Vx Systems

Select adifferent nucleus.

® 20 o

Repeat " Setup the System for Tuning the Probe," page 35.
Switch tuning back on by selecting Start Probe Tune.
Repeat step 1 through step 13 for each nucleus.

Mercury systems require recabling when switching between hiband and

loband.
14. Exit gtune after tuning is done:
a. Click on Stop Probe Tune.

b. Click on Quit Probe Tuneto return to the previous NMR experiment.

Tuning Using the Inova TUNE INTERFACE Remote

Using the Interface Remote

The panel islocated either on the magnet-
console interface or on the dual-
preamplifier assembly. The panel contains
the following displays, readouts, and
ports: The Tune Interface remoteis
attached to the rf front end and can be
extended to the magnet while tuning the
probe.

® The TUNE INTERFACE display, a
rectangular liquid-crystal display that
shows a numerical value two ways—
as adigital readout and as an analog
representation along the oval

Z>ITO

TUNE INTERFACE

H[w]m
Zm-44d>
o

surrounding the digital readout.

® Two single-digit readouts |abeled
CHAN and ATTEN are below the display. The CHAN readout can be set to 0 for OFF
or to the channel being tuned (1, 2, 3, etc.), and the ATTEN readout is the amount of
attenuation (ana ogous to the TUNE LEVEL knob on older systems). The attenuation
isselected in units of 10 dB. The maximum attenuation is 79 dB, which is selected by
a setting of 8. Above and below each readout are buttons for setting the value of the
readout.

® At thelower right of the panel isared indicator light and a BNC probe port labeled
PROBE J5321.

Figure8. TUNE INTERFACE Panel

Tuning a Probe

Tuning aprobe on aYN™ INOVA system using the TUNE INTERFA CE panel remote takes

the following steps:

1. Set up the spectrometer to observe the nucleus of interest.

Often, the system is already set to the correct nucleus; if not, proceed as if to setup

an experiment.

2. Changetherf cable attached to the probe channel you plan to tune. No filters should

be in-line during the tuning procedures.
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10.

11

War m probes—Disconnect the cable from the PROBE J5311 port on the broadband
preamplifier or the 'H/*°F J5301 port on the preamplifier. Connect this cable to the
PROBE J5321 port on the TUNE INTERFACE panel. If aTUNE OUTPUT J5323
BNC connector is present, disconnect the cable from the OUTPUT port (J5312 or
J5302) and connect it to the TUNE OUTPUT J5323 port.

Cold Probes —refer to the Cold Probe I nstallation manual.

Set the nucleus for each channel.

The TUNE INTERFACE panel remote will not work after powering on or after
resetting the acquisition console until the tune frequencies are set.

Enter su.

When an su executes, the console frequency is set for each channel defined for the
experiment. This frequency also becomes the one used during tune. The table below
shows the relationships between the channel sel ected and the associated parameters:

Channel 1 tn sfrqg tof
Channel 2 dn dfrqg dof
Channel 3 dn2 dfrqg2 dof2
Channel 4 dn3 dfrg3 dof3

Refer to the Command and Parameter Reference for descriptions of these
parameters.

Press the CHAN buttons until the readout is the number of the rf channel to tune.
Start with channel 1.

Thisturns on the tuning function for the channel. The TUNE INTERFACE display
should show a number, and the red indicator light should not flash. (If the light
flashes, check the connector to the cable for an improper connection.)

Press the AT TEN buttons until the readout is 6, 7, or 8.

Insert the appropriate sticks into the probe if necessary. Refer to the probe
installation manual to choose which sticks are needed to tune to the desired nucleus.

Tune the probe. Asthe probe gets closer to being tuned, the number on the TUNE
INTERFACE display will decrease.

Press the AT TEN button until the readout is 8, to increase the tuning level
sensitivity. Continue tuning until the number displayed onthe TUNE INTERFACE
display isasclose to zero as possible at a minimum.

Disconnect the tuning function by pressing the CHAN buttonsuntil the readout isO.
(During normal operation, CHAN must be set to 0 or acquisition is not allowed.)
Reconnect the rf cablesto their original position.

Disconnect the cable from PROBE J5321 port on the TUNE INTERFACE panel.
Connect this cable to the PROBE J5311 port or the *H/*°F J5301 port, whichever
wasthe original port. Then disconnect the cable to the TUNE OUTPUT J5323 port
and connect it to the OUTPUT port (J5312 or J5302, as appropriate).

At thistime, the red indicator light should turn off.
Repeat the steps above for each channel on the system.

For further information about probe installation and tuning, refer to the probe installation
manual that shipped with your probe.
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Tuning Probes on MERCURYplus/-Vx with btune

On MERCURYplug/-Vx systems, bt une turns on the observe transmitter, directing about
0.5 watts of rf at frequency sfrg + tof to the probe. Before using btune, switch the
cable on themagnet leg. tuneof £ turns off the transmitter.

® "Observe Coil Tuning," this page

® "Decoupler Coil Tuning," page 39

CAUTION: only qualified service personnel should tune the lock channel. An

incorrectly tuned lock channel can damage equipment and cause
erratic results.

Observe Coil Tuning

This example shows how to tune to 13C. To tune to another nucleus, enter the name of that
nucleusinstead of 'C13 ' instep 1.

1
2.

© N o g &

10.

Join an appropriate experiment and enter tn="'C13"' su.

Move the cable from the BB connector (J5302) to the TUNE connector, J5402 or for
the Magnet Interface box from BB Probe, J6001, to J5402, Tune.

Move the cable from the BB connector, J5603 on the rear of the magnet leg to the
TUNE connector, J5604, just above it or for the Magnet Interface box from J5603,
Lo Bnd Tx, to J5604, Tune.

Enter btune.

Turn the meter switch to the Tune M ode position.

Adjust the Tune knob for a mid-range reading.

Turn the observe coil tuning rod until the meter reaches a minimum reading.

Turn the observe coil matching rod for a minimum meter reading. Adjust the Tune
knob if needed.

Switch back and forth between the observe coil tuning rod and the observe cail
matching rod until you achieve an absolute minimum meter reading. After a
minimum is obtained, enter tuneof £.

If the tuning is far off, it may be better to turn each rod past the minimum meter
reading before turning the other rod.

Return the two cables to their original positions and turn the meter switch to Spin
Mode. If aTUNE OUTPUT J5323 BNC connector is present, disconnect the cable
to the TUNE OUTPUT J5323 port and connect it to the OUTPUT port (J5312 or
J5302 as appropriate).

Decoupler Coil Tuning

CAUTION: Before tuning the decoupler coil, check that air is flowing through the

probe dewar and decoupler cooling line, cooling both the sample and
decoupler coil. Excessive heat will damage the sample and the
decoupler tuning capacitors. During VT operation, the probe dewar
requires nitrogen for cooling. For maximum power, use at least 20 CFH
or 9.5 LPM.
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40

N o g &

Join an appropriate experiment and then enter tn= H1 su (for lH) or tn= F19
su (for 1°F).

Move the proton probe cable from the H connector, J5102, on the magnet leg to the
TUNE connector,J5402, or for the Magnet Interface box from J5103, Hi Bnd
Preamp, to J5402, Tune.

Movethe proton cableintherear of the magnet leg to the coaxial tuning jack labeled
TUNE, J5604, or for the Magnet Interface box from J5602, Hi Bnd Tx, to J5604,
Tune.

Enter btune.
Turn the meter switch to the Tune M ode position.
Adjust the Tune control knob for a mid-range reading.

Turn the decoupler coil tuning control to obtain a minimum tuning meter reading.
Adjust the Tune knob as needed. Once a minimum is obtained, enter tuneo£f£.

Return the two cables to their original positions and turn the meter switch to Spin
Mode.
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chapter 3. EXperiment Setup

Sectionsin this chapter:

3.1, “Selecting an Experiment,” on page 41

3.2, “Spinning the Sample,” on page 42

3.3, “Sample Temperature,” on page 46

3.4, “ Spin and Temperature Error Handling,” on page 48
3.5, “Working with the Lock and Shim Pages,” on page 48
3.6, “Optimizing Lock,” on page 49

3.7, *Adjusting Field Homogeneity,” on page 53

3.8, “Selecting Shimsto Optimize,” on page 55

3.9, “Shimming on the Lock Signal Manually,” on page 56
3.10, “Shimming PFG Systems,” on page 60

3.11, “Calibrating the Probe,” on page 61

These sections are in the same order as typically performed by most users.

3.1 Selecting an Experiment

VnmrJ provides several methods to choose and load an experiment. This section describes
using the menu bar or the Locator. After an experiment is selected, VnmrJ reads and | oads
the standard parameters and then reads the probe file and loads the probe calibrations.

Main Menu Selections

Experiment

1

Click on Experimentsin the menu bar.

2. Click on an experiment in the list to bring it into the active viewport, see
"Experiments Menu," page 306.
Thelist of experiments contains some submenus.

File

1. ClickonFile.

2. Select Open.

3. Navigate to the directory containing the experiment or data set.

4. Click on an experiment or data set from the Browser to aview port.
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5. Click on Open to bring it into the active viewport.

Locator
1. Click on Tools.
2. Select Locator...

3. Click and drag an experiment from the locator to aview port or double-click on the
experiment to bring it into the active viewport.

Browser
1. ClickonTools.
2. Select Browser.
3. Navigate to the directory containing the experiment or data set.
4

Click and drag an experiment or data set from the Browser to a view port.

Note: Loading adata set does not set parameter values from the current probefile so the
settings may be incorrect for any new acquisition.

Manual Insert
Used only in emergencies.

1. Pressand hold the black button on the top of theleft leg of the magnet or inside the
Magnet Interface Box.

2. Insert the sample by placing it in the top of the upper barrel to start airflow.

3. Sowly release the black button to slowly drop the sample. When the button is
completely released, close off thetop of the upper barrel with your hand for asecond
to properly seat the sample.

3.2 Spinning the Sample

42

Either the liquids Spinner panel or the MAS Spinner panel, depending on the spectrometer
hardware, is displayed when the Spin/Temp page under the Start tab is selected.

® "Liquids Spinner," page 42
® "MAS Spinner," page 44

Liquids Spinner
Set spintype='1liquids' to show theliquids spinner panel.

Adjust spin rate using the input window or the Acquisition window. Typical spin rates are
15 for 10-mm tubes and 20-26 for 5-mm tubes.

The last entered spin rate is used to regulate sample spinning when a new sampleis
inserted. The actual spin rate isindicated three ways:

® The Spin chart display button on the hardware bar displaysahistory of the sample spin
rate.
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® Acquisition Statuswindow showsthe actual rate aswell asa spin regulation indication.

® The remote status unit, the magnet leg, or the Magnet Interface Box, signals the spin
rate using the spin light status:

off — the sample is not spinning.
blinking — the sample is spinning but not at the last requested rate.
on steady — the spin rate is being regul ated at the last requested rate.

Using the Spinner Control Window

The spinner command opens the Spinner Control window for control of sample
spinning. From this window, the spinner can be started or stopped, and experiment control
of spinning can be turned off. That way, if an experiment you just joined has the spin
parameter set to a value other than the current spinning speed, and you forget to set spin
to 'n' and type go, the spin speed will not be changed.
High-speed, solids-style sample spinning and low-speed, liquids-style sample spinning are
both under computer control. The spinner program can be used to select these spinner
types.

1. Enter the command spinner in the input window.

The Spinner Control window appears.

2. Setthedesired spinning speed by clicking the diamond next to Turn Spinner On and
enter the speed value in Hz.

3. Todisable experimental control of spinning, click the button next to Allow spin
control in an experiment with go. A button that isindented (and red) is selected.

When experimental control of spinning is disabled, you can choose how spinner
errors are handled by the system—awarning isissued or acquisition is stopped.

4. Select a spinner mechanism type, low-speed (liquids-type spinning), high-speed
(solids-type spinning), or automatic spinner type selection.

If you select high-speed, you can choose to set the spinner air flow instead of the
speed.

If you select the automatic spin selection, you must aso enter threshold values that
tell the system when to switch to solids-type spinning.

Using the Start Tab
The Spin/Temp page is under the Start tab.

Start| Acquire ‘ Prccess| Setup Hardwar :‘ Show Time |‘
Etar;dard Spinner: liquids []Control spinner from this panel only
oc
Regulate Speed ) Abort after spinner error
amp (e C ) Warn after spinner error
Current off Spin Off () Ignore spinner error
Temperature [ Control temperature from this panel only
Regulate Temp. ) Abort after temperature error
29 { } () Warn after temperature error
Current ofr Temp Off ® Ignore temperature error
Reset VT Controller

1. Click the Sart tab. Select the Spin/Temp page.

The controls for changing spinning speed consist of an entry field, aslider bar, and
abutton for disabling or enabling spinning.

01-999378-00 A 0708 NMR Spectroscopy User Guide 43



Chapter 3. Experiment Setup

44

2. Adjust the spinning speed with either of these methods:
® Enter aspin ratein the text entry field.
® Drag the slide control. The value changes proportionally as the mouse moves.
® Click in the slider bar to move the dlider by one increment.

3. Optional:

Specify error handing for spinner and temperature by placing acheck inthe box next
to Control spinner from thispage only and Control temper ature from this page
only, see "Spin and Temperature Error Handling," page 48.

The following safety measures have been implemented for the high speed spinner probes
(e.0., MAS) to prevent rotor and stator damage:

® Theair flow selected from the spinner window isramped to the new value at asaferate.

® Air flow is shut off if the spinner speed drops to zero, and the spin setting is nonzero
to prevent spinner runaway if the tachometer fails.

® Air flow is shut off if for any reason the spinning speed cannot be reached to prevent
continued attempts to spin a crashed rotor.

MAS Spinner
Set spintype="mas' to show the MAS Spinner control panel.

The MAS speed controller controlsthe flow of bearing gas according to alinear algorithm
based on the speed of the spinning rotor. The bearing pressure profile starts from the final
pressure at start up and increases linearly to the maximum bearing pressure in proportion
to the speed of the rotor. The speed controller aready has bearing profiles for al solids
spinning modules stored in nonvolatile memory. Use the bearing control itemsto customize
these settings. Changes made to the bearing profile remain in effect until the power is
cycled or the probe is changed. To make permanent changes to the bearing profile, use the
TIP interface.

WARNING: Thinwall rotors can shatter at high speeds, causing injury and

damage. If a thinwall rotor is used, be sure that Thin is selected for
Rotor Wall.

The MAS Spinner panel (which controlsthe MAS Speed Controller) is accessed from the
Spin/Temp page under the Start tab.

= X
Start Acquire|Prccess| Setup Hardy _n-;-| Show Time \‘
Standard | Spinner: mas Start Stop
Lock Probe D Thin_~ |Wall Rotor

m| CurrentSpeed Target(Hz)
S| Bearing: Adj(ps) |0 Active Setpoint Mone ¥
Span{Hz) |0 Speed Profile  Inactive ~

Max(psi) [0 Max Speed 0

Temperature [J Control temperature from this panel only
Regulate Temp () Abort after 1emperature error

29 L () Warn after temperature error

Current ofr Temp Off (@) |gnore temperature error

Reset VT Cantroller
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Setting spintype="'mas' givesthe MAS Spinner control panel described here. Setting
spintype='1liquids' givestheliquids spinner panel.

Start
Button

Stop Button

Target (Hz)

Probe ID

Current
Speed

Wall Rotor

Bearing
Adjust (psi)

Bearing
Span (Hz)

Bearing
Max (psi)

Active
Setpoint

01-999378-00 A 0708

Click the Sart button to start the rotor spinning at the target set into the active
setpoint.

Click the Stop button to initiate the speed controller stop cycle, which Sows
down therotor in a controlled manner until it is stopped. The Stop button is
intended to provide anormal stop and is not an emergency stop.

The Target Speed field is used to set the spinning speed stored in the active
setpoint. Any changes made to the setpoints remain in effect until the power is
cycled or the probeischanged. Setting the target will not start therotor if it is not
spinning, it just sets the value in the setpoint.

-- Only the currently active setpoint can be changed.

-- If neither setpoint is active, any change made to the value in the Target Speed
field activates setpoint one and sets it to that value.

-- If therotor is spinning and the active setpoint is changed, the rotor's spinning
speed changes as soon as the return key is pressed.

The probe ID is detected automatically by the solids speed controller when the
tachometer cable is plugged into the probe. Early solids probes (7.5 mm) had no
designated 1D type, so an unplugged cable or a cable plugged into an unknown
probe may cause a 7.5 mm probe type to be displayed. Although the probe type
is detected immediately by the speed controller when the probe is connected, the
probeID in the panel is updated about once per minute. It isalso displayed in the
hardware bar.

Thisitem displays the current speed of the rotor. This value isalso displayed in
the hardware bar.

Displays rotor wall thickness. Setting the Rotor Wall to Thin causes the Max
Speed to be reduced to protect the rotor from shattering. The value defaults to
Thin after the probe is changed or the controller is reset. If the current rotor isa
standard wall rotor, change the setting to Std to get the allowable rotor speed for
the probe.

Thevalue in the Adjust field shiftsthe bearing profile up or down, up to+ 80 psi.
The bearing adjustment profile can be a negative number, meaning that the
operating profile is lower than the factory setting.

The value in the Span field determines when the controller stops following the
bearing profile. When the speed of the rotor is within Span Hz, the speed
controller freezes the bearing value and does not change it until the spinning
speed error exceeds thisvalue. The factory defined setting for Span is 100 Hz for
all spinning modules. When adjusting the bearing profile, set Span to 0, meaning
that the bearing pressure is continuously controlled. Then, when finished
entering valuesin the Adjust and Maximum fields, enter anew value in the Span
field.

The value in the Maximum field sets the maximum bearing pressure in psi. This
value controls the upper cutoff point in the bearing profile. The maximum
bearing pressureislimited to 80 psi.

Two setpoints are available. The one selected is used to control the speed and is
the one set when the target is changed. Changing the setpoint while the rotor is
spinning immediately changes the target to the value for that setpoint. Selecting
None stops the control algorithm and |eaves the bearing air and drive air
unchanged, which is sometimes referred to as coasting.
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Speed
Profile

Strip Chart

Select Active to activate the speed profile feature, which causes the speed
controller to constantly compare the drive pressure required to spin the rotor
against its preprogrammed estimate of the required pressure for the current
speed. If the pressure required to spin the rotor falls outside this range, the speed
controller assumes that the rotor is vibrating. If the speed controller cannot
stabilize the rotor, it brings the rotor to a stop.

Clicking the Spin button in the hardware bar will bring up a strip chart of the
spinning speed with time.

3.3 Sample Temperature

Set the temperature for VT control in the Standar d page and regulate the temperature by

clicking on Spin/Temp page.

Refer to Chapter A, “Variable Temperature System,” page 349, for more information on
using the Variable Temperature module. The following steps describe atypical operation

sequence:
Temperature [] Control temperature from this panel only
Regulate Temp () Abort after temperature error
29 | g () Warn after temperature error
{Current ofr Temp Off {®) Ignore temperature error
Reset VT Controlleg ‘
Temperature controls Error handling and control

1. Open the Spin/Temp page under the Start folder.

2. Set the desired temperature by entering avalue or using the slider, and click
Regulate Temp.

3. Set up the acquisition for the experiment as usual, using the Acquire folder.

4. Click the Temp button on the hardware bar to display the temperature display chart.

5. Start temperature control with the Setup Har dwar e button on the Start folder, or
with the Acquir e button on the Acquire folder. These commands act as follows:

® Setup Hardware

The temperature control and acquisition hardware controls are set and the
sample temperature changed to the desired temperature. The experiment is not
started when the desired temperature is reached. Wait for the delay time,
vtwait, (seconds), then push the Acquire button to begin data acquisition.

® Acquire

The same actions occur as in Setup Hardware, except that after reaching the
desired temperature, the system waits the delay time, vtwai t, then beginsthe
pul se sequence and dataacquisition. Thedelay time, vtwai t, occursevery time

the temperature is changed under program control.

Selection of the VT gas routing occurs after clicking Setup Hardware or Acquire. The
VT controller begins to control the gas temperature in the probe at the requested
temperature. The temperature readout will begin to change, and the VT indicator light will
begin flashing. At thistime, if the requested temperature is below ambient, add coolant
liquid to the coolant bucket or reset any FTS device to atemperature 10° C or more below

the desired operating temperature.
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3.3 Sample Temperature

The VT indicator light stays on steadily after the temperature reaches the requested
temperature (it may initially overshoot). A samplethat could not be handled at ambient
temperature can now be transferred into the probe. The VT readout is the temperature of
the cooling/heating gas and may be different from the true sample temperature. The exact
temperature of the sample is correctly determined by a calibration curve that must be
constructed for each probe, and must include flow rate and equilibration time. Refer to the
VT Accessory Installation manual for the NMR calibration method.

CAUTION:

CAUTION:

WARNING:

WARNING:

Do not use aromatic, ketone (including acetone), and chlorinated
solvents in the coolant bucket. Such coolant media attack the
standard polystyrene bucket. Another type of container must be used
(not supplied by Varian).

Operating the system with the coolant bucket filled with liquid
nitrogen and with the temperature greater than the value of VT cutoff
results in the condensation of liquid nitrogen inside the exchanger coil
tube. If the exchanger coil is then warmed above —210°C or if nitrogen
gas is passed through the coil (when temperature is less than VT
cutoff), very cold liquid nitrogen is forced through the transfer line and
into the probe. This will cause asudden pressure surge in the transfer
lines and probe as the liquid nitrogen boils, and it can blow the flexible
connector apart. If the liquid nitrogen reaches the glass components
of the probe and sample tube, the glass will probably break.
Instrument damage can be avoided by following these precautions:

Do notimmerse the exchanger coil in liquid nitrogen when no nitrogen
gas is flowing through the coil.

Do not stop the VT nitrogen gas flow while the exchanger is immersed
in liquid nitrogen.

Arrayed VT experiments that have atemperature range from above VT
cutoff to below VT cutoff should be set up starting at the lowest
temperature and ending at the highest temperature. When the
experiment passes the VT cutoff crossover, remove the liquid nitrogen
coolant.

To avoid water in the exchanger when the low temperature experiment
is complete, warm up the exchanger by removing it from the liquid
nitrogen and maintain a flow of dry nitrogen until room temperature is
reached.

Sealed samples containing volatile materials can rupture when
heated, resulting in potential injury, exposure, and equipment damage.
Before running sealed samples at elevated temperatures, heat the
samples in an oven at a temperature higher than the highest
temperature during the experiment. If the tube ruptures while in the
probe, the glass components and insert coil will probably be
destroyed.

Sealed samples containing materials with boiling points at or below
room temperature can rupture as the sample warms, causing potential
injury, exposure, and equipment damage. Equilibrate the probe to a
temperature below the sample boiling point before the sample is
placed into the probe.
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3.4 Spin and Temperature Error Handling

Use the Spin/Temp page of the Start tab to select spin and temperature error handling. The
provided choices specify the action to be taken based on spinner and temperature failure.
Also use the Spin/Temp page to specify whether spinning and temperature can be
controlled on panels other than the Start tab.

[J Control spinner from this panel only
2 Aort after spinner error Not present if spinner is set to MAS
) Wiarn after spinner errar

 lgnore spinner error

[ Control temperature from this panel only

(2 Ahort after temperature error
(2 Wiarn after temperature errar
() lghare temperature error

® |gnore spinner/temperature error — stops any system checking so that acquisition
continues regardless of the spin speed or temperature.

® \\arn after spinner/temperature error — makes the system check the spin speed and
temperature. A warning message is added to the log file if the if the spin speed or
temperature is set to a particular value and the spin speed or temperature goes out of
regulation; however, acquisition is not stopped.

® Abort after spinner/temperature error — makes the system check the spin speed and
temperature. Acquisition is halted if spin speed or temperature is set to a particular
value and the spin speed or temperature goes out of regulation.

3.5 Working with the Lock and Shim Pages

® "Mouse Control of Buttons and Sliders,” page 48
® "[ ock Buttons and Controls," page 49
® "Shim Buttons and Controls," page 49

Mouse Control of Buttons and Sliders

To Change the Increment

1. Middle click theincrement button until the increment value to change is displayed.
The defaults are 1, 10, and 100.

2. Shift/middle-click the button, enter a new value, and press Return.

To Change the DAC Value
1. Shift/left -click on the DAC button.

2. Enter anew value and press Return.
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3.6 Optimizing Lock

Lock Buttons and Controls

The Lock and Shim buttons (z0, Lock Power, Lock Gain, Lock Phase, and Z, X, and Y
shims) provide on-the-fly adjustment. The slider values can be moved with the mouse or

entered directly.
Buttons DAC Increment Value Sliders
T
) A p7 ] L
Fi
DDWEI’ +1 |D
Fain
0 +1 |D
Fh
; ase +1 |D
Shim Buttons and Controls
Start Acqulre|Process‘ Setup Hardwarel Show Time |_ m
Standard Lock Scan Z1 tlJ Xl tleg i1‘23}( tlJX4 i1‘24}( t1J23X3 1|
Q Q Q Q Q Q Q
i— i I | [ I A e
SpinfTemp ;o +1 it lzjz :1J >éz :1J§22 illﬁZXZYZHJ ?X2Y2¢1J§4xm¢1|
ékpnwertl 54 tlJ EZ 11ngz i1‘%2}(\’ tlJ ESXY tlJ S4XY 11'
PN S T I S e
E(Ph 56 tlJS? 11‘)0(2\1’2 tlJSXZYZilléYK tlJ éZYK tlJSSY 11'
ase
3 1 Lock Spin on_|spin OfF Recr gain
I T -
\/ Lock meter ’ Lock receiver gain — Shim DAC buttons
Lock DAC  Highest lock Shim file name field -
buttons level marker | Shim DAC — £3 + 1l paci ;
+ j— incremen
Spin on/off buttons— DAC value — o

3.6 Optimizing Lock

Under computer control, the lock system maintains a constant field at the sample as the
static field generated by the superconducting magnet drifts slowly with time or changesdue
to external interference. Locking makes the resonance field of the deuterium in the
deuterated solvent coincide with the lock frequency.

Thelock level can be viewed by clicking the L ock button on the hardware bar.

Theentirelock optimization process can be skipped if optimum lock parametersare already
known for a particular solvent and probe combination. Values for these parameters can be
entered as part of amacro or using normal parameter entry (e.g., by entering
lockgain=30 lockpower=24). These parameters do not take effect until an su, go,
or equivalent command is given.

It isimportant to obtain an optimal lock signal if automatic shimming isto be used. Manual
adjustment often is doneto achieve the maximum lock amplitude. Thiscan resultin apartly
saturating condition, and a true non-saturating power is usualy 6 to 10 dB lower. The

response of thelock level isgoverned by the T4 of the deuterated lock solvent aswell asthe
magnet-determined or chemical exchange-determined T,” of the solvent. This T, canvary
widely, from about 6 seconds for acetone-dg to about 1.5 secondsfor CDCl 3 and lower for
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more viscous solvents. To allow areliable, repeatable selection of lock power, automatic
optimization may be used.

® "Finding Z0 and Establishing Lock," page 50
® "L ock Power, Gain, and Phase," page 52

® "L ock Control Methods," page 52

® "[eaving Lock inthe Current State," page 52
® "Running an Experiment Unlocked," page 52
® "Simple Autolock,” page 52

® "Optimizing Autolock,” page 53

® "Full Optimization," page 53

Finding Z0 and Establishing Lock
® "Manual or Simple Method," page 50
® "AutoLock," page 51

Find Z0 and establish the lock either manually or using Autolock through the Standard
page of the Start tab.

Start‘ Acquire ‘ Process| |Selup Hamwa@ Show Time _ ‘

Find z0
Gradient Shim

Mapname:

Sample | Insert | Eject ‘

Lock
Shim Moteboak Fage |

Spin/Temp| Sokvent coa3 |'| Spin ‘at 20 Hz []
Comment Temp |af@onc [ Lock Find Resonanced]

Witen: Mot used hd

Shim on Lock
Witen: ot used -

Shim method:  [z1z2 [+

STANDARD 1H OBSERVE

Lock

Status: o
Lewvel:

Manual or Simple Method

Establish lock using simple or manual locking on the Lock page. The line that crosses the
spectral window represents how close the deuterium resonance field is to the lock
frequency. When the two are matched, the line should be flat (with perhaps some noise,
depending on the lock gain and lock power). The poorer the match, the greater the number
of sinewavesin theline.

Changes from poor match to good match

W ON RESONANCE

1. Make sure asampleisinserted and seated properly. Spinning helps but is not
required.

Click on the L ock page in the Start tab.
Click on either Spin On or Spin Off.
Click Lock Scan to open the lock display.

a > WD

Find Z0 by clicking on and dragging the Z0 slider bar until lock signal is on
resonance.
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3.6 Optimizing Lock

6. Adjust the lock power, gain, and phase by clicking on and dragging the slider bars,
or click the button.

Theactual value needed for lockpower and lockgain depends upon the concentration
of the deuterated solvent, the nature of the deuterated solvent—the number of
deuterium atoms per molecule—and the relaxation time of the deuterium. At this
point, do not be too concerned about optimizing power and gain; just look for asine
wave.

7. Click onthe 10 or +100 button for Z0 until some discernible wave appears if no
sine wave (perhaps just noise) is seen.

8. Reduce the lock power if the concentration of the lock solvent is high, (>50%).

9. Reducethelock power if the signal oscillates (goes down and then back up) and it
isdifficult to establish lock. The deuterium nuclel become “ saturated” if the lock
power istoo high. Acetone is more easily saturated than most solvents.

10. Adjust Z0 until the signal changes from a sine wave to an essentialy flat line. The
line may start to move up on the screen as the lock condition is approached if the
solvent is concentrated.

11. Click the Lock On button.

12. Click Lock Scan again to close the lock display.

Click Lock Scan to display the lock
signal in the graphics canvas

nox

Start Acquwe‘Process| Setup Hardware‘ Show Time ‘_

‘ Insert | Eject | ‘ Lock Scan | Spin On_| spin OFf
Spin Off

shim Status: Off

Spin{Temp o 1 [}

0
Lock Level: Zuwer 1| [ O
o O
I;hase 1 ’:C
Find 20 Gradient Shim | Load Shims Into Hardware

AutoLock with Probe File

Thisrequires a probe file with the probe calibrations, refer to the VnmrJ Installation and
Administration manual.

1. Click on the Standard page of the Start tab.
2. Click on either Spin On or Spin Off.
3. ClickonFind z0.

AutoLock
1. Click onthe Sandard page of the Start tab.
2. Click on either Spin On or Spin Off.
3. Selection an option for the menu next to the Autolock button.
4

Click on the Autolock button — the spectrometer will find Z0 and make all
specified adjustments

5. Choose Find Z0 or AutoL ock.
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52

Lock Power, Gain, and Phase

Lock power, gain, and phase are set by the lock parameters—1ockpower, lockgain,
and 1ockphase— when using autolock. The parameters set the following limits and step
sizes:

UNITY| NOVA
® |ock powerisOto 68 dB (68 isfull power), step size of 1 dB
® |ock gainis0to 48 dB, step sizeof 1 dB
® L ock phaseis0 to 360 degrees, step size of 1.4 degrees.
MERCURYplus/-VX
® L ock powerisQto 40 dB (40isfull power).
® Lock gainisOto 39 dB.
® Lock phaseis0 to 360 degrees.
® Step size for power and gain is 1 dB; step size for lock phaseis 1.4 degrees.

The Z0field position parameter z0 holdsthe current setting of the Z0 setting. Thelimits of
z0 are—2047 to 2047, in steps of 1, if the parameter shimset issetto 1, 2, or 10, and
—32767 to +32767 if shimset isset to another value. The MERCURYplus-VX systems
value of shimset is10.

Lock Control Methods

Click on the Start tab and select the Sandard page to access the following lock methods
and controls:

® "L eaving Lock inthe Current State,” page 52.
® "Running an Experiment Unlocked," page 52.
® "Simple Autolock,"” page 52.

® "Optimizing Autolock,” page 53.

® "Full Optimization," page 53

Each method is discussed in the following separate sections. Additional sections discuss
error handling and lock loop time constant control.

Leaving Lock in the Current State
Set L ock Find Resonanceto Not Used.

Lock is established upon insertion of the new sampleif simple or optimized Autolock was
previously selected.

The system only locks if the new sample has the same lock solvent, if simple lock was
previously selected.

Running an Experiment Unlocked
Set Lock Find Resonanceto Unlocked.
Lock is deactivated at the start of acquisition.

Simple Autolock
Set L ock Find Resonanceto Simple.
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3.7 Adjusting Field Homogeneity

The system searches for the lock signal and, if necessary, optimizes lock power and gain
(but not phase), whenever an acquisition isinitiated with go, ga, au or with any macro or
menu button using the go, ga, or au if Lock Find Resonanceisset to Simple at the
beginning of each experiment (each initiation of an acquisition).

Optimizing Autolock

Optimizing Autolock uses a sophisticated software algorithm to search the field over the
full range of Z0 (as opposed to hardware simple Autolock), captureslock, and
automatically adjusts lock power and gain (but not lock phase).

® | ock Find Resonanceis set to Every Sample.

The same process as Simple occursbut only if the sample has just been changed under
computer control and acquisition is started (when manually ejecting or inserting a
sample, the software cannot keep track of the action and Every Sample has no effect).

® z0 isinactive and an autolock operation is started
autolock searches for the lock signal by changing the lock frequency.

Spectrometer frequencies are computed from the lock frequency, so if the lock frequency
changes as aresult of an Autolock operation, frequencies for that acquisition are off by the
amount of that change. Switching from chloroform to acetone requires achangein the lock
frequency of about 5 ppm, which can cause problems in precision work. Changing lock
frequency isonly aproblem when Autolock is selected with thealock parameter. It isnot
aproblem for the lock experiment, since, by definition, the lock experiment is complete
once the autolock operation is completed.

Full Optimization

Full optimization is the most complete optimization of lock parameters. A fuzzy logic
autolock algorithm automates the parameter control processin order to find the exact
resonance and the optimum parameters (phase, power, gain) automatically and quickly with
high reliability. Fuzzy rules are used in the program to find the exact resonance frequency
and for adjusting power and phase. The fuzzy rules are implemented at different stages of
the autolock process. First, the software finds the resonance. If the exact resonance cannot
be found, phase and power are adjusted and the software looks for the exact resonance
again. The software then optimizes the lock power to avoid saturation, optimizes the lock
phase, and optimizes the lock gain to about half-range.

RF frequencies, decoupler status, and temperature are also set during full optimization.

3.7 Adjusting Field Homogeneity
Refer asoto Chapter 4, “Gradient Shimming,” on page 63, if the system is equipped with
gradient shimming capabilities.

Shim coils produce small magnetic fields used to cancel out inhomogeneity in the static
field. In shimming, the current in shim coilsis adjusted to make the magnetic field as
homogeneous as possible. Computer-controlled digital-to-analog converters (DACs)
regulate the room-temperature shim coil currents. Adjust the shims every time a new
sample isintroduced into the magnet or probe is changed.

® "Loading Shim Values," page 54
® "L oading aShim File," page 54
® "Saving a Shim File," page 54
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54

® "Shim Gradients," page 54
® "Automated Shimming on the Lock," page 54
® "Which Shimsto Use on a Routine Basis," page 55
® "Shimming Different Sample Geometries," page 56
See Appendix B, “Shimming Basics,” page 355, for more information about shimming.

Loading Shim Values
1. Click onthe Lock pagein the Start panel.

2. Click onthe Load Shimsinto Hardwar e button

Thisisthe equivaent of the command lineinstructions: 1oad="y’ su. Shim
values stored in the current experiment are loaded (this may not be suitable).

Loading a Shim File

Load a shim set from the L ocator to the shim buttons area of the Shim page as follows:
1. Click the Locator Satements button (magnifying glassicon).
2. Select Sort Shimsets. Shim sets can also be sorted by probe or filename.

3. Select ashim set and drag-and-drop it onto the graphics canvas or shim buttons area
of the Shim page.

Saving a Shim File
Save the shim values to afile asfollows:
1. Enter afilenamein thefield next to the Save Shimsbutton, and press Return.

2. Click the Save Shims button.

Shim Gradients

The shims are actually printed coils wrapped round a cylindrical form that encloses the
NMR probe. A coil (or sum of coils) whose field is aligned along the axis of the magnet is
called a Z axial shim gradient (21, Z2, Z3, etc.). Coilswhose fields are aligned along the
other two orthogonal axes are called X and Y radial shim gradients (X1, XY, X2Y2, Y1,
YZ, etc.). Thefield offset coil Z0 (“zee-zero”) altersthe total magnetic field.

Each shim gradient is controlled by its own parameter; for example, the X1 shim gradient
is controlled by a parameter named x1.

Depending on the value of the shimset parameter, shim values range from —2047 to
+2047 or from —32767 to +32767, with a value of zero producing no current.

Automated Shimming on the Lock

Refer to section B.3, “Autoshim Information,” on page 362 for more information about
Autoshim.
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3.8 Selecting Shims to Optimize

Shimming is done starting with the controls on the Shim page. Automated shimming is
preferred and can be set up from the Standard page of the Start tab:

Start| Acquwre‘ Process

|| BElp HEmwErE || Show Time _

SpinfTemp Comment

Standard | sample Insert | Eject

[z MNotebonk Page ‘ N
APNarme;

R Solvent cDeR ~| spin |at[o Hz W "

Temp |at[zsn ¢ |

STANDARD 1H DBSERVE

Lock

Status:  OfF
Level

Find z0
Gradient Shim

Lock Find Resonance

When Rot used

Shim on Lock
Ui C o= I =
shimmethod 2122 |

Shim on Lock options menu next to When:
® Not used — disables automatic shimming.
® Every sample — Shims before the start of data acquisition for each new sample.

® Every Experiment— Shims before the start of data acquisition for each new
experiment.

® Every FID— Shims before the start of data acquisition for each FID.

Shim on Lock options menu next to Shim method:

® 71z2

® Low non-spins

° Allz's

® Hi-resz's

® Finez1z2

® Finezl1-z3
Autoshim is controlled by the sel ection made from the Shim method menu. Thisisa
compl ete background A utoshim method that provides no interaction with the operator. The
type of automatic shimming to be done during routine sample changes depends on the level

of homogeneity required on any particular sample, the change in sample height, and the
maximum time desired for shimming.

® 7172 shimming — average homogeneity needs with long samples of identical height.

® all zs—variable sample heights. More time isrequired. The method shims first 21,
Z2,and Z4, then Z1, Z2, and Z3, and finally Z1 and Z2.

3.8 Selecting Shims to Optimize

® "Which Shimsto Use on a Routine Basis," page 55
® "Shimming Different Sample Geometries," page 56

Which Shims to Use on a Routine Basis

The following suggestions assist in routine shimming, especially on shim systemswith a
larger number of shim channels:

® Establish and maintain lineshape — Use Z to Z5, possibly 76, X, Y, ZX, ZY, and
possibly Z2X and Z2Y. The effects of Z7 and Z8 (and realistically Z6) aretoo small to
see with the lineshape sample.
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® Shim anew lineshape sample of different geometry —Use Z to Z5, possibly Z6, X, Y,
ZX, ZY, and possibly Z2X and Z2Y.

® Shim anew sample of the same geometry —Use Z, Z2, and maybe Z3.
® Shim anew sample of different geometry —UseZ to Z4 and possibly Z5, X, Y, ZX, ZY.

Shim for preset water suppression — Start with a shim set that produces a good
lineshape for the same sample geometry. Next, tweak Z and Z2, and then vary Z5 and
Z7 to minimize the width of the base of the water (Z and Z2 may need to be tweaked
if Z5 changes by morethan 100 to 200 coarse units). About 80 to 90 percent of the odd-
order axial-gradient induced water width is probably dominated by Z5, with Z7 and
perhaps some Z3 providing the rest.

The even-order axial shims(Z2, Z4, Z6, and Z8) affect the asymmetry of the residual
water line (using presaturation). All four of these even-order axial shimscan affect the
final water linewidth, with Z2 and Z4 being at about the 5 mM solute level and above,
Z6 being at about the 1 mM solute level, and Z8 being at about the 0.3 MM solutelevel.
The even-order axial shims perform as expected except when the sample isless than
40 mm in length, in which case the shims still control the water linewidth but much
less responsively.

Using Z4 to narrow an asymmetric residual water line of a sample shorter than about
40 mm can destroy the base of the standard lineshape faster than the residual water
signal is narrowed. The residual water resonance width is affected by magnetic
susceptibility interfaces as the sampl e gets shorter. Iterative use of Z5-27 with Z26-28-
Z4-72 can narrow theresidual water line for samples under 40 mm but the results
obtained may be hard to reproduce on subsequent samples due to an increase in
sensitivity to small changesin sample geometry.

Shimming Different Sample Geometries

Some suggestions when moving the sample:
® Moving the same sample up — Z, Z3, and Z5 need to become more positive.

® Shortening and centering (moving up) the sample — Z2 and Z4 need to become much
more positive. The trendsfor Z and Z3 are mixed and more complex, but they tend to
become alittle more negative. It appears asif Z and Z3 are driven positive as the
sampleispulled up, but they are driven negative faster as the sample shortens. When
shimming alineshape sample, plan on the following changes (starting from lineshape
shimsfor a 700 uL sample at a depth 67-68 mm):

700 puL to 600 puL: move Z2 +50 DAC units and move Z4 +250 units.
700 puL to 500 pL: move Z2 +200 units and Z4 +600 units.

The Z2 and Z4 changestrack well with samplevolume, but are rel atively independent
of tube depth. It istherefore easiest when changing sample geometries to make the
appropriate Z2 and Z4 corrections, then adjust the more complex Z1-723-75
interactions as needed.

3.9 Shimming on the Lock Signal Manually

56

Monitor theintensity of thelock signal while adjusting the shim settings. Each shim setting
controls the current through shim coils that control magnetic field gradients in different
directions. The Z direction must be parallel to the vertical direction of the probe, and it is
for thisreason that the height of the samplein the NMR tube affects the Z shim settings
rather dramatically.
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3.9 Shimming on the Lock Signal Manually

"Routine Shimming," this page

"Setting Low-Order (Routine) Shims," page 58

"Removing Spinning Sidebands (Non-Routine),” page 58
"Setting the High-Order Axia Shims (Non-Routine),” page 59
"Setting High-Order Radial Shims (Non-Routine)," page 59

Routine Shimming

1

L oad the shim settings that have been most recently established for the probe in use
asastarting point if the shim settings are way off the mark (e.g., if the temperature
has changed).

Click Setup Hardware.

Make sure the probe has a sample, that it is spinning at the correct speed, and that
the system is locked onto the deuterium resonance from the lock solvent.

Check that the lock signal is not saturated. The signal is saturated if changing the
lock power by 6 units (6 dB) does not change the lock level by afactor of two. Set
lock gain as necessary.

Open the Shim page.

Try achange of +10 or - 10 in the setting for Z1. If the lock level goes up with one
of these, continue in that direction until the level is maximized (it no longer
increases, but instead begins to fall).

Change the setting for Z2C or Z2 by +10 or - 10 and continue in that direction until
the level is maximized.

Adjust 21 for maximized lock level; then adjust Z2 for the same. Continue this
iterative processuntil thelock level goesno higher. If thelock level increasesto 100,
decrease lock gain and then continue to adjust Z1 and Z2. Lock power can be
adjusted as needed.

The routine adjustment is sufficient in most cases. Critical experiments, in some cases, do
require adjustment of higher order Z shims and the non-spin shims.

The following procedure is suggested for a second level of shimming:

1

After Z1 and Z2 have been adjusted for maximum lock signal, write down the lock
level, adjust Z3 in onedirection, by +10, and then repeat the optimization of Z1 and
Z2 (iteratively) until the lock signal isat a maximum. Note thislevel of the lock
signal. Continue changing Z3 in the same direction if the lock signal is higher than
it wasinitially. Every changein Z3 must be followed by optimization of Z1 and 22
until the lock level is at amaximum.

Repeat step 1 with Z4. That is, change Z4 in one direction, then optimize Z1 and Z2.
If thelock level doesnot go up, change Z4 in the opposite direction and optimize Z1
and Z2. Continue until the highest possible lock level is obtained.

Repeat steps 1 and 2 iteratively until the highest possible lock level is obtained.

Turn the spinner off and go through the non-spin shims, one at atime, maximizing
thelock level for each one. Then return and go through each again. Continue through
all until thelock level is ashigh as possible. If lock islost, increase the lock gain.
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5.

Turn the spinner on and optimize Z1 and Z2 as described above, return to the non-
spins (turn the spinner off) and reoptimize these. Continue until the highest lock
level is obtained.

Insert the lineshape sample (CHCI 3 in deuteroacetone for 1H and dioxanein
deuterobenzene for 13C:) for an ultimate check and examine the lineshape to make certain
that the homogeneity iscloseto the original specs, especially for thelineshape at 0.55% and
0.11% of thetotal peak height. Also examine the height of the spinning sidebands. Refer to
the Probe Installation manual that shipped with your probe.

Setting Low-Order (Routine) Shims

The following procedure describes how to set the low-order, or routine, shims. Resetting
Z0 and lock phase is normal when making very large changes in the room temperature
shims. With this procedure, concentrate on improving the symmetry of the main resonance
as well as the half-height resonance and lineshape.

1

Adjust the lock level to about 80 if possible.
Maximize lock level with Z1.

Maximizelock level with Z1 and Z2. Do this by making achangein Z2 followed by
maximizing with Z1 again. Continue to iterate in this manner until there are no
further increases in the lock level.

Acquire the spectrum.
Resonance lines are symmetric if the sample is properly shimmed.
Asymmetric or unusually broad at the base require added attention, refer to Table 31

on page 362 in Appendix B, “ Shimming Basics,” page 355 for which shimsto
adjust. Adjust Z3, Z4, or the non-spins is not required for most routine samples.

Adjust Z3 by interactively shimming Z1 and Z3 in the manner described in step 3
for Z1and Z2. Changesin Z3 may affect Z2 so after shimming Z3 maximize Z1 and
Z2 again.

Removing Spinning Sidebands (Non-Routine)

Use this procedure to reduce or eliminate spinning sidebands that are not within
specification them.

1

2
3.
4
5

Write down the lock level, set SPIN to OFF, and write down the lock level.
Adjust lock to about 80 if possible.

Maximize lock level with X.

Maximize lock level with Y.

Maximize lock level with X and Y.

Do thisby making achangein Y followed by maximizing with X again. Continue
to iterate in this manner until there are no further increases in the lock level.

Maximize lock level with X and ZX.

Do this by making a change in ZX followed by maximizing with X again. Continue
to iterate in this manner until there are no further increases in the lock level.

Maximize lock level with Y and ZY.
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10.
11

12.

13.

3.9 Shimming on the Lock Signal Manually

Do this by making achangein ZY followed by maximizing with Y again. Continue
to iterate in this manner until there are no further increases in the lock level.

Repeat step 3 above.

Maximize lock level with XY and ZXY (ZXY not available on 13 or 14 channel
shim systems).

Repeat step 3, through step 5.
Set SPIN to on and acquire a spectrum.
If the sampleis properly shimmed, the lines should be symmetric.

Refer to Table 31 on page 362 and the previous sections for which shimsto adjust if
the lines are not symmetric or are unusually broad at the base. For most routine
samples, adjusting Z3, Z4 or the non-spins is not required.

Adjust Z3 by interactively shimming Z1 and Z3 in the manner described in step 3in
the previous procedure (“ Setting L ow-Order (Routine) Shims”) for Z1 and Z2.

Changesin Z3 may affect Z2 so after shimming Z3 maximize Z1 and Z2 again.

Setting the High-Order Axial Shims (Non-Routine)

Refer to B.2, “Shim Interactions,” on page 356 for information about shim interactions.

1

L ook at which side of the peak has asymmetry to determine how to adjust 24, — low
field to the left and high field to the right.

Use Figure 89 on page 358, whichisin Appendix B, “ Shimming Basics,” page 355,
to determine which direction to move Z4. A large asymmetry impliesthat Z4 isfar
off. Change Z4 by a considerable amount to try to push the asymmetry to the other
side of the peak. This provides two important pieces of information:

® Confirmsthat Z4 is the problem if the asymmetry moves.

® |ndicates what the actual value of Z4 should be when Z4 is changed. Since the
values that caused it to be on either side of the peak are know, the correct value
must be between the two extremes.

Set Z4 to the value that produces neither a high-field nor low-field asymmetry.

Z4 affectsdl the shimsbelow it, so repeat the in the “ Setting L ow-Order (Routine)
Shims’ procedure.

Maximize the lock level with Z5.

Repeat step 3 and step 4 until no further increase is obtained.

Setting High-Order Radial Shims (Non-Routine)

Note that Z2X, Z2Y, ZX2-ZY 2, Z3X, Z3Y, and Z5 are not available on 13-channel shim
systems.

1

2
3.
4
5

Set SPIN to OFF and write down the new lock level.

Set the lock level to about 80.

Maximize the lock level by shimming Z2X against ZX.

Maximize the lock level by shimming Z2Y against ZY.

Repeat the “Removing Spinning Sidebands (Non Routing)” procedure.
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Maximize the lock level by shimming ZXY against XY.

Maximize the lock level by shimming ZX2-2Y 2 against (X2-Y 2).

Set SPIN to ON and adjust the lock level to 80.

Maximize the lock level by shimming Z1, Z2, 74, and then Z1, 72, Z3.

© © N o

10. Repeat step 1.
11. Maximizethelock level by shimming X3 against Y3
12. Maximizethelock level by shimming Z3X against Z3Y if available.
Refer to the instal lation data for your magnet for approximate Z3X and Z3Y values.
13. Look at the spectrum and decide where to concentrate your effort:
® For abroad base, adjust Z4 and Z5.
® For spinning sidebands, adjust the proper order radial shims.

The contribution of Z3 to the breadth of the base becomes evident (as doesthe contribution
from the high-order radial shims) asZ4 and Z5 are optimized. Several cycles of shimming
are required.

Loca maximaare be encountered from timeto time causing the problems. A local maxima
isindicated if ahigh-order shim continuesto increase and eventually reaches the maximum
output of the shim supply, without having reached the optimal lock level.

Carefully reexamine the lower-order shims by making large excursions (systematically),
beginning with the lowest-order shim and working up. Thisisa particularly difficult issue
when dealing with the high-order radial shimssuchasX3,Y 3, Z3X, and Z3Y, because their
perturbation of the lock level is small relative to the change in the shim current.

The effects of X3, Y3, Z3X, and Z3Y on the spectrum are significant in experiments such
as water suppression but can go unnoticed or may not be important in some routine 1D
spectrawhere large solvent peaks are not encountered.

3.10 Shimming PFG Systems

These procedures apply to the Performa |, Performalll, and the Performa XY Z systems.
Once in operation, leave the amplifier on while using the gradient system, to allow the
amplifier to reach along-term equilibrium.

® "Performal and Performall,” page 60
® "PerformaXYZ," page 61

Performa | and Performa
1. Open the System settings window (Edit->System settings).
2. Nexttothe Gradient amplifier label, set X, Y, and Z to off. Click OK.

3. Click the Setup Hardware button. This button is available when the Start tab is
open.

4. Verify adrop inthelock level from the small dc zero current from the amplifier.

5. Shim the system to the desired level.
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6. Open the System settings window and set Gradient amplifier Z to on. Click OK.
The shimming changes from the small dc offset current.

7. Click Setup Hardware.

8. Adjust Z1 to restore the homogeneity. The lock level should have identical stability
on the meter.

This two-stage approach is not strictly necessary, but it does separate any problems that
might arise.

Performa XYZ
1. Prepare the amplifier by moving the switch from STANDBY position to ON.

2. Open the System settings window (Edit->System settings) and set Gradient
amplifier X, Y, and Z to on. Click OK.

3. Click the Setup Hardware button. This button is available when the Start tab is
open.

Theyellow RUN light should turn on.

3.11 Calibrating the Probe

Probe calibrations are stored in the probe file. Use these procedures and the standard
calibration samples to update and maintain the calibration file for the probe. Refer to the
VnmrJ Installation and Administration manual for detailed instructions on automatic and
manual probe calibration procedures.

Using Auto Calibration Procedures

1. Do one of the following to start the probe calibration, see Figure 9, and open the
probe window:

Usethe main menu bar:

a. Clickon Tools.
b. Select Standard Calibration Experiments.
c. Select Calibrate Probe...
UsetheHardwarebar:
Click on the Probe button.,

2. Check the box next to Edit in the Probe window
3. Click the Do Calibration button in the probe calibration popup window.
4. Select calibrations from the calibration popup window
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oS0 Lo From the Tools menu, do this

Create protocols »

_From the hardware bar do this

fanua robe
o n in .
an on Experiments ¥ Calibrate Probe I Temp Spin Probe
ate locator Set Up Gradient SRming |’ [l HGN_123
Import files to locator, Set Up 3D Cradient Shimgming : =

Lack

Select Click
E Probe E_
— Grayed if the probe is
- a system level probe
and active for user
oDenS .\Nindow to edit M Tune gain (50 level probe.
probe file
i vl Edit Edit Probe 18 5y5t
Open the Probe window. | | Probe name
Place a check in this box prone name | trv field
hown) ‘ entry fiel o
(as S Parameters  Zero P I Lewel User P - Callbratlon avallablllty
. Make new probe | Jelete probe ‘ level
Click here to select
a calibration - option is
grayed out, as shown,
if no probe is selected. [ |

Figure9. Cdibrating aProbe

5. Click aradio button in the Calibrate Probe =~ Calibrate Probe
W| ndOVV tO w a:t the Cal IbI’aII On Q Calibrate Proton (Ethyibenzene)
experl ment, see FI gure 10 O Calibrate Carbon (ASTM)

(O Calibrate Fluorine {19F Sjh)

. . . () Calibrate Phosphorus (3 1P S/M)

6. Enter thelocation of the calibration sample. | © caisrae e na per craz ey
(O Calibrate H,Ind. Det.Grad. (autotest)
O Lock: gmap and z0 (2Hz D20}

[ autolock Location: 0

7. No entry field appearsif a sample changer

isnot attached to system. 0 autashim

8. Insert the sample into the magnet manually - I
usingtheinsert and gj ect button located on = D]
the Lock page of the Start tab if asample [ Ciose

handler is not present or not used.
9. Select AutoLOCK YESor NO.
10. Click the NO button if the sampleis already locked or to lock manually.
11. Select AutoSHIM YESor NO.
12. Click the NO button if the sample is already shimmed or to shim manually.
13. Click the Start Calibration button.

Figure 10. Probe

14. Follow the on line instructions and refer to the VnmrJ Installation and
Administration manual for detailed instructions on automatic and manual probe
calibration procedures.

Some probes, like the Autoswitchable and 4 nucleus probes, require additional calibrations
not covered in this manual. For information on the calibration of these probes, see the
installation, testing, and specifications manual for the probe.

Using Manual Calibration Procedures

Refer to the manual calibration section of the VnmrJ Installation and Administration
manual and the acceptance test procedures supplied with the probe.
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chapter 4. Gradient Shimming

Sectionsin this chapter:

® 4.1, “Introduction to Gradient Shimming,” on page 63

® 4.2, “Deuterium Gradient Shimming,” on page 64

4.3, “Homospoil Gradient Shimming,” on page 64

4.4, “Configuring Gradients and Hardware Control,” on page 65

4.5, “Mapping Shims and Gradient Shimming,” on page 65

4.6, “Shimmap Display, Loading, and Sharing,” on page 71

4.7, “Gradient Shimming for the General User,” on page 73

4.8, “Deuterium Gradient Shimming Procedure for Lineshape,” on page 74

4.9, “Cdibrating gzwin,” on page 75

4.10, “Varying the Number of Shims,” on page 76

4.11, “Variable Temperature Gradient Compensation,” on page 77

4.12, “ Spinning During Gradient Shimming,” on page 77

4.13, “ Suggestions for Improving Results,” on page 78

4.14, “ Gradient Shimming Pulse Sequence and Processing,” on page 79

4.1 Introduction to Gradient Shimming

Star(‘ Acquire ‘ Process| M Showy Ti_ﬂjﬂ Sequen_cg Arravf‘J ‘
——

n

x

Defaults Gradient Shim Setup

Weguisition
Pulse Sequence
Channels

Flags

Future Actions

Acqguire Trial Spectra J

Make Shimmap Gradient Autoshim

Automake Shimmap J Gradient Autoshim on ZJ

Set Acquisition Parameters, Current mapname: Set by date J
PFCH1 Hormospoil H1 Quit Gradient AutushimJ
PFG H2 Load map -
(@Gl Tyae #5hims Used [4  windowSize [100.0 Dispiayiill. Displaysnimmeam
Cshim 21-24 first Set window from Cursors PiotFit__ | Piot shimmap__|
\Temp compensation off \'l Find Window J Find Freguency Set mapname into probe ﬂlEJ
\\gmure spinner \'l Make Shimmap Using Current Settings Feset Shims

Gradient autoshimming provides rapid, automatic adjustment of axial room-temperature

shims. Itisavery reliable way to set high-order shims, which eliminates many hours

previously spent on shimming. Typical gradient autoshimming time is only afew minutes,
and all steps are done with afew clicks of a mouse button.

Gradient autoshimming isimplemented for use with the axial gradients (Z-gradients). A
PFG amplifier and probe are recommended for optimal gradient shimming for their fast
gradient recovery performance. However, if a PFG amplifier and probe are not available,
gradient autoshimming can be performed using the homospoil gradient (Z1 room
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Chapter 4. Gradient Shimming

temperature shim coil). Refer to the section “"Homospoil Gradient Type," page 64, for
more details on how to set up the homospoil gradient.

Gradient autoshimming methods support shimming on awide variety of samples with
different volumes and solvents. For agueous samples, water protons provide sufficient
signal for shimming. For deuterated solvents, gradient shimming can be performed if there
is sufficient deuterium signal. Deuterium gradient shimming is feasible on most samples
wherethelock solvent isasingle, strong resonance, which includesthe majority of solvents
of interest for routine NMR use.

Proton gradient autoshimming with PFG is available on systems configured with a PFG
accessory. Homospoil gradient shimming is available on all systems, with or without PFG.
The Automated Deuterium Gradient Shimming module isrequired for deuterium gradient
shimming with PFG or homospoil .

4.2 Deuterium Gradient Shimming

Deuterium gradient shimming isfeasible for most deuterated solvents for which lock
solvent has a single, strong deuterium resonance with sufficient signal.

Automated deuterium gradient shimming automatically holds the lock at its current value
and switches the transmitter cable to pulse the lock coil when an experiment isrun with
tn="1k"'.

The system administrator must make a shimmap on deuterium before deuterium gradient
shimming can be used. Follow the procedure "M apping Shims and Gradient Shimming,”

page 65, using the deuterium signal for all steps. The transmitter power (tpwr) should be
kept low to avoid probe arcing, with a 90° pulse greater than about 200 ps.

4.3 Homospoil Gradient Shimming
® "Homospoil Gradient Type," page 64
® "Homospoil Gradient Shimming for 4 or2H," page 65

Homospoil Gradient Type

VnmrJ allows homospoil (room temperature Z1 shim coil) asageneral gradient type. It
does not require the use of a pulsed-field-gradient module and thus is available on systems
without PFG.

When homospoail is switched on in a pulse sequence, the shim current is set to maximum
for agiven period of time.

® To use homospoil as a quick homogeneity spoil in a pulse sequence, use hsdelay.
Thisisthe traditional homospoil method, and is usually done at the beginning of a
relaxation recovery delay (e.g., hsdelay (dl)). The parameter gradtype is
ignored. See the User Programming manual for details of how to use hsdelay.

® To use homospoil as a general gradient type in a pulse sequence, i.e., for gradient
shimming during automation or gradient shimming in general:

Click on either Homospoil H1 or Homospoil H2 button on the Gradient Shim
page. This sets the parameter tmpgradtype to 'nnh'.

Thevalue of gradtype isignored if the parameter tmpgradtype exists. The
parameter pfgon isignored for homospoil gradients, since a separate gradient
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amplifier is not needed. Homospoail isthen triggered by gradient statements such as
rgradient ('z',gzlvl1l).If thevalueof gz1v11 isnon-zero, homospoil is
switched on; if the value of gz1v11 iszero, homospoil is switched off. Only one
sign and strength of gradient current is available during a pulse sequence and is set
by hardware.

Homospoil gradients may be switched on only for alimited period of time, usually 20 ms.
Thistimelimit is determined by hardware in spectrometer systems (see Table 3 for system
configurations). Check your pulse sequences to ensure this time limit is not exceeded.

Table 3. Homospoil Control

Shim Supply Homospoil Time Limit
Varian 14 (UNTYINOVA) 20 ms/200 ms
Varian 18 to 40 ("N'TYINOVA) 20 ms/200 ms
Varian 14 (MERCURYplus/-Vx) No time limit®

The behavior of homospoil gradientsis quite different from that of a pulsed field gradient.
The gradient strength is much weaker than the traditional PFG, and the recovery timeis
much longer because of eddy currents. The strength and recovery of the gradient depends
on the shim coils and system hardware. Typically, these gradients are suitable only for
profile-type experiments and unsuitable for gradient coherence-sel ection experiments such
as GCOSY and GNOESY. For most gradient experiments, pulsed field gradients are
preferred if available.

Homospoil gradients are suitable for 14 and?H gradient shimming (see Table 3 for system
configurations) on UN'TINOVA and MERCURYplus/Vx systems.

Homospoil Gradient Shimming for *H or 2H

Follow the procedurein "M apping Shims and Gradient Shimming," page 65. Use Find z0
before gradient shimming to use homospoil deuterium gradient shimming with different
solvents.

4.4 Configuring Gradients and Hardware Control

1. Confirm that PFG or homospoil gradients are installed on your system. See the
previous sections in this chapter. A PFG probe is required.

2. Confirmthat the gradientsare activeby checking that tmpgradtype, gradtype,
and pfgon are set appropriately for your system. Use conf ig to change
gradtype if necessary. Use System Settings to set pfgon if necessary.

3. Spectrometers with the Ultrasnmr shim system must enable control of the shims
from the Acquisition window as described in the A ppendix C, “ Shimming Using the
Ultrasnmr Shim System,” page 369.

4.5 Mapping Shims and Gradient Shimming

® "Recommended Samples for Gradient Shimming," page 66
e "Cdlibrating the 90° Pulse for 'H and °H," page 66
® "Mapping the Shims," page 67
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® "Starting Gradient Shimming," page 69
® "Quitting Gradient Shimming," page 69
® "Gradient Shim Commands and Parameters,” page 69

The shims must be mapped before autoshimming is used. Mapping the shimsis necessary
when anew probe isinstalled, but can be repeated at any time.

Spinning the sample during gradient shimming can cause motion artifacts. In most
applications using 5 mm or smaller NMR tubes, spinning is not recommended. Spinning
larger 8 mm NMR can produce better results than not spinning the sample. Refer to
"Spinning During Gradient Shimming," page 77, for instructions on spinning during
gradient shimming.

Recommended Samples for Gradient Shimming
The following samples are recommended for gradient shimming.

1H shimming 10% to 90% H,0 in D,O
2H shimming doped 1%H,0 in 99%D,0 or autotest sample

Calibrating the 90° Pulse for 'H and 2H
1. Insert asample and find lock.
2. Disable sample changer control (loc="n").

3. Adjustlock power, lock gain, and lock phase. M ake coarse shim adjustmentson Z1,
Z2,X1,and Y1.

Select the Proton protocol.
Click the Acquire tab.
Select the Channels page.

N o g &

Do one of the following procedures.
Lock (2H) 90° pulse calibration:

a  Set the Observe Nucleusto Ik.
b. Set 90 Degree Pwr to 42 (to avoid arcing).
c. Onthe Acquisition page, set the Observe Pulse to 200.
d. Continue with step 8.
Proton (*H) 90° pulse calibration:

a.  Verify that the observe nucleusisset to H1.
b. Continue with step 8.

8. Click the Acquire button or enter ga and wait for acquisition to finish.

9. Click the Process tab and select the Cursors/Line List page.

10. Click the Transform button.

11. Placethe cursor near the peak and click the Place on Nearest L ine button.

12. Click the Move Transmitter button.

13. Select the Acquire tab, then the Acquisitions page, and click the Arrays button.
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14.
15.

16.

17.

18.
19.
20.

Note:

4.5 Mapping Shims and Gradient Shimming

Enter pw for the Param Name, Array size 20

Set the following:

IH shimming 2H shimming
First value =4 First value =100
Increment =4 Increment =100

Select Acquisition -> Acquireand WFT, (or enter ga) and wait for acquisition to
complete.

On the Acquisition page set pw9 0 to the value of pulse width corresponding to first
maximum.

Click Arraysand click UnArray in the Array window.
Set the observe pulse to the pw90 value.

Enter pw90 and tpwr in the probefile, if desired.

The strong signal may cause an ADC overflow for H operation. If so, set gain = 0.

Mapping the Shims

1
2.
3.

Stop sampl e spinning.
Disable sample changer control (Loc="'n").

Adjust lock power, lock gain, and lock phase. M ake coarse shim adjustmentson Z1,
Z2,X1,and Y1.

Click on Tools.
Select Standard Calibration Experiments.

Select Set up Gradient Shimming.

Standard parameters are retrieved from gmapz . par the first time Set Up Gradient
Shimming isclicked, or if ashimmap was previously made, parametersareretrieved
from the current shimmap.

Click the Acquire tab.
Select the Gradient Shim page.

Star(‘Acquwe Process| Arguire ‘Aﬂ:quwre&Transforrﬂ- Show Tirme | Secuence | Arrays

Defaults Gradient Shim Setup Make Shimmap Gradient Autoshim

Weguisition _ m B A _
Pulse Sequence Acqguire Trial Spectra Automake Shimmap Gradient Autoshim on Z
Channels
Flags SN ATENEIER PErEm=Es Current mapname: Set by are |
Future Actions || prc Ha ] Homospoll Ha [ Quit Gradient Autoshim ‘
PFC H2 Homospoil H2 Load map he
Gradient Type: 1Mt i o
v #5hims Used [4  windowSize  [1001 Display Fit | Display Shimmap_|
Cshim 21-24 first Set window from Cursors PiotFit__ | Piot shimmap__|
\Temp compensation off \'l Find Window | Find Freguency Set mapname into probe file |
\\gmure spinner \'l Make Shimmap Using Current Settings Feset Shims |
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10.
11

12.

13.
14.

15.

16.

17.

Click one of the following buttons under Set Acquisition Parameters to retrieve the
parameters from the probe file (if available) and set up gradient shimming
acquisition parameters:

PFG H1 Homospoil H1
PFG H2 Homospoil H2

Selecting Homospoil gradient shimming parameters requires enabling of homospoil
gradients ("Homospoil Gradient Shimming," page 64).

Click the Acquisition page.

Set up the acquisition parameters. Typical parameters for different solvents for
deuterium shimming are listed below.

Relaxation

Solvent Scans Delay, Sec. Gain
deuterochloroform 8-32 2 36 (18 Mercury)
dmso-d6 4-16 2 28 (10 Mercury)
D,O 1-4 2 24 (6 Mercury)
deuterobenzene 1-4 2 24 (6 Mercury)
deuteroacetone 1-4 6-12 24 (6 Mercury)

Actual parameters might vary, depending on solvent concentration, probe, and
system hardware.

Set pw asfollows:
® For PFG, set pw to the 90-degree pulse or less.
® For homospoil, set pw to the 90-degr ee pulse and p1 to 180-degree pulse.

Click the Gradient Shim page.

Click Acquire Trial Spectra on the Gradient Shim page to test the parameters.

Two top-hat profile spectra should appear if the parametersare correctly set. If these
spectra do not appear, check the following:

® Gradients are active (pfgon isset correctly).
® Acquisition parameters, pw, tpwr, nt, and gain are correct.
® Adjust parameters to see good signal-to-noise with no ADC overflow.

Enter amap name for the shimmap in the Current mapnamefield (any string valid
for afile name). Or click the Set by date button.

Click Automake Shimmap on the Gradient Shim page.
The number of shims used to make the map is determined by the software.

If the mapname already exists, aprompt appears for anew mapname and whether to
overwrite the current mapname.

After acquisition is finished, click on Set mapname into probe file button on the
Gradient Shim page.
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Starting Gradient Shimming

Click Gradient Autoshim on Z on the Gradient Shim page to start shimming as a system
administrator. This button starts gradient shimming using current parameters and displays
the curve fit and shim adjustments for each iteration.

Quitting Gradient Shimming

Click the Quit Gradient Autoshim button to quit gradient shimming and exit the Gradient
Shimming Set Up panel. This also retrieves the previous parameter set and data, including
any data processing done on the previous data set.

Gradient Shim Commands and Parameters

Thefollowing commands and parameters are useful for performing specia functionsor can
be set manually. Refer to the VnmrJ Command and Parameter Reference for full
descriptions.

Commands Description

gmapshim< ('files'|'quit')> Rungradient autoshimming, quit.

gmapsys* Enter Gradient Shimming setup panels, make
shimmap.
gmapz< (mapname) > Get parameters/files for gmapz pulse sequence.
* gmapsys<'shimmap'<, 'auto'|'manual'|'overwrite' |mapnames
Parameters Description
dz2 Incremented delay for 1st indirectly detected
dimension.
as Incremented delay for 2nd indirectly detected
dimension; arrayed to two va ues
gradtype* Gradients for x, y, and z axes

gzlvl {DAC value}
gzsize {integer,1 to 8}
gzwin {0 to 100}

pl

pfgon{'nny' ifon}
pw
solvent

vtcomplvl
gmapspin

gmap_ zlz4

* gradtype {3-char string from
'C', 'd', 'I’l', 'W', '1', 'p'l

Pulsed field gradient strength

Number of z-axis shims used by gradient shimming
Percentage of spectral window used by gradient
shimming

First pulse width—If > O, it is used between the
gradient pulses as a 180 refocusing pulse, and the
gradients have the same sign.

PFG amplifiers on/off control

Pulse width; it can be <90° if p1=0.
Lock solvent
Variable temperature compensation for gradient
shimming
Enable or disable spinning during gradient
shimming
Gradient shim initially on z1-z4

llsllltlllulllhl}
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How Making a Shimmap Works

An experiment with the shims
arrayed is run to map the shims
and processed to make the
shimmap, see Figure 11.

shrmer
TR0+

Coarse shims are used if present.
The parameters and data for the
shimmap are stored in the file
userdir + '/gshimlib/
shimmaps/' + mapname +
' . f£id'. These parameters are
retrieved the next time gradient
shimming parameters are
retrieved.

T T T T T T
-30000 -20000 -10000 0 10000 20000 30000

Fremency (hz) vs Field {hz)

Figure1l. Shimmap Plot of Z1 Through Z6

How Automated Shimming Works

The shims must be mapped before |
gradient automated shimming is 20
used, see "Mapping the Shims,"
page 67, for details.When gradient
shimmingisrun from the Gradient
Shim page, the curvefit plot is
displayed for each iteration. The
plot shows the raw data as #1 and
the curvefit as #2 (see Figure 12).

Shim adjustments for each
iteration are also displayed in the
Text Output window (see Figure
13) and have converged when the
rms error number is less than 1.0. R A VA S
Gradient shimming continuesuntil ¥iv (rrequency vs Field)
convergence or until a maximum
of 5 iterations are reached.

Figure12. CurveFit Plot

If a shim goes out of range, the shim is set to maximum and shimming continues with the
remaining shims. If convergence is then reached, shimming istried once more with all Z
shims and continues unless a shim goes out of range again.
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mapname 5mm Triax 01

shimset 4 gzsize 6 rms err 1.892
Shim Offset 0ld New Diff Error
z1 800 -9405 -9269 -136 48
z2 800 -3118 -3104 -14 13
z3 3200 -4356 -4321 -35 37
z4 -3200 4049 4885 -836 104
z5 -3200 13443 14537 -1094 322
z6 3200 -15619 -12568 -3051 467
z7 3200 0 0 0 0
z8 3200 0 0 0 0

Figure 13. Display of Shim Adjustments for Each Iteration

4.6 Shimmap Display, Loading, and Sharing
® "Displaying the Shimmap," page 71
® "[oading a Shimmap," page 72
® "Sharing a Shimmap," page 72
® "Shimmap Files and Parameter Sets," page 72

Displaying the Shimmap

After the shimsare mapped, display the shimmap by clicking the Display Shimmap button
on the Gradient Shim page (under the Acquire tab).

The shimmap display is a multicolored plot of the shimmap, with Z1 as#1 and Z2 as #2,
and so on (see Figure 14).

nErmne
T O+

30000 -Z0000 -10000 0 10000 Z0000 30000

Frequency (hz} s Field {hz}

Figure 14. Shimmap Plot
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The shimmap is specific to the probe used, and can also be dependent on sample volume
for small volumes. The shimmap shows the actual field dependence of the shims, except
for adc offset added for display purposes. Good signal-to-noise in the shimmap is needed
for the shimming to work well. Poor signal-to-noise might result in incorrectly set shims.

Loading a Shimmap

Do the following to change shimmaps (as a system administrator):
1. Click onthe Acquiretab.
2. Select the Gradient Shim page.

3. Select aprevioudly created shimmap from the choicesin the Load Map menu.

Thisloads parametersand loadsthe shimmapfilesgshim.list andgshim.bas
fromgshimlib/shimmaps/mapname.fidinto gshimlib/data.

Sharing a Shimmap

The system administrator can copy a shimmap file from vamrsys/gshimlib/
shimmaps intothedirectory /vnmr/gshimlib/shimmaps so that thefileis
accessibleto all users.

Do the following steps to copy files:
1. Loginasvnmrl.
Open aterminal window.
Enter cd ~/vnmrsys/gshimlib/shimmaps and find the maps to copy.
Enter ed /vnmr
If gshimlib doesnot exist, enter mkdir gshimlib
Enter cd gshimlib

Enter cd shimmaps

© N o g &~ W DN

Enter the following for each map in vamrsys/gshimlib/shimmaps:
cp -r ~/vnmrsys/gshimlib/shimmaps/mapname.fid .

Remember the final dot at the end of the command and to substitute a name for
mapname.

9. Do thefollowing for each user account:
a.  Logintothe user’s operating system account.
Start VnmrJ.
Click on Toals.
Select Standard Calibration Experiments.
Select Set up Gradient Shimming.
Select afile from the Load Map menu on the Gradient Shim page.

-~ ® a0 T

Shimmap Files and Parameter Sets

The parameters and shimmap files saved under a mapname are retrieved when that
mapname is retrieved. When reinserting a probe, reload the shimmap for that probe. If the
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correctness of shimmap isin doubt, make anew shimmap, which typically only takesafew
minutes. The last parameters and files used are automatically retrieved the first time
gmapsys isentered. If gmapsys isentered again, the parameters are not retrieved.
Gradient shimming uses the current parameters after the pulse sequence is|loaded
(segfil="'gmapz').

4.7 Gradient Shimming for the General User
The general user can run gradient shimming from outside gmapsys from any experiment.
Any one of the following methods is recommended for routine use:
® Experimental interface:
a.  Click Acquisition
b. Select Do Gradient Shimming.

Parametersare retrieved from the current mapname, which is displayed at the
start of shimming, and the spinner is automatically turned off. The curve fit
and shim adjustments are not displayed. The previous parameter set and data
are retrieved when shimming is finished. This button only functions after a
shimmap is made.

Click on the Start tab.

Select the Standard or L ock pages.

Click the Gradient Shim button.

Enter gmapshim.

-~ ® a0

This performs the same action as clicking on Gradient Autoshim on Z.
Usewshim="g”’ within parameter sets.
® Walkup interface:
a  Select the Gradient Shim checkbox
b.  Submit the experiment.
Use one of the following methods to stop gradient shimming before it is compl eted:

® Under the Acquire tab, select the Gradient Shim page and click the Quit Gradient
Autoshim button. Quitting abortsthe experiment and retrievesthe previous parameter
set and data

® Abort the acquisition with aa and click on Cancel Cmd. Then enter
gmapshim('quit') toretrieve previous data set and parameters.

Testing Solvents
Test gradient shimming for the solvents of interest by doing the following.
1. For each solvent of interest, do the following.
a. Insert asample with a solvent of interest.
b. Select the solvent for the sample on the Study page.
c. Setlock on resonance using one of the following methods.
Click the Find z0 button.
Use the controls on the Lock page.
d. ClickonTools.
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2.

Select Standard Calibration Experiments.
Select Set up Gradient Shimming.

Click the Acquiretab.

Select the Gradient Shim page.

@ ™o

Set deuterium observe parameters as appropriate for the solvent. See,
“Gradient Shim Commands and Parameters,” on page 69 for recommended
parameters.

j-  Clickthe AcquireTrial Spectra button, and wait for acquisition to compl ete.

k. Click the Gradient Autoshim on Z button to test shimming if the signal-to-
noise looks adequate in the spectra,.

[.  Repeat steps (g)-(i) until the shimming works properly.

Once autoshimming works well for the solvents of interest, do the following:
a.  Openaterminal window.
b. Make abackup copy of the gmapz macro.

c. Edit the bottom portion of the gmapz macro to uncomment the solvents that
will be used and make required corrections as needed. By default, the entire
section is uncommented.

d. Savethe edited gmapz macro.
e. Exittheterminal window.

4.8 Deuterium Gradient Shimming Procedure for Lineshape

Use this procedure for optimizing both the spinning and non-spinning shims.

Setting up

1

2
3
4.
5
6

Insert the appropriate lineshape sample (chloroform in acetone-d6) and find lock.
Turn off spinning and disable sample changer control.

Click on the Start tab.

Select the L ock page.

Adjust lock power, lock gain, and lock phase as necessary.

Do quick shimming on z1, z2, x1, y1 (use z1c, z2¢, if present).

Making the ShimMap

1

2
3.
4

Use90° pulsefor tn="1k"', see"Calibrating the 90° Pul se for 'Hand?H," page 66.
Click on Tools.
Select Standard Calibration Experiments.

Select Set up Gradient Shimming.

Standard parameters are retrieved from gmapz . par the first time Set Up Gradient
Shimming isclicked, or if ashimmap was previously made, parametersareretrieved
from the current shimmap.
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4.9 Calibrating gzwin

Click the Acquire tab.
Select the Gradient Shim page.

Click one of either the PFG H2 or Homospoil H2 buttons under Set Acquisition
Parameter s to retrieve the parameters from the probe file (if available) and setup
gradient shimming acquisition parameters:

Selecting Homospoil gradient shimming parameters requires that homospoil
gradients are enabled (4.3, “Homospoil Gradient Shimming,” on page 64).

® PFG —set Observe Pulse to one half the 90° pulse found in step 2 and set
Relaxation Delay to 6.

® Homospoil H2, — set Observe Pulse to the 90° pulse and Relaxation Delay
to 6.

Click Acquire Trial Spectrum and wait for acquisition to complete. A two profile
spectrais displayed.

Click Automake Shimmap to map the shims.

10. Under Current mapname, click the Set by date button or, enter afile name.

11. Wait for acquisition to compl ete and the message to be displayed: shimmap done!

Starting Z Gradient Shimming

Shimming on all z's supported by the shim hardware.

1
2.

Click on Gradient Autoshim on Z.

Wait for the acquisitions to compl ete, and the message to be displayed: Gradient
Autoshimming on Z done! N iterations.

Click the Sart tab and select the L ock page.
Click the L ock Scan button and adjust lock phase.

Optimizing Non-spinning Shims

1
2.
3.

Shim only on low-order nonspins (x1, y1, xz, yz, etc.).
Do not shimon Z's(z1, z2, etc.).

Repeat "Starting Z Gradient Shimming," page 75.

Evaluating Homogeneity

1

2
3.
4

M easure proton lineshape.
Turn on spinner if appropriate.
Click the L ock Scan button to make fine shim adjustment.

Shim on al shims as necessary.

4.9 Calibrating gzwin

® "Automatic Calibration of gzwin," page 76

® "Manual Calibration of gzwin," page 76
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The parameter gzwin isthe percentage of the spectral window usedin calculating the field
maps. gzwin should be adjusted only when making a new shimmap. If this parameter is
not calibrated correctly, excess noise data at the edge of the shimmaps appears, which
corresponds to the region in the profile spectrum where the signal goesto zero. It is normal
to have afew noise data points at the edge of the shimmap, but if it ismore than afew data
points (greater than 25% of the window), gzwin may be incorrectly calibrated. This can
occur if thereislow signal-to-noise or if gzwin has not previously been calibrated for the
current parameter set. If the gainistoo high, “wings’ will appear on the sides of the spectra
and may result in incorrectly calibrated gzwin. This can aso occur if there are multiple
chemical shiftsfor the nucleus chosen for gradient shimming in the presence of aweak
gradient.

Automatic Calibration of gzwin
Click on the Automake Shimmap button or do the following:

1. ClicktheFind gzwin button onthe Gradient Shim page. Thiscaibratesgzwin and
sets tof to center the window used for calculation.

2. Click Make Shimmap Using Current Settings button. This makes the shimmap
with the current values of gzwin, tof and other parameters.

Optional: click through each step to verify correct calibration of gzwin. The box cursors
at the end of step 1 should be at either edge of the profile.

Manual Calibration of gzwin

Manual calibration of gzwin can be used to avoid noise spikes in the spectrum, or other
artifacts. To manually calibrate gzwin, do the following:

1. Click the Acquire Trial Spectra button on the Gradient Shim page. Wait until the
experiment is done.

2. Display a spectrum using the graphics control buttons. Set the box cursors near the
edges of the profile.

3. Click Set Window from Cursors.
4. Click on Make Shimmap Using Current Settings.

The parameter gzwin should be adjusted only when making a new shimmap. The
calibrated value of gzwin is saved when the new shimmap is saved at the end of the
mapping experiment. The same value of gzwin must be used in shimming asin making a
shimmap, and should not be adjusted when shimming.

4.10 Varying the Number of Shims

76

The maximum number of shims available for gradient shimming is determined by the:
® shim hardware

® number of shims (up to the limit set by the hardware) used when the shimmap was
created.

Changing the Number of Shims Used for Gradient Shimming
1. Map the shims, see "Mapping the Shims," page 67, or load an existing shimmap.
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2. Enter anumber in # ShimsUsed entry box on the Gradient Shim page. The number
must be less than or equal to the number of shims used to make the shimmap.

3. Click onthe Gradient Autoshim on Z button.

All the shims specified in the # Shims Used entry box are used to optimize the field
homogeneity.

Selecting Optimization of Z1 Through Z4 Shims First

Optimization of Z1 through Z4 shims before optimizing all the shims applies only to
systemswith room temperature shims Z5 and higher order. Gradient shimming takeslonger
and goes through more iterations, but this may avoid the problem on some systems where
ahigh-order shim (e.g., Z5, Z6) goes out of range because it containsimpurities from
lower-order shims. Select this optimization as follows:

1. Load or make ashimmap of more than four shims.
2. Click on the Shim z1-z4 first check box.
3. Set the shims specified in the # Shims Used entry box to avalue greater than 4.

Shimming starts with Z1-74 optimization and then proceeds with all shims specified by #
Shims Used. The check box may be set at any time before or after shimming from the
Gradient Shim page. In order to use this parameter in user autoshimming, set it before
making a shimmap, or in the corresponding parameter set in gshimlib/shimmaps.

4.11 Variable Temperature Gradient Compensation

Temperature gradients or convection currents may be compensated for with the addition of
a180° pulse in the pulse sequence prior to data acquisition. Sample viscosity, effective T2,
and signal-to-noise affect the quality of the gradient shimming. Variable Temperature
gradient compensation is compatible with spinning during gradient shimming. Enable
variable temperature gradient shimming as follows:

1. Select one of the following from the Temperature Compensation menu on the
Gradient Shim page.

® Temp compensation off — no compensation.
® Temp compensation on — systems with homospoil or PFG.

® Temp compensation plus— systemswith pulse field gradients, this option
adds additional dephasing gradients.

2. Setplto 180° pulse.
3. Map the shims; see "Mapping the Shims," page 67.
4. Start gradient shimming; see "Starting Gradient Shimming,” page 69.

4.12 Spinning During Gradient Shimming

Spinning during gradient shimming is useful for sample sizes 8 mm and larger. Spinning
the sample requires synchronization of the pulses and delays with the period of the rotor.
Sample viscosity, effective T2, and signal-to-noise affect the quality of the gradient
shimming. Spinning during gradient shimming is compatible with temperature gradient
compensation.
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Set up for spinning during gradient shimming as follows:

1. Select Synch with spinner from the menu options under Gradient Shim Setup on
the Gradient Shim page.

2. Set the spinner speed either from the command line or from the panel asfollows:
a  Click onthe Sart tab.
b. Select the Standard page.

c. Enter the spinning speed in the box next to the SPIN button, pressenter, and
activate the spin setting by placing acheck in the box next to the Spin Speed
field.

d. Click onthe Acquire tab.
e. Select the Gradient Shim page.

3. Select anucleus and gradient option by clicking on one of the following
Set Acquisition Parameter buttons:

PFG H1 Homospoil H1
PFG H2 Homospoil H2
4. Map the shims, see "Mapping the Shims," page 67.
Verify that the spinner ison.

Note: The map must be made with the sample spinning at the speed set in step 2.

5. Start gradient shimming, see " Starting Gradient Shimming,” page 69.
Verify that the spinner ison.
Note: Gradient shimming must be run with the sample spinning at the speed set in step 2.

The shims will not be set correctly if the sampleis not spinning at the same speed
that was used when the shimmap was created.

4.13 Suggestions for Improving Results

78

Calibratethe 90° pulse and adjust t pwr, pw, and ga in to optimize signal-to-noise. Reduce
gainif ADC overflow occurs, which may appear aswings on the profile. Optimal signal-
to-noise is the most important criteriafor gradient shimming.

Stimulated echoes may result for solvents with long T, and appear as excess noise, a beat
pattern in the spectrum, or as secondary echoesinthe FID (use df to observe this). Do one
or more of the following:

® setdito3to5timesT;
® useasmaller flip anglefor pw

The phase encode delay d3 is arrayed to two val ues, the first of which iszero. The second
value can be increased for better signal-to-noise in the phase maps, up to about the point
where the amplitude of the second profileis half that of the first (about 2/3 T, without
radiation damping; radiation damping can be severe in water lH). However, longer 43
valuesincrease the phase excursion, and can makeit difficult to shim large shim corrections
(especially Z21). Typical H values are 5 to 30 ms, and typical 2H values are 30 to 200 ms.
If the shims are far off when making ashimmap, the second value of d3 might be too small.
If this problem occurs, decrease the second value of d3 temporarily to one-half to one-
quarter its value.

NMR Spectroscopy User Guide 01-999378-00 A 0708



4.14 Gradient Shimming Pulse Sequence and Processing

When reinstalling a probe, make sureit isin the same vertical position in the magnet barrel
as when the shimmap was made. If vertical position of the probeis uncertain, make a new
shimmap, which typically takes only afew minutes.

Alternate between z-axis gradient shimming and shimming the low-order x- and y-axis
shims by other methods (e.g., on lock level). The z-axis shims account for the majority of
sample volume changes (changes in height), and the x- and y-shims are relatively
insensitive to change in height. Evaluate shimming for a particular application, since the
ideal lineshape may vary with the application.

The high-order shims can sometimes be set off-scale during shimming. This may occur if
the sampleis short, or if the sampleisimproperly seated in the probe, or if the high-order
shims are weak or other effects. In such cases, the off-scale shim is set to maximum, and
shimming continueswith lower-order shims. Superior results can be obtained in some cases
by varying the number of shims used, see "\arying the Number of Shims," page 76. Ona
short sample it also can be useful to remap the shims.

Some shim systems may need additional time when running the shim-mapping experiment
to alow the shimsto settle. The added time is especially noticeable on some systems for
Z4. To account for added time, lengthen the d1 delay or add dummy scansin between each
array element (e.g., ss=-2). Decreasing the amount a shim is offset a so allows the shim
to settlemore quickly. Enter gmapsys ('vi ') toeditthevaluesinthe Offset column, and
then enter gmapsys (' shimmap', 'manual') onthecommand lineto map the shims
with user-defined offsets. A new mapname may aso be set using gmapsys ('vi').

Coarse shims are used on systems on which they are available. To use fine shims on these
systems, enter gmapsys ('vi') toedittheentriesinthe shim column (e.g., changez1c
to z1), and then enter gmapsys (' shimmap', 'manual') to map the shims.

The water protons provide sufficient signal for shimming for samplesin H,0. Deuterium
gradient shimming is strongly recommended for samples other than water if thereis
sufficient deuterium signal. Proton gradient shimming can be made to work in samples
other than water if thereis sufficient proton signal and the signal iswell-resolved (does not
overlap with other strong resonances). Gradient shimming can also be done on a water
sample of equal height of the sample of interest, and then the sample of interest can be
inserted.

For further information, refer to the entriesfor gmapshim, gmapsys, and gmapz inthe
Command and Parameter Reference.

4.14 Gradient Shimming Pulse Sequence and Processing

The basis of gradient shimming is differential phase accumulation from field
inhomogeneities during an arrayed delay. The phaseis spatially encoded by a pulsed field
gradient. Figure 15 shows the gradient shimming pulse sequence.

The gradient shimming pulse sequencein Figure 15 isshown with p1=0, in which case pw
can be set to asmall flip angle. If p1>0, the pulse field gradients are both set to the same
sign, and p1 should be set to 180° and pw to 90°, so that rf inhomogeneities are refocused.
pl=0 isusually sufficient for most cases.

Phase accumulation from all gradients present is as follows:
0=z Gz(-at/2 + t) + dG(d3 + at/2 + 3*d2 + t)

where t isthe time during acquisition at, Gz is the z-axis pulsed field gradient strength,
and dg is the sum of the shim gradient fields, shown as being on during relevant timesin
the pulse sequence.
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Figure15. Gradient Shimming Pulse Sequence

Theeffect of the shim gradients dG can beisolated by arraying d3 and taking the difference
in the phases:

Adp = 02 - ¢1 = dG*(d3[2] - d3[1])

For example, at a particular point, A can be 2r * 100 Hz* 10 ms, or 2r radians. Thus, a
pair of profiles with different d3 values can be used to calculate the B field along z.

The effect of any one shim gradient can beisolated by arraying the shim value, represented

by 4G, and taking the difference in the phase differences:

AAY) = AP2 - APl = dG2* (d3[2]-d3[1]) - dG1l*(d3[2]-d3[1])
=(dG2 - dG1)*(d3[2] - d3[11])

Therefore, two pairs of profiles can be used to map out the effect of ashim. By arraying all
the shim values, a set of phase difference maps or shim field maps can be constructed for a
given shim set. Shimming can then be performed by constructing a background field map
for the starting shim values (A¢) and fitting the result to the shimfield maps. The
calculations are quite fast, so the entire shimming processis usually limited by the data
acquisition time, typically taking only a few minutes.
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In practice, the phaseis calculated from ¢=arctan (x,y) from thereal and imaginary
values at each point in the spectrum, and A¢ is calculated from the difference in the phases
of apair of spectrawith d3 arrayed. Figure 16 shows an example of mapping the z1 shim.

/ background + z1 (A$2)

\\ // /" background (A¢1)

\ N o —

\ —

N 71 (AG2-A01)
- -

—~

Figure 16. Mapping the z1 Shim
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chapter 5. Data Acquisition

Sectionsin this chapter:

® 5.1, “Acquiring a Spectrum,” this page

® 5.2, “Acquisition Settings,” on page 84

® 5.3, “Pulse Sequences,” on page 88

® 5.4, “Parameter Arrays,” on page 92

® 5.5, “Stopping and Resuming Acquisition,” on page 94

® 5.6, “DataPrecision and Overflow,” on page 94

® 5.7, "Automatic Processing,” on page 95

® 5.8, “Acquisition Status Window,” on page 95

® 5.9, “Applying Digita Filtering,” on page 96
The sample is in the magnet, spinning (or not as in the case of nD experiments), locked
(typicaly but not always), and shimmed. Select an experiment and set the parameters to
acquire data. There are two aspects to selecting parameters. The first is the frequency-

related aspect—setting the position and size of the spectral window. The second isthe
pul se-sequence-rel ated aspect.

5.1 Acquiring a Spectrum

VnmrJ reads the probe file and sets up the experiment either as a gradient experiment or
non-gradient experiment based upon the type of probe in use.

Start an acquisition from the Acquisition menu, or use the pages under the Acquire tab.
Begin data acquisition Stop data acquisition

ShowTime | Sequence |  amays |

Stah.| Acquire | Pracess| | AcNe |Ac,q jire & Transfarm
[

Proton Display Sequence ] Arrays ‘
Pulse Sequence| Data Excitation
Spectral width 5000.0 Hz LI Relaxation delay [5.000 sec =
Acquisition time 2.049 sec = First pulse 000 us - |or ﬁ‘_ degrees
Future Actions Complex points 10243 Inter-pulse delay Q000 sec -
Observe Pulse 6.35 us > for ;‘TS-_ degrees

Scans

Requested ia

Completed
Steady-State

Receiver Gain: 20 Auto

: Calibration w30 [12.70  at Power [62
al ;

7 ot B

1. Accept the default settings or set acquisition parameters by clicking on the
Acquisition, Pulse Sequence, or Channels page.

2. Set the parameters of the experiment and click the Acquire button.

3. Click the Stop button to stop the acquisition.
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5.2 Acquisition Settings

Acquisition and Post Acquisition Actions

Usethe Flags page of the Acquire tab to determine the data acquisition precision (32-bit or
double precision is normal), what actions to take during acquisition if the spinner or VT
failsto remain in regulation, how often to save the FID during the acquisition (block size),
and other acquisition-related actions. The appearance of the pagewill vary depending upon
the selection made in the Systems settings window for the type of digital signal processing,
see Figure 17

¥ ShowT\ng Sequen_;__ij Arravs_J

Start‘ Acquire : Frocess| ‘ Acquire |A4:gJ.j>r;g;‘5.1’ff

Default H1 Flags DSPis Off
Aequisition
Pulse Sequence 32-hit acquisition (normal)

Channels Ignore Lock Failure

Ignore VT Failure x
Allow [300 seconds before VT testing
Delay [0.5  sec before starting (for VT etc)

Future Actions

[¥] Save FID at each block

Scans per block: |16

[l Acquire arrays by blocks (interleave)

Delays: rofl |10 rof2 !2 alfa 6.6 us

Type of digital signal processing = NONE

o

¥ Shan\_mg;J Sequen(_EmJ Arravs_J ‘

Start Acqu\reEPruce§s| ‘ Acquire | 4

Default H1 Flags Hardware DSP is Enabled
Wequisition

Pulse Sequence 32-hit acquisition (normal) QOversampling Factor

Channels Ignore Lock Failure Filter Coefficents

Flags Ignore VT Failure > Left Shift of Filter Band

Future Actions Digital Filter Bandwidth

User Filter Name
Hardware Filter Mode

Allow 300 | seconds before VT testing
Delay [0.5  sec before starting (for VT etc)

[v]Save FID at each block

Scans per block: |16

[l Acquire arrays by blocks (interleave)

Delays: rofl |10 rof2 !2 alfa 6.6 us

Analog Filter Bandwidth 000

Frequency Shifted Quad Detection is Disabled

Type of digital signal processing = Real time

nox

Shaning Sequen(gJ ArravsJ |

I
Start Acquwrelecess| ‘ Acquire ‘Acquu’gﬁll’

Default HL Flags Software DSP is Enabled
cquisition
Pulse Sequence 32-bir acquisition (nermal) Oversampling Factor 17
Ignore Lock Failure Filter Coefficents 127
Ignore VT Failure hd Left Shift of Filter Band 0.0

Future Actions

Allow 300 | seconds before VT testing Digital Filter Bandwidth 0

Delay |0.5 sec before starting (for VT etc)

[¥] Save FID at each block

Scans per block: |16

[[] Acquire arrays by blocks (interleave)

Delays: rofl 10 rof2 |2 alfa 56 us

User Filter Name
Hardware Filter Mode

l!'ﬁdp

Frequency Shifted Quad Detection s Disabled

Analog Filter Bandwidth

Type of digital signal processing = Inline

Figure 17. Flags Page of Acquire Tab and DSP Settings

Preacquisition delay

Usually set to 0.5 seconds to allow the hardware to set up at the beginning of the
experiment. This parameter is also used for kinetics experiments.

Analog Filter Bandwidth

Setsthe audio filters, which prevent noise of higher frequency than the spectral limitsfrom

“folding in” to the spectrum. The standard value is 10% more than half of the Spectral

84
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width (set on the Acquisition page). Analog Filter Bandwidth is automatically changed
whenever the spectral width is changed. After Spectral width has been change, Analog
Filter Bandwidth can be changed.

Delays: rofl, rof2, alpha

roflisnormally fixed as 10 us. After the final pulsein each pulse sequence, the receiver
is gated off for ro£2 us before the acquisition begins.If “ pul se breakthrough” effects are
seen (spike in the beginning of the FID), increasing rof2 can reduce or eliminate the
problem. alfa and ro£2 are important where the flatness of the baseline is of concern.

Specify actions that are to occur automatically after acquisition finishes on the Future
Actions page. For example, Save FIDs or set automatic FID saving.

Star(‘Acquwe Process| Arguire ‘Acquwre&Transfurn_ ShawT\me‘ Sequence ‘ Arrays ‘

Default H1 Future Actions
Wequisition
Pulse Sequence| When Experiment Finishes
Channels When a Block Finishes

F\ais When a FID Finishes
If an Error Orewrs

Plot when Acguisition Finishes {in automation mode)

FID Storage File fhomefwnimrj_2. 2B _Beta_2006-12-20/fidlibffid1d. fict

[] Autamatic FID sawe Save FID Now

Storage Directory Shome funmrd fmmrsys folata)
Mext FID stored as: s2pul_01.fid

Nucleus-Specific Frequency Settings

Adjust nucleus-specific settings in the Default (name of nucleus) page, e.g., Default C13.
The window below is the Default H1 page, which is used for setting the proton frequency.
Other Default pages available are: Default C13, Default F19, and Default P31.

o
Start|Acquire F’rocess| Acquire |Acc|ui_re &‘_Eran_;_fp_[_ ShowTimeI Sequence J Arrays J

Proton Display Sequence | Arrays ‘
Pulse Sequence| Data Excitation
Channels Spectral width 50000 Hz ¥ Relaxation delay |[5.000 sec =
Flags . Acquisition time 2.049 sec ¥ First pulse 0.00 us - |or O degrees
Future Actions Complex points 10243 Inter-pulse delay (0000 sec v

Observe Pulse 6.35 us * |or 45 degrees
Scans
Requested 18

5 Recaiver Gain: 20 Auto
]4— Cloft Calibration: pws0 [12.70 at Power |52
1

Completed
Steady-State

Transmitter and Decoupler Positioning

Set transmitter and decoupler values in the Channels page.

Starr‘ Acquirs Prnceis| Acquire ‘A:quir’e & Trani(n@- Show Time J Sequence I Arrays I "
Proton Display Sequence ‘ Arrays ‘
Channels: Observe 1 | Decouple 2 D‘e:uuple 3 Decouple 4
Nucleus / Freq [H1  io9B3gmHz | [c13 125696 MHz | | 0000 mMHz| [ 0000  mHz
Offset [499.8 0.0 0.0 [0.0

Future Actions || Dec onorr FAA [(1Homo | [ [1Hemo | [N []Homo
Dec Modulation c b c c
90 Degree at Par | [0.00 wsat [0 | [FO00I0N us at [0 500010 s ax [T | (500010 s at [T

= dmr - [poo - 200 - 200
Waveform [parp1 | |
at resolution 1.00 degrees 100 degrees 100 degrees

The Observe Offset field permits moving the observe transmitter offset. Specify the
transmitter frequency directly, rather than using the cursor position, by entering avaluein
the Offset field. This provides a convenient method of moving the transmitter frequency
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outside the current spectral window. Decouple 3 and Decouple 4 input fields are available
for the second and third decouplers on systems with 3 or 4 channels.

Spectral Window

Set the Spectral window size in the Spectral width field in the Acquisition page.

Start|Acquire! Proces_5| | Acquire |A:g ire & Transforn Show TlmsJ Sequencs.J Arravs__J
L
Proton Display Sequence_| Arrays
Pulse Sequence| Data Excitation
Spectral width 5000.0 Hz LI > Relaxation delay |[5.000 sec i
Acquisition time 2.043  sec = First pulse GG - |or ﬁz degrees
Future Actions Complex points 10243 Inter-pulse delay .000 T
Observe Pulse us > for [45 degrees
Scans — g
Requested (2] -
2 A oo 5 Receiver Gain 20 [v] Auto
amplete
Calibration w30 [12.70  at Power |62
Steady-State 4 []off B
-+ Observe Offset —
— <—— Spectral width —— P

Pulse Sequence Settings (Standard Two-Pulse)

Use the Acquisition and Pulse Sequence pages to set the values for the pul se sequence.

Start|Acquire! Proces_5| ‘ Acguire Show TH’HSJ Sequencg Arrav_s_J
—
Proton Display Sequence_| Arays |
Pulse Sequence| Data Excitation
Channels Spectral width 5000.0 Hz b Relaxation delay |[5.000 sec i
Flags Acquisition time 2 049  sec = First pulse 00 - |or rﬁ: degrees
Future Actions | compiax pains 10243 Inter-pulse delay  [B.0000 5
Observe Pulse us > |or |45 degrees
Scans e
Requested 18 -
= i e 5 Receiver Gain: 20 [v] Auto
omplete
5 Calibration: pw90 |12.70  at Power |52
Steady-5tate |4 off
oo
Start‘ Acquire ‘ Process| | Acquire ‘A{qu\relTrans Show T\mu Sequem(u Arrays J
Default H1 H1 -- 1D Display Secuence | Arrays |
Homospaoil
Channels Relaxation delay  [1.000 seC | w Tirne [B.0 ms
Flags First pulse 0.00 us -
Future Actions || e ouise delay 000000 |sec | v
Ohserve Pulse 7.75 us -

Complex points Generally calculated automatically when spectral width or

acquisition time is changed. VnmrJ calculates a new acquisition
time spectral width value if avalueis entered in the Complex
pointsfield.

Thelength of time during which each FID isacquired.
Acquisition time values that give a number of data points not a
multiple of 2 for YNITYINOVA, or 64 for MERCURYplus/-VX,
are readjusted automatically.

Acquisition time
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Scans Requested

Relaxation delay,
First pulse,
Inter-pulse delay

Homospoail

Receiver Gain

Calibration: pw90

01-999378-00 A 0708

5.2 Acquisition Settings

The number of complete executions of the pulse sequence not
accompanied by data collection prior to the acquisition of thereal
data. In amulti-FID experiment, if Steady-State is a positive
value, the steady-state pulses are applied at the start of the first
FID only; if Steady-State is a negative value, the steady-state
pulses are applied at the start of every FID.

The number of repetitions or scans performed to make up the
experiment—the number of transients acquired. Set Scans
Requested to a very large number, (e.g., 1e9) to set up an
indefinite acquisition. The Scans Completed field changes
during the course of an experiment to reflect the number of
completed transients.

First pulse (pl) and I nter-pulse delay (d2) are zero for “normal”
1D NMR. The Relaxation delay (d1, used to allow recovery of
magnetization back to equilibrium) may be zero as well, reducing
the total pulse sequence to a pulse of the time entered in the
Observe Pulsefield (pw), followed by the Acquisition time (at).

Homospoil is aprocess by which the homogeneity istemporarily
made very bad (“spoiled”) to cause any transverse magnetizations
present at that time to decay rapidly to zero.

Low gain in multiline, high-dynamic range samples can cause a
number of problems, including intermodul ation distortions, lower
sensitivity, and extralinesin the spectrum. Too high again, onthe
other hand, can cause ADC overload and consequent baseline
distortion. Autogain capability allows the observe channel to be
set optimally for detecting and digitizing NMR signals from a
wide variety of samples.

gain=60 representsthe highest possible actual receiver gain and
gain=0 thelowest.

On MERCURYplug/-VX systems, gain rangeis 0 to 38 dB; step
sizefor gainis2 dB. On UNITY} NOVA 500-, 600-, and 750-MHz
systems only, the controllable usable range of gain is 18 to 60
when using low-band observe nuclel.) gain increasesin steps of
2dB.gain="'n" activates Autogain, in which thegain is
automatically adjusted at the start of acquisition for an optimum
value. After the acquisition is finished, disabling autogain setting
gain="'y'then alowsthe value of gain to be read.

Field displays the length of the 90° pulse, in us. Thisvaueis
determined when the probe isinstalled, calibrated and tested as
described in the probe installation manual and will usually need
to be changed for a new sample.
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5.3 Pulse Sequences

88

Display the Pulse Sequence
1. Click onthe Acquiretab. ol
2. Select the Pulse Sequencepage |8 '

3. Click onthe Display Sequence
button to display the pulse sequence &
in the graphics window.

Standard Two-Pulse Parameters

Most experiments will be acquired using a pulse sequence known as the standard two-

pulse, or S2PUL. shows atwo-pulse sequence and the associated labels from the
Acquire pages.
First pulse Observe pulse
Preacquisition Relaxation Interpulse '] { Acquisition time
delay ( delay delay e
Steady -state
Number of
scans
|
|
Transmitter |
1
FID 1
|
Receiver |
Pulse | rof2 Alfa  Acquisition |

delay ' delay ' time

Figure 18. Acquisition Parameters for Standard Two-Pulse Sequence

A preacquisition delay (pad) is usually set to 0.5 seconds at the beginning of the
experiment.

Following the preacquisition delay are:
1. Relaxation delay (dl)
2. First pulse (p1)
3. Inter-pulse delay (d2)
4. Observe pulse (pw)

Dead times rof 2 (with receiver off) and alfa (with receiver on) are put into the observe
pulse. The complex data points are acquired during the acquisition time.

Thisprocessisrepeated the number of times set for steady-state plus the requested Number
of Scansfield. Dataisactually acquired only during the number of scans and not during the
first steady-state transients.
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The receiver is off during the pulse sequence and on only during Acquisition time. The
amplifier can be unblanked at any time but no longer than 10 ms. Blanking and unblanking
are implicitly done around pulses.

After thefinal pulsein each pulse sequence, the receiver is gated off for rof2 us before the
receiver isturned on and is followed by the Alfa delay ahead of the start of data
acquisition.If “pulse breakthrough” effects are seen (spike in the beginning of the FID),
increasing rof2 can reduce or eliminate the problem.

The “Status” Concept

Every pulse sequence can be divided logically into “periods’ of time. The standard two-
pulse sequence, for example, can be divided as shown below. This sequence has three
logical periods, referred to in the diagram as A, B, and C. These periods are used in
controlling the decoupler “status’ (aswell asthe“homospoil” status, discussed later in this
chapter).

Logical Periods A, B, C in Standard Two-Pulse Sequence

. Observe
First pulse
pulse
Relaxatio I
delay Interpulse Acquisition
delay time
| |
A | B ! c

The ON/OFF/Homo field in the Channels page use the following letters:

n no, or an off status
y y€s, or an on status

For example, to have the decoupler be ON during period A, ON during period B, and OFF
during period C, describe the desired decoupler status as yyn. Setting the ON/OFF/Homo
field to yyn will select this experiment, which in the heteronuclear case might produce a
coupled spectrum with NOE, or in the homonuclear case might be used for solvent
presaturation experiments. Setting nny would give us an experiment with the decoupler
only ON during period C, the acquisition time, which in the heteronuclear case would be a
decoupled spectrum without NOE.

Observe Transmitter and Decoupling Settings

Transmitter power levels are set through attenuators, which are in turn controlled through
fieldsin the Channels page .

o
Start| Acquire |Process Acquire | Acquire & Transform Show Time | Sequence Arrays

Proton Display Sequence | Arays |
Channels: Ohserve 1 | Decouple 2 | Decouple 3 | Decouple

7
Nucleus / Freq H1 199.838MHz Ic13 125.696 MHz 0.000 MHz 0.000 MHz

Offset [499.8 0.0 [0.0 foo

Future Actions | Det onfofr AAA [JHomo | AR [JHomo | AR [1Homo
Dec Modulation c = c c
90 Degree at Par | [0.00 psat [0 | [FOOOIOM s at 00 | [SO00I0 us ot [T | [FOO0I0 s ar [T
= dmf - [z00 - [260 - |2oo
Waveform arpl | |
at resolution 100 degrees 100 degrees 1100 degrees

Figure 19 shows schematics for the attenuator configuration for different systems. The
observe transmitter power, which is under computer control on systems with linear
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amplifiers, is set in the Observe power field. The power can be set to avalue 0 to 63, or
from—16to 63in 1 of 6 setups, depending on the range of attenuators present in the system.
In both cases, 63 isthe maximum possible power. 63 is the maximum power, not
attenuation.

The Decouple ON/OFF/ field determines first decoupler output:
® vy, ynn, yyn, etc., turns the first decoupler ON.
® nor nnn turns the first decoupler OFF.

Entering a or y (settingdmto 'a' or 'y') specifiestheasynchronousmode. In thismode,
the decoupler rf is gated on and modulation is started at random places in the modulation

sequence. Similarly, entering s specifies the synchronous mode in which the decoupler rf is
gated on and modulation is started at the beginning of the modulation sequence. The ' s

and 'a' values have meaning only on YN'MYINOVA systems. The second, third and fourth

decouplers function analogously to the first decoupler.

The transmitter fine power level is controlled by the tpwr £ (or tpwrm) parameter (if
present). The attenuation islinear and spans 60 dB. If no fine attenuator is present, the value
offsets the coarse power, simulating fine power.

The Homo selection box sets the homonuclear decoupling control for the observe channel.
Selecting Homo specifies that the receiver is gated, which is done by controlling the
observe L.O. (local oscillator) line. The first rf, amplifier, and preamplifier are gated only
if decoupling ison. If the decoupling is off, no gating of these signals takes place. When
Homo is selected, Modulation should be set to ¢ for continuous wave (CW) modulation.

UNITYINOVA systems, for all channels

60 dB linear -16to +63 dB
0 to 4095, steps of 1 steps of 1 dB
tpwrm, dpwrm, dpwrm2 , dpwrm3 tpwr, dpwr, dpwr2,
or tpwrf,dpwrf,dpwrf2, dpwrf3 dpwr3,dpwr4
MERCURYplus/-Vx systems
48 dB linear
4>
low band ——®» 20 dB step 1dB

dpwr/tpwr 0-63 dB, step 1 dB

high band — | 10 dB | —pel 20dB | —p» 4325‘ i":fBar

tpwr/dpwr 0-63 dB, step 1 dB

or

« 48 dB linear

7
homo decoupler 5 4B — step 1 dB

dpwr 0-63 dB, step 1 dB

Figure19. Attenuator Configurations

On MERCURYplus/Vx, Homo has no meaning. Gated (homo) decoupling is used if the
transmitter nucleus tn is *H or *°F, and the decoupler mode s turned on.

CAUTION: Decoupler power greater than 2 watts in a switchable probe will

damage the probe. Always carefully calibrate high-power decoupling
to avoid exceeding 2 watts of power. The maximum value for dpwr on
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a 200-, 300-, or 400-MHz system with a linear amplifier on the
decoupler channel has been set to 49, corresponding to approximately
2 watts of power. Before using dpwr=49 for continuous decoupling,
ensure safe operation by measuring the output power. This safety
maximum may be adjusted in the config program.

The decoupler power is set in the Decouple power field, which isunder computer control.
Thisfield be given values from 0 to 63, or from —16 to 63, depending on the range of
attenuators present in the system. The absolute maximum power is 63 in all cases.
However, the output power should be measured to make sure a maximum of 2 watts is
applied to switchable probes. This safety maximum, which limits the value that can be
entered can be adjusted in the System Settings and System Configuration windows. The
decoupler power for the second, third, and fourth decoupler channels, respectively. also
have safety maximums.

Decoupler Modes

Severa other efficient decoupling schemes are available from the Modulation pull-down
menu, including GARP decoupling, MLEV-16 decoupling, and XY 32 decoupling. Refer to
the description of dmm in the Command and Parameter Reference for other modulation
modes available.

Modulation normally hasjust asingle“state” in the standard two-pulse sequence, sincethe
decoupler modulation remains normally unchanged during the pulse sequence. Multiple
states are possible; for example, ' ccw' givessingle-frequency decoupling during thefirst
part of the pulse sequence and WALTZ-16 decoupling during acquisition.

Systems with a waveform generator on a decoupling channel:

Set dmm to 'p' to select programmable decoupling using that waveform generator. To
specify the decoupling sequence during any period of waveform generator programmable
decoupling, use the dseq parameter for thefirst decoupler, dseqg2 for the second
decoupler, and dseqg3 for thethird decoupler. Theparametersdres, dres2, dres3, and
dres4 control the tip-angle resolution used within a programmable decoupling sequence
on the first, second, third, and fourth decouplers, respectively. See the manual User
Programming for further information on pulse control of waveform generators.

The following values are typical for decoupling:
® Homonuclear decoupling with linear amplifiers:

dm="y"' Decoupler mode on

homo="y"' Homonuclear decoupling on (INOVA only)

dmm="'c"' Decoupler modulation mode is continuous wave
dpwr=5-15 Decoupler power level range (d1p, dhp nonfunctional)

® Heteronuclear decoupling with linear amplifiers:

dm="y"' Decoupler mode on

homo="n" Homonuclear decoupling off (INOVA only)
dmm="'w' WALTZ-16 decoupling

dpwr=40 Decoupler power level (d1p, dhp nonfunctional)
dmf=10000 Decoupler modulation frequency
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® Homonuclear decoupling:

dm="'y"'
dmm="'c'
dpwr=6—20

Decoupler mode on

Decoupler modulation mode is continuous wave

Decoupler power level range

® Heteronuclear decoupling:

dm="'y"'
dmm="w"'
dpwr=45
dmf=10000

Decoupler mode on

WALTZ-16 decoupling
Decoupler power level
Decoupler modulation frequency

5.4 Parameter Arrays

1. Click on Acquisition on the main menu.

2. Select Parameter Array to open the Array Parameter window to set arrayed
parameters. Parameter arrays are explained in detail in "Multi-FID (Arrayed)
Spectra," page 154.

This window can be used both within or outside of a study.

Array definition [ Array Parameter )
reg|0n Param Nare | __ Description _ [ size [ order [ onjor

ni Number of increments in 1st indir... 128 0 n
Arrayed phase Phase selection 2 1 an
parameter fields

Array Size: 256 Total Time: O0:0:-1
UnArray Maw Array |
. Active Param: phase Current Yalue: ’17
Status region—
Paosition [ Walue
Array limits 1 1
. Array Size: ’27 2 2
reglon First Value: ’17
Increment: 1.0
Last Value: ’27

Ine. Style... Linear

Randomize
Array
elements
window
Window controls o |[ ctose || Apandon |

Window Regions
Array definition

Arrayed parameter field columns:

92

Parm Name — enter name of arrayed par

ameter.

Description — displays text description of array.
Sze — displays number of steps or incrementsin the array.
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Order — displays precedence for running the array — double click

in the field and enter the array order. Arrays with sequential num-
bers create afull matrix (array A x Array B) and each array can be
adifferent size. Arrayswith the sasme order number (and the same
size) create adiagona array.

On/Off —array is used / array not used.
Fieldsand buttons
Array Size field — shows size of selected array.
Total Time field — shows estimated time to compleat the array.

UnArray button — removes selected parameter from the list of arrayed
parameters.

NewArray button — adds new row to list of arrayed parameters.
Satus — shows active parameter during acquisition and current value.
Array limits

Array Size field — enter the size of the array and press return.

First Value — enter the starting value of the array and press
return.

Increment — enter the array increment and press return.
Last Value — enter the ending value of the array and press return.
Inc. Syle ... button — click and select linear or exponential.
Randomize button — click to create a random array.

Array elements

Change the value of the array element by double clicking on the
value of the array element associated with the array position,
entering anew value, and pressing Enter.

Window buttons
Edit—Not active.
Undo—Click to undo click again to restore the change.
Close—Closes the window.
Abandon—Closes the window and makes no changes.

The top panel in the window is atable of currently arrayed parameters. The Parameter
Name, Description, array Size, array Order and On/Off status are displayed. Add
parameters with the New Array button and remove parameters with Unarray. Turn on or
off an arrayed parameter by double-clicking On/Off. Edit the array order (except for
implicitarraysni, ni2, etc.) to enable nested or parallel arrays. Only parameters of the
same array size can be parallél, i.e., have the same array order.

Highlight the array parameter table one row at atime with single clicks. The values of the
highlighted array parameter (Active Param) are displayed in a table in the middle panel,
along with editable entries for Array Size, First Value, Increment, and Last Va ue. Edit the
parameter values. There are also buttons for increment style (Inc. Style), linear or
exponential, and randomizing (Randomize) the order of array values. Specific values can
also be entered manually for every element in thelist of values. Letter values, (strings) can
also be arrayed and modified.

The Current Value of the parameter is displayed above the array parameter values. Select
this value from the arrayed values by double-clicking the position number in the list of
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valuesor change it manually. When the parameter is unarrayed or turned off, it is set to the
current value.

Abandon restores the original state of the window (the state it was in when it opened) and
closes the window. Close keeps the changes and closes the window.

5.5 Stopping and Resuming Acquisition

Click the Stop button () or the Stop button next to the Acquire button to stop an
acquisition experiment that has been submitted for acquisition.

If the experiment iswaiting for execution, no action istaken. If the experiment is active, it
is stopped and data is retained.

An acquisition generally continues to completion. Several situations can stop the
acquisition early. The system may detect an error, it may detect an overflow, or the operator
may stop the system with an aa or an sa command.

Stop an acquisition (because sufficient signal-to-noise has been obtained or because the
experiment has proved useless) by selecting Acquisition->Abort Acquisition. The
acquisition is aborted immediately. All current FID datais discarded and the experiment is
interpreted asan error. Any data collected from an earlier block size transfer or earlier FIDs
areretained. All defined Future Actions processing occurs followed by any queued
experiments.

5.6 Data Precision and Overflow

94

DSP (digital signal processing) is set in the System Settings window. I nline enables
software DSP and Realtime enables hardware DSP. Precision is set in the Flags page of
the Acquire panel.

Single precision (uncheck 32-bit acquisitively on the Flags page) ismainly designed for a
single applicationrelated to imaging. Because DSP (digital signal processing) can giveyou
20 bits of datain a single acquisition, the 16-bit data size is usually not desirable. The
console will detect a numeric overflow in hardware and post an error. Even without DSP,
the standard 16-bit ADC boards can theoretically overflow after one transient. Therefore,
checking 32-bit acquisitively on the Flags page is the preferred setting.

Overflowing 32-bit acquisitively real-time DSP is possible with greater than 4000
transients. Hardware DSP scal es to 16 bitswith single precision so that it will not overflow.
Asaresult, many of advantages of hardware DSP are discarded.

Under some conditions, single precision is useful. The main example is flash imaging,
where only onetransient istypically taken, using very large data sets under fast conditions.
In these experiments, the DTM memory (data-to-memory board memory, typicaly 16
Mbytes) can be filled up with rapidly acquired single-shot acquisitions. The single
precision mode doubles the capacity of the DTM memory, increasing the number of
increments in the experiment. If a cancellation experiment is carefully designed to avoid
overflowing 16 bits, the single precision mode can cut the storage data size by afactor of
2. No down scaling is performed on YNTYINOVA so that the full available signal is aways
used. This use requires care in the cancellation cycle and an estimate when averaging will
overflow 16 hits, so that 32-bit acquisitively isstill preferable for robust operation.
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5.7 Automatic Processing

Set up automatic processing on the Future Actions page.

Block-size providesameansto examine datawhile an experiment isin progress. By setting
the parameter bs to avalue (e.g., bs=64), the observe controller isinstructed to send the
accumul ated datato the host computer at the end of every 64 transients. The host computer
stores the data in an appropriate disk file (overwriting earlier data). An updated version of
the experiment in progressisavailable for viewing by the user. Weighting and transforming
the data processes the current FID as of the last block size transients and displaysthe
resulting spectrum on the screen.

Use the Future Actions page (When Block Finishesfield) to make the process automatic.
Enter wEt in the When Block Finishesfield and click Acquire. Dataistransferred to the
host computer after each bs number of transientsis completed, the macro wf t isrun, and
the datais transferred to the host computer and displayed in the active VnmrJ viewport.
Any command or macro can be invoked to occur automatically using the When Block
Finishesfield.

“When block size”, wbs, processing can be started after acquisition is started. Enter awbs
command, (e.g., wbs ('wft')) ontheVnmrJ command line. The wbs processing may
also be disabled by entering wbs ('stop') . Setting bs="n" before starting the
acquisition disablesthisblock-size storage. If bs="n', data are stored on disk only at the end
of the experiment, and if the experiment is aborted prior to termination, data will be lost.

There are other times when automatic processing is desirable:

® Automatically transform the FID upon completion of data acquisition.

Set thewnt (for “when number of transients”) parameter, (e.g., wnt="'wtt'). Thisis
automatically performed by the ga command.

® Automatically process data from an experiment that acquires data sets after all FIDs
are collected. A 2D experiment is an example of such an experiment.

Set the wexp (for “when experiment”) parameter, (e.g., wexp="'wft2da').

® Take correct action in the event of an acquisition error.
Set the werr (when error) parameter, (e.9., werr="'react"').

5.8 Acquisition Status Window

Click on the black triangle next to the status display to open the Acquisition Status
window. Thedisplay contains fieldsfor acquisition statusinformation. Fieldsare displayed
based upon the hardware configuration of the system or the parameters set on the system.

Table 4 lists the possible fields, with a description of each field

Table 4. Fieldsin the Acquisition Status Window
Field Description

Status Present status of acquisition. The values displayed should be self-
explanatory (e. g., “ Shimming”) with two exceptions: “Active” means
that the acquisition computer started but the console is not active yet,
and “Inactive” meansthat acgstat cannot communicate with the
acquisition computer or that the acquisition computer is not executing.

Queued Number of experiments queued by multiple go commands
Exp Number of the active experiment (e. g., exp1, exp2, exp3)
FID Number of the FID being acquired if in an arrayed experiment
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Table 4. Fieldsin the Acquisition Status Window

Field Description

CT Number of completed transients

Decoupler Decoupler state: On, Off, Gated

Sample Sample number in magnet if in automation mode

Lock Lock status: Off, Regulated, Not Regulated

Complete Estimated time when experiment will complete

Vit Variable temperature unit status: Off, Regulated, or Not Regulated (if
VT isset aspresent and vt type=2)

Stored Last time data was transferred to disk

5.9 Applying Digital Filtering

The digital signal processing (DSP) provides many benefits, such as constant noise level
across the spectrum, improved integral accuracy, increased dynamic range, and flatter
baselines. DSP usually involves the following three steps, al of which are automatically
performed by the DSP software:

® Thefirst stepisto oversamplethe data. Oversampling means acquiring datawith larger
spectral width using alarger number of data points. For example, instead of collecting
an 8-Kword data point set with a 5-kHz spectral width, a 160-Kword data set is
acquired at 100 kHz. In DSP terms, this represents 20 times oversampling. An
advantage of oversampling isthat noise is reduced in situations where the noise in the
time-domain FID is predominantly from round-off errors (“digitization errors’) in the
analog-to-digital converter (ADC). This happens at low spectrometer gain settings,
where the “real” noise being sampled by the ADC issmall, perhaps less than 3 bits.
Another advantageisthat digital filters should cause less distortion of the FID, leading
to many of the benefits of DSP mentioned in the introductory paragraph of this section.

® After the oversampled datais acquired, the next step is to apply adigital filter to the
time-domain signal, or FID, to remove signals and noise at frequencies outside the
final desired spectral width. Digital filtersare defined by thefiltering algorithm and the
number of coefficientsfor thefilter. The more coefficients, the sharper the filter cutoff;
however, the more complex the filter function and the greater the number of
coefficients, the longer the calculation time required. In the example of oversampling
above, the digital filter would be used to “ cut-off” all frequencies outside the 5 kHz
spectral width.

® Thefinal step isto downsample the data. Downsampling (sometimes referred to as
“decimation”) means reducing the number of data pointsin the FID to the number
actually required for spectral analysis at the chosen spectral width (the same number
that you would have chosen if you had not used DSP). Again referring to the example
above, the final FID would have 8-Kword data points and a final downsampled
spectral width of 5 kHz.

Types of Digital Filtering

The main types of DSP provide digital filtering during the acquisition of data:

® Inline DSP uses software on the workstation to perform digital filtering and
downsampling immediately after each oversampled FID istransferred from the
console. Only the digitally filtered and downsampled data is written to disk. The
advantages of theinline DSP include no increasein disk storage and user-defined filter
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functions. A potential disadvantage is some additional load on the workstation. Inline
DSP software is compatible with all systems with Sun host computers.

® Real-time DSP uses a dedicated embedded processor chip installed on the input board
of certain systems (such as the YWTYINOVA) to filter the data prior to time averaging.
The advantages of real-time DSP include no increase in data storage and compatibility
with ultra-rapid experiments (because there is no additional 1oading on the
workstation). A disadvantageisthat fewer parametersare availableto control rea -time
digital filtering.

Another type of DSP, post acquisition DSP, integrates the digital filtering and
downsampling process into the Fourier transform commands £t and £t2d. Thedigitaly
filtered and downsampled FID can then be saved to disk. The advantageisthat the original
FID isnot altered in the original experiment, multiple applications of digital filtering are
possible, no limitations exist on filter shape complexity and filter cutoff, and user-defined
filter functions are possible. The main disadvantage is the large disk storage required. The
usual disk storage requirements are directly multiplied by the oversampling factor, which
ranges from 2 through 68. Post acquisition DSP software is compatible with all systems
with Sun host computers.

All types of DSP initialy filter signal the oversampled spectral width by an analog anti-
aliasing filter.

Control of DSP

The value of parameter dsp specifies the type of DSP for dataacquisition: ' i ' for inline
DSP, ' for real-timeDSP, or 'n' for none. Asaglobal parameter, dsp affects DSP
operation in all experiments and should be thought of as an hardware configuration
parameter, becauseif DSP hardwareisavailable (such asonthe YN'TYINOVA), that hardware
is generally the method of choice.

Normally, DSP works quite invisibly to the user. Regardless of whether dsp issetto ' i
or 'r', the oversampling factor (the parameter oversamp) is automatically set to the
maximum allowed value whenever sw is entered. Thus, after the user enters sw, at, and/
or np in the normal manner, the software and hardware automatically oversamples at the
maximum rate, and then digitally filters and downsamplesthe data according to the sel ected
sw and np parameters.

DSP can be disabled for a particular experiment by setting the oversamp parameter to
'n'. The oversamp parameter can be set temporarily, by direct numeric entry, to avalue
less than the maximum (e.g., oversamp=4). The oversamp parameter isreset to its
maximum value the next time sw is entered in that experiment.

Inline DSP

Inline DSP applies digital filtering and downsampling to the acquired data prior to storage
to disk on the host computer. Only the downsampled data set is stored using this method.
DSP prior to data storage to disk has atime constraint: the digital filtering and
downsampling must be completed within the time between transfer of successive data
blocks (or increments of a2D experiment) to the host computer disk. Additional processing
done during acquisition, such aswnt, also addsto thetime constraints. This processing can
limit the speed of rapid arrayed experiments and depends on the type of Sun host computer
and the parameters used.

Inline DSP is activated by setting the global parameter dsp to 'i'. If dsp is not present
orissetto 'n',DSPisdisabled. If dsp="1", setting the oversamp parameter to avalue
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greater than 1in aparticular experiment causes the next experiment run to be oversampled,
digitally filtered, and downsampled back to the selected sw prior to saving it to disk.

To Apply Inline DSP

1

N o g &~ W DN

Log in asthe VnmrJ administrator (e.g., vamr1) and start VnmrJ.

Click Edit in the main menu after VnmrJ starts.

Click on System settings to open the System settings window.

Set Type of digital signal processing to Inline.

Close the System settings window

Set acquisition parameters to the values desired for the final spectrum.

Asrequired, adjust the values of the oversampling parameters oversamp,
oscoef,oslsfrq, osfb,and filtfile:

oversamp specifiesthe oversampling factor (68 or less) for theacquisition. As
aresult, np*oversamp data points are acquired at arate of sw*oversamp.
Once the data has been transferred to the host computer, it is digitaly filtered
and downsampled to givenp pointsand aspectral width of sw. sw*oversamp
and np*oversamp are limited by the values given in Table 5.:

Table5. Maximum Values for sw*oversamp and np*oversamp

System Maximum sw*oversamp Maximum np*oversamp
UNITYINOVA 500 kHz 2M
MERCURYplug/-VX 100 kHz 256 K

The maximum np*oversamp isgiven for double precision data (dp="y').
For dp="n", multiply the value by 2. The value of oversamp might need to
be decreased further for rapid arrayed experiments, because of host computer
memory and speed limitations. Setting oversamp to 'n' causes normal
acquisition to be done without digital filtering

oscoef specifies the number of coefficients used in the digital filter. The
defaultis 7. 5*oversamp+1. A larger number of coefficients gives afilter
with sharper cutoffs; a smaller number of coefficients gives afilter with more
gradual cutoffs. Thevalue of oscoef does not need to be changed when
oversamp ischanged because oscoef isautomatically adjusted by VnmrJto
givefilter cutoffs that are the same regardless of the value of oversamp.

oslsfrqgisused to select abandpass filter that is not centered about the
transmitter frequency. oslsfrq isspecified in Hz and works much like
lsfrqg. A positivevalue of oslsfrqg selectsaregion upfield from the
transmitter frequency, and a negative val ue selects a downfield region. The
oslsfrg parameter can be used to perform frequency-shifted quadrature
detection (see "Removing Quadrature Artifacts Using DSP," page 103).

osftb specifiesthe digital filter bandwidth. If osfb="n", the bandwidth
defaultsto sw/2. A valuelessthan sw/ 2 rejectsfrequenciesat the edges of the
spectrum; a value more than sw/ 2 aiases noise and signals at frequencies
outside of +sw/2.

filtfile specifiesthe nameof afileof finiteimpulse response (FIR) digital
filter coefficients. The file must bein the user's vimrsys/filtlib
directory. Thefilter coefficient file is atext file with one real filter coefficient
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per line. Complex filters are not currently supported. To use the default filter
coefficients calculated by VnmrJ, £i1t£1i1le should be set to the empty string
(', i.e, two single quotes with no space between them).

8. If oversamp isset to avalue greater than 1, the next experiment is oversampled,
digitally filtered, and downsampled to the sw selected prior to saving it to disk.

After acquiring adata set without digital filtering, the moveossw macro can be used to set
oslsfrg and swto appropriate values for oversampling and digitally filtering for the
region of the spectrum selected between the cursorsin the ds display. You must manually
set oversamp to an appropriate value.

Real-Time DSP

Real-time DSP, available on certain systems (such as the YTYINOVA), applies digita
filtering during data acquisition, prior to storing the datain the memory of the acquisition
computer. Data sampling is performed at a maximum rate of 400 kHz, with a maximum
oversampling factor of 68. Thus, atypica 7-kHz spectrumis oversampled at afactor of 57
a 25-kHz spectrum is oversampled at a factor of 16. Above sw=200000, oversampling
(and hence real-time DSP) is not possible and is automatically deactivated.

Oversampling lessens the effect of digitization noise on the spectrum, more so the more
oversampling is done. At low gain, this can produce a marked improvement in the
obtainable signal-to-noise (S/N) ratio. Equivalently, the use of oversampling and digital
filtering will produce the same S/N at lower receiver gain values.

To Apply Real-Time DSP

When real-time DSPisfirst installed on a system, each user should enter dsp? to check
that real-time DSP (dsp="r"') is set on the system. From that point on, the software
automatically calculates oversampling factors and performs experiments using real -time
DSP in a manner totally transparent to the user.

® To turn on Real-Time DSP for the system, open System->System Settings. Set Type
of digital signal processing to Inline.

® To turn DSP off in asingle experiment, set oversamp="'n"; to turn DSP back onin
that experiment, set oversamp="y"'.

® To turn off DSP “permanently,” for all future experiments (until you decide to turn it
back on again), open System->System Settings. Set Type of digital signal processing
to None.

Types of Real-Time Digital Filters

Two different digital filters are supplied with real-time DSP. The first type, the
AnaogPlus™ filter, was designed to have similar characteristics to traditional analog
filters, while using digital technology to improve on the analog filter in every way. The
AnaogPlus digital filter isflatter in the passband (the spectral region of interest) than an
analog filter, and has sharper cutoff in the stopband (the region outside the spectrum to be
filtered out). Thisgives better quantization across more of the spectrum and reduced “ noise
fold-in" compared with analog filters, in addition to the improvement in S/N from the
removal of digitization noise.

When comparing AnalogPlus digital filters with analog filters, note that when using a
“real” anaog filter, VnmrJ increases the filter bandwidth £ by 10%, compared with half
the spectrum width, in order to provide better filter flatness across the spectral region of
interest. Thisincrease, however, causes significant noise to fold in to the spectrum. With
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the AnalogPlusdigital filter, however, thefilter bandwidth (the 3-dB point) isset to exactly
sw/ 2 to ensure the best possible S/N across the spectrum.

The second type of digital filter provided, the Brickwall filter, has much sharper cutoff
characteristics (asimplied by its name) than the Anal ogPlusfilter and isflatter even closer
to the edges of the spectrum. This enhanced filtering may come at the expense of baseline
performance, however. Users working with “simple” spectra, such as of organic
compounds, should not notice thisat all, but for work with high-dynamic range spectra or
spectraof proteins, the baselines obtainable with the Brickwall filter may not be as good as
the baselines obtained with the Ana ogPlus digital filter.

The global parameter def osfilt specifies whether the digital filter you normally
preferis'a' (AnalogPlus) or 'b' (Brickwall). Onceyousetdef osfilt,youneednot
changeit again. You can set alocal parameter in each experiment, osfilt,to'a' or 'b"
to run a specific type of digita filter in that experiment, without changing your default
choice.

The amount of oversampling performed by the system is contained in the parameter
oversamp, whichisnormally calculated by the software to be the maximum possible for
any given spectral width. You can change oversamp (to smaller valuesonly) if you want
to, but since the maximum benefit of DSP is only obtained with the maximum possible
oversampling, there islittle reason to do so.

For Brickwall filters, which use more coefficientsthan AnalogPlusfilters, some difference
appears in the steepness of the filter as afunction of the oversamp parameter. At
oversamp set from 2 through 7, the cutoff is the steepest; as oversamp increases, the
filter becomes slightly less steep and approaches Analogplusfilters at oversamp=50.
Thus, if you want theflattest (in the passband) and sharpest (in the stopband) possiblefilter,
and if you are not operating at low gain where oversampling isimportant to S/N, you may
wish to use minimum oversampling (oversamp Set from 2 through 7). Brickwall filtersat
oversampling factors of 20 to 40 make a nice compromise filter with better amplitude
flatness than Analogplus and better baselines than Brickwall set at lower oversampling
factors.

Real-Time DSP Details

Real-time DSP is not compatible with pulse sequences that use explicit acquisition to
acquire less than the full number of data points (np) in asingle acquire statement (e.g.,
solids sequences such asbr24 and £1ipflop). Thisincompatibility istaken care of
automatically by the software, which turns off DSP and sets oversamp="'n" if you
attempt to acquire data using an incompatible pulse sequence. If you want to obtain the
benefits of DSP in such experiments, use inline or post acquisition DSP.

Preserving the full potential dynamic range benefit of DSP for dp="'y "', real-time DSP
contains an inherent “gain” of 16 or the equivalent of 20 bits of data. A consequence of this
gainisthat if you look at the output of asingle transient, the largest possible signal is no
longer +32768 (216) but instead +524288 (22°). In other words, the system behaves asif it
has a 20-bit digitizer instead of a 16-bit digitizer.

Fordp="n", the“gain” of 16 mentioned above is disabled and, therefore, the main data
valueis 32767.

Another consequence of the gain with dp="vy ' isthat if the ADC isfilled on asingle
transient and the signals add coherently on successive transients (as they do in most
experiments but not in, say, an indirect detection experiment), after a minimum of 4096
transients (23%/229), the accumulating signal can overflow the available memory (the
largest signal becomes greater than 232 and cannot be stored in memory). The hardware
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does not prevent thisoverflow, and it ispossibleto obtain datathat isuselessin such acase.
If you need to run more than 4096 transients, use inline or post acquisition DSP.

One subtle point involves ADC overflow on a single transient. When DSP and hence
oversampling are activated, two changes occur that affect the maximum signal seen by the
ADC. Firdt, theinitial sampling occurs earlier in time. The system may have acquired 10
points of an oversampled FID before it would have acquired a single point in a*“normal”
FID. Thus, any transient signals (e.g., probe background, pulse breakthrough) that occur at
thefront of the FID are morelikely to cause ADC overflow in an oversampled FID. Second,
theanalog filter bandwidth is now set to alarger value—it may have gone from 2.5 kHz up
to 50 kHz. Any large “out-of-band” signal that was being filtered out by the anal og filter
appears at the ADC to be digitized (and then to be subsequently filtered out by the digital
filter). Thus again, ADC overflow may occur under conditions (i.e., identical pulse width
and gain) where it did not occur when DSP was not used.

Even more subtly, because of the digital filtering that occurs, the output of the digital filter
may actually have avalue less than the maximum possible value, even though the input to
the digital filter did indeed exceed the ADC limit. Thus, you should not be surprised if you
occasionally need avery dlightly lower gain to avoid ADC overflow when using DSP, and
you should also not be surprised if you examine the (output) signal and do not see any
evidence of ADC overflow, despite having been told by the software that ADC overflow
did occur.

Asexplained earlier however, one of the real advantage of DSP with significant
oversampling is the ability to work at lower gain settings while maintaining full signal-to-
noise. This “headroom” afforded by DSP makesit is far lessimportant to carefully adjust
the gain setting and fill the ADC. Thus, gain settings 6 to 10, or even 20 dB below ADC
overflow, arelikely to give perfectly acceptable results.

Data Format Issues

The output of inlineand real-time DSPisa“normal” FID, without the distortion associated
with the large frequency-dependent phase shift associated with some digita filters, and
with characteristics (such asnp) that areidentical to an FID obtained without DSP. Assuch,
the output can be processed by any software (VnmrJ or third party) that can process
standard VnmrJFIDs. Real-time DSP FIDs are awaysin fixed point format (16- or 32-hit,
depending on the value of the parameter dp).

The output of inline DSPisalso a“normal” FID that can be processed in standard ways. If
dp="'n', the FID isin a16-bit fixed point format; however, if dp="v', the FID isin 32-bit
floating point format, not 32-bit fixed point.

VnmrJ processes such FIDs transparently, but some third-party software may not be
compatible with this mode

Obtaining Good Baselines with Inline and Real-time DSP

The agorithms used by inline and real -time DSP processing now contain Varian'stime-
corrected zero-phase digital filters. These filters allow very flat baselines to be obtained
with no frequency dependent phase shift across the spectra. Getting these flat baselines
does require some changes in setup and acquisition parameters from those used for anal og
filters.

Many users working with spectra of proteins are accustomed to using the hoult and
calfa macros to adjust the acquisition conditions such that spectra are obtained with a
frequency-dependent phase shift (1p) of zero and with minimal distortions of the second
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and subsequent data points with analog filters. These conditions are typically satisfied with
negative values of alfa.

The same acquisition conditions do not result in the flattest possible baselines when using
real-time DSP. The following procedure is recommended to set alfa and rof2:

1. Start by using “norma” positivevaluesof alfa and rof2, (e.g., alfa=6
rof2=2; infact, the software automatically sets these values the first time you
activate DSP).

2. Obtain a spectrum and phase it properly.
3. Enter crof2 torecalculate rof2 so that 1p will be zero.
4. Reacquire the spectrum to verify that 1p is now zero.

After the last step, the baseline should be reasonably good. To improveit even further, you
can make fine adjustmentsto alfa and rof 2, keeping the sum of the two constant (e.g.,
enter alfa=alfa-0.5 rof2=rof2+0.5 ga). Once good values are obtained, you

should find them relatively invariant with sw (as long as maximum oversampling is used).

The calfa macro hasalso been modified for use with DSP. calfa now setsalfa tothe
default value of about 6 ps and then adjusts rof 2 to set the appropriate timing for 1p=0.
If avalue of alfa other than the default value isfound to be preferable using the above
methods, use crof 2 to adjust acquisition timing for the 1p=0 condition without changing
the preferred value of alfa.

Post Acquisition DSP

The software allows post acquisition digital filtering and downsampling to selectively
detect aregion of a spectrum. The digital filtered and downsampled FID can then be saved
to disk. The digital filtering and downsampling processes are integrated into the £t and
ft2d commands and occur when these commands are executed as specified by the
parameters below. The digital filtering and downsampling are donejust prior to the Fourier
transform, so all apodization, linear prediction, solvent suppression, etc. are done prior to
digital filtering.

Post acquisition digital filtering uses the same algorithm asinline DSP, with a transition
bandwidth correction enhancement to minimize baseline distortion.

Application of post acquisition DSP takes the following steps:

1. Acquireadataset with sw = N*(final desired sw) and np = N*[(final desired np)
+ dscoef/2)], with N the oversampling factor.

In most situations, you can use np = N*(final desired np) because the fina np is
usually much larger than dscoef /2.

2. After adata set has been acquired, enter the macro pards to create additional
parameters downsamp, dscoef, dslsfrqg,dsfb,and filtfile used by
downsampling.

3. Setting up of the parameters can be made easier if an initial Fourier transform
spectrum exists aready. In this case, the macro movedssw can be used to set the
parameters by using cursorsin the ds spectral display. Position the vertical cursors
around theregion of interest and enter moveds sw. Otherwise, set the parametersas
follows:

® downsamp specifies the downsampling factor applied after digital filtering.
For example, starting with a spectral width of 100 kHz and downsamp set to
20, downsampling reducesthe final spectral width to 5 kHz. The spectral width
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sw of the data set after digital filtering and downsampling is (acquired sw)/
downsamp. Setting downsamp to 1 alows digital filtering with afilter
bandwidth specified by dsfb without downsampling. Setting downsamp to
'n' alows normal data processing in VnmrJ without digital filtering.

® dscoef specifiesthe number of coefficients used for filter computation. The
default of 61 isusualy agood choice. A larger number of coefficientsgivesa
filter with sharper cutoffs, and a smaller number of coefficients gives afilter
with more gradual cutoffs. Larger valuesin the range of 199 to 399 coefficients
may haveto be used to prevent aliasing of large peaks just outside the
downsampled window. dscoef does not need to be changed asdownsamp is
changed, because dscoef isautomatically adjusted by VnmrJto give filter
cutoffsthat are the same regardl ess of the value of downsamp. Thisisdone by
actualy using dscoef*downsamp/2 coefficientsin the digital filter. VnmrJ
alwaysrounds dscoef*downsamp/2 to an odd number.

® dslsfrqisused to select abandpass filter that is not centered about the
transmitter frequency (tof). dslsfrqisspecifiedin Hz and works much like
lsfrqg. A positivevalue of dslsfrqg selectsaregion upfield from the
transmitter frequency and anegative val ue sel ects adownfield region. Bandpass
filters are used to select regions away from the transmitter frequency.

® dsfb specifies the digital filter bandwidth, which is set to half of the
downsampled spectral width by default. If dsfb="'n", the default value for
thefilter bandwidth is used. A smaller value rejects frequencies at the edges of
the spectrum, and alarger value aliases noise and signal s at frequencies outside
of £ sw/2.

® filtfile specifiesthe nameof afileof finite impulse response (FIR) digital
filter coefficients. The file must bein the user's vomrsys/filtlib
directory. Thefilter coefficient file is atext file with one real filter coefficient
per line. Complex filters are not currently supported. To use the default filter
coefficients calculated by VnmrJ, £i1t£1i1le should be set to the empty string
(', i.e, two single quotes with no space between them).

4. Oncethe parameters have been set, the filtered and downsampled data set can be
saved by using the macro digfilt (exp number<,options>) towritethe
digitally filtered FIDsto another experiment. The possible options avail ablewith the
digfilt macroare 'nodc', 'zero',and 't2dc'. Usetheseoptionsif you
used the same option when processing the datawith £t, wft, ££2d, or wtt2d. If
ct=1, it may also be useful to use dermv="y"' during data processing. |f
proc="1p', linear prediction will be done prior to digital filtering. Apodization
will also be done prior to digita filtering.

5. Carry out the digital filtering and Fourier transformation by entering wft, or in the
case of 2D data sets, by entering wft2d. The digital filtering and downsampling
step takes place after all other processing on the FID (dc, solvent suppression, linear
prediction, apodization, etc.).

Removing Quadrature Artifacts Using DSP

Normally, NMR spectra are acquired with the receiver in the center of the spectrum, and
the center (zero) frequency glitch and quadrature artifacts fall within the desired spectral
width. The use of the os1sfrqg parameter with inline DSP allows these artifacts to be
removed by the digital filter before downsampling so that they are not present in the
downsampled FID that is stored on the disk. Thistechniqueis called frequency-shifted, or
“digital,” quadrature detection.
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Frequency-shifted quadrature detection is performed by moving tof to just outside the
desired spectral width and then using os1sfrq to offset the digital filter center frequency
by the same amount, thus keeping the region of interest after digital filtering. Frequency-
offset filtering is donein the inline DSP a gorithm.

® |freal-timeDSPisused (dsp="r"', fsg="'y"'), oversamp isset to amultiple of 4,
and downsampling of afactor of oversamp/4 isthen donein real-time DSP. The
remaining factor of 4 isthen donein inline DSP, during which frequency-shifting by
oslsfrqgisalsodone. Thisfeatureisavailable only on YNTINOVA systems.

® |f pureinlineDSPisused (dsp="1", £sg="y"), filtering and frequency-shifting is
done in asingle stage.

To Apply Frequency-Shifted Quadrature Detection
1. Click on Edit on the main menu.
2. Select System Settings.
3. Select the System tab.
4

Click on the drop down menu next to Type of digital signal processing and select
either Inline or Realtime.

5. Place acheck in the checkbox next to Frequency-shifted quadrature detection.

Doing these steps setsos1sfrgto 1.25*sw and offsets the transmitter frequency to
tof+oslsfrqgjust before acquisition. If adifferent value of oslsfrqgisdesired, it can
be entered after fsgissetto 'y'.
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Sectionsin this chapter:

6.1, “Weighting Function,” this page

6.2, “Interactive Weighting,” on page 106

6.3, “Fourier Transformation,” on page 107
6.4, “Phasing,” on page 107

6.5, “Advanced Data Processing,” on page 109

After data are acquired apply an optional “weighting function” to the FID and Fourier
transformation the data. Both operations are done using the Process page on the Process

panel.
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6.1 Weighting Function

The weighting function used is governed by the following parameters:

® exponential — A positive value givesthe desired line broadening in Hz, which isthen

used to calculate adecaying exponential function. A negative value gives aresolution
enhancement function.

gaussian — Time constant, in seconds, and defines a Gaussian function of the form
exp (- (t/gf)2).
shift — shiftsthe center of the Gaussian function exp (- ( (t-gfs) /gf) 2).

sinebell — A positive value, in seconds, applies a sinebell of the form sin (t*p/
(2*sb) ). A negative value applies a squared sinebell function of the form

sin2 (t*p/ (2*sb)).

shift —a sinebell shift constant, in seconds. It allows shifting the origin of the sinebell
function according to theformulasin ( (t-sbs) *p/ (2*sb) ) . Again, the square
of thisfunction is applied if sb isnegative.
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® additive Offset — An additive weighting constant that adds the constant awc to each
value of theweighting function. Itisapplied after the sinebell and exponentia function
but before the Gaussian function.

All weighting functions are set and applied simultaneously to the data as part of the
Transform process. To remove a particular weighting function from use, desel ect its check
box.

The effects of combining sinebell, exponential, and Gaussian weighting can be difficult to
understand and should only be used after experimenting with the individual parameters.
The use of either Gaussian apodization (which leads to Gaussian line shapes) or line
broadening (greater than 0) (which leadsto Lorentzian lineshapes) is especially critical for
deconvolution.

Other line shapes cannot be handled by the deconvolution program, but may be appropriate
for 1D resolution enhancement or in absolute-value 2D experiments. Weighting affectsthe
integrals of different linesin different ways and should be used with great care if
quantitative results are required.

The res-enhance button sets defaults of a equal to 0.1 and b equal to 0.3 into the formulas
1b=-0.318/ (a*sw), and gf=b*sw, thereby calculating “reasonable”’ values for the
resol ution enhancement parameters 1b and g£. The arguments a and b can also be selected
by the user.

Several macrosexist that set weighting parametersto give certain window functions. These
include gaussian, pi3ssbsqg, pi4ssbsq, sqcosin, and sgsinebell. The
parameter wt£ile isavailable for handling user-written weighting functions; see the
manual VnmrJ User Programming for details.

6.2 Interactive Weighting

106

Click the I nteractive Weighting button on the Process panel to start interactive weighting,
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Buttons next to the I nteractive Weighting display provide accessto the following functions:
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Check box Icon  Function
Line broadening J Selects line broadening or exponential weighting. A
23l negative value gives resolution enhancement.
Sinebell J Selectsthe sinebell constant. A negative valuegives squared
3 gnebell. Change sign by clicking outside the box at the left.
Shifted Sinebell J Selects the sinebell shift constant (if sinebell is active).
Gaussian J Selects the Gaussian time constant.
er
Shifted Gaussian J Selects the Gaussian shift constant (if Gaussian is active).
T
Additive J Selects the additive weighting constant.
weighting a
Return @ Returns to the previous menu.

Currently active weighting parameters can be changed by moving the mouse cursor to the
appropriate field in the weighting function box and pressing the left mouse button. New
values for weighting parameters can also be typed in. Note that all other parameters, unless
set to “not used”, are also used to cal cul ate the weighting function.

Usethe center mouse button within the FID box to adjust FID intensity (parameter v£). Use
the center mouse button within the spectrum box to adjust spectrum intensity (vs). Usethe
right mouse button to turn the display of the transformed spectrum off and on.

6.3 Fourier Transformation

The Transform button Fourier transforms one or more FIDs. Weighting is applied only if
one or more options are used. Shift and phase rotation are applied according to the
parameters set on the Linear Prediction page. Baseline Correct buttons are located on the

Display page.

The Transform Size field is the number of points to be Fourier transformed (£n), and the
number must be a power of two; typical numbers are 16384, 32768, or 65536 (listed as
16K, 32K, and 64K, where K isamultiplier of 1024). The most common entry for
Transform Size is Default. This value specifies that however many data points (np) were
acquired, the first power of two greater than or equal to np will beused as £n. If fnis
greater than np, or if fn is 'n' and np is not a power of two, the remaining pointsin the
transform arefilled inwith valuesof zero (zero-filling). Thusthereis no explicit zero-filling
command,; this process is an implicit one governed by £n. The number of complex data
pointsis £n/2.

6.4 Phasing

Phasing spectramay be considered part of either data processing or data display.
Performing acomplex Fourier transformation produces two sets of data, referred to asthe
cosineand sinetransforms, or thereal and imaginary data sets, respectively. The absorption
spectrum (peaks “in-phase”) and the dispersion spectrum (peaks “ out-of-phase”) generally
do not coincidewith either thereal or theimaginary channels, but must instead be produced
from alinear combination of the two spectra.
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Phasing can be adjusted using Phase button M.J for interactive phasing or using the
Autophase functions on the Process page.

Phase Parameters

The process of phasing aspectrum requiresthe determination of an angle 6 that can be used
to “mix” these two data sets to produce one data set, according to the formula:

absor ption spectrum, =

real* cos + imaginary * sin [Eqg. 1]

The processis complicated by the fact that phase angle 6 is afunction of frequency:
0 =rp +(0-0) /swrlp [Eq. 2]

where 1p (left or first-order phase) and rp (right or zero-order phase) are constants that
must be determined.

The following is clear about the termsin Equation 2:
® rp isfreguency independent. Changesin rp affect all peaks in the spectrum equally.

® 1p isfreguency dependent. Changesin 1p affect peaks with adiffering amount asa
function of frequency.

There are several waysin which 1p and rp can be adjusted:

® Likeany parameter, they can berecalled with aparticul ar parameter set. Once entered,
they can also be entered directly (e.g., 1p=-150).

® Fully automatic phasing is a'so provided with the aph command, which optimizes
both the frequency-dependent (1p) and the frequency-independent (rp) parameters,
and is independent of the starting point. The aph0 command only adjusts rp. The
aphx macro optimizes parameters and arguments for the aph command. aphx first
performs an aph then calculates a theoretical value for 1p. If 1p set by the aph is
different from the calculated value by 10 percent, the calculated value is used and an
apho isperformed.

Thecommand phase (phase change) changesthe phase of all peaksin the spectrum
by adding phase change to the current value of rp, and can be used to remove any
excess in rp more than 360°.

Autophase Algorithm

The automatic phasing algorithms aph and aph0 have the following features:
® Weighting parameters do not affect the algorithms.
® Spectrawith very low signal-to-noise can be phased.
® In vivo spectra can be phased and are very difficult for most autophasing algorithms.

® Spectrawithinverted lines can be phased. Such spectraincludes DEPT experiments or
selectively inverted lines obtained with shaped pulses. Thistype of phasing isdifficult
for traditional autophasing algorithms, which cannot distinguish when alineis
inverted and when alineis normal.

The autophasing algorithm uses many rules that are used in a manual phasing procedure.
First, it finds the peak areas. Then, it estimates the correct phase for each peak. An initial
guess of thefirst order phasing parameter 1p is made based on the estimated phases of two
“normal” peaks. The peaks are categorized into three classes. normal, inverted, and bad.
The peaks in the normal and inverted group will be used to find the optimal values for the
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phasing parameters 1p and rp. A final check is made to determine whether autophasing
was successful or unsuccessful.

Algorithms are complicated but fairly “intelligent.” Thekey point of an algorithmisto use
aset of fuzzy rulesto estimatethe correct phase for each peak. The use of these rules makes
an agorithm less sensitive to the signal-to-noise ratio, weighting parameters, and the base
line quality. Fuzzy logic also makes it possible to do the classifications on the peaks.

The command aphb autophases Bruker data. Refer to the Command and Parameter
Reference for more information about this command.

Spectrum Display

The displayed spectrum is calculated in one of four mutually exclusive modes:

® The phase-sensitive mode is sel ected by the command ph. In thismode, the displayed
spectrum is cal culated using the phase parameters 1p and rp.

® The absolute-value mode is selected by the command av. In this mode, the displayed
spectrum is cal culated according to the equation

absorption spectrum(w) = (real?(w) + imaginary?(m))L/2

® The power mode is selected by the command pwr. In this mode, the displayed
spectrum isthe square of the displayed spectrum calcul ated in the absol ute value mode.

® The phase-angle mode is selected by the command pa. In this mode, each point in the
displayed spectrum isthe arctangent of the phase angle of thereal and imaginary point.

Once a spectrum is displayed using the interactive display command ds, the spectrum can
beinteractively phased by selecting the Phase button from the menu. Any integral and
cursors displayed along with the spectrum are removed.

6.5 Advanced Data Processing

This section covers the functions available on the More 1D page: advanced data
processing, including phase rotation, frequency shifting, linear prediction, and interleaving

FIDs.
X
Star(‘ Acquire ‘ Process Transfarm ‘ Altoprocess _ Show Spectrum ‘ Full ‘ Clear Screen
Default Linear Prediction Auto []Solvent Subtraction []1st Pt Multiplier
eighting ® back ) forward bandwidth [~ 1.000
Dicpla coefs 22 coefs [ .
b . a— 0 = LIFID Phase Rotation
Integration asls pts potmarmiall Sl 0.0 degrees
Cursors/Line Lists starting at 2 offset - O . .
Plot preciciecpts |1 ) {— FID manipulation
Text Gutput starting at 1 []Downsample [ILeft Shift FID .
P (o] complex pts Optlons
divide by
Arq Pts 15,008 g — [ Left Shift F
Orrsee _ FEY e | s freavensy
offse -~ z
weighting  [cosine squared [ ~]

FID Manipulation

Check box Function
1st Pt Multiplier ~ Allows correction of the first point of the FID if it is distorted. Refer to the
fpmult parameter in the VnmrJ Command and Parameter Reference.

FID Phase The parameter phf id isazero-order FID phasing constant. If phfid isset
Rotation toavalueother than 'n ', the FID is phase-rotated by phf i d degrees before
weighting or Fourier transformation is performed.
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Left Shift FID The parameter 1 sf£id isaconstant used in left-shifting the FID. If 1sfid
is set to avalue other than 'n', the FID isleft-shifted by 1sfid complex
points before weighting or Fourier transformation is performed. The value for
1sfid mustliebetween 0 and np/2.

The tmove macro provides a method of setting the parameter 1sfid—
position the right time cursor at the place that should be the start of the FID,
then enter tmove to adjust the parameter 1sfid.

Left Shift Sets the frequency shift of spectral data, in Hz. Refer to 1s £ rq in the VnmrJ
Frequency Command and Parameter Reference.
Sets afrequency shift of spectral data, in Hz, with anegative value resulting in
peaks being shifted upfield (to the right) and a positive value in peaks being
shifted downfield (to the left). 1 s frqg operatesin the time domain on com-
plex FID data, and thus must be entered prior to Fourier transformation.

Data Processing Methods

All data processed in VnmrJis processed using the method of Fourier transformation, but
there are three variations that are governed by the proc parameter:

® Two orthogonal (real and imaginary, or x and y) data points form asingle complex data
point in the FID. Such data are processed using a normal complex Fourier
transformation, using proc="'£t".

® Some spectrometers (Bruker I nstruments) acquire pseudo-quadrature data by sampling
two orthogonal data points sequentially, rather than simultaneously. Such data must be
processed using areal Fourier transformation, with proc="rft"'.

® For complex dataonly, it is possible to include “linear prediction,” as part of the data
processing. proc="1p" isused to trigger this operation.

Linear Prediction

Use the Linear Prediction page to activate (default) or deactivate linear prediction and to
adjust linear prediction parameters.

”ox
Star(‘ Acquire ‘ Process Transfarm Altoprocess — Show Spectrum ‘ Full ‘ Clear Screen
Pefault Linear Prediction Autg []Solvent Subtraction [] 1st Pt Multiplier
Sigliting) ® back () forward bandwidth [ 1000
Dicpla coefs 22 coefs [ .
b i G \ o LIFID Phase Rotation
Integration asls pts potmarmiall Sl 0.0 degrees
CursersfLine Lists starting at 2 offset ~ |m
Plot predicted pts |1 .
Text Gutput starting at 1 B m} L:ft Shift FID‘ ‘
. . . complex pis
Linear prediction ane sone s oy
. s : 1 -
OptlonS L1FT Size 512 HOETS | — []Left Shift Frequency
offset -—- ] Hz
weighting  [cosine squared [ ~]

Linear Prediction in VnmrJ

Linear prediction isincorporated directly into the Fourier transform routine, so that
normally one does not seethe“improved” FID, but merely the spectrum which resultsfrom
Fourier transforming the linear predicted FID. Thisis accomplished by selecting the
Linear Prediction check box in the Linear Prediction panel and clicking the Transform
button.

Enter £t ('noft')to suppressdisplay of the linear predicted FID and perform al the
steps of the Fourier transform routine except the actual Fourier transformation. Real points
of the FID aredisplayed by setting 1p=0 rp=0, or display theimaginary points by setting
1lp=0 rp=90.
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Linear prediction involves solving a series of equations for appropriate coefficients based
on the actual FID; it involves quite a number of parameters and can be somewhat tricky to
optimize (if not optimized properly, or if the dataare not amenabl e, the analysis may simply
fail, just like any least-squares fit process may fail to converge).

Linear prediction can berunin aiterative fashion—first extending backward, then forward,
and perhaps again backward for more complex problems. Thisis done by arranging the L.p
parameters.

Why Use Linear Prediction

Raw time-domain data acquired during a pulsed NMR experiment can have two flaws:

® Early pointsinthe FID may bedistorted due to ahost of hardware characteristics, such
as preamplifier saturation and probe ringing. Even on a perfect spectrometer, these
distortions cannot always be avoided.

® The acquisition time of each FID may have been too short to allow for full decay of
the signal, leading to distortion in the Fourier transformed spectrum.

Both types of distortions can be solved using linear prediction. This uses the “good” part
of the FID to analyze for the frequencies that are present in the signal, and then uses that
information to extend the FID either in areverse direction (to “fix” the first few “bad”
points) or in aforward direction (to eliminate truncation problems, even single “bad”
points). Following this process, the“ new, improved” FID isthen Fourier transformed inthe
usua way.

Refer to H. Barkhuijsen, R. de Beer, W.M.M.J. Bovée, and D. van Ormondt, J. Magn.
Reson., 61, 465-481 (1985) for more information on the algorithm implemented in the
software, and on linear prediction in general.

Solvent Subtraction Filtering

Numerous solvent suppression pulse sequences exist that reduce the signal from alarge
solvent peak to alevel where the desired resonances can be observed. Often, however,
experimental solvent suppression does not entirely eliminate an unwanted solvent peak.
Digital filtering of the data can further suppress or eliminate a solvent peak.

X
Star(‘ Acquire ‘ Process Transfarm Altoprocess Show Spectrum ‘ Full ‘ Clear Screen ‘
DEfaU‘(_ Linear Prediction Auto [] Solvent Subtraction [] 1st Pt Multiplier
eighting ® back ) forward banchwicth 1.000
Displa — Solvent
coefs 52 coefs ———————
— ase Rotation : :
Integration basis pis &4 pokynomial ] [ subtraction optlons
Cursors/Line Lists ST i 2 offset O
Plot predicted pts |1 .
Text Gutput starting at 1 B [ILeft Shift FID
——— (o] complex pts
Acq Pts 15,008 ; ——  NEE TG
coefs e ift Frequency
FT Si —
Cirrsee ] ot -
weighting  [cosine squared [ ~]

VnmrJ incorporates two algorithms for solvent subtraction by digital filtering:

® bandwidth — Setsthe value of ssfilter to specify the full bandwidth of the low-
passfilter applied to the original FID toyield afiltered FID. Its default valueis 100 Hz.

® coefs.— Setsthevaueof ssntaps to specify the number of taps (coefficients) used
for the digital filter. The default valueis 121, but the value can rangefrom 1 tonp/4.
The moretapsin afilter, the flatter the passband response and the steeper thetransition
from passband to stopband, giving amore rectangular filter. The default is suitable for
low-frequency suppression option. A value between 3 and 21 works better for the zero-
frequency suppression option.
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® polynomial — Setsthe value of ssorder to determine the polynomial used to create
alow-pass filter applied to the FID acquired with the solvent on resonance. The
resulting FID is subtracted from the original FID to remove the on-resonance
frequencies. Transforming the resulting FID produces a solvent-subtracted spectrum.
Another name for thisis zero-frequency suppression.
The quality of zero-frequency suppression diminishes rapidly as the solvent peak
moves off the exact center of the digital filter. Adjust 1sfrqg or sslsfrqg to move
the solvent peak to within + 0.2 Hz of the center of thefilter to obtain optimal solvent
suppression.

® offset — Setsthevalue of ss1sfrq to specify thelocation of the center of the
solvent-suppressed region of the spectrum. Setting ss1sfrqg to anon-zero value
shifts the solvent-suppressed region by sslsfrqg Hz. Setting sslsfrgto 'n' (the
default value) solvent suppresses aregion centered about the transmitter frequency.
The parameters may be arrayed to achieve multiple frequency suppression.

Downsample

X
Star(‘ Acquire ‘ Process Transfarm Altoprocess _ Show Spectrum ‘ Full ‘ Clear Screen
Default Linear Prediction Autg [ISolvent Subtraction [ ] 1st Pt Multiplier
eighting ®back O forward bandwidth 1000
Dicpla coefs 22 coefs .
b . 0 0 = LIFID Phase Rotation
integration asis pts poknomial || ’—0 i e
Cursors/Line Lists starting at 2 offset O
Plot predicted pts 1 B
Text Gutput starting at 1 B [ILeft Shift FID
ph—— (o] complex pts
Arq Pts 15,008 g — [ Left Shift F
coefs e ift Frequency
FT Size —
0 L~ offset - Downsample
weighting  [cosine squared [ ~] .
OptIOnS

¢ divide by — Sets the value downsampling factor applied after digital filtering. The
spectral width of the data set after digital filtering and downsampling is sw divided by
downsamp, where sw isthe acquired spectral width.

® coefs — Setsthe value of dscoef to specify the number of coefficients used in the
digital filter. This parameter is automatically adjusted by VnmrJto give filter cutoffs
that are the same value of downsamp by using dscoef *downsamp/2 coefficients
in the digital filter. VnmrJ aways rounds dscoef* downsamp/2 to an odd number. The
default is 61.

® offset — Setsthe value of a bandpass filter, in Hz, that is not centered about the
transmitter frequency. A positive vaue selects a region upfield from the transmitter
frequency; a negative value selects a downfield region.

Interleave FIDs

The i1fid command converts a multiple FID element into asingle FID by interleaving
the FIDs. When invoked in an experiment of nf FIDs, each of np points, 11fid sortsthe
datainto asingle FID of np*nf pointsthat can then betransformed. Theinterleaving takes
the first complex point of each of thenf FIDs and places them in sequential order in the
new FID. It then takes the second complex point from each of the nf FIDs and appends
them sequentially to the new FID. This operation isrepeated for al complex points.
Although i1fid adjustsnp and nf, it does not alter other parameters such as sw. Refer
to the VnmrJ Command and Parameter Reference for further informationon 11£id,
including an example.

CAUTION: Because ilfid alters the data irrevocably, it is strongly recommended to
save the FID before using ilfid.
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Sectionsin this chapter:
® 7.1, "Displaying aFID or 1D Spectrum,” this page
® 7.2,"Display Tools,” on page 114
® 7.3, "Graphics Control Buttons,” on page 117
® 7.4, “Phasing,” on page 120
® 75, “LineTools,” on page 121
® 7.6, “Spectral Referencing,” on page 122
® 7.7, "Display Using Viewport Tab,” on page 123
® 7.8, "Using the Frame Tab,” on page 124
® 7.9, “Stacked 1D Display,” on page 124
® 7.10, “Aligning and Stacking Spectra,” on page 126
® 7.11, “Integration,” on page 128

”

® 7.12,“Molecular Display and Editing (JChemPaint and Jmol),” on page 134

7.1 Displaying a FID or 1D Spectrum

Click the Display FID graphics control button to display aFID. Click
the 1D Spectrum graphics control button to display a 1D spectrum. m 1D Spectrum

® "FID Display,” page 113
® "1D Spectrum Display," page 113 H FID Display

FID Display

A FID isavailable for displaying upon completion of the acquisition of acquisition block
(block size). Clicking the FID button displays aFID and enables interactive
manipulation of the FID display. h

The FID display graphics buttons change to show that multiple FIDs can be viewed. Figure
20 shows atypical display with a FID and two vertical cursors (box mode).

The FID is also phase-rotated (zero-order only) by the number of degrees specified in the
FID Phase Rotation field on the Linear Prediction page.

1D Spectrum Display

After datais transformed, a spectrum becomes available for display and plotting.
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Figure20. Interactive FID Display

The normal spectrum display enables interactive manipulation of asingle 1D spectrum. A
spectrum is displayed by clicking the 1D Spectrum graphics control button EI@“ or by
transforming a data set.

A spectrum displays in the graphics window similar to

Figure21. Interactive Spectrum Display

7.2 Display Tools
VnmrJ provides interactive tools for creating highly individualized displays of NMR data.

Interactive Display Tools
These tools are described below:

Mouse buttons The mouse buttons correspond to the display parameters shown on
the lower right part of the graphics window. The display parameter
change as different graphics control functions are selected. Typically,
the left button controls the left cursor position, the middle button
controls vertical scaling, and the right button controls the right cursor
or delta between the two cursors.

Graphics control The graphics control bar next to the graphics canvas provides

buttons graphics control buttons for cursors, zooming, scales, grab & move,
threshold, phasing, and refresh. Different functions appear for FID or
spectrum display.
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Display page The Display page on the Process tab provides appropriate display
parameters, including display mode, axis, and amplitude scaling.
Display menu The Display menu provides tools for displaying multiple spectra,

plotting, and creating insets.
A typical use of these tools might be to expand aregion on a spectrum:

1. Display the spectrum -- click the spectrum icon on the graphics control bar.

2. Select theregion to expand -- left click on the spectrum to place the cursor on the
left boundary of theregion of interest, and right click to designate theright boundary.
Use the left mouse button to drag the left cursor and right button to drag the right
cursor until the desired region is between the cursors.

3. Expand the region -- click the magnifying glassicon on the graphics control bar.

Display Parameters
FID and spectral display is governed by parameters on the Display page.

oo
Start|Acquire| Process Transform Autoprocess _ Shaow Spe(lruml Full | Clear Screen |
Display Mode Axis Amplitude Scaling Reference Baseline Correct
(@ Phased ) Herntz 2 Narmalized Ey Sohvent DC Carrect
2 Ahsval (@ PPM @ Ahsolute By TMS Autofing Integrals
) Power O kHz Cancel EBC Correct
By Cursar
Sz LIRE Wi Screen Position Scale Adjust e .
Plot Find Peaks
ext QuTput Full | Center | Autoscale | Reference cursar 1o peak Threshhald
Left Right +* = 6.62 m | ¥
| R | | 62 lppm [~ | o e
Display Arrays Display offsets Mearest Line
Harizontal Label horizontal Mark at Cursor.
Wertical wertical Clear Marks

Display Mode

The Display M ode parameters set the display mode along the directly or indirectly detected
dimension.

Phased Each real point in the displayed spectrumis calculated from alinear com-
bination of real and imaginary points comprising each respective complex
data point.

Absva (Absolute value mode) Each real point in the displayed spectrum is calcu-

lated as a square root of the sum of squares of thereal and imaginary points
comprising each respective complex data point.

Power Each real point in the displayed spectrum is calculated as a sum of squares
of real and imaginary points comprising each respective complex data
point.

AXis

The Axis parameters set the labeling of plot scales, peak frequencies, etc. Typicaly, FID
display isin seconds, and spectrum display isin PPM, Hz, or kHz.
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Amplitude Scaling
The amplitude scaling, or vertical scale, parameters set the scal e intensities for the display:

Normalized The largest peak in the spectrum is automatically found, then the display is
normalized to make the peak vertical scale on the plot in millimeters.

Absolute The appearance on the display screen is used as a guide to adjust the vertical
scale to produce the desired height. This mode enables comparing intensity
from one experiment to another, a necessity for all arrayed experiments.

Full scale on the screen represents full scale on the plotter for vertical scaling. This
relationship is used to adjust the vertical scalein Absolute display mode, since in that case
vertical scaleisnot the height of the largest peak. In Normalized amplitude scaling mode,
thisis also used when the largest peak is desired to be off-scale.

An exception to the general rule of plotting is provided by the wys iwyg parameter. This
parameter is set in the Edit -> System settings window, on the Display/Plot tab: Set
display from plotter aspect ratio (wysiwyg) .

Checked Scales the image to the current plotter setting (wysiwyg).
Unchecked Scales the image to the full window, which is easier to view. This option scales

the window but does not change the ratio of the image.
Screen Position

The screen position parameters set the horizontal position of the display on the screen and
the plotter. Clicking one of the buttons updates the display:

Full Display or plot on the entire screen or page.

Center Display or plot in the center of the screen or page.

Left Display or plot in the left half of the screen or page.
Right Display or plot in the right portion of the screen or page.

Controlling Cursors and Vertical Scale

Click the mouse buttons in the graphics display window to position cursors and adjust the
FID or spectra vertical scale and position.

Left cursor Click the left mouse button to position the cursor and update the val ue displayed
forthecrf or cr parameter (cr £ for aFID or cx for a spectrum).

Right cursor  Click the right mouse button to display and position a second cursor to the right

(box) of the original cursor. Thevalue of the parameter deltaf foraFID ordelta
for a spectra changes with the position of the right cursor and is the difference in
seconds or Hz between the two cursors.

Two cursors  If both cursors are displayed, the left mouse button moves both cursors
simultaneously, leaving the distance between them (deltaf or delta)
unchanged.

Vertical scadle  Click the middle mouse button to adjust the vertical scale of the FID (v £
parameter) or spectrum (vs parameter).

Vertical Adjust the vertical position of the FID by clicking and holding the middle mouse

position button near the left edge of the graphics display and diding the FID or spectrum
up or down. Thevalueof vpf or vp (or vp£fi if theimaginary channel) iswill
change.
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Display Limits

The Screen Position buttons (Full, Enter, Left, Right) on the Display page place the display
and plot in the desired portion of the page.

The wysiwyg parameter isuseful for scaling the image to afull window instead of the
same size as the plot. This parameter is set in the Edit -> System settings window, on the
Display/Plot tab: Set display from plotter aspect ratio (wysiwyg)

Checked Scales the image to the current plotter setting (wysiwyg).

Unchecked Scales the image to the full window, which is easier to view. This option scales
the window but does not change the ratio of the image.

7.3 Graphics Control Buttons

The graphics control bar for the active viewport is to the right of the graphics canvas. Use
the buttons in the bar to control the interactive display in the graphics canvas.

® "Common Graphics Display Toolbar Controls,” page 117

® "1D Display Spectrum Toolbar Controls," page 118

® "Display FID Toolbar Controls," page 118

® "nD Display Toolbar Controls," page 118

Common Graphics Display Toolbar Controls

The following tools are common to 1D, nD, and fid display toolbars.

Icon Description

Q‘ Zoom in.

Eﬂ Zoom out.

__E| Select zoom region.

EI Redraw display.

@| Return to previous tool menu.
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1D Display Spectrum Toolbar Controls

lcon

Description

1l

- 5
|

J‘f_|

e
P
a4

One cursor in use, click to toggle to two cursors.
Two cursors in use, click to toggle to one cursor.
Click to expand to full spectra display.

Pan or move spectra region.

Display integral.

Display scale.

Toggle threshold on or off.

Phase spectrum.

Display FID Toolbar Controls

lcon

Description

¥
*
i

adl

One cursor in use, click to toggle to two cursor.

Two cursors in use, click to toggle to one cursor.

Click to expand to full FID display.
Pan and stretch.

Click to show real and imaginary.
Click to show real and zero imaginary.
Click to show real only.

Toggle scale on and off.

Phase FID.

nD Display Toolbar Controls
® "MainnD Display Bar Tools," page 119

® "nD Graphic Tools," page 119
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Main nD Display Bar Tools

Icon Description

@‘ Display color map and show common nD graphics tools.

i
| | Display contour map and show common nD graphics tools.

E,EH Display stacked spectra and show common nD graphics tools.

Display image map and show common nD graphicstools.

nD Graphic Tools

Icon Description

ﬂ One cursor in use, click to toggle to two cursors.
_ lD | Two cursorsin use, click to toggle to one cursor.
|J- :

&
Wo
b=

1‘ Click to expand to full display.
. Pan and stretch.

‘ ﬁ Show trace.
. Show projections.
s

Clickon to show horizontal maximum projection across the top of the
| 2D display.
Click on to show horizontal sum projection across the top of the 2D
display.
Click on to show vertical maximum projection down the left side of the
‘ @ 2D display.
Click on to show vertical sum projection down the | eft side of the 2D
display.
Rotate axes.

Increase vertical scale 20%.

Decrease vertical scale 20%.

Phase spectrum.

Lol

Clickon ~— to select the first spectrum.

|
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lcon

Description

Clickon % to select the second spectrum.

-

‘ @ Enter peak pick menu.

7.4 Phasing

The Phase button starts the interactive phasing mode. Any integral and cursors that are
displayed aong with the spectrum are removed. The width of the update region is set by
the Spectrum updating during phasing (0-100) field in Edit->System settings->Display/
Plot tab, which sets the percentage of the screen display to be updated:

® "FID Phasing,” page 120
® "Spectrum Phasing," page 120

FID Phasing
The Phase button activates the interactive phasing mode:

1

Position the mouse arrow on aFID region of interest, about halfway vertically up the
screen, and click the left mouse button.

A horizontal cursor intersects at the mouse arrow, and two vertical cursorsare placed
on either side of the mouse arrow. A small region of FID isdisplayed in a different
color if acolor display is present; only this spectral region isinteractively updated.

Move the mouse above or below the horizontal cursor, but within the two vertical
cursors. Click the left or right button to adjust the FID phase parameter phfid.

Click the mouse above the horizontal cursor to increase phfid. Click below the
horizontal cursor to decrease phf id. Place the mouse arrow right on the horizontal
cursor and click the left button to restore the initial phase.

To exit the interactive phasing mode, make another selection from the menu. Select
the Cursor or Box button if no other choice is desirable.

Spectrum Phasing

1

Position the mouse arrow on a spectral region of interest toward the right side of the
spectrum, about halfway vertically up the screen, and click the left mouse button.

A horizonta cursor will intersect at the mouse arrow. Two vertical cursorswill be
placed on either side of the mouse arrow. A region of the spectrum will be displayed
inadifferent color if acolor display is present, and only this spectral region will be
interactively updated (for the case of less than 100% updating).

Move the mouse above or below the horizontal cursor, but within the two vertical
cursors. Click the left or right button to adjust the zero-order or frequency-
independent phase parameter rp.

® Click above the horizontal cursor to increase rp (cause a clockwise rotation of
the peaks).

® Click below the horizontal cursor to decrease rp (and cause a counter-
clockwise rotation).
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® Place the arrow on the horizontal cursor and click the left button to restore the
initial phase.
Theleft and right button of the mouse differ only in their sensitivity. Full scale (top
to bottom of the screen) corresponds to approximately 180° for the left button, and
20° for theright button. Theleft buttonisa“coarser” adjustment and the right button
a“finer” adjustment.

Move the mouse arrow to another region of the spectrum, near the left edge of the
display, outside the vertical cursors, and click the left mouse button again.

Thefrequency-independent phase-correction made so far isfirst applied to theentire
spectrum. A new horizontal cursor is displayed at the mouse arrow, and two new
vertical cursors are displayed on either side of the mouse arrows. The mouse now
controls the first-order or frequency-dependent phase parameter 1p.

Click the left or right button above or below the horizontal cursor to increase or
decrease 1p so that the phase at the center of the previous region bracketed by the
vertical cursorsisheld constant.

This process eliminates or substantially reducesthe necessity toiteratively adjust the
two parameters rp and 1p. Aswith the zero-order correction, theleft button acts as
a‘“coarse’ adjust, and the right button asa “fine.”

Define a new update region by clicking the mouse outside the two vertical cursors.

Subsequent first-order phase changes causes the zero-order phase to be adjusted so
that the phase angle at the center of the previous region bracketed by the vertical
cursors remains constant. Click the Phase button again if to return to the zero-order
phase correction,

Adjust the vertical scale and apply the latest phase correction by clicking the middie
mouse button at the top of a peak that is on scale. Thisleaves the vertical scale
unaffected but recal culates the phase of the entire spectrum. Clicking the center
button above or below the peak raises or lowersthe vertical scale.

Exit the interactive phasing mode by clicking another graphics control button.

7.5 Line Tools

® "Find Nearest Line and Line Resolution,” page 121

® "Display LineList,” page 122

Find Nearest Line and Line Resolution

1
2.

Place a cursor near the line of interest.

Select the Process page and click the Find nearest line button. The cursor movesto
the nearest line and displaysitsheight and frequency (in Hz and ppm) in the message
window.

Click Display linewidth to display the resolution of aline, aswell as the limiting
digital resolution of the spectrum.The resolution is determined by a width at half-
height algorithm and not by |east-squares.
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Display Line List

1. Click the Threshold graphics control button and use the middle mouse button to
vertically position the yellow threshold line.

2. SelecttheLinelList page and click the Display Line List button. This process
displaysline frequencies and intensities that are above a threshold.

7.6 Spectral Referencing

Frequency referencing is set on the Display page

By Solvent
By TMS

Cancel

By Cursor

Reference
Reference the spectrum for selected solvent. By Solvent
Reference the spectrum to aTMS line. In the case of other i"ﬂj
signals (e.g., from silicon grease) immediately to the left =551

of the TMS line (even if they are higher than the refer-
enceline), tmsref triesavoiding those signals by taking

Reference cursor to

0.00 hd

the line furthest to theright in that area, aslong asit isat least 10% of the
main Si-CH3 signal. Large signals within 0.6 ppm for H (or 6 ppm for
13C) to the right of TMS might lead to misreferencing.

Clears the reference line by removing any spectral referencing present, and turns
off referencing.

References the spectrum based on the current cursor position. To reference the
spectrum based on aline position in the spectrum, first use the Find nearest line
button on the Process page, then click By Cursor.

Parameters used in spectral referencing.:

Reference line (frl) The distance, in Hz, of the reference line from the right edge

of the spectral window. Thislineisthe spectral position used
to set the referencing. It can be the signal of a frequency
standard (such as TMS), or any line (such asasolvent signal)
with aknown chemical shift (in ppm), or a position in the
spectrum where such aline is expected to appear.

Reference position (rfp)  The difference between the reference line and the reference

frequency (zero position of the scale), in Hz. Referencing a
spectrum using the signal of afrequency standard, such as
TMS, use reference position is 0. The distance of the
reference frequency from the right edge of the spectrum is
reference line - reference position.

Fectrometer frequency  The absolute frequency, in MHz, of the center of the

spectrum (the transmitter position). Usethe spcfrg
command in order to see the accurate value of the
spectrometer frequency (sfrg parameter).

Reference frequency The frequency, in MHz, of the frequency standard, i.e., the

zero position of the frequency scale, and the divider (unit) for
the calculation of ppm scales (reffreq).

The By Solvent and By TM S buttons assume that the system is locked (and that the lock
solvent is defined in /vnmr/solvents). Ensure that the field offset has been adjusted
so that the lock frequency is on resonance with a sample of similar susceptibility if the
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experiment is to run unlocked and these buttons are used to set the field offset. Adjust the
field offset is adjusted using the following procedure:

1. Insert asample with deuterated solvent.

2. Adjust z0 (or 1kof) inacgi so that the lock frequency is on resonance.
3. Switch off the lock.

4. Insert the nondeuterated sample.

The accuracy of the solvent and TM S referencing buttonsis mostly limited by the accuracy
of the chemical shift of the lock resonance line, which may depend on the concentration
and the chemical properties (acidity/basicity) of the components in the sample. But they
should normally be accurate enough to find an actual reference line close to its predicted
position.

Estimate the position of the reference frequency in spectra from unlocked samples,
provided the spectrometer isfirst locked on a sample with similar susceptibility, then the
lock is disengaged and the field offset adjusted such that the lock signal is on-resonance.
Now, acquire a spectra without lock and calculate their (estimated) referencing using
setref, provided the solvent parameter is set to the solvent that was last locked on.

7.7 Display Using Viewport Tab

Click on the Viewport tab to display the viewport controls. If the Viewport tab us not
visible, use click on View on the main menu and select Viewport. Refer to "Viewports,”
page 324 for description of the tools and buttons.

These controls are displayed if |[FETB—

there are 2 or more viewports. | ¥ewvpors
Click on the check box o e mg B 20 | Activate a viewport by
to display a viewport. (2 i e 2| e— clicking a radio button.
. ]
Grayed out viewports are = T
not currently displayed. _ Hide selected viewport
The number of available - Filename or User
viewports is set in the defined label
Viewports settings window. —— ~ Workspace number
'”:’"“ S This is also the

Viewport layout options —— 9 Overlay Viewports] Exp: number in the

B upper left corner of the

i viewport

) [] sync Cursor Show crosshair
Cursor, axis, and other —— | Tlsync axis [ Show fields
VieWpOrt COntrOIS [C] Color by viewpart Show axis
Contour
Viewport 2
) Contour levels: 4
Contour panel is present —— | spacng facter 2
if the active view ports e oLy
. Negative contour

ContaInS a Nd Spectrum. [w] Multi color contours AutoScale
More extensive controls
are provide on the 2D
vertical panel. Figure22. Viewport Tab and Controls
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7.8 Using the Frame Tab

Click on the Frametab to createinset spectraand annotations. If the Frametab, Figure 23,
is not visible, use click on View on the main menu and select Frame. Refer to "Frame
Panel," page 328 for description of the tools, buttons and instructions on creating a inset

frame.
Fame
Inset spectrum
tOOIS Inset
L
[] Show fields
Delete Inset P
% Show frame border
Insert text frame tools
Text
Edit
Delete
Delete All
Show Hide
Select template: j
Save template [None
Delete template

Figure23. Frame Tab and Controls

7.9 Stacked 1D Display

Stacked Display Using the Main Menu Display
1. Click on Display on the main menu.

2. Select adisplay mode from the dropdown menu:
® Display Multiple Spectra Horizontally
® Display Multiple Spectraw/ Labels
® Display Multiple Spectra Verticaly
® |ncrease vertical Separation by 20%
® Decrease vertical Separation by 20%
® Create an Inset of the current Display
— Save Current Display Parameters
— Plot Current Display before Making Inset
— Make Inset
— Plot Inset and Return Original Display
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Stacked Display Using the Display Page

2%
S(art|Acqu|re| Pracess Transform Altoprocess - Show Spec(ruml Full Clear Screen
Display Mode Axis Amplitude Scaling Reference Baseline Correct
(@) Phased ) Hertz ) Normalized By Sohvent OC Correct
) Abswal @ PP @ Ahsolute By TMS Autofind Integrals
) Power ) kHz Cancel BC Carrect
N . . B By Cursor
prsersjLine Lisig Screen Position Scale Adjust _
Plot Find Peaks
e xt Qutput Full | Center | Autoscale | Reference cursor to —
Left Right + - .62 m [
| rom | |- B62 " [ppm [~] o
Display Arrays Display offsets Mearest Line
Horizontal Labe| horizontal Mark at Cursar
Wertical wertical Clear Marks

Buttons used to control the display of arrayed data

1. Click onthe Process tab.
2. Select the Display page.

3. Click on aDisplay Arrays button:

® Horizontal — Display arrayed spectrahorizontally and divide availabledisplay
width into equal portions.

® Vertical —Display arrayed spectra stacked vertically with each spectrum
displayed using the full width of the screen.

® | abel — add alabel to the spectra.
® Custom — Use acustom Label.
4. Enter vauesfor the Display offsets
® horizontal — enter avalue in mm for the separation between spectra.
® vertical — enter avalue in mm for the separation between spectra.

Stacked Spectra Display Using the Graphics Tools

Icon Function
. Display the first arrayed spectrum and display 1D graphics toolbar with the
h i following icons at the top (or left sideif the bar is horizontal).

O Display next spectrum.
a Display previous spectrum.
Display arrayed spectra stacked vertically with each spectrum displayed

E‘ using the full width of the screen.

Display arrayed spectra horizontally and divide available display width into
m equal portions.

Hide or show axis under the spectra.
-

i Label the spectra.
A

@| Return to previous graphics display tool.
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Stacked FID Display Using the Graphics Tools

Icon Function
: Display thefirst arrayed FID and display 1D FID graphicstool bar with the
L | following icons at the top (or left sideif the bar is horizontal).

-} Display next FID.

a Display previous FID.

Display arrayed FIDs stacked vertically with each spectrum displayed using
m the full width of the screen.

Display arrayed FIDs horizontally and divide available display width into
h’h equal portions.
ﬂa Label the FIDs.

la| Return to previous graphics display tool.

7.10 Aligning and Stacking Spectra

Requirements for Aligning and Stacking Spectra

Spectra can be a mixture of 1D and 2D data sets, all 2D data sets, or al 1 D data sets
provided these requirements are met:

® All selected viewports need to use a common scale.

Datain the viewports may have different nuclei, different spectrum width, or different
spectral regions. The common scale is determined based on datain all selected
viewports and determines whether alignment or stacking is possible. Overlaid and
stacked spectra are drawn based on the common scales.

® Alignment is enabled if more than one axisin more than one viewport have the same
axis(H1, C13 etc.).

® Stacking isenabled when datain al viewports have the same axis/axes.

Setting up Stacked Aligned Spectra
1. Select the Viewport tab from the vertical tabs panel.

2. Load each dataset into adifferent viewport and processthe data. Data must meet the
"Requirements for Aligning and Stacking Spectra,” page 126.

3. Select viewports containing spectrato overlay by placing a check in the check box
under select.

4. Click on the Overlay viewports button to overlay all selected viewports.

The Stack Spectrum button, Figure 24, is displayed below Overlay Viewports button if all
spectrahavethesamedimension (all 1D or al 2D) and all axis/axes (nuclei) match. Stacked
spectraare aligned and each spectrum is shifted along x and y. The shift between spectrais
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specified by x and y offset in the entry fields below Stack Spectrum button. Spectral axes
are al so synchronized to enable zoom and pan of the spectrum without losing the alignment.

5= 170,

BN

‘v T20.2
D Viewpom = =120.215
o ]

\-;

Select Color  Workspace Label Hide Acti
W1 [ [v]o] [ Proton 01 [ 1] @
W2 jreen [v/@| Proten_01 [2| O
I3 [obe |~ |m| § [Prowno1 (3] O
4 |magema |~ m| B Froton_01 [ 4| O

pm

Stack Spectrum || e s L
Button - et Vit
m e 1l I T

(] Show crosshair
(] Show fields
Show axis

[v] Sync Cursor
[VIsyne Axis
Color by viewport

Notebook age
Solvent cDci3 |
Comment

ethyiindanone standard sample

Ojmfs - 120215

Inactive

Temp | Spin | Lock tesrlr’mhe ﬂ
Figure24. 1D Stacked Spectra

The Align spectra button, Figure 25, isavailable if it isamix of 1D and 2D spectrawhen
multiple spectra are overlaid. All 2D spectra must have matching axes. All 1D data must
match one of the 2D axes. 1D spectra are aligned and displayed at the margins of the 2D

File Edit View Experiments Acquisition Process Iools Help
EEE[S]E W]l ~[© ] racor -]
T e B
&
P
soc Workpace Label ide Ac || |
& T Fomoi 1) O |
2 [Carbon_01 [ 2| O
“3 a0l (3| @ F2
4 FJrown.0T (4] O (pprm
Align Spectra 4
Button ] J 4]
Viewport layout =
Aug Overlay Viewports T
E Align Spectra 4
54
[ syne Cursor (] Show crosshair
VI syne Axis (] Show fields 6]
(] Color by viewport Show axis
74 |
c =
Viewport 3 H
Contour levels o
Spacing factor B
Positive contour 9
Negative contour
[v] Multi color contours AutoScale 220 200 180 160 140 120 100 80 80 40 20 ]
L F1 (bom) JA‘I
[ ([RE Erche A Inactive 01| retrizving and processing fie /nome wm) 2.2C_development 2007-06
’r{ Af 9 and processing fila fnome/wnmri_2. 2C_development

Figure25. 2D Spectrawith Overlaid 1D’s

spectrum. 1D spectrum will be rotated if necessary to align with the 2D spectrum. Zoom
and pan are synchronized when the spectra are aligned.
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The stacked spectrum button for 2Ds, Figure 25, is displayed below Overlay Viewport if
al 2D spectraaxes and nuclei match. Spectral axes are synchronized to enable zoom and
pan of the spectra without losing alignment.

[ AT e Y
&

P

w1 pe [<ml b
W e v e 2] O

F2 A
(ppmr]

] = - = - n &5
Stack Spectra 12 R
14 H
Button _ w] ® - "
bl
20 < e i & 'y
22
S
] @ = e =Y e o
5] - e = = = .
3.0+
32
4] @ & = = P=1
3.2 2.8 2.4 2.0 1.6 12 0.8
Fl(ppm)
AutoScal
L ><‘
e ’% 4 Iacive = =25

Figure26. Stacked Overlaid 2D Spectra

7.11 Integration

This section describes methods and tools for displaying and plotting integrals.

=
X

LI Cursor or box
# ¥l Expand or full display

2
Q
A
J

A

=

Click icon to access
next tool bar b

Grab and move
Set integrals

m elturn to ﬂ Return to

T
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7o
Star(‘ Acquire ‘ Frocess Transform Autoprocess _ Show Spectrum Full | Clear Screen |
Default Integration Set Integral Area |
sighting Integral Display Mode Display Normalized Integrals
Display > Pl MNormalize Area To pray Mor g |
O Full @ Partial ) Off
More 10 () Single Peak @ Sum region  start(ppm)  end integral |=|
1 11.0801 10.5842  0.033531
Scale display to fit
Integral Area |100,00) z 7.45683 7.07732 2.9403
[eursensilling L , 3 7.07701 5.77956  0.358988
Plot Set Integral Regions Set Integral value 4 6.77315 5.94385 11.5653
Text Output Auto Find Integrals 5 5.94304 5.57145  0.124106  |=
I —— [ 5.33715 4.51364 3.72285
Interactive Eesets Show Integrals 7 4. 48593 4.03935  -0.00553169
Clear Integrals ‘ 3 3.85539 2.53905 28.11:28
Add Reset at Cursor Show Normalized Valugs ‘ ) ZoTEES o(EEEEL R il
10 1.63229 0.71708 15.3551 ||
Remowe Eeset at Cursor 11 0.716145 0, 159584 . -

Interactive Zero- and First-Order Baseline Correction Mode

The Integral LvI/TIt button activates interactive zero and first order baseline correction
mode. The zero order correction is represented by the 1v1 parameter; the first order
correctionisrepresented by the t 1t parameter. If nointegral isdisplayed when the Integral
LvI/TIt button is activated, the integral is automatically displayed.

1

Left click on anintegral region of interest, about halfway vertically up the screen.

A horizontal cursor intersects at the mouse arrow. Two vertical cursorsare placed on
either side of the mouse arrow.

Right or left click above or below the horizontal cursor, but within the two vertical
cursors, to adjust the zero-order baseline correction parameter 1v1.

® Clicking the above the horizontal cursor increases 1v1.
® Clicking below the horizontal cursor decreases 1v1.
® Clicking on the horizontal cursor restores the initial baseline correction value.

L eft click on another region of the spectrum, outside the vertical cursors.

A new horizontal cursor displays at the mouse arrow, two new vertical cursors
display on either side of the mouse arrow, and asingle vertical cursor displaysinthe
middle of the region where 1v1 was being updated. The mouse now controls the
first-order baseline correction parameter t1t.

Right or | eft click above or below the horizontal cursor to increase or decreaset 1t,
and change 1v1 so that the total drift correction at the single vertical cursor in the
middle of the previous region is held constant.

This process eliminates or substantially reducesthe necessity toiteratively adjust the
two parameters 1v1 and t 1 t. Aswith the zero-order correction, placing the mouse
arrow right on the horizontal cursor and clicking the mouse button will restore the
initial baseline correction values.

Each time the mouse is clicked outside the two vertical cursors, new vertical and
horizontal cursors display.

Theleft and right mouse buttons both adjust the baseline correction parameters and
differ only in their sensitivity. The left button causes changes a factor of eight times
larger than the right button making the left button a“ coarse” adjust and the right
button a“fine” adjust. The overall sensitivity of these adjustments can also be
controlled by the parameter 1v1t1t. Thisparameter isamultiplier, with a default
value of 1.0, for the size of the changes. To make larger changes, make 1v1ltlt
larger than 1.0. To have finer control, set 1v1t1t to be between 0.0 and 1.0.
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The middle mouse button adjusts the integral scale (parameter is) or the integral
offset (parameter 1 0), exactly as whenever an integral is displayed.

Exit theinteractive baseline correction mode by clicking on another graphics control
button.

Displaying Integrals Step-by-Step

Thefollowing methods provide an opportunity to compare procedures. Before starting each
procedure, be sure to obtain atypical spectrum by entering:

1

2
3.
4
5

9.

L oad adatafile into the active viewport using the file browser or the Locator.
Transform the data if necessary.

Click on the Process tab.

Select the I ntegration page.

Click on an Integration Display Mode radio button: Full, Partial, or Off.
Full showsintegrals over the entire spectrum, including the noise.

Partial shows even integrals regions and hides al the odd integral regions.
Off turns off the integral display.

Click on Auto Find I ntegralsto automatically set theintegral resets and display the
data as set by the Integration Display Mode radio button.

Click on Scale display to fit button to automatically scale the display.
Set the integral area:

a. Enter avaluein the Integral Areafield.

b. Click on one of the following radio buttons under the Nor malize Area to:
pageregion.
Single Peak — select theregion or peak under the cursor asthereference and

set the single peak integral to the valuein the Integral Areafield when the Set
Integral Value button is clicked.

Sum — setsthe entire integral to the value in the Integral Areafield. Do not
click on the Set Integral Value button; this button sets the single peak
reference.

Display the integral results asfollows:

® Single Peak — both the Show Integral Values and Show Normalized Vaue
buttons are active.

Integral Values

Click on the Show I ntegral Valuesto display the values of the integral
regions on the screen bel ow the spectrum.

Click on Display Listsof Integralsto list the display regions and the value
of the integral over each region.

Normalized Integral Values

Click on the Show Normalized Values to display the values of the integral
regions normalized to the reference region on the screen bel ow the spectrum.

Click on Display Normalized Integralsto list the display regions and the
value of the integral over each region normalized to the reference region.
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Manual Method

1. Load adatafileinto the active viewport using the file browser or the Locator.

a WD

Transform the data if necessary.
Click on the Process tab.
Select the I ntegration page.
Click on Clear Integrals.

Any currently defined integral reset points are cleared.

6. Set uptheintegral resets from left to right (down field to up field).

a

-~ 0o a0 T

Click on the Interactive Resets button.

Place the cursor to the left of the first integral region.

Click the left mouse button.

Move the cursor to the right of the first integral region.

Click on the left mouse button.

Repeat step b through step e until all the required integral regions are defined.

7. Click on Scale display to fit button to automatically scale the display.

8. Settheintegral area:

a

b.

Enter avaluein the Integral Areafield.

Click on one of the following radio buttons under the Nor malize Area to:
pageregion.

Single Peak — select theregion or peak under the cursor asthereference and

set the single peak integral to the valuein the Integral Areafield when the Set
Integral Value button is clicked.

Sum — setsthe entire integral to the value in the Integral Areafield.

Do not click on the Set Integral Value button; this button sets the single peak
reference.

9. Display theintegral results asfollows:
® Single Peak — both the Show Integral Vaues and Show Normalized Value

buttons are active.
Integral Values

Click on the Show I ntegral Valuesto display the values of the integral
regions on the screen bel ow the spectrum.

Click on Display Listsof Integralsto list the display regions and the value
of the integral over each region.

Normalized Integral Values

Click on the Show Normalized Values to display the values of the integral
regions normalized to the reference region on the screen bel ow the spectrum.

Click on Display Normalized Integralsto list the display regions and the
value of the integral over each region normalized to the reference region.
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132

Command Line Equivalents for VnmrJ Interface Driven
Integration

Use the parameter page editor to view the commands on the current parameter page.
1. Click on Edit on the main menu.

Select Parameter Pages.

2
3. Place the mouse cursor on a button or entry field.
4. Doubleclick (left mouse button).

5

Read the associated command next to the field Vnmr Command:

Baseline Correction

Almost al of the operations performed on spectraassume a“good” baseline. Line lists,
integrations, resolution measurements, 2D volumeintegrations, etc., al measureintensities
from “zero” and do not perform any baseline adjustments. Perform a baseline correction
operation before performing further data reduction if the baseline in your spectrum is not
“good.” Two types of baseline correction are provided, linear and non-linear, and are
available using the buttons on the Display page.

Baseline Correction Commands

The dc command turns on alinear baseline correction, using the beginning and end of the
displayed spectrum to define a straight line to be used for baseline correction. dc calculates
azero-order baseline correction parameter 1v1 and afirst-order baseline correction
parameter t1t. The cdc command turns off this correction. The results of thedc or cdc
command is stored in the dcg parameter, which can be queried (dcg?) to determine
whether drift correction is active. If active, dcg=""; if inactive, dcg="'cdc"'.

The be command performs a 1D or 2D baseline correction. The 1D baseline correction
uses spline or second to twentieth order polynomial fitting of predefined baseline regions.
be defines every other integral, that is, those integrals that disappear in partial integral
mode (intmod="'partial') asbaselineand attemptsto correct these pointsto zero. A
variety of parameters can be used to control the effect of the bc command.

For more information about the bc command, refer to the entry for be in the Command
and Parameter Reference.

Integral Reset Points Commands

The z command (or the equivalent button or icon) resets the integral to zero at the point
marked by the displayed cursor. z (resetl, reset?2,...) alowstheinput of the reset
points as part of acommand, instead of using the position of the cursor. Reset points do not
have to be entered in order. The resets are stored as frequencies and will not change if the
parameter £n ischanged. The command cz (or the equivalent button) removes all such
integral resets. cz (resetl, reset2,...) clears specific integral resets.

The 1iamp parameter stores the integral amplitudes at the integral resets points, and the
11ifrqg parameter stores the frequencies of integral reset points, for alist of integrals. To
display the values of 1iamp, enter display ('liamp') with aText Output page
selected. Frequencies are stored in Hz and are not adjusted by thereference parametersr£1
and rfp.
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Integral Regions Commands

The region command divides a spectrum into regions containing peaks. A variety of
parameters can be used to control the effect of the region command; see the Command
and Parameter Reference for details.

Integral Display and Plotting Commands

Display and plotting of the integral trace isindependent of the values of the integrals. The
height of the traceis controlled by the parameter i s and can be interactively adjusted with
the ds command. Also, the macro isadj (height) (or the equivalent button) adjusts
theintegral height so that largest integral fits the paper or isheight mmtall if an
argument is provided, for example, isadj (100).

Thecommand d11 (or the equivalent button) displaysalist of integral valuesat theintegral
reset points. Thefrequency unitsof thereset points are defined by the parameter axis. The
reset points are stored as Hz and are not referenced to r£1 and rfp. The amplitudes are
stored asactual values; they arenot scaled. Theintegral valuesare scaled by the parameters
ins and insref and the Fourier number. Typically, ins isset to the number of nuclei in
agiven region. For example, if aregion represented a single methyl group, the following
procedure would scale the integral values of that region:

1. Setins=3.
2. Set insref to the Fourier-number-scaled-values of that integral.

3. Enter dli. Theintegral value of that region is displayed as 3 and al other integral
values are accordingly scaled.

Integral value scaling can be interactively set with the ds command. The set int macro
can also be used to adjust integral value scaling. set int setsthe value of an integral and
isused in conjunction with the command d1 i to scaleintegral values. Normalized integral
values can also be selected. In this case, ins represents the total number of nuclei. The
individual integral values will be scaled so that their sum isequal to ins. The normalized
mode may be selected by setting insref to “not used.” Theintegral isscaled by ins and
insref.

Two commands are closely related to d11:
® nliisequivalentto dli except that no screen display is produced.

® dlni normalizesthe valuesfrom dl1i using the integral normalization scale
parameter ins and then displays the list.

The dpir command displays numerical integral values below the appropriate spectral
regions, using theintegral blanking mode in which only every other integral is plotted. The
command dpirn showsthe normalized integral values in an anal ogous fashion.

The pir command plots digital integral values below the spectrum, using the integral
blanking mode in which only every other integral is plotted. The command pirn plots
the normalized integral valuesin an analogous fashion.
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7.12 Molecular Display and Editing (JChemPaint and Jmol)

134

¢ "Running JChemPaint," page 134 JChemPaint interface

File Edit View Insert Report Plugins Help

® "File Formats," page 134

51 == P S T e | 3 P2 PR S SN R S STk )

5] Untitled- 1099435398496

® "Molecular Structures," page 135
® "Jmol Interfacein VnmrJ," page 135
® "Full-Featured Jmol," page 136

® "|icenses for JChemPaint and Jmol," page
137

Toolsfor editing, viewing, and printing molecular
structures are installed as options with VnmrJ.
Thesetoolsarederived from JChemPaint and Jmol.

JChemPaint and Jmol are open source software JChemPaint
packages available from 0 ;
http://sourceforge.net/ HH"J H
JChemPaint is a graphical editor for 2D molecular __Ax ,;
structures. Jmol is avisualization and analysistool &7 "M N
for 3D structures. |

Running JChemPaint
1. ClickonTools.
2. Select Molecular Structures.
3. Select JIChemPaint menu.

Refer to
http://jchempaint.sourceforge.net for documentation.

File Formats
JChemPaint can edit, save, and export the Format Adtion
file formats listed here. ormal °
1. SavefilesasMDL MOL (*.moal) in MDL MOL ed?t’ save
one of themo11ib directories: / SMILES edit, save
vnmr/mollib or ~username/ IUPAC Chemical Identifier edit
vnomrsys/mollib. MDL SDF Molfile edit
2. Import an existing moal fileinto MDL RXN Molfile edit
VnmrJ by copying it into the Chemical Markup Language  edit, save
mollib directory. Scalable Vector Graphics save
3. Clickon Toolsonthemainmenu. ~ CDK source code fragment  save
. BMP save
4. Select Open, browse to the file, and
drag it to the VnmrJ graphics screen. JPEG save
PNG save
TIFF save
Gaussian I nput export
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Molecular Structures

Molecular structures are displayed and manipulated in the VnmrJ graphics window. View
asmany graphicsaswanted. The graphicsare displayed in the current experiment, and they
are saved per experiment.

Use the following stepsto display a molecular structure in the VnmrJ graphics window:

1. Click on Tools on the main menu.

2. Select Browser, browse to themol1ib directory:

/vnmr/mollib Or ~username/vnmrsys/mollib

3. Select the appropriate files and drag them to the VnmrJ graphics window:
® Moleculefile -- select afile fromthe mo11ib directory that endsin the mol

extension.

® Graphicfile-- openthe i cons directory and select a TIFF, GIF, JPEG, or PNG

file.

After amolecular structureis displayed, use the mouse to move, resize, delete, or view the
corresponding 3D version with Jmol.

To: Do:

Select Double-click the molecule

Move Select the molecule and drag with the left mouse button.
Resize Select the molecule and drag with the middle mouse button.
Delete Select the molecule and drag to the trash can.

View amolecule with
Jmol

Select the molecule and click the right mouse button.
This only works with MOL files. Refer to

Jmol Interface in VnmrJ

VnmrJ provides some Jmol tools to view a molecule.

va

Cisplay: W H  WAnt-Alias o Measurements

Jatom Type: None s

iew: Eotiorn ‘ /‘

' ode. Measure ‘ /‘

Save Image: affeine_ds2hmp BMP | /]
Measure: (G Distance  jAngle )Dihedral

| awmnumber | stomTie |
(FomA i I |
AtomE i I |

Menu

Description

Display:
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H- Displays hydrogen atoms.
Anti-Alias— Turns on anti-aliasing and smooths the graphics display.
Measurements — Display measurements.
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136

Menu Description

Atom Type: Display the atomswith atomic symbols, atom types, atom numbers, or
nothing.

View: View the molecule from front, tom, bottom, right, or left.

Mode: Rotate — rotates the image.

Zoom — zooms in/out.

Translate — moves the image.

Select — selects the atoms.

M easure— measures distance, angle, or dihedral. Refer to"Measuring a
Molecule," page 136.

Save Image: Saves the molecule image as BMP, JPEG, PPM, PNG, or PDF. The

imageis saved in the directory ~username /vnmrsys/
mollib/icons withthe name entered in thefield.
Refer to "Saving aMolecule Image," page 136.

Measuring a Molecule

1
2.

3.

Select the measure mode: distance, angle, dihedral.

Click on the appropriate atomsto create the measurement:
® distance - click two atoms.
® angle —click three atoms
® dihedral - click four atoms

Display the measurement by selecting the M easurement display option.

Saving a Molecule Image

1
2.

Select the file format for theimage: BMP, JPG, PPM, PNG, or PDF.

Enter aname for the image and add afile extension that correspondsto the file
format chosen in step 1.

Press Enter.
Thefileis saved in the directory ~username/vnmrsys/mollib/icons/.

Jmol Display Options

Change the foreground color of the molecule window: enter the following command
on the VnmrJ command line:

vaomrjcmd ('mol', 'foreground', 'color')

where colorisacolor name or ahex value. The foreground color by default is set to
the most visible color according to the background color.

Change the font of the labels on 3D molecule graphics: use the Edit->Display Options
window and change the font of Plain Text.

Click on the to exit Jmol.

Full-Featured Jmol

Select Tools->Jmol to view a molecule with the full-featured Jmol software package,

Refer to http://jmol.sourceforge.net/ for Jmol documentation.
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Licenses for JChemPaint and Jmol

The licenses for JChemPaint and Jmol are included on the VnmrJCD inthe 1icenses
directory.
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Sectionsin this chapter:

Plotting and printing of data are highly individualized activities. Each user has specific
ideas about proper formats, necessary expansions, etc.

Parameter Template

ATMDRAD 1K eRAEAVE
Tach pubn teat

Basic

23 3
amleant coc13
Eile farpmet hemels
w1 o a5y ekt

10 -
odebaadpul 001 Ein
4

ACQUTITTIN
aEm am.o7s

Fu" -t 2.502
g anoLe

s898.8
1m0

tgme 55
N

sasg

Text

STANDARD 1H DBSERVE
Tech pubs test

Pulse Sequence: szpul

Spectrum

Integrals

Spectrum
Scale

Integral
Values

Boxed

8.1 Plotting

Plotting isbased around the concept of aplot file. Items sel ected on the Plot page are added
to atemporary plot file, and the Plot Page button submits the plot file to the plotter. The
Clear Plot button removes the plot file

01-999378-00 A 0708 NMR Spectroscopy User Guide 139



Chapter 8. Plotting and Printing

Set up and submit a plot using the selections on the Plot page under the Process tab after
the spectrum or FID is displayed.

i = nox
Start| Acquire | Process | | Transform Show Spectrum Full _J Clear SUEE_I’J‘_JJ
Default Printout Autoplot Mode Spectrum FID
Weighting 0 Printer ) Preview O File off | Plot Spectrum Flot FID
Display g — (ot FID AFE
Flot Spectrum Array Flot FID Array
More 1D Auto Plot Parameters Pl gl Scal Pl ;ID Scal
Integration - T v| ot Spectrum Scale ot cale
Cursors/Line Lists Clear Plot
Manual Plot Peak Frequencies Screen Position Misc
Text Output On Peaks, var, Hz j Full ‘ Center Plot Text |
Format '__;, e et | Right Plot Molecules |
Filename ntegrals
Autoscale
7 Flot Integrals — []Plot logo Set
Send this plot to: WYSIWYS

Integral Values Flot Pulse Sequence
Printer Type: B+ W Scaled, Horiz. '| Scale: 32.0 Hz/mm

To Plot: Select: Click:

Spectrum and scale Automatic Plot Page

Pul se sequence Plot Pulse Sequence

FID Plot FID, Plot Page

FID and scale Plot FID, Plot FID Scale, Plot Page

Spectrum Plot Spectrum, Plot Page, Clear Plot

Spectrum and scale Plot Spectrum, Plot Spectrum Scale, Plot Page
Spectrum, scale, and Plot Text, Plot Spectrum, Plot Spectrum Scale, Plot Page
text

Spectrum, scale,and  Parameter Template  Plot Spectrum, Plot Spectrum Scale, Plot Page
parameters option

Spectrum, scale,and  Peak Frequencies Plot Spectrum, Plot Spectrum Scale, Plot Page
peak frequencies option

Spectrum, scale, and Plot Spectrum, Plot Spectrum Scale, Plot Integrals, Plot
integrals Page
Spectrum, scale, and Plot Spectrum, Plot Spectrum Scale, Plot Integrals, Plot
integrals, integral Page
values
Parameters only Parameter Template  Plot Page
option
Text only Plot Text, Plot Page
Peak frequencies Peak Frequencies Plot Page
only option
Integrals only Plot Integrals, Plot Page
Scaled integral Plot Scaled, Plot Page
values only
Normalized integral Plot Normalized, Plot Page
values only

8.2 Plot Designer

® "System Requirements,” page 141
® "Using Plot Designer," page 141
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8.2 Plot Designer

® "Creating a Customized Template," page 142
® "Plot Designer Tools," page 146
® "Customizing Plot Designer," page 147

Plot designer provides the following tools:

® [Interactive plot composition fine-tuning of the layout on the screen prior to plotting.
® | abel spectrawith text in various fonts and draw lines, boxes, and arrows.
® Save customer plot layouts and templates for reuse.

® Export plots for further annotation and incorporation into reports and publications.

System Requirements

Plot Designer is a Java-based application. The Java Runtime Environment (JRE) provides
an environment in which Java applications run. Any required updates are available from
the update area of the Sun Microsystems Web site at http://www.sun.com.

Using Plot Designer
Select a viewport and process the data set for plotting.
1. Start the Plot Designer program as follows:
a ClickonFile

b. Select Create a Plot Design.
The Plot Designer window opens, seeFigure 27.

Main Z

menu qE
[<]=]

Annotation 2]

tools =

Plot

Regions

Workspace

Figure 27. Plot Designer with Current Default Template

2. Load atemplate

a Clickon File.
b. Click on Templates.
c. Click onaPlot template.
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e.

Select from the following standard templates or any custom user-created

template (see ):
deptB dicom.default chemParray chemP1d
basic2D oneD whitewash ChemP2d

Place acheck in Usethistemplateasdefault to keep thisasthetemplate that
loads each time Plot Designer is started. The name of the default templateis
shown on the message line above the Plot Templateswindow control buttons.

Click on Open.

Select Preview from the Plot Designer Menu.

Select All.

The data from the active viewport isimported into the various regions of the
template based upon the commands associated with each region.

Plot Designer,

Figure 28. Default oneD Template with Imported Data

Creating a Customized Template

Create atemplate from scratch or base a customized template on one of the supplied
templates.
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Preparing to Customize a Template
1. Start Plot Designer.

a ClickonFile
b. Select Create a Plot Design.

2. Load atemplate or use the default template.

3. Do any or al of the following:
® Click on aregion to delete — see "Deleting a Region,” page 143.

® Delete all theregions—see "Clearing all Regions from the \Workspace
Permanently,” page 143.

® Add anew region—see "Adding a Region," page 143.

® Edit an existing region —double on aregion, click on Region on main menu,
select Edit, and enter the plotting command for the content of the selected
region, see "Editing Plotting Commands in a New or Existing Plot Region,"
page 143.

® Add text and graphics elements — see " Adding and Editing Text and Graphics
Elements," page 144.

Adding and Removing Regions

Deleting a Region
1. Doubleclick on aregion.

2. Click Region-Delete.

Restoring a Single Deleted Region
Click Region-Undelete.

Clearing all Regions from the Workspace Permanently

Click Delete All —no undelete. Regions removed with Delete All cannot be restored with
Undelete.

Adding a Region
1. Click on Region on main menu
2. Select New (mouse cursor changes to a cross hair).

3. Draw the new region on the screen.

Editing Plotting Commands in a New or Existing Plot Region

1. Doubleclick on aregion to makeit active. Active regions have red borders with
control handles.

2. Enter new plotting commands or edit existing plotting commands in the region
editor window. Any plotting currently support plotting command is allowed

The Region Editor window control buttons as listed in Table 6:.
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Plot Designer
File Region Preview Magnify Preferences Orient
il T P —

L

7 Region Editor
=wcC
$wec2=wc2
Plot command
associated with
selected region

Paste| Close

e —
Selected plot region Control handles

Figure29. Editing a Plot Region Commands

Table 6. Region Editor Buttons

Button Function

Restore Appliesthe original template to aregion. Restore template to its
original design if it was opened and changes were madeto it, using
this button.

Delete Removes text. This option is not similar to Copy. Deleted text is
not stored in a buffer; do not use Delete to cut and paste text.

Delete all Clears dll text from the input area.

Copy Duplicates text.

Paste Inserts copied text in the input area.

Close Exit the Region Editor

Resizing and Moving Plot Regions and Objects

Move an object or region by double clicking on it and dragging the mouse across the
workspace. The arrow keys can be used to move objects.

Resize aregion by double clicking on it, grabbing a control handle (see ) onthe
border, and dragging it to the new size.

Adding and Editing Text and Graphics Elements

Change the size and color of objectsin aregion with the Item Preferences window, shown
in
Click on Region-Preferences to open this window or click on the Item Preferencestool

ﬂ , described on

Changing Line Width
Change the width of aline by doing the following procedure:
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1
2
3.
4

8.2 Plot Designer

RGB color & Item Preferences - ==
Specification ——+ ColorGE: [0 [o [o awstom |~| |— Color popup menu
Line width ——| tine wiatn: [1
Font, Style, [ Font: Monospaced | v | [Eold |v [12
and size
Red: ‘ H‘ }
Green:{ |||| 4 Tunlng Sllde
Elue: 1" H‘ ‘ ’

|
Tuning arrows

Figure 30. Item Preferences Window
Highlight the line or region by double clicking on it.
Enter a new width in the Line Width field.
Click Apply to change the line.

Click anywhere in the workspace to deselect the line.

Changing Fonts

Plot Designer hasthree font families: Sans Serif, Monospaced, and Serif. Fonts can be
Plain, Bold, or Italic. Change the family, style, and size of afont as follows:

1

2
3.
4

Highlight the text or region.
Click on the Item Preferences tool ﬂ to open the Item Preferences window.
Choose afamily, style, and enter a size in the Font field.

Click Apply to change the text.

Changing Colors

Change the color of aline by doing the following:

1. Highlight the line or region.

2. Click onthecolor button | gmen | to Open apop-up menu showing arange of
colors.

3. Movethetuning slider either left or right to change a color, or change a color by
clicking on the left or right arrowsin the Red, Green, and Bluefields; the valuesin
the Color(RGB) field automatically change as the slider moves.

4. Click Apply when the required colors are selected.

5. Placethecursor anywherein the workspace and click once to apply the color change.

Adding Text
Do the following to add text into your design:

1. Click onthetext input tool 7., to open the text input window.

2. Typetextinthefield at the top of the window.

Customize the text by clicking on the desired options and entering afont sizein the
indicated field.

3. Click on Put and drag the cursor into the workspace, then click onceto pastein the

text.
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Use the following procedure to copy and paste text that is already on the workspace and
change the font styles:

1. Highlight the text. e

2' CI ICk on the teXt InPUt tOOI fext to Opa1 the |Funl family: [v]SansSerif [ |Serif [ | Monospaced |
Text Input window shown i ure 31.

Font style: Bold [ Mhalic []Plain

3.  Select aFont family and Font style, and enter a | Fomsize: [16 |
Font size. | Paste || Cancel || Clear H Close ‘

4. Click Put to paste the text in the workspace. Figure31. Text Input Window

Changing Font Color
Repeat the procedure given in "Changing Colors," page 145 to change font colors.

Saving a Custom Template
Save the custom a template as follows:

1. ClickFile.
2. Select Templatesto open the Plot Templates window.
3. Enter anamein the Template field.
4

Optional — click the box next to Use thistemplate as default to make the file the
default template. The default template automatically loads when Plot Designer is
started.

5. Click Saveto store thetemplatein Svnmruser/templates/plot directory.

A warning is displayed if the saved template overwrites a current template. Click
Cancel to not replace thefile.

6. Quit the Plot Templates window by clicking on Close.

Plot Designer Tools

Plot designer toolslisted in Table 7. Press and hold down the |eft mouse button and drag
the cursor in the workspace to use a drawing tool.

Table 7. Plot Designer Tools

Icon Function Description
| Line Drawing Drawsaline.
Box Draws a box.

Arrows Draws an arrowhead and places it at the origin of the line.
sl | Draws an arrowhead and places it at the point of the line.

Item Preferences  Setsthe color and size of lines and fonts. Select an object to
L I edit by double clicking on it. See "Adding and Editing Text

and Graphics Elements,” page 144 for a description of its
properties.
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Table 7. Plot Designer Tools

Icon Function Description
Text Input Adds text into the design and control s the size and appear-
Text ance of the text; see "Adding Text," page 145.
— - Erasers The ALL eraser removes all objects.
AL ‘ e eraser tool removes selected objects.
|,3171 E;r}] Th | selected obj
—_ See dso "Adding and Removing Regions," page 143.
Print Prints afile.
Lk,
[= |

Customizing Plot Designer
® "Changing an Aspect or Property of Plot Designer," page 147

® "Changing the Shape of the Plot Designer Window," page 148

® "Changing the Size of the Plot Designer Window," page 148

Changing an Aspect or Property of Plot Designer

1. Click on Preferencesin the main menu.
2. Select Set Up to open the Workspace Workspace Preferences  [BEIED)
Preferences panel . Background: black -
3. Click on the corresponding button to open a B'_"de_r cotor ey =
Highlight Color red -
pull-down menu. :
Grid Color: gray -
4. Select acolor preference. Plotter: black & white |~
5. Click Apply to execute the changes. :"m" ":f =
. . . nap: o -
6. Click Close to exit the window. o z -
7. Workspace Preference Controls Snap Spacing: 1 linch |~
Control Function
Background Changes the background color of the window.
Border Color Changes the color of the border surrounding the workspace.

Highlight Color

Grid Color
Plotter
Border
Grid

Snap

Snap Spacing

Color of an object after double-clicking on an object to indicate that it is
selected.

Changes the color of the grid.

Select a black and white or color plotter.

Shows (on) and hides (off) region borders.
Shows (on) and hides (off) grid in the workspace.

The center of the border of an object snapsto the grid when an object is
created or moved if snap isturned ON. Turn Snap OFF to disable this
feature.

Controls the amount of space on the grid to which an object snaps.
Spacing isin inches, centimeters, or points.
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Changing the Shape of the Plot Designer Window

Plot Designer can beviewed intwo orientations, L andscape or Portrait (which isthe default
orientation). Change the shape of the Plot Designer window in the Orient menu.

Changing the Size of the Plot Designer Window

Increase or decrease the size of the Plot Designer window by clicking on the sizeslisted in
the Magnify menu.

Saving and Printing a Plot
® "Saving aPlot File" page 148
® "Printing aPlot," page 149

Saving a Plot File

Do the following procedure to save a plot:
& rosae______ BH

Direury: File:

1]

aceefl
aip_initdir/

Directory list —{[ib_initdir.bkup.061106.
gshimdir/

global.bkup.061005.13: 4.
.macro_date_stamp

global4 File list
global.bkup.060907.10: 4.

[ s i [*]

Data format Data resolution(dpix |72

D"eﬂﬂwﬂ/home/vnmrl/vnmrsys |

Tl »

File: |
Figure32. Plot Save Window

1. Click on Fileinthe Main Menu, then Save Data to open the Plot Save window
shown in Figure 32.

2. Scroll down the list of directories and choose a directory or enter a path for the file
in the Directory field.

3. Select aDataformat for your file and enter a Data resolution. Table 8 liststhe
formats that are available.

Table 8. Output Formats Supported by Plot Designer

Format Description

AVS AVS X imagefile

BMP Microsoft Windows bitmap image file

EPS Adobe Encapsul ated PostScript file

FAX Group 3 FAX

FITS Flexible Image Transport System

GIF Compuserve Graphics Interchange Format (version 89a)
GIF87 Compuserve Graphics Interchange Format (version 87a)
JPEG Compressed format from Joint Photographic Experts Group
MIFF Magick image file format

PCD Photo CD

PCX ZSoft IBM PC Paintbrush file
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Table 8. Output Formats Supported by Plot Designer

Format Description

PDF Portable Document Format

PICT Apple Macintosh QuickDraw/PICT file
PGM Portable gray map

PNG Portable Network Graphics

PS Adobe PostScript file

PSs2 Adobe Level Il PostScript file

SGI Irix RGB image file

SUN Sun Rasterfile

TGA Truevision Targaimage file

TIFF Tagged Image File Format

VIFF Khoros Visualization image file

XBM X11 bitmap file

XPM X11 pixmap file

XWD X Window System window dump image file

4. Label your file by entering a name in the File field.

5. Click Close to exit the window.

Printing a Plot

Click on the print tool. %

Exiting Plot Designer
Click on File-Quit.

Any design in the window when Plot Designer is closed is automatically opened in the
workspace the next time the program is started.

8.3 Color Printing and Plotting

® "Setting Colors," page 149

® "[ oading aColor File," page 151

® "Changing or Renaming a Color File," page 151
® "Removing aColor File," page 151

® "Closing the Color Selection Window," page 151

Printer and Plotter color output is defined using the Styles and Themes window. This same
window provides access to the display colors and the VnmrJ interface colors.

Setting Colors

View the current settings or define new color settings as follows:
1. Click on Edit.
2. Select Display options...
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The Style and Themes window opens, see Figure 33.

Styles and Themes @

Data display
colors Color ® Hex (J RGB Theme‘classm ‘v” Save H Load H Dalete | |
1
DISpIay and Dizplay - Spectroscopy
(Display Background |black ~ N
pIOtter OUtpUt Spectrum eigr postscript 4
selection menu FIz Flot PCL Border aray ¥ @
Plot HPGL i Hotspot blue ~| m
Imaginary e =
ot i S Hightlight  yellow ~|O
Integral areen ~|m Crosshair  |oold - O
Pararnetar |yellow ~ O cale el r|g
Cursor red h i lmaning
Thrashold  [vellow -0 Foregreund pwhite |
Background |black ~ W
| Edit... H Undao H Close || Abandan || Help |
~ [ L T -
DISpIay colors Color ® Hex (J RGE Theme‘classm ‘v” Save H Load H Delete | |
for 2D data ' .
Type Of 2D | Apsolute H Phase ‘ ‘Disp\av ‘vl
data
= 1 |oxbzpzoo v |O -1 |0xD20OFF Al |
i b TR0 | O -2 |xg4s20C | v|@
& OxFFD%Q >3 -3 |0x7DA46FF L
haood 4 oxFFEsT: \ v |00 4 oxFF - m
el 5 |0xFF9132 m] -5 Ox96FF ~ o
cyan
darkGray 6 |OxFFO00Q ~ H -6 |OXC3FF | @
FlarkGreen 7 |oxFrreer 5 i _7 [oxrrr =
Drop down
color selection
menu
| Edit... H Undao H Close || Abandan || Help |

Figure 33. Styles and Themesfor Display and 2D Colors

N o o &~ w

Select the Display tab to set the colors for the spectra, axis, parameters, etc.
Click on the display and output selection drop down menu.

Select the output device: Display, Plot Postscript, Plot PCL, or Plot HPGL.
Select a color or keep the current color for each display or function shown.

Enter anamein the field next to the Save button to save the selection to a user

defined file or continue with the next step to overwrite the current file.

©

9. Click on 2D colors.
10.
11.
12.
13.
14.

150
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Click on Save to save the color selections to the specified file.

Click on Phase to set the colors for this 2D display mode.

Select the output device: Display, Plot Postscript, Plot PCL, or Plot HPGL.
Select a color or keep the current color for each contour level.

Click on Absolute to set the color for this 2D display mode.

Select a color or keep the current color for each contour level.
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15. Enter anamein the field next to the Save button to save the selection to auser
defined file or continue with the next step to overwrite the current file.

16. Click on Save to save the color selections to the specified file.

Loading a Color File

To retrieve acolor file:
1. Click on the Theme dropdown menu.
2. Select athemefile.
3. Click on Load.

Changing or Renaming a Color File

To change the colorsin afile:

Click on the Theme dropdown menu.

Select athemefile.

Click on Load.

Follow procedurein "Setting Colors," page 149

a > w b e

Click Saveto save thefile.

To change the name of a color file:

Click on the Theme dropdown menu.

Select athemefile.

Click on Load.

Enter anew name in the field next to the Save button.

Click Save to save thefile.

o g~ w DRk

Optional: delete the file with the old name - "Removing a Color File" page 151.

Removing a Color File

To remove acolor file from the list:

Click on the Theme dropdown menu.

Select athemefile.

Click on L oad.

Click on the Delete button. The deleted file is removed from the bottom list box.

a H w D RE

Click OK, when prompted, to delete the file, or Cancel to keep thefile.

Closing the Color Selection Window

Click on Closeto exit the window.
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chapter 9. Advanced 1D NMR

Sectionsin this chapter:

9.1, ¢
9.2,“
93¢
94, “
95,“

Working with Experiments,” this page

Multi-FID (Arrayed) Spectra,” on page 154

T, and T, Analysis,” on page 158

Kinetics,” on page 160

Filter Diagonalization Method (FDM),” on page 160

This chapter describes working with 1D NMR liquids experiments.

9.1 Working with Experiments

In the Locator, NMR experiments are contained in Workspaces (al so called experiments).

View

the experimentsin the Locator by clicking the L ocator Statementsicon ( P )

and selecting Sort Workspaces.

Open

(connect to or join) an experiment by dragging it to the graphics window.

Create anew experiment by clicking File -> New Workspace.

Delete an experiment by dragging the experiment from the Locator to the trash can

icon.

Enter explib. to view the experiments on a system in the Process tab Text Output page.
The monitor displays the Experiment library of the currently available experiment files
(expl, exp2, ..., exp9999).

An issue arises concerning how to individually work with each experiment when multiple
experiments are created. Only one experiment is allowed at atime to be currently active
(i.e., in the foreground for manipulation) to resolve this issue, although background
processing can occur in other experiments at the same time.

Themp, m£, and md commands move (copy) files between Experiments:
1. Click on Edit.

2. Select one of the following options:

Move Parameters...
MoveFID...

Move Text...

Move Display parameters...

3. Fill intheinformation requested in the popup window.
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9.2 Multi-FID (Arrayed) Spectra

154

Many NMR experiments require obtaining a series of FIDs, related to each other through

the variation of one or more parameters. For example, supposeit isnecessary to run aseries
of spectraat four different temperatures: 30°C, 50°C, 70°C, and 90°C. Instead of acquiring
four separate sets of data, it is possible to create an array in which the temp parameter is

given four successively different values. These four subexperiments are now all treated as
asingleexperiment. Entering go beginssuccessiveacquisition of all four experiments. One
command isused to transform al the spectra, one command to display al the spectraon the
screen simultaneously, one command to plot all the spectra, and one command to save all

the spectra.

® "Arrayed Parameters,” thispage

® "Multiple Arrays,” page 154

® "Setting Array Order and Precedence,” page 155
® "Interactively Arraying Parameters,” page 155

® "Resetting an Array,” page 155

® "Array Limitations,” page 156

® "Acquiring Data," page 156

® "Processing,” page 156

® "Display and Plotting," page 156

® "pPulse Width Calibration Step-by-Step,” page 158

Arrayed Parameters

Use the Array Parameter window, see "Parameter Arrays," page 92, to create an array for
anumeric parameter or create an array by entering the parameter and arrayed values
separated by commeas (e.g., temp=30,50, 70,90 orpw=5,10,15,20, 25) on the
command line. Alphanumeric parameters can also be arrayed.

Example (command line):

Usedm='n', 'y"' to perform two experimentsin with the decoupler off in experiment
and on in the other experiment.

Not al parameters can be arrayed. Non-arrayable acquisition parameters include
processing parameters, display parameters, and any parameter that changes the number of
data points to be acquired, such asnp, sw, dp, and at.

Open the Array Parameter window or type da< (parl<,par2><,par3...>)>to
display the values of the arrayed parameter. da displaysall values of arrayed parametersif
entered without an argument. If one or more parameters are listed as an argument, da
displays only the specified parameters.

Multiple Arrays

Two or more parameters can be arrayed in an experiment. For example, an experiment to
perform a series of decoupling experiments using an array of decoupler power levelsand
an array of decoupler frequencies might be set up with dpwr=17,20, 23 and
dof=295.1,345.6,507.2,1245.5. Inthis example, twelve experiments are
performed (i.e., three different values of decoupler power dpwr are used), and for each of
those values, four different values of the decoupler offset dof are used.
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Setting Array Order and Precedence

Whenever an array of one or more parameters is set up, the parameter array becomes
important. This parameter tells the system the name of the parameter or parametersthat are
arrayed and the order and precedence in which the arraying is to take place. The Array
Parameters window, see "Parameter Arrays," page 92, may be used for setting all of the
parameters associated with setting up the array.

The string parameter array can have one of several forms:

® array="'' meansno parameter isarrayed (this value is two single quotation marks
with no space between, not a double quotation mark).

® array='x' meansparameter x isarrayed.

® array='y,x' meansparametersx andy arearrayed, with x taking precedence. The
order of the experimentsis x1y1, Xoy1, . XpY1, X1Y2 X2Y2s - XmY?2 - XmYn With a
total of mxn experiments being performed.

® array='x,y' meansparametersx andy arearrayed, with y taking precedence. The
order of theexperimentsisx1y1, X1V 2,--X1Yns X2Y 1, X2Y 2 XY - Xm¥Yn» With atotal
of mxn experiments being performed.

® array='(x,y) ' meansparametersx andy arejointly (“diagonally”) arrayed. The
number of elements of the parameters x and y must be identical, and the order of
experiments is x1yy, Xy, ---Xpyn, With n experiments being performed.

Entering one or more arrayed parameters automatically setsup array. It isnecessary to
enter array directly only if the order or precedence needs to be changed.

Interactively Arraying Parameters

Separate from the array parameter isthe array macro. Entering the array macro
without an argument startsit in the interactive mode and it prompts for the following
information in this order:

® The name of the parameter to be arrayed.

® The number of values of the parameter.

® The starting value.

® The magnitude of the difference between elementsin the array.

An arrayed parameter is set up using the information provided. The restrictions are that
only numeric parameters can be arrayed and all values of the array must satisfy the limits
of the parameter.

Entering array with aparameter name as an argument, (e.g., array ( 'pw')) still starts
an interactive mode, but the program only asks for the remaining three items of
information.

array bypasses the interactive mode completely it is started with all four arguments (in

this order—parameter name, number of steps, starting value, and step size). For example,
enteringarray ('tof',5,1000,-50) setsthetof parameter tohave5 elementswith
the values in the order 1000, 950, 900, 850, 800.

Resetting an Array

Once an array iscreated, it is possible to change the value of a single element of the array
by typing, for example, pw [2] =11 .3, wherethe 2 enclosed in brackets indicates which
element of the array to modify (array elements are counted starting at 1).
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Set asingle value for the parameter (e.g., pw=10) to reset an arrayed parameter to asingle
value. The array parameter isautomatically modified to reflect this change.

Array Limitations

Regular multiple arrays can include up to 20 parameters, each of which can be asimple
parameter or adiagonal array (aset of parameters), which can include up to 10 parameters.
The total number of elements of all arrays is essentially unlimited (232-1).

Acquiring Data

Once any parameter is arrayed, acquisition generates not just one, but an entire array of
spectra. These spectra can then be examined either individually or as agroup, as described
below.

Autogain cannot be used in an arrayed experiment. Either use gain="y ', which setsthe
gain (gain cannot be arrayed) to the previously determined value, or set gain equal to a
fixed value.

Arrayed acquisitions can be interleaved, in which apart of each experiment is donein turn
rather than starting and finishing each experiment sequentially. The interleave function is
controlled by the parameter 11.
® ]y
Experimentsareinterleaved. bs transientsare performed for each member of thearray,
followed by bs more transients for each member of the array, and so on until nt
transients are collected for each member of the array. Thus, 11 isrelevant only if bs
(block size) islessthan nt (number of transients).
® ij-r'n!
Al transientsare acquired for thefirst experiment in the array, then all transients for the
second experiment, etc.

Processing
The command £t or wft isused to transform all of the spectra. Both commands take the
same arguments and options:

® 'acqg' doesnot transform elements that have already been transformed.

® 'nods' prevents an automatic spectral display (same as ds command).

® 'zero' zeroestheimaginary channel of the FID before Fourier transform.

Phasing can be done on any spectrum. Only one set of phase correction parameters exists,
so all spectra have the same phase at any one time (although the phase can of course be
changed when examining different spectra).

Display and Plotting

The Vertical Panel “Arrayed Spectrum” can be used for displaying arrayed data. The
command ds (index) or the@ and gicons, interactively displays the requested
spectrum from the array. Theindex can have one, two, or three numbers, depending on the
dimensionality of the spectral array. Spectraare always scaled according to the number of
completed transients ct; if nt isarrayed (nt=1, 2, 4, 8), each spectrum is scaled by its
own ct.
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Other spectra display commands are dss, dssn, dssa, dssan, dssh, dsshn and
dssl. Theseare not interactive like the ds command. They display stacked spectrain
which each spectrum is offset with respect to the previous spectrum. The order of stacking
can be left to right, right to left, top to bottom, or bottom to top, depending on whether the
horizontal offset (ho) and vertical offset (vo) parameters are positive or negative. Some of
these commands set ho and vo automatically.

The spectra display commands function as follows:

® dss displays stacked spectrausing the current values of ho and vo to set the order of
stacking.
® dssn displays stacked spectrathe same as ds s, but the graphics window is not erased

before starting the display. This allows composite displays of many spectrato be
created.

® dssa displays stacked spectra automatically (i.e., vo and ho are automatically
adjusted to fill the screen in alower left to upper right presentation).

® dssan displays stacked spectra automatically the same as dssa, but the graphics
window is not erased before starting the display.

® dssh displays stacked spectra horizontally (i.e., vo is set to zero, and ho is adjusted
to fill the screen from left to right).

® dsshn displays spectra horizontally the same as dssh, but the graphics window is
not erased before starting the display.

® dssl displaysalabel for each element in a set of stacked spectra. The label isan
integer value starting with 1 and extending up to the number of spectrain the display.

The command p1 plots stacked spectra with the same format as displayed by dss.

The argument syntax < (start, finish<, step>) ><, options>) > isused by the
dss command, variants of dss, and by the p1 command. The arguments are the
following:

® start istheindex of thefirst spectrawhen displaying multiple spectra. It isalso the

index number of a particular trace to be viewed when displaying arrayed 1D spectraor
2D spectra.

® finishistheindex of thelast spectrawhen displaying multiple spectra. Because the
parameter arraydimisautomatically set to thetotal number of spectra, it can be used
to set £inish toincludeall spectra

® step istheincrement for the spectral index when displaying multiple spectra. The
default step is 1.

® options can beany of the following:
'all' isakeyword to display all of the spectra

'int ' isakeyword to only display the integral, independently of the value of the
parameter intmod.

'"top' or 'side' arekeywordsthat cause the spectrum to be displayed either above
or at theleft edge, respectively, of acontour plot. This assumesthat the parameters sc,
we, sc2, and we2 are those used to position the contour plot. This option does not
apply to dssa, dssan, dssh, or dsshn.

"dodc' isakeyword for al spectrato be drift corrected independently.

'red', 'green', 'blue', 'cyan', 'magenta’', 'yellow', 'black', and
'white' are keywords that select a color. This option does not apply to dssa,
dssan, dssh, dsshn, or pl.

'penl', 'pen2', 'pen3', etc. specify apen number on aplotter. Thisoption does
not apply to dss or any of its variants.
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Pulse Width Calibration Step-by-Step

Note, for illustration, how the following steps perform a pulse width calibration using

arrays:

1. Setup parameters and obtain anormal spectrum of any sample. For best results, one
or more intense signals should appear near the center of the spectrum.

2. Enter 5 for the value of pw or use some other small value.

3. Enter 1for the value of nt.

4. Obtain aspectrum and phase it properly. Set d1 to 5*T;.

5. Makean array of pw from 5 to 30 in steps of 5 or use some other set of suitable
values for the pw array.

6. Select Absolute Intensity and acquire.

7. Transform and display the stacked data after the experiment finishes acquisition.

8. Findthe experiment wherethe signal goesthrough its 180° or 360° null. Enter da to
remind yourself of the values of the pw array.

9. Enter pw equal to one-half of pw180 or one-quarter of pw360 to reset the array.

9.3 T, and T, Analysis

One relatively common form of arrayed experiment is the inversion-recovery Ty
experiment. In this experiment, the nuclel are allowed to relax to equilibrium (d1), then
inverted with a180° pulse (p1), given avariable time to return to equilibrium (d2), and
finally given amonitoring 90° pulse (pw) to measure their peak height asafunction of d2.
Under most circumstances, the behavior of the peak heights as a function of d2 will be
exponential, and this exponential time isthe T;.

"Setting Up The Experiment,” this page
"Processing the Data," page 159
"Anayzing the Data," page 159

"T, Data Workup: Step-by-Step," page 159

Setting Up The Experiment

The standard two-pulse sequence is set up to perform the T1 experiment. The experiment
can be set up by:

Entering appropriate valuesfor p1, pw, d1, and an array of valuesfor d2 or by enter

Using the dot 1 macro. dot 1 setsup all parameters to perform a T, experiment,
including d1, pw, p1, nt, and an array of d2 values, based on information entered.
The three arguments that can be input are the minimum expected T4, the maximum
expected T,, and the total time in hours the experiment should take. If no arguments
are provided, dot 1 prompts the user for the information.

Using the menu as follows:
a.  Click on Experiment.

b. Select Relaxation M easur ements.
c. SelectT1.
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d. Fill intheinformation on the Standard panel of the Start tab.
e. Adjust any parameters on the panels of the Acquiretab.

The parameter pw90 must contain a correctly calibrated 90-degree pul se width because
dot 1 usesthisinformation.

Processing the Data
Once the datais acquired and processed, do the follows:
1. Display the last spectrum for a T, experiment to display the first spectrum).
2. Phase this spectrum properly.
3. Select athreshold and adjust the threshold line position.
4

Enter dp£, d11, or click on the appropriate button to display aline list and locate
lines for the system.

5. Enter £p to measure the peak height of each peak in an array of spectra. If optional
lineindexesaresuppliedto £p asarguments(e.g., £p (1, 3) ), only thepeak heights
of the corresponding lines are measured.

Thenpoint parameter (if defined and set “on”) determinesthe range of datapoints
over which the £p command searches for a maximum for each peak.

Analyzing the Data

T, and To analysisis performed by the t 1 and t 2 macros, respectively. t 1 and t 2 measure
relaxation times for al linesin the line listing and display an extended listing of observed
and predicted peak intensities. t 1s and t2s perform the same calculationast1 and t2
but produce a shorter output, showing only a summary of the measured relaxation times.

The command exp1 displays exponential/polynomial curves resulting from Ty, T, or
kinetic analysis. Optional input of line numbers as arguments allows display of only
selected lines. Similarly, the command pexp1 plots the same curves.

The macro autoscale returns the command expl to autoscaling in which scale limits
(setby scalelimits) aredetermined that will display all thedataintheexpl input file.
Themacro scalelimits causesthe command expl to use typed-in scalelimits. If no
argumentsaregiven, scalelimits asksfor the desired limits. Thelimitsareretained as
long asan expl display isretained.

Enter dels (indexl<, index2>...)todelete spectrafromthetl or t2 analysis (or
from t1s or t2s). This command deletes the spectra selected by the indexes from the
output file £p . out of the £p command used by the t 1 or t 2 anaysis. Spectra can be
restored by rerunning fp.

T, Data Workup: Step-by-Step
The following procedures accomplish amanual T, analysis:
1. Enterrt('/vnmr/fidlib/tldata.fid"').
2. Enter wft dssh full ds (arraydim) aph.
3. Usethe left mouse button to set the threshold.
4

Enter d11 fp t1 center expl.
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9.4 Kinetics

The arraying capability of the VnmrJ software provides for the acquisition of data for the
study of kinetics.

® "Setting Up the Experiment,” this page
® "Processing the Data," this page
® "Kinetics Step-by-Step,” this page

Setting Up the Experiment

Usually, the best procedure isto array the preacquisition delay parameter pad. For
example, if pad=0,3600,3600,3600, 3600, the system acquires the first spectrum
immediately (pad [1] =0), waits 3600 seconds (pad [2] =36 00), acquires the second
spectrum, waits another 3600 seconds, etc. Because 3600 seconds is 1 hour, thisinsertsa
wait of one hour between acquisitions. After al the spectra have been obtained, they are
processed much like T4 or To data.

Processing the Data

If the signal decreases exponentially with time, the output is matched to the equation
I=A1*EXP (-T/TAU) +A3. Theanaysisisdoneby themacrokind, or by macrokinds
if ashort output tableis desired.

If the signal increases exponentially with time, the output is matched to the equation
I=-A1*EXP (-T/TAU) +A3-Al withanalysisdoneby themacrokini, or by the macro
kinis for ashort output table.

Kinetics Step-by-Step

The following steps are typical in processing a kinetics experiment using the command
line:

1. Enterwft dssh full ds aph.

2. Click on Threshold icon in the graphics control menu. Use the left mouse button to
set the threshold.

Enter d11 fp.
Enter kind, kini, kinds, or kinis, asappropriate.

If desired, adjust sc, we, sc2, and we2 by entering center or full.

o o M w

Enter expl.

9.5 Filter Diagonalization Method (FDM)

160

Filter Diagonalization Method is an optional package that must be purchased and requires
apassword.

This section contains the following:
® "Using FDM," page 161
® "Reprocessing a Spectrum,” page 162
® "Changing Parameters,” page 162
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® "FDM Globa Parameters,” page 162

® "Changing Local FDM Variables," page 163
® "Seeing Parameter Values," page 163

® "FDM References," page 163

Filter Diagonalization M ethod (FDM) isanon-Fourier data processing method that extracts
spectral parameters (peak positions, line widths, amplitudes, and phases) of L orentzian
lines directly from the time-domain signal by fitting FID datato a sum of damped complex
sinusoids. The spectral parameters (saved in curexp/datdir/£fdml.parm) are also
called “line list” and are used to construct an “ersatz” spectrum of the NMR data.

FDM is slower than Fast Fourier Transform, but it offers better resolution in the case of
truncated signals and the option of processing only a selected spectrum region. FDM has
the potential to work well with corrupted data, and the potential to produce aline list with
each line representing atrue NMR peak.

FDM readsinput parametersfrom afile created by the £ dm1 macro, using default (optimal)
values. Change any of the parameters from the command line asneeded. Table 9 lists £dm1
parameters. If the spectrum is not referenced with r1, the reference r£1 isaso read from
curpar inthelocal parameter set. The section "Changing Local FDM Variables," page
163 describes how to override the default setting.

Only the number of data pointsto be used and the spectrum window to be processed need
to be set in most cases. The default setting uses half of the FID data or 3000 data points,
whichever is smaller.

Using FDM

The following steps describe how to do normal activities such as phasing, zooming in,
zooming out, and processing a spectrum window with the £dm1 macro.

Table 9. fdm1 Parameters

Parameter Description

cheat No cheat if cheat=1, lines are narrower if cheat<1.
cheatmore No cheatmore if cheatmore=0.

error Error threshold for throwing away poles.

fdm 1for £dm, -1 for dft.

Gamm* Smoothing width (line broadening).

Gecut Maximum width for apole.

idat —4 for ASCII complex FID file, -5 for FID file.
kcoef kcoef>0; use“complicated” dk (k) . -1 always preferred.
Nb* Number of basis function in a single window.

Nbc* Number of coarse basis vectors.

Nsig* Number of pointsto use, 3000 is ok.

Nskip* Number of points to skip.

rho rho=1 isoptimal.

ssw A test parameter.

to Delay of thefirst point.

theta Overall phase of FID (rp inradians).

wmin Minimum spectrum frequency in hertz.

wmax Maximum spectrum frequency in hertz.

* Global; see "FDM Global Parameters,” page 162 for more information.
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1. Display the FID data and use the right mouse button to select the data points to be
used by FDM.

2. Processthe datawith £t (it usesall FID points), then display and reference the
spectrum.

3. Placethe cursor on aregion of interest, zoom in on it, then type £dm1 or
Process....1D FDM...from the main menu. Selecting and not zooming in on aregion
causes the whole spectrum in display to be processed.

A new menu appears with Start and Abort buttons. The cal culation might take afew
seconds to a few minutes depending on the number of data points used and the size
of spectrum window to be processed. To abort the process, click on Abort. The
process is finished when the message "FDM Execution Sopped Successfully" is
displayed. If the processis finished, display the spectrum.

Reprocessing a Spectrum

The Start button is displayed in the Process...1D FDM... drop-down menu. Use this button
to reprocess a spectrum.

Changing Parameters

Relevant £dm1 global parameters are displayed on the 1D FDM ... popup window with
current values. These parameters can be changed. The value of aglobal parameter is saved
to curpar, and it remainsthe same until changed from the parameter panel or a new
assignment using the command line is made. The parameters can also be changed from the
fdm1 command line as described in the section "Changing Local FDM Variables," page
163.

FDM Global Parameters

The following FDM parameters are global.

® Nsig isthe number of FID pointsto use. Initialize it with the right mouse button
position (crf + deltaf) *sw. If Nsig=0, half of the FID data points or 3000,
whichever is smaller, is used. Nsig can be changed from the command line
Nsig=nnnn, the right mouse button (when the FID is displayed), or the command
linefdml ('Nsig',nnnn).Ingeneral, themorepeaks, the more datapointsit takes
to fit the spectrum. Check thereliability of the FDM method by changing Nsig afew
times, and reprocess the data to see if the result is the same.

® Nskip isthe number of data pointsto skip at the beginning of aFID. By default, zero
points are skipped. In some cases, baseline can be improved by skipping the first one
or two points.

® Nb isthe number of basisfunctions (poles) used to fit each of the windowsin an FDM
calculation. The default is 10. FDM breaks down the specified window into smaller
windows. Ingeneral, bigger Nb gives better results, especially better baseline. Sensible
values for Nb are between 10 and 50.

® Nbc isthe number of additional poles (coarse basis functions) to be used. The default
is zero, but setting Nbc to an integer larger than zero (typically 4-10) might improve
the baseline.

® Gammisthe smoothing width (line broadening). Thedefaultis 0. 2*sw/Nsig, which
is about atenth of the FT resolution. Typical values are 0.1 to 1.0.
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Using bigger Nsig, Nb, Nbc, or a spectral window significantly slows down the
calculation.

Changing Local FDM Variables

FMD parameters that are not commonly used are set as £dm1 local variables. These
parameters are listed with global parametersin Table 9. Local variables can be changed
only from the command line. Parameter values are |ost after the completion of the macro.
To useavalue again, it must be reentered; otherwise, £dm1 setsthe valueto the default. To
change more than one local variable, enter the variables from the same command line.

Any of the FDM parametersin the fdm1 command and both global and local variables can
be changed. Values entered from the £ dm1 command override the default, the change from
the 1D FDM panel, and the value selected with the cursor. Enter command line arguments
by giving the parameter namein single quotation marks and avalue separated by acomma,
for example:

fdml ('cheat',0.8)

fdml ('Nsig',3000)
fdml ('Nsig',3050)
fdml ('Nb',20)

(
(
(
fdml ('Nbc',10, 'Nb',20)
(
(
(

fdml ('Nsig', 3000, 'Nb',20, 'Gamm',0.5)
fdml ('wmin',-1600, 'wmax',1600)
fdml ('wmin',-1600, 'wmax',0)

cheat isafactor multiplied to the linewidth. Thereisno cheat when cheat=1; linesare
narrower when cheat<1.

wmin isthe minimum spectrum frequency in Hz. The default issp+rfl-sw/2. wminis
the upper field.

wmax isthe maximum spectrum frequency in Hz. The default is wmin+wp. wmax isthe
lower field.

The center of the full spectrum is zero.

Seeing Parameter Values

Parameters are set to their default values. Normally, it is not necessary to change these
parameters. Values of local £dm1 parameters can not be queried with echo. To seethe
values of al parametersused, look inthe £dm1 . inparm file created by the £dm1 macro
in the datdir directory of the current experiment. Figure 34 shows the format of the
fdml . inparm file; the number of spaces and tabsis arbitrary.

FDM References
J. Chen and V. A. Mandelshtam, J. Chem. Phys. (2000) 112: 4429-4437.
V. A. Mandelshtam, J. Magn. Reson. (2000) 144: 343-356.

A.A.DeAngdlis, H. Hu, V. A. Mandelshtam and A.J. Shaka, J. Magn. Reson. (2000) 144:
357-366.
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chapter 10. DOSY Experiments

Sectionsin this chapter:
® 10.1, “Early Diffusion Experiments,” on page 165
® 10.2,“DOSY Experiments,” on page 168
® 10.3, “Genera Considerations,” on page 168
® 10.4, “Gradient Strength Calibration,” on page 170
® 10.5,“2D-DOSY Spectroscopy,” on page 170
® 10.6, “Convection Compensated DOSY Experiments,” on page 176
® 10.7, “Comparison of DOSY and Convection Compensated DOSY,” on page 183
® 10.8, “Processing 2D-DOSY Experiments,” on page 187
® 10.9, “Sample FIDs to Practice DOSY Processing,” on page 190
® 10.10, “References,” on page 192

TheDOSY (Diffusion Ordered SpectroscopY') application isan optional package that must
be purchased and requires a password.

The DOSY application separates the NMR signals of mixture components based on
different diffusion coefficients. Generally speaking, DOSY increasesthe dimensionality of
an NMR experiment by one. The initia diffusion weighted NMR spectra are one-
dimensional; adding diffusion weighting to a2D NMR experiment such as COSY or
HMQC gives 3D DOSY spectra.

The DOSY analysisinvolves two steps.
1. Setupand acquireaDOSY spectrum.

2. Determinethe diffusion coefficients for each line (or cross-peak) in the spectrum.
Takeline (or cross-peak) positions and diffusion coefficients and show theresultsin
aDOSY plot. All of these steps are executed by the dosy macro. Each stepis
described in more detail in the following sections. Table 10 lists the tool s available
for DOSY.

10.1 Early Diffusion Experiments

The pulse sequences diagrammed in Figure 35 illustrate the two early pulsed-gradient
experiments. These early experiments are fully described in the literature by Stejskal and
Tanner (Stejskal, E. O.; Tanner, J. E. J. Chem. Phys. 1965, 42, 288-292, and Tanner, J. E. J.
Chem. Phys. 1970, 52, 2523-2526).
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pl gl gra‘d_pl pw g2 Ograd_pl
4
di do v 2 d3 da
grad_cw acquisition
v ~
T
d
t A t
1 2

Pulsed Gradient Experiment - no echo

pl gl Elfad_Pl p2 pw g2 grad_pl
d1 do vy @2 ds d3 I a4
grad_cw acquisition
T
d
A
tl t2

Stimulated Echo Experiment

Figure 35. A PulseField Gradient Experiment Pulse Sequences

The diffusion coefficient is calculated using Equation 1:

Ai = Aoexp —yZD{ %ts X grad_cw2 + SZ(A - %8) g:rad_pli2
— 6[(t12 + t22) +0(t1 +12) + %62 - 2172:|grad_p1i X grad_cw}

where A is the observed integral value of an NMR resonance for the it element of the
gradient array. A istheintegral value of an NMR resonancejust after the first 90° pulsein
the pulse sequence. A is the self-diffusion coefficient. In the case of the two-pulse echo
sequence, thevariables T, 8, A, t1, and t2 (refer to Figure 35) are cal culated from the pulse
sequence variables as follows:

In the case of the stimulated-echo sequence, the equation for A is as follows:
D=gl+d2+p2+d5+pw+d3
Equation 1 can be recast as the following, which becomes Equation 2:

In(A) =1n(Ag) + Dx CO0+ D x Cl x grad_pli+DxC2xgrad plixgrad pli
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1= By gog1+az+BY
2 2
d=g1l

A=gl+d2+pw+d3

t1=2L 4+ 30
2
t2 = da

where:

Co = %«/Zr?’grad_cw2

Cl= «/28[(t12 £12%) +5(11+12) + %82 - 21-2} x grad_cw
2 1

C2=— B(A - 38)

The fitting program analyze accepts two arguments that instruct it to perform a
polynomial fit. The selection of which polynomial to fit depends on whether grad cwis
zero. If it iszero, the second and third terms of Equation 2 vanish and a first-order
polynomial y = c0 + ¢l x x isused where:

y=1n(A)
c0=1n(Ag) + D x CO
cl=DxC2
X=grad pli

Otherwise, a second-order polynomial y =c0 + ¢l x x + ¢2 x X x X is used, where:

y = 1n(A)
c0=1n(A0) + D x CO
cl=DxCO0
c2=DxC2
X=grad pli

Another argument of analyze isthe complete name of atext file (analyze. inp) that
contains the x—y data pairs. The output of this calculation iswritten into a text filein the
current experiment directory. The name of thistext filereflectstheintegral region on which
the analysiswas performed. Thisname hastheform regionx results, wherethexis
theintegral region number. Using the experimenta delays, grad_cw and gamma, the
pge_results macro calculates the diffusion constant and the time-zero integral
amplitude from thefitting parameters co, c1, and c2. Theresults of these calculations are
appended to the text file that contains the |east-squares analysis results.

The diffusion coefficients of both components of atwo component mixture can be
calculated assuming the following conditionismet. It ispossible to find oneintegral region
where the NMR resonance is due to only one component of the mixture. The diffusion
coefficient is calculated using that integral region with the processing already described.
For integral regions, where the NMR intensity results from both components of atwo
component mixture, Equation 1 transforms to the following, which becomes Equation 3:

A =a0 xexp[D x (CO+ Clxgrad pli+ C2xgrad plixgrad pli)]
+a2xexplal xD x (CO+ Clxgrad pli+C2xgrad plixgrad pli)]

The diffusion coefficient D is available from the separate reference integral region. The
constants CO, C1, and C2 are defined in Equation 2. The fitting parameters are a0, al, and
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a2. In order to perform the non-linear least squares analysis of Equation 3, the

pge_ results macro issupplied with two arguments (e.g., pge_results(1,3)).
The first argument is the region on which to perform the analysis (just as for the single-
component analysis case), and the second argument is the integral region used to get the
value of D. Thefitting parameter a0 corresponds to the time-zero integral amplitude of the
reference component; a2 corresponds to the time-zero amplitude of the other component;
al corresponds to the ratio of the two diffusion coefficients.

10.2 DOSY Experiments

2D DOSY Experiments
® "Dbppste (DOSY Bipolar Pulse Pair Stimulated Echo) Experiment,” page 173

® "DgcsteSL (DOSY Gradient Compensated Stimulated Echo with Spin Lock),” page
174

® "Oneshot," page 175

Convection Compensated DOSY Experiments

® "Dbppste_CC (DOSY Bipolar Pulse Pair Stimulated Echo with Convection
Compensation),” page 179

® "DgsteSL_CC (DOSY Gradient Stimulated Echo with Spin Lock and Convection
Compensation),” page 180

® "DgcsteSL_CC (DOSY Gradient Compensated Stimulated Echo with Spin Lock and
Convection Compensation) Experiment,” page 182

10.3 General Considerations

The DOSY experiments are probably the most demanding gradient sequencesin NMR.
Experimental conditions for a given gradient setting are typically optimized in
conventional coherence-pathway-selected experiments. Very often the whole scale of
available gradient power is used in DOSY while maintaining high-resolution NMR
conditions. Convection, i.e., moving liquid columns along the sample axis (primarily due
to temperature gradients), does not seriously hurt coherence-pathway-sel ected-experiments
(apart from the obvious intensity losses), but it can make the DOSY analysis completely
useless.

DOSY pulse sequences use the gradient-stimulated echo element (or one of its
modifications), shown in Figure 36.

T

Figure 36. Gradient Stimulated Echo Element
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Inthe DOSY experiments the strength of the diffusion encoding gradient is arrayed, and
the diffusion coefficients are cal culated according to the Stejskal-Tanner formula:

§(G:)=S(0)ep(-Dy5(G)(a-513)

where S(G,) and S(0) are the signal intensities obtained with the respective gradients
strengths of G, and 0. D isthe diffusion coefficient. yisthe gyromagnetic constant, d isthe
gradient pulse duration and A is the diffusion delay.

The formulaitself provides vauable hints on how to set DOSY-related parameters in
different pulse sequences.

® (y*&* Gzi)2 isthe gradient pulse area.
Nuclei with higher y are more sensitive to diffusion than the low-y nuclei.

® Shaping a gradient dramatically reduces its phase encoding efficiency. Although
VnmrJ software allows gradients to be shaped on |nova spectrometers, it is not really
recommended with DOSY.

® § isthe gradient pulse duration.

During 3 (and the subsequent gradient stabilization delay, gstab) the magnetization
is transverse and subject to T, relaxation and homonuclear J-evolution. Do not use
long d valuesin the presence of large homonuclear couplings or short T, relaxation
times (6<<T, or 1/J).

® Aisthediffusion delay. Convection can always be an unwanted competitor to
diffusion, and T1 relaxation attenuates the signal intensities. Do not use unnecessarily
long diffusion delays (A < T1).

Some of the recommendations might seem contradictory and in real cases an acceptable
compromise between them must be found.

The separation efficiency in the diffusion domain is determined by the accuracy of the
measured diffusion coefficients. DOSY does not necessarily intend to get absolute
diffusion coefficients (in mixtures, it is difficult to discuss “absolute” numbers anyway);
the relative differences in the D values might be adequate for separation. Changing the
solvent of a DOSY mixture might change the diffusion coefficients and the separation
power of the method. The solvent might play asimilar rolein DOSY as the different
columnsin HPLC.

Diffusion coefficients errorscan either be statistical or systematic. The most obvious source
of statistical errorsisinappropriate signal-to-noise ratio; therefore in DOSY experiments,
relatively high S/N values must be reached even with the strongest phase encoding
gradients. Systematic errors are primarily caused by instrumental imperfections (such as
gradient nonlinearity over the active sample volume, phase distortions, changesin
experimental lineshape as a function of gradient amplitude). Systematic errors can be
minimized by careful pulse sequence design (see Magn. Reson. Chem. (1998), 36: 706) and
by adding a suitable internal reference to the sample (acomponent producing astrong, well
isolated singlet peak in the spectrum) suitablefor reference deconvolution (FIDDL E) when
processing DOSY.

When setting up DOSY experiments, consider the following recommendations:

® Besurethat the probe parameter is set to the probe to use and Probegcal hasthe
right value (the setup macros extract the gradient strength, gcal, from the probe file
and storeit in the local parameter DAC _to_G). Pulse power levels and pw90 values
are also read from the probe calibration file.

® Set z0 precisely on resonance and carefully adjust thelock phase. Incorrect adjustment
might cause progressive phase errors with increasing gradient power.
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Do not spin the sample.
Use an adequate number of data points for proper spectral digitization.

When running long experiments, use interleaved acquisition (il="vy’).
Avoid using extreme (low and high) temperatures to minimize temperature gradients

(and convection). For solutions with very low viscosity, it might be preferable to
completely switch off the VT controller.

Add substance suitable for reference deconvolution, it one is avail able, to the mixture

before running DOSY (TMSisatypica choice in proton spectra).

10.4 Gradient Strength Calibration

The measurement of accurate diffusion coefficientsisonly possibleif thegradient strengths
used in the DOSY experiments are properly calibrated. Calibration of gradient strengths
using agradient profileis sufficient for most gradient experiments but not for diffusion
experiments. Calibratein a DOSY sequence as follows:

1

Select a sample with known diffusion coefficient.

A doped water sampleisagood choicefor thiscalibration at 25° C temperature. The
diffusion coefficients of HDO are:10.34*10"X° m%/sec at 5° C,
19.02* 101 m?/sec at 35° C, and 30.27* 10°2% m?/sec at 40° C.

Equilibrate the sample temperature at 5°C, 25°, or 40° C before starting the gradient
calibration. Diffusion coefficients are strongly temperature dependent.

Run aproton detected 2D-DOSY sequencewith adiffusion delay of 50-70 msec and
12-15 gzlvl1 values.

Thesignal attenuation between the weakest and strongest gradientsideally isafactor
of 6-7.

Process the data using proper window functions and baseline correction

Calculate the D value of the sample.

Enter dosy grad calib andthecorrect diffusion coefficient for thetemperature
of the sample during the experiment. (i.e. 19.02 at 25° C) on the command line.

The current DAC_to_G valueisrecalculated and, if requested, the gcal value of
the probe file is aso updated. The proper gradient strengths are automatically used
the next time a DOSY is set up.

10.5 2D-DOSY Spectroscopy

Thebase 2D DOSY sequencesare: Dbppste, DgcsteSL, Oneshot, Dbppsteinept.

170

"Setting Up 2D-DOSY Experiments,” page 171
"Dbppste (DOSY Bipolar Pulse Pair Stimulated Echo) Experiment,” page 173

"DgcsteSL (DOSY Gradient Compensated Stimulated Echo with Spin Lock),” page
174

"Oneshot,” page 175
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Setting Up 2D-DOSY Experiments

1

Start setting up any of the four experiments by recording a normal s2pul spectrum
on the nucleus to be observed.

Calibrate (or check) pulse widths if necessary.

Before calling the setup macro, which always has the same name as the pulse
sequence itself, reduce the spectral window to the region of interest.

Each sequence has a parameter called delflag. By settingdelflag="'y', the
actual DOSY sequenceisactivated. Settingdelflag="n" enablesreturningtothe
basic s2pul (Dbppste, DgecsteSL, Doneshot) or INEPT (Dbppsteinept)
sequence without changing the experiment or the parameter set.

Set the phase encoding gradient.

The phase encoding gradient duration is defined by the gt 1 parameter (the total
defocusing time) in al of the sequences. Its strength is defined by the gz1v11
parameter and the diffusion delay by the del parameter. The actual DOSY setup
determines the proper relationship among these three parameters. The best setting
primarily depends on the sample itself (e.g., solvent, viscosity, molecular size and
shape, the isotope to be detected) and on the experimental conditions

(e.g., temperature). Using the DOSY sample to optimize the experimental
parameters is recommended. For small or medium sized molecules, useful settings
aregtl=0.002anddel=0.05 secandan array thegradient strength using either
of the following methods:

® Enter one of the following arrays on the command line:

gzlv11=500,5000,15000,20000,25000,30000 for Performall
gzlvl1l=50,500,1000,1500,2000 for Performal gradient systems.

® Usethe Setup Coarse Gradient array button in the on the Pulse Sequence page
of the Acquisition panel.

Select the maximum gradient power used in the DOSY experiment.

Select the gz1v11 value, which attenuates the signal intensities to 5% to 15% of
theintensities obtained with the weakest gradient pulse. Increasedel orgt1 if the
intensity drop is not sufficient at the end of the array. Decrease del or gt 1 if no
signal is detected towards the end of the array, and repeat the procedure again.

Optimizethealfa androf2 (and on VNMRS systemsthe ddrt c) delaystoreach
ideal baseline performance.

Determinesuitablevaluesfor gt 1, de 1, and the maximum gradient power, then call
the setup dosy macro.

setup_ dosy asksfor the number of gradient levels for the weakest and strongest
gradient power to be used in the experiment and sets up arange of gz1v11 values
with their squares evenly spaced. The minimum gradient strength may be set to 0.3-
0.5 G/em.The number of different pulse areas to use depends on the range of
diffusion coefficientsto be covered and the bal ance between systematic and random
errors but typically isin the range of 10 to 30. Asin any quantitative experiment,
there is a balance to be struck when choosing a repetition rate between signal-to-
noise and accuracy. But in DOSY experiments, adelay of 1-2 T, suffices, provided
that careistaken to establish a steady state before acquiring data. Set ss = -8 or
—16 to have steady-state pulses at every new array element and run the acquisition
interleaved (i1="y").
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Each sequenceis equipped with tabs and pagesthat provide direct accessto parameters and
setup-related commands. Figure 37 shows the Acquisition Tab and Default page of the
Doneshot sequence. Table 10 shows the available tools for DOSY.

S stow Time | sequence |

Start] Acquire | [PRORRRS| | Acuie [0 arays |

Doneshot

Icquisition
Pulse Sequence
Channels

Flags

Future Actions

Decoupling Mode Coupled-NOE __ ~| Transform size

Line Broadening

Spectral Width [ppm]

Downfield 7 Upfield -3

5 =
16 =

Not used -

None b
DOSY Setup

Setup course gradient array.

Number of increments ~ [15

Relaxation Delay [s]
Number of Scans

Plotting turned off
Parameters

Spin

Plot contours
Plot 1D Diff

Lowest gradient value  [1000
Highest gradient value 25000

F2
Setup DOSY using conditions above

]

Figure 37. Doneshot Acquisition Tab and Default Page

Table 10. Tools for the DOSY Experiments

Command or Macro

Description

Dbppste
Dbppste_ cc
DgcsteSL
DgcsteSL cc
DgsteSL cc
Doneshot

makedosyparams

setup_ dosyVJd

cleardosy

dosy

undosy

redosy

dosy2d

dosy grad calib
sdp

fbc

makeslice

showoriginal
showdosyfit

showdosyresidual
update wrefshape

ddif
setgcal
fiddle

Sets up parameters for the Dbppste.c pul se sequence

Sets up parameters for the Dbppste_cc.c pul se sequence
Sets up parameters for the DgcsteSL.c pul se sequence
Sets up parameters for the DgcsteSL_cc.c pul se sequence
Sets up parameters for the DgsteSL _cc.c pulse sequence
Sets up parameters for the Doneshot.c pulse sequence

Creates DOSY-related parameters (only called by DOSY
sequences)

Sets up gradient levelsfor DOSY experimentsin VNMRJ
Deletes any temporarily saved datain the current (sub)
experiment

Startsthe 2D-DOSY or 3D AV-DOSY analysis

Restores the original 1D NMR data from the subexperiment
Restores the previous 2D DOSY display from the subexperiment
Executes protocol actions of apptype dosy2d

Calibrates gradient strengths based on HDO diffusion

Shows diffusion projection

Applies baseline correction for each spectrum in the array
Synthesizes 2D projection of a3D DOSY spectrum in diffusion
limits

Restores the 1st 2D spectrum in a3D DOSY experiment
Displays thefit of the DOSY anaysesfor agiven line

Displays the difference between experimental data and the fit for
agivenline

Creates sol vent suppression selective shape for DgcsteSL_dpfgse
sequence

Synthesizes and displays DOSY plot
Sets the gradient calibration constant

Performs reference deconvolution

NMR Spectroscopy User Guide
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10.5 2D-DOSY Spectroscopy

The dosy macro attempts to identify the relevant information from the parameters and the
pulse sequence name. If it fails, it starts a dialog asking for three pieces of information
required to do the experiment: the width of the pulse(s) used for dephasing before diffusion,
the diffusion delay between the dephasing and rephasing, and, for bipolar sequences, the
time between the positive and negative gradient pulses.

The sequences starting with D calculate the time portion of the exponent governing
diffusional attenuation, storingthisasdosytimecubed, and the Larmor frequency of the
diffusing spins, storing thisas dosyfrqg.

Dbppste (DOSY Bipolar Pulse Pair Stimulated Echo)
Experiment

del

>

GRDﬂ-ﬂ-r| H-G-_M/WW

Figure 38. Dbppste Experiment

Table 11. Dbppste Parameters

Parameters Description

delflag 'y ' runsthe Dbppste sequence. 'n' runsthe normal s2pul sequence.
del isthe actual diffusion delay

gtl total diffusion-encoding pulse width gzlvl1(diffusion-encoding pulse
strength)

gstab gradient stabilization delay (~0.0002-0.0003 sec)

satmode 'y ' turns on presaturation during d1 and/or during the diffusion delay
satfrq (presaturation frequency)

satdly saturation delay (part of d1)

satpwr saturation power

alt grd flag to invert gradient sign on alternating scans (default = 'n’)

lkgate flg flagto gate the lock sampling off during the diffusion sequence sspul- flag
for a GRD-90-GRD homospoil block.

gzlvlhs gradient level for sspul
hsgt gradient duration for sspul
fn2D Fourier number to build up the 2D display in F2

Experiments using a nano probe require synchronization of the diffusion gradients (gzlvl 1)
with sample spinning i.e.: gt1=1.0/srate* (trunc((gt1*srate)+0.5)) where srate isthe
sample spinning speed.

Reference: Wu, D.; Chen, A.; Johnson, C.S,, Jr., J. Magn. Reson. 1995, 115, Series (A),
260-264.
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DgcsteSL (DOSY Gradient Compensated Stimulated Echo with
Spin Lock)

del

<& 5
< >

L} LBy
p— =

Figure 39. DgcsteSL Experiment

The optional purging pulse can effectively eliminate the dispersion signal components. Be
careful not to create convection in the sample by thetrim pulse. With alow prgpwr power
level and slightly larger prgt ime (e.g. 20 ms), the spin lock can also beused asa T, filter
to eliminate undesired broad signals.

Table 12. DgcsteSL Parameters

Parameters Description
calibflag Correct systematic errorsin DOSY experiments.
DAC _to G Store gradient calibration value in DOSY sequences.
del Actual diffusion delay.
delflag 'y ' runsthe DgcsteSL sequence.
'n' runsthe normal S2pul sequence.
fn2D Fourier number to build up the 2D display in F2.
gstab Gradient stabilization delay (~200-300 ps).
gtl Total diffusion-encoding pulse width.
gz_alt Flag to invert the gradient sign on alternating scans (default isn).
gzlvll Diffusion-encoding pulse strength.
prg flg* 'y selects purging trim pulse (default).
'n' omits purging pulse.
pPrgpwr* Power level for the purge pulse (~0.002 s).
lkgt flg Flag to gate off the lock receiver during gradient pulses (default = 'n’)
prgtimex* Purging pulse length (in second).
tweek Tuning factor to limit eddy currents. It can be set between 0 and 1, usually

set to 0.0.

Reference: Pelta, M.D.; Barjat, H.; Morris, GA.; Davis, A.L., Hammond, S,.J. Magn.
Reson. Chem. 36, 1998, 706.
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10.5 2D-DOSY Spectroscopy

del

Hﬂﬂ

GRD .

l Dummy heating gradients
Spoiler gradients

l Phase encoding gradients
M |ock refocusing gradients

Figure 40. Oneshot DOSY Experiment

Table 13. Oneshot Parameters

Parameter Description
DAC _to G Store gradient caibration value in DOSY sequences.
del Actual diffusion delay.
delflag 'y ' runsthe Doneshot segquence.
'n' runsthe normal S2pul sequence.
fn2D Fourier number to build up the 2D display in F2.
gstab Gradient stabilization delay (~200-300 ps).
gtl Total diffusion-encoding pulse width.
gt3 Spoiling gradient duration (sec). Destroys transverse magnetization
during the diffusion delay.
gzlvll Diffusion-encoding pulse strength.
gzlvl3 Spoiling gradient strength.

gzlvl max

kappa

phasecycleflag
startflip

samples
alt grd

lkgate flg
phasecycleflag
sspul

gzlvlhs

hsgt

satmode

satdly
satpwr
satfrqg
fn2Db
DAC to G

Maximum gradient strength accepted.
(32767 with Performall or 111, 2047 with Performal)

Unbalancing factor between bipolar pulses as a proportion of gradient
strength (recommended:~0.2).

Flag to turn on or off the phase cycle.

Flip angle of the first pulse to eliminate radiation damping for very
concentrated.

Flag to invert gradient sign on alternating scans (default = 'n")

Flag to gate the lock sampling off during gradient pulses
Flag to turn on and off the phase cycle

Flag for a GRD-90-GRD homospoil block

Gradient level for sspul

Gradient duration for sspul

Flag for optional solvent presaturation

'ynn' - does presat during satdly

'yyn' - does presat during satdly and the diffusion delay
Presaturation delay before the sequence (part of d1)
Saturation power level

Saturation frequency

Fourier number to up the 2D display in F2

Parameter to store the gradient calibration value (set by setup_dosy)
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Reference: Pelta, M.D., Morris, GA., Stchedroff, M.J., Hammond S.J., “A One-Shot
Sequence for High-Resolution Diffusion-Ordered Spectroscopy.” Magnetic Resonance in
Chemistry 40, 2002, 147-152.

The parameters for the heating gradients (gt 4, gz1v14) are calculated in the sequence.
They cannot be set directly. tau is defined as time between the mid-points of the bipolar
diffusion encoding gradient pul ses.

The diffusion gradients (gt 1) must be synchronized with sample spinning when using a
nanoprobe: gt1=1.0/srate* (trunc ((gtl*srate)+0.5)) wheresrate isthe
sample spinning speed.

The lock refocusing gradient is determined by kappa and gz1v11. The dummy heating
gradients are automatically adjusted by the sequence. Use the maximum gradient power
available in the experiment by setting: gz1vl max > gzlvll* (l+kappa) .

The total gradient power transmitted to the sample remains independent on the phase
encoding gradient power. Although the sequence design makes phase cycling unnecessary,
and, unlike other DOSY sequences, the Doneshot sequence can be run with asingle
transient per array element, it is recommended to turn on the cyclops cycle:
phasecycleflag="'y"'

10.6 Convection Compensated DOSY Experiments

176

® "Convection Compensation,” page 176

® "Dbppste_CC (DOSY Bipolar Pulse Pair Stimulated Echo with Convection
Compensation),” page 179

® "DgsteSL_CC (DOSY Gradient Stimulated Echo with Spin Lock and Convection
Compensation),” page 180

® "DgcsteSL_CC (DOSY Gradient Compensated Stimulated Echo with Spin Lock and
Convection Compensation) Experiment,” page 182

Convection Compensation

Convection within the sample is a serious problem affecting diffusion experiments, in
particular at elevated temperatures. Convection currents are caused by small temperature
gradients in the sample and result in additional signal decay that can be mistaken for faster
diffusion. The convection conditions are described by the Rayleigh-Bénard equation:

Ra = ((g,BRA')/(vv;())((&T)/(&z)) Ra = 67 for insulating walls
Ra = 162 for conducting walls

where g isthe gravitational acceleration, v isthe viscosity, y the thermal diffusivity, B the
expansion coefficient of theliquid, Ristheinternal diameter of theNMR tubeand 9T) / (9z)
is the temperature gradient along the sample axis. When the critical Rayleigh number (Ra)
is exceeded, convection will occur. Convection typically causesthe following anomaliesin
diffusion experiments:

® Anomalously large diffusion coefficients (D)

® D valuesthat are not independent of gradient duration () and the diffusion delay (del)
® Stejskal-Tanner plots that show periodicity

® Non-Arrhenius temperature dependence of D
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A simple calculation based on the Rayleigh-Bénard equation indicates that, for a solvent
like chloroform, a temperature gradient of aslittle as 0.05 K/cm is sufficient to cause
convection flow. In general, larger temperature gradients are needed for more viscous
solvents.

A uniform sample flow velocity v introduces a phase modulation of the signal in atypical
DOSY experiment:

S(G)=H0)exp(-D; #5*(G5) *A)* exp (178G 5 vA)

Representing convection by a crude model of equal and opposite flows each of uniform
velocity leadsto cancellation if the imaginary part above and the result is a cosine
modulation:

S(G)=H0)exp(-D; #6*(G5)*A)* Cos (175G vA)

Observing such an oscillatory behavior of the signal decay (see aso Figure 48) isaclear
indication of convention. Assuming convection is constant in time and strictly laminar, the
effect of convection on diffusion spectra can be efficiently eliminated. Figure 41 displays
the necessary modifications (orange box) on a gradient-stimulated echo pul se sequence:
halfway through the diffusion delay the magnetization is moved back to the transverse
plane by a90° pulse and getsrefocused by thefirst (green) gradient pul se. The second green
gradient, identical in sign, duration and length to the previous one, phase labelsthe spinsin
the opposite direction. The magnetization isthen converted back to axial for the second half
of the diffusion delay. The ordered nature of convection assures that the phase evolution
due to convection is opposite during the two halves of the diffusion delay and therefore
compensate each other, while diffusion-being a random process —does not get affected. In
order to detect only desired coherences, homospoil gradient pulses (shown in red) are used
in both halves of the diffusion delay.

del
< > <>
A
| |
«—> <«
) )
del/2 del/2

B Ty,
_mm [ [ s B .
T TT T

Figure4l. Modification of aDgsetsL Adding Convection Compensation

Pulse Sequences

® DgsteSL cc (Gradient STimulated Echo with Spin-Lock and Convection
Compensation) hasonly the absol ute minimum number of gradients(six) necessary for
the pulse sequence to work.

® DgcsteSL cc (Gradient Compensated Stimulated Echo with Spin-Lock and
Convection Compensation) is a direct derivative of the DgcsteSL sequence and
contains an identical number of positive and negative gradients to provide "internal"
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178

Eddy-current compensation as well. Note that of the 12 gradient pulses used in the
pulse sequence only two (the black ones) are used to measure diffusion.

® Dbppste cc (Bipolar Pulse Pair Stimulated Echo with Convection Compensation)
isadirect derivative of the Dbppste sequence. Apart from the heating gradients, the
pulse sequence has all the features of the Oneshot sequence discussed earlier.

Reduced Sensitivity of Convection Compensated DOSY
Experiments

DOSY pul se sequence convection compensati on contai ns an extrastimul ated echo step that
attenuates the signal 50% with respect to its equivalent without convection compensation.
The non-compensated pulse sequences provide twice the signal-to-noise and should be
used if the experimental conditions exclude the possibility of convection compensation.

Determining the Need for Convection Compensation

The NMR pulse sequence is the most sensitive test to measure diffusion. Complete
convection compensation can only be achieved if the compensation block (box in Figure
41b) is applied exactly halfway through the diffusion delay. Shifting the block towards the
beginning or the end of the diffusion delay (i.e., time symmetry is broken) causes signal
attenuation and/or phase distortion in the presence of convection, while without
convection, the signal amplitudes and phases remains unaffected. Each of the following
pul se sequences has an auxiliary delay parameter, del2, that allowsthe operator to move
the convection compensation block systematically along the diffusion delay and by doing
so to record a so-called velocity profile. This can be used either for qualitative (Figure 42)
or quantitative characterization of convection in diffusion experiments. See N.M. Loening
and J. Keeler, J. Magn. Reson., 139, 1999, 334-341, for details.

Signal intensities as a function of the del2 delay
(A) No convection (B) Convection

LU U W,JWLM MLM‘M \ JJUJM“LJF

del2=-45 0 +45 -22 0 +22 ms

6 G/cm gradient used for both A and B
(A) Temp 25°Cm del 120 msec, del2 varies from -45 to +45 msec in 5 msec steps

(B) Temp 60°Cm del 60 msec, del2 varies from -45 to +45 msec in 2 msec steps

Figure42. Velocity Map of a Sample Dissolved in D,0 Using Dbppse_CC
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Dbppste_CC (DOSY Bipolar Pulse Pair Stimulated Echo with
Convection Compensation)

&

del/2+del2 del/2-del2

Z-filter

1/2...172

-4

\ 4
A

T/2...712

—
N
|
A
——1

ool 1 ™

o/2 8/2

o/2 8/2

I Diffusion gradients
[ Homospoil gradients

[ Convection compensation gradients

[ Compensation gradients

Figure43. DOSY Bipolar Pulse Pair Stimulated Echo

with Convection Compensation

Table 14. Dbppste CC Parameters

Parameter Description

delflag 'y' - runs the Dbppste_cc sequence
'n' - runs the normal s2pul sequence

del the actual diffusion delay

del2 delay parameter that can shift the convection compensation sequence elements
off the center of the pul se sequence alowing running a velocity profile (can
al so be negative but in absolute value cannot exceed del/2 minus the gradient
and gradient-stabilization delays; default value for diffusion measurementsis
Zero)

gtl total diffusion-encoding pulse width

gzlvll diffusion-encoding pulse strength

gstab gradient stabilization delay (~0.0002-0.0003 s)

triax flg flag for using triax gradient amplifiers and probes

gzlvl max
kappa

gt2
gzlvl2

gt3

01-999378-00 A 0708

'y - homospoil gradients are applied along X- and Y- axis (al the diffusion
gradients are Z-gradients)
'n' - al gradients in the sequence are Z-gradients

maximum accepted gradient strength (32767 with Performall, 2047 with Per-
formal)

unbalancing factor between bipolar pulses as a proportion of gradient strength
(~0.2)

1st homospoil gradient duration

1st homospoil gradient power level (will be X-gradient if triax_flg is set and
triax amplifier and probeis available)

2nd homospoil gradient duration
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Table 14. Dbppste CC Parameters

Parameter Description
gzlvl3 2nd homospoil gradient power level (will be Y-gradient if triax_flg is set and
triax amplifier and probeis available
satmode flag for optional solvent presaturation
'ynn' - does presat during satdly
'yyn' - does presat during satdly and the diffusion delay
satdly presaturation delay before the sequence (part of d1)
satpwr saturation power level
satfrq saturation frequency
sspul flag for a GRD-90-GRD homospoil &l ement
gzlvlo gradient level for sspul
gto gradient duration for sspul
sspul flag for a GRD-90-GRD homospoil block
gzlvlhs gradient level for sspul
hsgt gradient duration for sspul
fn2D Fourier number to build up the 2D display in F2

Reference: A. Jerchow and N. Mdller, J. Magn. Reson. 125, 372-375 (1997).

The diffusion gradients (gt 1) must be synchronized with sample spinning when using a
nanoprobe: gt1=1.0/srate* (trunc ((gtl*srate)+0.5)) wheresrate isthe
sample spinning speed.

DgsteSL_CC (DOSY Gradient Stimulated Echo with Spin Lock
and Convection Compensation)

del/2+del2 del/2-del2

Diffusion gradients [ Convection compensation gradients

Homospoil gradients

Figure44. Gradient-Stimulated Echo with Spin Lock and

Convection Compensation
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Table 15. DgsteSL_CC Parameters

Parameter Description

delflag 'y' - runs the DgsteSL_cc sequence
'n' - runs the normal s2pul sequence

del the actual diffusion delay

del2 delay parameter that can shift the convection compensation sequence ele-
ments off the centre of the pulse sequence allowing running a velocity pro-
file. Can also be negative but in absolute value cannot exceed del/2 minus
the gradient and gradient-stabilization delays (default value for diffusion
measurements is zero)

gtl total diffusion-encoding pulse width

gzlvll diffusion-encoding pulse strength

gstab gradient stabilization delay (~0.0002-0.0003 s)

triax flg flag for using triax gradient amplifiers and probes
'y' - homospoil gradients are applied along X- and Y- axis (all diffusion gra-
dients are Z-gradients)
'n' - al gradientsin the sequence are Z-gradients

gt2 1st homospoil gradient duration

gzlvl2 1st homospoil gradient power level (isan X-gradient if triax_flg is set and
triax amplifier and probe is available)

gt3 2nd homospoil gradient duration

gzlvl3 2nd homospoil gradient power level (isaY-gradient if triax_flg is set and
triax amplifier and probe is available)

prg flg 'y' - selects purging pulse (default)
'n' - omits purging pulse

prgtime purging pulse length (~0.002 s)

pPrgpwr purging pul se power

satmode flag for optional solvent presaturation
'ynn' — does presat during satdly
'yyn' — does presat during satdly and the diffusion delay

satdly presaturation delay before the sequence (part of d1)

satpwr saturation power level

satfrqg saturation frequency

sspul flag for a GRD-90-GRD homospoil block

gzlvlhs gradient level for sspul

hsgt gradient duration for sspul

fn2D Fourier number to build up the 2D display in F2

Reference: A. Jerchow and N. Mller, J. Magn. Reson. 125, 372-375 (1997).

The diffusion gradients (gt 1) must be synchronized with sample spinning when using a
nanoprobe: gt1=1.0/srate* (trunc ((gtl*srate)+0.5)) wheresrate isthe
sample spinning speed.

01-999378-00 A 0708
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DgcsteSL_CC (DOSY Gradient Compensated Stimulated Echo
with Spin Lock and Convection Compensation) Experiment

del/2+del2 del/2-del2 SL

< 3 < 3

I
A

|

H”—W/VW\AM

I Diffusion gradients

[ Homospoil gradients

[ Convection compensation gradients

[ Compensation gradients

Figure45. Gradient-Compensated Stimulated Echo with Spin Lock and

Convection Compensation

Table 16. DgcsteSL_CC Parameters

Parameter Description

delflag 'y' runs the DgcsteSL _cc sequence
'n' runs the normal s2pul sequence

del the actual diffusion delay

del2 delay parameter that can shift the convection compensation sequence elements
off the center of the pulse sequence allowing running avelocity profile; can also
be negative but in absolute value cannot exceed del/2 minus the gradient and
gradient-stabilization delays (default val ue for diffusion measurementsis zero)

gtl total diffusion-encoding pulse width

gzlvll diffusion-encoding pulse strength

gstab gradient stabilization delay (~0.0002-0.0003 s)

alt grd flag to invert gradient sign on dternating scans (default = 'n’)

lkgate flg flagto gatethelock sampling off during

triax flg  flagfor using triax gradient amplifiers and probes
'y' - homospoil gradients are applied along X- and Y-axis (all the diffusion
gradients are Z-gradients)
'n' - (al gradientsin the sequence are Z-gradients)

gt2 1st homospoil gradient duration

gzlvl2 1st homospoil gradient power level (will be X-gradient if triax_flg is set and
triax amplifier and probeis available

gt3 2nd homospoil gradient duration

gzlvl3 2nd homospoil gradient power level (will be Y-gradient if triax_flgis set and

NMR Spectroscopy User Guide

triax amplifier and probeis available)
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Table 16. DgcsteSL_CC Parameters

Parameter Description
prg flg 'y' selects purging pulse (default)
'n' omits purging pulse
prgtime purging pulse length (~0.002 s)
prgpwr purging pulse power
satmode flag for optional solvent presaturation

'ynn' - does presat during satdly
'yyn' - does presat during satdly and the diffusion delay

satdly presaturation delay before the sequence (part of d1)
satpwr saturation power level

satfrqg saturation frequency

sspul flag for a GRD-90-GRD homospoil block
gzlvlhs gradient level for sspul

hsgt gradient duration for sspul

fn2D Fourier number to build up the 2D display in F2

Reference: personal communication (GA. Morris, University of Manchester).

The diffusion gradients (gt 1) must be synchronized with sample spinning when using a
nanoprobe: gt1=1.0/srate* (trunc ((gtl*srate)+0.5)) wheresrate isthe
sample spinning speed.

10.7 Comparison of DOSY and Convection Compensated
DOSY

Diffusion experiments discussed in this section were run on a mixture of nicotinic acid
amide and amikacin (see Figure 46 for the structural formulas) in D,O at 30 and 60 °C in
a5 mm sample tube on a 500 M Hz spectrometer using Dbppst (no compensation) and
Dbppst_cc (compensated) sequences. Data for both experiments were run. The sample
components differ significantly in size (or molecular weight), have no signal overlap
between the aromatic and the sugar protonsin the 500 MHz spectrum of the mixture, and
numerous proton lines (DOSY analysis handles multiple components individually),
making the sample particul arly suitable to provide information about the accuracy of the
diffusion data

The experiments at 30 °C were run using the same diffusion delays (del = 120 ms),
gradient duration (gt1 = 2 ms), and the same 20 values of gradient strengths (varied
between 1 and 30 G/cm) for both the Dbppst (no compensation) and Dbppst_cc
(compensated) sequences.

Visual inspection of the signal intensities (Figure 47a) does not revea obvious anomalies,
i.e., theindividual lines show exponentially attenuated intensities with increasing gradient
power (note that the HDO signal istruncated in the first 9 spectra). The DOSY analysis
(Figure 47b) shows aclear separation of the two components and the solvent line along the
diffusion axis. Practically all proton signalsof the same molecul e exhibit the same diffusion
coefficient, indicating high relative accuracy of the cal culated D values. From this point of
view thereis no difference between the results of the two different measurements.
Consequently, if the only aim is the separation of the NMR spectra of the mixture
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Nicotinic acid amide H : o N g

N.
= ‘ H
& NH OH
Amikacin

,,JL,LdJ \ “ MMMMM M ,-/" \.NM__,_MJP\,U Wu LJ!

i — T T — ] — T
9 8 7 6 5 4 3 2 ppm

Figure46. 500 MHz Proton Spectrum of aMixture Nicotinic Acid Amide
and Amikacin in D,O

components, then the Dbppste sequence may be preferred as it has twice the sensitivity
compared to its convection compensated counterpart, Dbppste_cc.

Comparison of the extracted D values reveals that the coefficients without convection
compensation tend to be consistently bigger. The slower the diffusion of acertain
component the bigger the deviation is (21% on amikacin but only 9% on the water). This
demonstrates that convection here is contributing to the calculated D values and providing
afalse indication that the mobility of the moleculesis higher than in reality.

Moving away from ambient temperatures increases the risk of convection. Thisis
demonstrated by repeating the previous pair of experimentsat 60 °C. In Figure 48a. the
attenuation of the signal intensities are far from being exponential (in reality they show an
oscillatory behavior), and, apart from the amplitude distortions, serious phase deviations
may also occur (see the inset of third spectrum in Figure 48a). The exponential fit of the
signal amplitudes in the experiment without convection compensation is extremely
inaccurate, the resolution of the 2D DOSY plot (Figure 48b) is dramatically reduced, and
the experimental results are hardly usable. By comparison, the convection-compensated
pul se sequence provides excellent diffusion separation and reliable diffusion data.
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(A) Signal intensities as a function of gradient power

Dbppste m‘
kbbb bbb b L d
Dbppste_cc
IR NARRRRRR RN
1 G/cm 30 G/cm
(B) 2D DOSY plots del=120 ms
gtl=2 ms
gzlvl1=1to30 G/cm
temp=30°C
D(m?/s*10710) ﬂ
F1 JJJ u l_LJ il
6 37— - - e S
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14 | Dbppste
18 |
22 | . — 29.1
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20 | | 184— = |
8 6 4 2
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Figure47. Signal Intensities and 2D DOSY Plots of the Nicotinic Acid
Amid-Amikacin Mixture at 30°C.
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(A) Signal intensities as a function of gradient power
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Figure48. Signal Intensitiesand 2D DOSY Plots of the Nicotinic Acid
Amid-Amikacin Mixture at 60°C.
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10.8 Processing 2D-DOSY Experiments

"Processing Steps,” page 187

"Correcting Systematic Gradient Errors," page 187
"Extracting Spectra," page 187

"Displaying Integral Projection,” page 188
"DOSY Processing Buttons.," page 188

Do not process the data with the dosy macro until the acquisition is complete.

Processing Steps

Thebuttonsfor processing DOSY dataaredescribedin”DOSY Processing Buttons.," page
188. Process the acquired DOSY datato give a2D DOSY spectrum asfollows:

1.

2.

Click on the Calculate Full DOSY Spectrum button to extract the diffusion data
from the spectra and synthesis of a2D DOSY spectrum with the macro dosy.

Refer to "Calculate Full DOSY Spectrum,” page 189 for a description and
limitations of data processing. The two-dimensional DOSY display (and plot) is
constructed by taking the band shape of agivensignal from thefirst (lowest gradient
area) spectrum. The shapeisthen convoluted in a second dimension with aGaussian
line centred at the calculated diffusion coefficient. The linewidth is determined by
the estimated error of the diffusion coefficient as obtained from the fitting process.

Thefollowing steps, although not required, are recommended:

a.  Click on either the Fiddle (TM S) and Fiddle (no TM S) button if thereisa
suitable reference line that slowly diffuses.

b. ClickontheBasline Correct All Spectra button to apply baseline correction
using the macro £bc.

Correcting Systematic Gradient Errors

1

Set the display/threshold parameters to select afew strong, well-resolved signals
known to arise from single species, i.e., the signals are not composites of
overlapping signals from species with different diffusion coefficients.:

Click Recall Original NM R Data.

Check the Calibration Flag checkbox.

The analysis uses the shapes of the decay curvesin the first analysisto correct for
systematic errors. Set calibflag back to 'n' to stop using the internal gradient
calibration.

Click Calculate full DOSY Spectrum (with dialog) (or type
undosy calibflag='y' dosy).

If theinitial DOSY run was used with a dialog (prune argument), the same
increments must be deleted in the second run, using Calculate full DOSY with
dialog (undosy calibflag='y' dosy ('prune'))andspecifyingthesame
increment number(s).

Extracting Spectra

Extract spectra of the mixture components separated along the diffusion axis asfollows:

01-999378-00 A 0708 NMR Spectroscopy User Guide 187



Chapter 10. DOSY Experiments

188

Select the region of interest using the two cursorsin the interactive 2D display
(dconi) mode.

Click on Proj (projection).
Click on Hproj(sum) (horizontal projection).

Plot using the Plot menu.

Displaying Integral Projection

Displays the integral projection of aDOSY data set onto the diffusion axis as follows:

1
2.
3.

Copy the data to a second experiment.
Join the experiment with the copy of the original data.

Enter sdp on the command line

The macro sdp (show diffusion projection) displays the integral projection of a
DOSY data set onto the diffusion axis. The macro usesthefileuserdir+'/
Dosy/diffusion spectrum' asinputfor the sdp command. The macro
modifies parameters such as sw, at, etc.

DOSY Processing Buttons.

"Fiddle (TMS) and Fiddle (no TMS)," page 188
"Badline Correct All Spectra,” page 189
"Calculate Full DOSY Spectrum,” page 189
"Calculatefull DOSY with dialog,” page 189
"Calculate partiadd DOSY spectrum,” page 189
"Calculate partiad DOSY with Dialog,” page 190

Processing tools for 2D DOSY data are on the DOSY Process page, see Figure 49.

“’! Process| | Transform AUTORTOCRSS [Dlspﬂa\rSpmmm Clear Screen m._

DOSY Process Data DOSY Misc

Pefault WiDFTSize 128k =]
o 2D Display Size in F2 2D 8k 'I
;h'glh""g Acquired Points  np 16,384 GRELEE N — peak# [T Fit muttiplier [10.0
splay fnl >
More 1D Interactive Weighting | H(Cath i _lA&uto Increment peak #
ntegration e Show fit for Peak # above
iCursorsLine Lists| line broadening 2.0 W (® Use peak hights  _JUse integral values
Plot sinebel |_-;g;_a_s_z ] Show residual for Peak & above
Text Outpur shift B Calculate Full DOSY _]

gaussian

] Caltulate Full DOSY with Dialogue
shift |E s Recall DOSY Display

Calculate Partial DOSY Spectrum |

Fecall original NME spectra
AT T T Calculate Pantial DOSY with Dialogue |
Baseline Correct All Spectra Lower Diffusion Limit [0.0 mefs Elot DO .,J——
Fiddie (TMS) ] Fiddle (no TMS) ] Upper Diffusion Limit |25.0 mifs Clear Subaxperiment

Figure49. DOSY Processing Tab and Pages

Fiddle (TMS) and Fiddle (no TMS)

The £idd1le program enables reference deconvol ution to correct the line shapes,
frequencies, phases, etc. of the signals caused by instrumental imperfectionsand systematic
errors caused by the disturbance of the magnetic field and field/frequency lock caused by
gradient pulses. Use £ idd1e withthewritefid option to storethe corrected data, recall
the corrected data, and set all the weighting parametersto n before Fourier transforming
and proceeding to the next step.
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Basline Correct All Spectra

Appliesbe type baseline correction (£bc macro) to all spectrain an array. Use the partial
integral mode to set integral regionsto include al significant signals. Leave blank as large
an area of baseline as possibl e; this minimizes systematic errorsin diffusion coefficient fits
caused by baseline errors.

Calculate Full DOSY Spectrum

Applies the commands d11 and £p macros to determine the heights of all signals above
the threshold defined by the parameter th. The decay curvefor each signd isfitto a
Gaussian using the program dosyfit.

Thed11 program is limited to handling 512 lines, so very crowded spectra must be
processed in sections by appropriately choosing sp and wp. dosy then runs the command
ddif to synthesize the 2D DOSY spectrum.

A summary of al diffusion coefficients, estimated standard errors, and other results are
stored in the $HOME /vnmrsys/Dosy directory:

¢ diffusion_display.inp (asecond copy is stored in the current experiment)
® general_dosy stats

® calibrated gradients

® fit_errors

® diffusion_spectrum

The peak representation and the accuracy of the peak heights might increase with higher
digital resolution, i.e., zero-filling the FIDs (£n >np) can occasionally improve the quality
of the DOSY data. In extreme cases, even £n=512k isallowed by the software. Building
up a 2D data set (and a 2D display) with this data size would not make sense; therefore a
new parameter, £n2D (with a maximum limit of 64k), isintroduced in the 2D-DOSY
sequences, replacing £n when setting up the 2D display.

The 2D DOSY display is set up in the same experiment where the data processing takes
place. The synthesized spectrum contains £n1 /2 tracesin the diffusion domain (£1), and
fn2D real data pointsin the spectral domain (£2); £n1 islimited to the range 128-1024.
Normally £n2D of 16k suffices. If fn2D* fn1 istoo large, spectra synthesis and display
slows down and/or out of disk space exhausted.

Thevariableni issetto £n1/2 (thissettingisrequired by dconi) after displaying a2D
spectrum. ni must be back to zero if more datais to be acquired or the sequence is to be
displayed (dps). The Calculate Full DOSY Spectrum button defaults to uses al the
experimental spectra and coversthewhole diffusion range seen in the experimenta peaks.
Three auditioning processing buttons are provided.

Calculate full DOSY with dialog

Start adialog to allow one or more spectra to be omitted from the analysis — calls
dosy ('prune')

Calculate partial DOSY spectrum

d1 and d2 are numbers causing the diffusion range of the synthesized spectrum to be limited to
d1*10'1% m%sec and d2* 1010 m%/sec — callsdosy (d1,d2)
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Calculate partial DOSY with Dialog

Combine the previously described arguments; dosy ('prune',dl,d2). The message
Systematic Gz deviations indicates that the random errorsin the data are sufficiently small
that it may be worthwhile to correct for the small systematic errorsin the field gradients
produced by the spectrometer hardware. Thisis done by using the decay curves of selected
signals to provide an internal calibration of the relative gradient strengths.

10.9 Sample FIDs to Practice DOSY Processing

Sample 2D and 3D FIDs arein /vnmr/£fidlib/Dosy to practice DOSY processing.
® "Dbppstefid,” page 190
® "DgcsteSL.fid," page 191

Dbppste.fid
The sample isamixture of three dipeptides (Phe-Val, Phe-Glu, and Phe-Gly) and
3 (trimethylsilyl)-1-propane-sulfonic acid dissolved in D,0O.
VnmrJ Processing via the DOSY Process Panel
1. Loadthedatafileinto the experiment.
Select line broadening and the gaussian window function.
Click on Process All Spectra.
Click on Baseline Correct All Spectra.
Deselect line broadening (keep only the gaussian window function).
Place the cursors on either side of the TM S line (including the satellites).
Click on Fiddle(TM S).
Click on Baseline Correct All Spectra.
Select the threshold.
. Click on Calculate Full DOSY.

© © N o 0o &~ W DN

e
= O

. Two zoom into the region of the dipeptides; set the lower and upper diffusion limits
to 3.0 and 7.0 respectively.

12. Click on Recall Original NMR data.
13. Click on Calculate Partial DOSY spectrum.

Command Line Processing
1. Entercd('/vnmr/£fidlib/Dosy"') .
2. Enterrt ('Dbppste.fid').
Select 1b and g £ then typew£ t and adjust the phase of the 1st spectrum.

3
4. Setthe cursor to the TSP singlet.
5. Enternl rl(0).

6

Set the cursors 80 Hz either side of the TSP singlet.
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9.

10.
11
12.

10.9 Sample FIDs to Practice DOSY Processing

Set1b='n' andg£=0.75

Enter fiddle ('satellites', 'TMS').

Deconvolution of the data normalizes the lineshapes so that the peak heightsin
successive spectra accurately reflect the signal integrals.

Enter £bc to perform baseline correction.
Enter vs=500 th=3 to set the threshold below the peaks of interest.
Enter dosy.

Enter undosy dosy (4, 7) to zoom into the diffusion region of interest.

DgcsteSL.fid
The sample is amixture of adenosine mono-, di-, tri-phosphate (AMP, ADP, ATP) and

K,HPO, in D,O (pH=7). The datawere acquired in a 3mm probe with direct >'P observe.

VnmrJ Processing via the DOSY Process Panel

1.

N o g &~ W DN

8.

Select an experiment.

L oad the DgcsteSL .fid into the current experiment.
Click on the Process tab.

Select the DOSY Process panel.

Click on the Process All Spectra button.

Click on the Baseline Correct All Spectra button.
Set the threshold.

Click on the Calculate Full DOSY Spectrum button.

Calculate apartial dosy spectrum if better resolution is required:

1.

2
3.
4

Click on the Show original 2D spectrum button and recall original NMR spectra.
Enter the upper diffusion limit in the field next to Upper Diffusion Limit:.
Enter the lower diffusion limit in the field next to Lower Diffusion Limit:.

Click on the Show Diffusion Projection within Limits button to display the
resulting projections.

® Plotting: join another experiment; click on Plot DOSY to plot. Return to the
previous experiment.

Click on Show original 2D spectrum to return to the original 2D spectrum; start
over with new upper and lower diffusion limitsif needed.

Command Line

o &~ W DN

Recall the FID: ed (' /vnmr/£idlib/Dosy"').
Enter rt ('DgcsteSL. £id!').

Enter 1b=2 wft.

Enter £bc to do baseline correction.

Set the threshold.
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6. Enter dosy.
Calculate apartial dosy spectrum if better resolution is required:

1. Enter undosy to recall original NMR spectra

2. Select upper and lower diffusion limits.

3. Enterdosy(6.1,7.1) tocalculate partial DOSY spectrum.
4. Join another experiment.
5

Enter sdp.
Displays (and plots) the diffusion spectrum.
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chapter 11. Multidimensional NMR

Sectionsin this chapter:
® 11.1, “2D Experiment Set Up,” on page 199
* 11.2, “DataAcquisition: Arrayed 2D,” on page 199
® 11.3, “Weighting,” on page 200
® 11.4, “Basdine and Drift Correction,” on page 202
® 11.5, “Processing Phase-Sensitive 2D and 3D Data,” on page 204
® 11.6,“2D and 3D Linear Prediction,” on page 208
® 11.7, “Hadamard Spectroscopy,” on page 208
® 11.8, “Phasing the 2D Spectrum,” on page 213
® 119, “Display and Plotting,” on page 214
® 11.10, “Interactive 2D Color Map Display,” on page 216
® 11.11, “Interactive 2D Peak Picking,” on page 220
® 11.12,“3D NMR,” on page 224
® 11.13,“4D NMR Acquisition,” on page 227

2D NMR is similar to an arrayed 1D experiment in some respects. A seriesof FIDs are
acquired in 2D experiments as a function of time (one of the time variablesin the pulse
sequence) and transformed into aseriesof spectra. 2D experimentsdo not explicitly specify
the times for each experiment. Times are specified by two parameters, swl and ni, that
describe the “2D” spectra width (to be discussed shortly) and the number of increments
that determine the number of different experiments. The implicit time variable is updated
from experiment to experiment as determined by swil.

Real-Time 2D

Real-time 2D performs 2D actions while the experiment is still in progress. A full 2D
transform on the data can be performed once eight or more increments are completed.
Experiments such as heteronuclear chemical shift correlation and homonuclear 2D-J
experiments require only afew increments to resolve the resonances of interest. Other
experiments require more increments. The experiment can be stopped at any time if there
is sufficient data to solve the problem.

Interferograms

Interferograms are produced by transposing amatrix created from aseries of spectrain the
acquisition dimension. The peaks' heightsin a 1D arrayed experiment, like an inversion-
recovery T, experiment, behave exponentially as a function of time.The oscillation of the
peaks' heightsin a2D experiments contains the information of interest that is extracted
from the interferograms.
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Each dlice of the interferogram contains a series of points that represent the peak height at
aparticular frequency in the original spectrum as a function of time. Many dlices of the
interferogram contain only noise because at that point the original spectrum contained only
noise. Interferogram slices that correspond to the peaksin the original spectrum contain
useful information.

Evolution time or t; isthetimethat is varied in a 2D experiment and is the first of two
evolution time periodsin the 2D experiment. Evolution timeis controlled by the parameter
d2. Thistimeisnormally calculated by setting the number of incrementsto the value of the
parameter ni and the increment valueto 1 /swl. Thevalue of ni determinesif a2D
experiment will berun. d2 isusually set to zero but can be set to any value.

A d2 array does not appear in thedisplay da (i.e., d2 is“implicitly” arrayed). Only the
first value of d2 appears as the parameter value in the display dg. A minimum of eight
incrementsisrequired for a 2D transform. Typical rangeis 32 to 512.

Detection time or t, isthe time during which the signal is detected and is the second of the
two time periods. After transform of the signals detected during the time t,, the “ normal”
spectrum appears along the f, axis. The second transform reveal s information about the
frequencies of oscillations during the t; time period along the f; axis.

Parametersthat refer to thef, axisin a2D experiment are identified by the number 1 (e.g.,
swl, 1bl, £nl), whereasthe normal 1D parameters control f.

The process of transformation, transposition to interferograms, and second transformation
arereduced to asingle command or even a single menu choice that starts an acquisition of
a 2D experiment and performs all the necessary processing when the experiment is done.

Phase-Sensitive 2D NMR

Phase-sensitive 2D NMR acquisition and processing offers better sensitivity, resolution,
and ability to display and plot phased data, as opposed to absolute-value data. There are
four kinds of experimentsin which a user might want to examine phase-sensitive data:

® A 2D experiment in which the data are not expected to appear in absorption modein
both directions, but in which it is nonethel ess desirabl e to observe the data in a phase-
sensitive presentation.

® A 2D experiment in which the data, processed in asuitable way, are expected to appear
in absorption mode in both directions, i.e., Heteronuclear 2D-J.

® Anexperiment in which two different experiments are performed for each value of t,,
typically using different phase cycles or gradients, producing afull complex data set
for the second transformation. This method is called , in the case of phase cycling,
(popularized by States, Haberkorn, and Ruben, J. Magn. Reson. 1982, 48, 286), the
hypercomplex method.

® Anexperiment inwhich the phase of the excitation pulseis updated as afunction of t;
(TPPI or Time Proportiona Phase Incrementation (see Marion and Wuthrich,
Biochem. Biophys. Res. Commun. 1983, 113, 967), which producesrea data aong the
tl axis.

Complex transforms are usualy performed along t1, which is the ideal situation for the
hypercomplex method. TPPI data can be processed along t; with either acomplex FT or a
real FT, depending upon the method of data collection.

The hypercomplex method (method of choice) requires two data tables (TPPI method
requires one). TPPI requires sampling at twice the frequency along t; to create one data
table twice the data size per data table as the hypercomplex method to produce the same
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real resolution. The experiments are equivaent in terms of data storage requirements and
execution time.

11.1 2D Experiment Set Up

1. Usethe Locator to list the available 2D experiments:

a. Click the Locator Satements button (magnifying glassicon), and select
Sort Protocols for experiments.

b. Set the columnsto name, apptype, and seqfil.

c. Modify the Locator Statement to show hetero2d (heteronuclear 2D) or
homo2d (homonuclear 2D).

2. Drag-and-drop or double click the desired experiment.

11.2 Data Acquisition: Arrayed 2D

2D experiments have one implicitly “arrayed” parameter, d2 and can have explicitly
arrayed parameterslike 1D experiments. Explicitly arrayed parameters have nothing to do
with phase-sensitive 2D but are used in experiments such as a series of 2D-NOE
experiments using different mixing times. This feature opens up avariety of experiments,
including addition/subtraction of two or more 2D experiments.

® "Hypercomplex Method," this page

®* "TPPI Method," page 200

Hypercomplex Method

The hypercomplex method of phase-sensitive 2D NMR requires two data tables. A pulse
sequence must generate a sequence of pulsesor pulse phases suitable for generating thetwo
component experiments of the hypercomplex method.

-Acqulre‘-| Show Time_ | HEHTITE: _ |

|peraults gcosy Display Sequence | Amays |
Wequisition
5 ‘q 5 Acquisition in F2 Acquisition in F1
ulse Sequence; . Eeme—
Spectral width 5098.8 Hz -
e Spectral width 5008.8 Hz -
Ghannels Acguisition tirne 0171 e w b ) ——I
Flags ) I Increrments in t1 286
cornplex points 1024

Future Actions

8cans  Reguested 1 Acquisition time (max ) 0042675 sec

Completed 1 Steady-State |0 Resolution 23 Hz,or  0.06 ppm

Receiver Gain B _|Auto tion Mod

— couisition Mode:
Relaxation delay 1.000 sec vl < "

e (@ Hypercarmplex FirstInererment  Hypercomples 20
Obgerve Pulze f at power  [7.50 ]5?—

Any parameter may be used for this purpose. VnmrJ uses the parameter phase for many
pul se sequences, which takes on values of 0, 1, or 2:

® A value of phase=0 produces a phase cycle suitable for a non-phase-sensitive 2D
experiment.

® Running an array of experimentswith phase=1, 2 produces two experiments
suitable for the hypercomplex method.
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TPPI Method

The TPPI method of phase-sensitive 2D NMR requires one data table. The datais
processed aong t; with acomplex Fourier transform by settingproc1 (which setsthetype
of data processing to be performed on thet, interferogram) to ' £t '. This manner of
implementing TPPI leads to a doubling of the f; frequency axis.

When an arrayed 2D -

experiment isrun in this  Method Evolution Time Phase

”;:F”erv :jherzli sin States-Haberkorn d2=0 phase=1

reality adouble array:

d2 (the evolution time) d2=0 phase=2

and phase. The order d2=1/swl phase=1

of these arraysis such d2=1/swl phase=2

thatlézeﬁhase a”?}(;lis TPPI (non-arrayed) d2=0 phase=3
cled the most rapidly;

gybservethe orderagf g d2=1/swl phase=3

these experiments, for d2=2/swl phase=3

example: d2=3/swl phase=3

Not all pul se sequences havethe TPPI method incorporated. The acquisition statuswindow
displaysacount of the current FID and the number of completed transients(ct) inthat FID.
The current FID number is the total count of completed FIDsto this point, including all
arrays. Sincethephase parameter iscycling the most rapidly, and since, typically, phase
isan array of two values, the current FID number is typically twice the number of the
current increment. For example, when the counter reads FID 54, thismeansthat 27 FIDs of
the first type of experiment have been completed, 26 of the second type, and the systemis
working on the 27th experiment of the second type.

11.3 Weighting

200

This section describes weighting functions for processing 2D experiments.
® "2D Weighting Parameters," this page
® “|nteractive Weighting," page 201

2D Weighting Parameters

The 2D weighting parameters used for processing thet; domain (the interferogram) or first
indirectly detected dimension (ni) are set on the Process pagein the Process panel and are
analogous to weighting parameters for 1D experiments.

Star(‘ Acquire ‘ Process Transfarmm Autoprocess — Show Spectrurm ‘ Full ‘ Clear Screen ‘
Default AutoSelect Weighting Transform
F1 only Both F1&F2 Weight Parameters F1 F2 FT Data Size Acg Pts
P[\)A‘sp‘a;D expanential exponential line broadening  [@2183[ ] |10 1 F1 [z56 [+ 128
ore
[—— gaussian gaussian sinebell 0,003 [ |00l [] 2 [s12 [+ s12
fCursanslLing Lisis e e st o L 8 Ll Transform Coefficients
Plot sg-sine sg-sine gaussian 0.0142 0,065 61[¥]
Taxt Qutput pidssh cosine shift o [ |
rosing sQ-cosine additive offset ] ] |@ [m) FT 1D - 1st Increment
5Q-C0sine pseudo FT 1D - All Increments.
res-enhance Interactive Weighting FT 1D - Al
pid4sshsg Transform F2
none none Full 2D Transform
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Non-phase-sensitive (absolute-value — —
and power) 2D experiments: Weighting AutoSelect Weighting Button

* pseudo-ec_ho,”_ s n_ebel I , or sinebell-  pseudo-echo pseudo

squared welght|_ng|styp|cal_ly use_dto sinebell sine

attenuate long dispersion tails. This ) _
sinebell-squared sg-sine

weighting is often responsible for a
significant lossin sensitivity in such 2D experiments.

Phase-sensitive 2D experiments:

The key in using weighting functionsis to ensure that the weighted FID or interferogram
decaysto zero by the end to avoid “truncation wiggles.” The Gaussian function isideally
suited for this; typical valuesmight begf=0.6*at,gf1=0.6*ni/swl (=0.6*atl),
which are entered in the Weight Parametersfiel ds. Resol ution enhancement (using negative
line broadening) may be helpful in cases of spectral overlap, but can also be dangerous,
sincethe “dips’ that it can induce around the sides of peaks show up as peaks of opposite
sign in the 2D plot, complicating analysis.

Interactive Weighting

The Interactive Weighting button on the Process page (or the wt i command) allows
interactive setting of weighting parametersfor both to FIDs and t1 interferograms (both the
ni and ni2 dimension). The currently active element or trace is used in adjusting the
weighting parameters.

used unused unused unused
oo
Start|Acquire| Process Transform AUtOprocess. Im‘w Show Spe(lruml Full | Clear Screen
[Default | AutoSelect Weighting Transform
4 F1 only Both F1&F2 Weight Parameters F1 F2 FT DataSize Acg Pts
Display : i - - — i =
More 2D exponential exponential line broadening  [0.31831[ | |10 sl MFL |1k | 256
Integration gau.sswan gau.sswan sinebell o 0196'L.5/:‘ 0086 L.._/__‘ WF2 |1k 1024
Cursors/Line Lists sine sine shift 10 L L :
" - : = Transform Coefficients
Plot s0-sine s-Sine gaussian 1 (. |
Text Qutput pidssh cosine shift o O e |}
cosine s0-cosing adlditive offset 0 O @ [ FT 1D - 1st Increment
s0-cosing pseuda FT 1D - All Increments
res-enhance Interactive Weighting | FT 1D - All
pidsshsg Transform F2
nange nange Full 20 Transfarmm
x|

The following graphics toolbar buttons control these parameters used with interactive
weighting:

Check box Icon  Function

Line broadening J Selects line broadening or exponential weighting. A
“d negative value gives resolution enhancement.

Sinebell J Selectsthe sinebell constant. A negative valuegivessquared
= sinebell.
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Shifted Sinebell ﬂ Selectsthe sinebell shift constant (if sinebell is active).
Gaussian ﬂ Selects the Gaussian time constant.

Shifted Gaussian ﬂ Selects the Gaussian shift constant (if Gaussian is active).
Additive J Selects the additive weighting constant.

weighting Bw

return @ Returns to the previous menu.

The values displayed in the graphics display window correspond to the values displayed in
the Weight Parameters fields on the Process page. Clicking a graphics control button
toggles the weighting function on and off.

Enter valuesin the fields next to the Weight Parameters and check the box to activate the
parameter. Press Return to enter the value.

The left mouse button also changes the selected parameters. The right mouse button turns
off the spectrum for afaster response to changes in the weighting function.

11.4 Baseline and Drift Correction

Baseline and drift correction are done using the Linear Prediction and the Display pages
under the Process panel.

® "Cadculating the Preacquisition Delay,” this page
® "Setting the Receiver Gating Time," page 202

® "First-Point Multiplier,” page 203

® "Baseline Correction,” page 204

® "Spectral Drift Correction,” page 203

Setting the Receiver Gating Time

Set therelevant receiver gating time (typically ro£ 2) to avalue appropriate for probe and/
or to observe nucleus used. For example, the appropriate approximate gatingtimefor acold
probeis 20 usec to prevent ringing, and the appropriate gating time for aroom temperature
probeis4 usec.

Calculating the Preacquisition Delay

Unlessfirst-order phase in the directly-detected dimension is approxi mately zero, the non-
zero Ip value will affect both the spectral drift correction (dc) offset and the curvature of
the spectrum during 2D data processing. Delay values are shown on the Flags page under
the Acquire panel. Thefirst-order phase correction should be close to zero. To accomplish
this do the following:

1. Obtainatrial spectrum and phase it to pure absorption. This spectrum provides the
current pre-acquisition delay and first-order phase values. Using these values, the
set1p0 macro can calculate proper valuesfor pre-acquisition delayssothat 1p is
rendered approximately 0.

2. Enter set1po to calculate anew valuefor the pre-acquisition delay (alfa) so that
1p isrendered approximately O.
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First-Point Multiplier

Thefieldsunder 1st Pt Multiplier (on the Linear Prediction page) multiply thefirst point of
each FID by the F2 value (the default fpmult valueis 1.0, except that if the processing

nox

Start|Acquire| Process Transform AUtOprocess _ Showe Spe(lruml Full | Clearscreen
Default Linear Prediction [] F1 O r2 [ Solvent Subtraction st Pt Multiplier
feighting Auta Auta banchwicth F1 [o500
Displa coefs 2 [L.000
ﬂﬁ_ back / forward —
Integration coefs E;Z:Dm‘a‘ 75 Phase
l(:ilu:sorsf\_me Hsts| s pts []Increment [@20° deg
o
i 0o d
s G stanting at [ Downsample CIFID eg
predicted pts divicle by .
- coefs —— Left Shift Frequency
’ offset g B s
FT 1D - 1st Increment FT Data Size Acg Pts [JF2 ol Hz
FT 1D - all wFL 1k [+ 256
Left Shift FID |0 complex pts
Transform F2 2 [k [+]| 1024 8 (Lt Gl HEE [
Full 2D Transform Weighting  |sinebell -
b4

involves backward extension of the time-domain data with linear prediction, the default
value isthen 0.5) and the first point of each interferogram by the F1 value (default
fpmultl valueis0.5) for the indirectly-detected dimension. 1st Pt Multiplier
compensatesfor first point distortion (see Otting, Widmer, Wagner and W(ithrich, J. Magn.
Reson. 1986, 66, 187).

Theeffect of usingthe F2 valuein 1st Pt Multiplier isto perform alinear baseline correction
on all f, data, reducing negative-going ridges along f, in phase-sensitive 2D data. This
correction is not needed in experiments such as COSY wherethe FID starts at zero and
growsor in absolute-value mode presentation if pseudo-echo or sinebell processingisused,
because the processing function goes to zero at t,=0, forcing all FIDs to start at zero
amplitude.

Determine the best value of 1st Pt Multiplier empirically. It can be determined manually
before, during, or after the 2D experiment by using FT 1D -1st Increment button on the
Process page.

1. Enter dc or usethe DC Correction button with a properly phased first increment
spectrum on the screen.

2. Position the mouse at the right edge of spectrum baseline (to keep track of theideal
baseline position).

3. Enter cdc and observe the new position of the baseline. It typically drops.

® Baseline goes negative: set the F2 1st Pt Multiplier to greater than 1.0 (try 1.5)
and click FT 1D -1st I ncrement on the Process page.

® Basdlinerises but does not return to the position indicated by the mouse arrow:
increase the value of F2 1st Pt Multiplier and click FT 1D -1st Increment
again. If in doing so the baseline rises above the ideal level, reduce value and
try again.
Only afew triesare required before the proper value of F2 1st Pt Multiplier isfound.
Normally, no correction for 1st Pt Multiplier is necessary. Automatic setting of fpmult is
available through the macro c£pmul t. Unchecking the boxes next to F1 and F2 disables

the first-point multiplier feature. Thisis the usua value for sinebell or pseudo-echo
processing.

Spectral Drift Correction

Use the DC F1 and DC F2 buttons on the Display page only &fter the 2D transform. Use
DC F1for correctionsalong f1 and DC F2 for corrections along f5. The drift correction
calculation is done separately for each trace in the 2D data set.
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Baseline Correction

An alternative to the use of 1st Pt Multiplier for baseline correction are the BC F1and BC
F2 buttons on the Display page. Baseline correction in 2D processing uses the spline or
second to twentieth order polynomial fitting of predefined baseline regions. These regions
are set up prior to the use of be by setting integral resets so that integrals appear only over
regions of the spectrum with signals present. These can be set after clicking

FT 1D - 1st Increment. The quality of the baseline correction can be assessed by be (1) .
In setting baseline regions near the ends of the spectrum, the bc operation doesthe
equivalent of 1st Pt Multiplier because this represents a simple spectral drift correction.

11.5 Processing Phase-Sensitive 2D and 3D Data

204

® "Processing Programs,” page 205

® "Common Coefficients for wft2d Processing,” page 206

® "2D Solvent Subtraction Filtering,” page 207

® | eft Shift FID, Left Shift Frequency, Phase Rotation,” page 207
® "2D Processing of 3D Data," page 207

The complete 2D transformation can be performed after 2D data has been acquired using
one of the Transform buttons on the Process page.

Start‘ Acquire ‘ Process Transform Autoprocess - Show Spectrum ‘ Full ‘ Clear 5creen ‘
Default AutoSelect Weighting Transform
F1 only Both F1&F2 Weight Parameters F1 F2 FT Data Size A Ps
a:fe‘a%"[) expanential expanential line broadening  [OI3183[] |10 =} Fl [256  [=]| 128
Integration gaussian gaussian swneFe\I 0002 [] po7l [] vlFrz [s512 [+| 512
(sl s o o shit s o o o Transfarm Coefficients
Plot sg-sine sg-sine gaussian 0.0142 0,065 61[v]
Text Qutput pidssh cosing shift o] O @ |
cosing s0j-cosine additive offset ] ] @ [ FT 1D - 1st Increment
s0j-cosine pseuda FT 1D - All Increments
res-enhance Interactive Weighting FT 1D - All
pidsshsg Transform F2
nong nong Full 2D Transform

A series of complex FIDs, obtained as afunction of t1, are transformed to become a series
of spectra. Each spectrum consists of areal and imaginary part. Each spectrum is then
phase- rotated, according to the phase correction determined from an individual spectrum.
Thereisnow a series of spectra, each consisting of an absorptive and a dispersive part,
formed as linear combinations of the original real and imaginary parts. Complex
interferograms then form out of corresponding points along the frequency axisfrom each
of the spectra and transform to produce the final 2D spectrum.

Thereal and imaginary part of the interferograms can be formed from any linear
combination of the real and imaginary parts of one or more spectral sets after the first
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Fourier transformation. Refer to these coefficients below according to the following
scheme: RR1 isthe coefficient used to multiply thereal part (first R) of spectrainset 1 (the
1) beforeit is added to the real part (second R) of the interferogram. IR2 thus represents
the contribution from the imaginary part of spectrain set 2 to the real part of the
interferogram, and so on.

Another set of complex interferograms are formed from these two sets of fo spectrafor
some experiments. This set of interferogramsis 90° out-of-phase in f2 to the previous set
and can be constructed without any additional coefficients.

Different experiments require different coefficients. Some, such as heteronuclear 2D-J
experiments, consist of only one FID and spectral set, and hence therewill be atotal of four
coefficients. Others, including hypercomplex 2D experiments, consist of two original data
sets and hence atotal of eight coefficients. Other experiments are possible with three or
even more data sets, requiring in each case four times as many coefficients as the number
of data sets (see the macro wft2dac).

4n coefficients must be supplied if there are n data sets to be transformed, asin typical
phase-sensitive experiments. The first 2n coefficients are the contributions to the real part
of the interferogram, alternating between real and imaginary parts of the successive data
sets. The next 2n coefficients are the contributions to the imaginary part of the
interferogram, in the same order.

Thus, using the definition that thefirst

letter refers to the source data set, the Data Sets - Coefficient Order

second letter refers to the 1 RR1, IRL, RI1, I11.

interferogram, and the number 2 RRL, IRL, RR2, IR2, RI1, 111, RI2, I12.
identifiesthe sou_rce data set, we have RRL IRL RR2, IR2, RR3, IR3, RIL, 11,
the cases shown in the table on the RI2. 112 RI3. 113

right.

The coefficients are generally 1, O, or
—1, but other coefficients are acceptable. Any real coefficient can be used, and as many
coefficients can be non-zero asisdesired. Up to 32 coefficients can be supplied, which at
four per data set allows the addition, subtraction, etc., of eight 2D data sets (that is, eight
different phase cycles). See the macro wft2dac for more information.

Processing Programs

A number of processing programs are available:

® ftld(coefficients) performsonly thefirst Fourier transformation aong thef,
dimension (without weighting) and matrix transposition, allowing the display of
interferogramswith thewt i, dcon, and dconi commands.

® wftld(coefficients) functionsthe sameas £t1d except weightingis
included.

® ft2d<(<option, >coefficients) > performsacomplete transformation in
2D, without weighting, after 2D data has been acquired. If the first Fourier
transformation has already beendoneusing £t1d,wft1d, ft1da, or wEtlda, then
ft2d performs only the second (t7) transform. 'ptype' or 'ntype' can be used
asthefirst argument to select P-type or N-type peak selection. Thecoefficients
argument are discussed bel ow.

® wft2d< (<option, >coefficients) > peformsthe sameas ft2d except
weighting isincluded. To perform anormal 2D transform on the n-th element in an
arrayed 2D experiment, typewft2d (n) .
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® ft2da<('bc',polynomial order) > runscomplete phase-sensitive Fourier
transform after the 2D FID data has been acquired. ' be ' isakeyword to perform a
baseline correction on the f, spectra prior to the Fourier transform along f;.
polynomial order isthe order of the polynomial used in the baseline correction.

® wft2da<('bc',polynomial order) > functionsthe sameas £t 2da except
weighting is included.

® ftlda functionsthe sameas ft2da except a Fourier transform along f; is omitted.
® wftlda functionsthe sameas £t 1da except weighting isincluded.

Save much time, for some 2D data sets, by selectively transforming the t interferograms.
ft2d ('f2sel') alowsonly preselected f, regionsto be transformed aong ty; thety
interferograms in the non-selected o regions are zeroed but not transformed. The same
mechani sm used to select baselineregionsfor baseline correction (bc) isused to select the
fo regionsthat are to be transformed along t;. Partition the integral of the spectrum into
severa regions. The even numbered fo regions, e.q., 2, 4, etc., will betransformed along ty;
the odd numbered ones will not be transformed along t.

Unreliable peak heights can be caused by Fourier transformation of truncated time-domain
data, instead of Fourier numbers £n and £n1 being too low, as might be intuitively
expected. To obtain properly defined signals, take one of the following steps:

® Collect data until the signal has decayed to zero in the time domain
® Transform the data with zero-filling (fn>=2*np, fnl>=4*n1i)

Taking one of these stepsis particularly important in 2D spectra with antiphase or
dispersive signals, where underdigitization can lead to signal cancellation.

Common Coefficients for wft2d Processing

To enter process coefficients, use the Transform Coefficients field on the Process page.
Typically, the coefficients are already set in the 2D parameter sets (4 coefficients for
absol ute value mode and 8 coefficients for phase sensitive).

A magnitude-mode transform, in which the real part of the interferogram is formed from
the real part of the spectra and the imaginary part of the interferogram isformed from the
imaginary part, would require 1,0,0,1. Changing the sign of theimaginary part of the
interferogram servesto changethe effective direction of thefq frequency axis, asisrequired
for datain which N-type peaks are detected. This can be donewith 1,0,0,-1.

In some experiments, including heteronuclear 2D-J, the basic data are purely amplitude
modulated, with a starting amplitude of +1. After the first transformation and phasing
operation are complete, the dispersion part of each spectrum serves only to produce a
phase-twist in the final spectrum without contributing any information. Setting the
imaginary part of the second transform to zero produces a pure absorption display in both
domains: 1,0,0,0.

In the hypercomplex method for pure absorption 2D data, we have two complete sets of
spectra and must therefore provide eight coefficients to specify the composition of the
interferograms. A typical execution of the method described by States, Haberkorn, and
Ruben, assuming that the first spectrum of the first data block has been phased for
absorption, requires 1,0,0,0,0,0,1,0 to produce pure absorption spectra

Other manipulations of two data blocks are formatted similarly. A magnitude-mode 2D
experiment that is the sum of the two different experiments can be constructed by
1,0,1,0,0,1,0,1. For aCOSY experiment, this would produce the P-type experiment.
Subtracting data block two from block one, which for aCOSY experiment givesthe N-type
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COSY, would be accomplished by 1,0,-1,0,0,1,0,- 1. Thustwo different absolute-value
2D experiments, (P-type and N-type) and a phase-sensitive 2D experiment, can be
produced from the same data set, without acquiring the data again.

Different combinations of datasetswith appropriate phase cycling might allow selection of
various quantum ordersin a single experiment. Note that since the coefficients may be
different from one, it is possible essentially to phase shift each experiment separately
(phase shift the receiver) after the experiment is done. For TPPI datawith phase=3, only
one data set is collected, and the imaginary part of the second transform is set to zero:
1,0,0,0.

The parameter £1coef and £2coef isused to store the above coefficients as text strings
and is displayed under the label Transform Coefficients.

2D Solvent Subtraction Filtering

2D solvent subtraction is set up on the Linear Prediction page under the Process panel. In
a2D transform, solvent subtraction isinvoked ont, FIDs. The parameters ssfilter and
ssorder select the processing option as follows:

® The zfs (zero-frequency suppression) option is selected if both bandwidth
(ssfilter) and polynomial (ssorder) are set to avalue.

® Thelfs (low-frequency suppression) option is selected if bandwidth is set to avalue
and polynomial is not checked.

® Thezfsand Ifs options are both turned off if bandwidth is blank.

Left Shift FID, Left Shift Frequency, Phase Rotation

Usethe Linear Prediction panel to adjust the Left Shift FID, Left Shift Frequency, and the
Phase Rotation.

Check L eft Shift FID to left-shift theinterferogram by the entered number of complex (or
hypercomplex) points before weighting and Fourier transformation are performed. The
value must be between 0 and number of increments minus 1.

Enter anegative value for Left Shift Frequency to shift the peaks upfield (to theright) or a
positive value to shift the peaks downfield (to the left). The Left Shift Frequency values
operate only on complex np FID data (t, dimension in a 2D experiment).

Apply aphase-rotation to the interferogram by checking the appropriate box and entering
avaluein degrees (zero-order phaserotation). This causeszero-order phase rotation before
weighting and Fourier transformation are performed.

2D Processing of 3D Data

Acquisition and full processing of 3D datarequiresthe parametersni2 and sw2 (d3 isthe
delay increment intheni2 dimension). 2D processing of “dlices” of the 3D data matrix is
accomplished using the following commands:

ft2d('ni2") transforms non-arrayed 2D data that have been collected withni2 and
sw2 (instead of ni and swl). Theaddpar ('3d') macro creates
the necessary processing parametersforthe ££2d ('ni2 ') operation
(par3d functionsthesameasaddpar ('3rf!')).

ft2d('ni', #) selectively transforms selected np—ni 2D plane within a non-arrayed
3D dataset; # isan integer that can rangefrom 1 toni?2.
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ft2d('ni2', #) selectively transforms selected np-ni2 2D plane within a non-arrayed
3D dataset; # isan integer that can rangefrom 1 toni.

wft2d acts the same as ft2d, but applies weighting before transformation.

The format of the argumentsto £t 2d changesif an arrayed 3D data set is selectively
processed. For example, ft2d ('ni', #1, #2) performsa2D transform along np and
ni of the#2-thni2 increment and the #1-th element within the explicit array. Thisyields
a2D np—ni frequency plane. #1 rangesfrom 1 toni2; #2 rangesfrom 1 to
[arraydim/ (ni*ni2)].

Arrayed 3D data sets can also be subjected to 2D processing to yield 2D absorptive spectra.
If the States-Haberkorn method is used aong both f1 (ni2 dimension) and fo (ni
dimension), there will generally befour spectraper (ni,ni2) 3D element. Inthiscase, the
command £t2d ('ni2',#1,<16 coefficients>) performsa2D transform along
np and ni2 of the#1-thni increment using the ensuing 16 coefficients to construct the
2D ty-interferogram from appropriate combinations of the four spectraper (ni,ni2) 3D
element. Usetheproc2 parameter to specify the type of data processing to be performed
ontheniz2 interferogram (3D): '£t ' for complex FT, 'rft ' forrea FT,or '1p! for
linear prediction processing on complex data. The macro dg2 displays 3D processing
parameters in the test output page.

11.6 2D and 3D Linear Prediction
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Linear prediction parameters are adjusted on the Linear Prediction page. F1 controls the
transformation process along t;, and F2 controls the transformation process along t,. Using
the same method of transformation isnot necessary along two (or three axes). For example,
employ abackwards linear prediction in t, of a2D experiment and aforward linear
prediction along t4, or perhaps a simple Fourier transformation along t, and a backwards
linear prediction along t;.

11.7 Hadamard Spectroscopy

® "Acquiring the Data.," page 209

® "Processing the Data," page 209

® "Implementing the Method," page 209

® "Using 2D Hadamard Spectroscopy,” page 210

® "Commands, Macros, and Parameters," page 212
* "Reference," page 213
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Hadamard spectroscopy is atechnique for acquiring multidimensional data setsusing a
small number of transients and reconstructing the nD spectrum using a Hadamard
transform based on sel ective excitation of a predetermined set of frequencies using
Hadamard encoding. A waveform generator isrequired dueto the complexity of the shaped
pul ses.

Acquiring the Data.

A list of selectively excited frequenciesis created S S
from a 1D spectrum or other means. A series of oL
shaped pulsesis created from the frequency list e
using a Hadamard matrix to selectively excite or oo T
invert the signals of interest. The matrix sizeis S T

+ - -+ -+ o+ -

greater than the number of frequenciesin thelist.
A typical Hadamard matrix isshown in Figure 50.  Figure 50. 8x8 Hadamard Matrix

The first shaped pulse selectively excites all the frequenciesin the 8 x 8 matrix above. A
second shaped pulse selectively excites the first four frequencies and inverts the second
four frequencies. Frequencies 1, 2, 5 and 6 are selectively excited and frequencies 3, 4, 7
and 8 inverted by the third shaped pulse.The process is repeated until each row of the
Hadamard matrix has been acquired.

Processing the Data

Hadamard processing in the indirect dimension is done by summing, adding, or subtracting
the acquired dataincrements in combinations according to the Hadamard matrix elements.
Each sum gives atrace corresponding to a frequency in thelist and is placed at the
appropriate frequency in the indirect dimension. Areas between the frequenciesin the list
are zero-filled. The data sets acquired in the direct dimension are Fourier transformed to
produce a 2D spectrum.

The trace for the first frequency in thelist is usually found in the second row of the
Hadamard matrix. The second row in an 8 x 8 Hadamard matrix is created by adding the
first four acquired el ements and subtracting the second four acquired el ements. The process
isrepeated until all tracesfor the selected frequencies are complete. A Hadamard matrix is
created that is greater in size than the number of frequencies and contains more Hadamard
sums than are needed.

2D and higher dimensional experimentsusing the Hadamard method are run and processed
in asignificantly shorter time than the same experiment acquired using hypercomplex or
TPPI methods. Current software supports only 2D Hadamard spectroscopy.

Implementing the Method

A list of frequencies used for 2D Hadamard spectroscopy is contained in the parameter
htfrgl. The Hadamard matrix size is set to avalue that is both greater than the number
of frequencies contained in the parameter ht £rg1 and apower of two multiplied by 1, 12,
20, or 28. All shaped pulses are created in the pul se sequence using Pbox.

Hadamard datais processed using £t 24 (or oneof itsvariations) withproc1="ht'. The
zero-filling size in the indirect dimension is set by fn1, which may be used to adjust the
separation of the frequencies of interest.
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Using 2D Hadamard Spectroscopy

"Setting Up aHomonuclear 2D Hadamard Sequence," page 210
"Setting up a Heteronuclear 2D Hadamard Sequence," page 210
"Editing or Creating Hadamard Frequencies,” page 210

"Edit HT Freg Window Buttons," page 211

Setting Up a Homonuclear 2D Hadamard Sequence

1

N o g &~ W DN

®©

10.

Acquire a1 D spectrum (*H or other nucleus).

Process and phase the spectrum.

Enter editht on the command line to open the Edit HT Freq dialog window.
Enter aline width in the Min line width entry box.

Pressthe Create Line List button and edit the line list.

Click on Save HT Frequencies button to save the frequency list.

L oad the Hadamard experiment TocsyHT.
Use either the Experiments menu or enter the macro on the command line.

Edit the Hadamard frequencies using the Edit HT Freq dialog window.
Start acquisition.

Process using the Full 2D Transform button on the Default Process page or enter
wft2da on the command line.

Setting up a Heteronuclear 2D Hadamard Sequence

1.

© N o 0o &~ W DN

10.
11

Acquirea 1 D spectrum (3C or other nucleus).

Process and phase the spectrum.

Enter editht onthe command line to open the Edit HT Freq dialog window.
Enter aline width in the Min line width entry box.

Pressthe Create Line List button and edit the line list.

Click on Save HT Frequencies button to save the frequency list.

Acquirea 1D H spectrum and adjust the spectral width and decoupling as desired.

L oad the Hadamard experiment HsgcHT.
Use either the Experiments menu or enter the macro on the command line.

Edit the Hadamard frequencies using the Edit HT Freq dialog window.
Start acquisition.

Process using the Full 2D Transform button on the Default Process page or enter
wft2da on the command line.

Editing or Creating Hadamard Frequencies

1
2.

Enter editht onthe VnmrJ command line to open the Edit HT Freq window.

Edit the Hadamard frequencies from a 1D spectrum using the editable text entry
window under Line List.
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Two linelistings are avail able, see Figure 51.

3. Click on the drop down menu next to Line List and select one of following:

® Select Hz to display the linelist and frequencies in Hz from the center of the
spectrum. The bandwidth is also displayed if it is arrayed.

® Select the ppm from the drop down menu to display the frequenciesin ppm.
4. Click Display to show the Hadamard frequencies.
Create or edit a Hadamard frequency list using the Edit HT Freq window buttons.

(A [v] / Edit HT Freg [+]] (B) & EditHT Freq
Create Line List Line List [z :] Create Line List Line List [ppm
Min line width [Hz] 20 i(rgq [Hz from center] 4] Min line width [Hz] 20 ‘v;eoqggppm] =]
|1168:25
Select HT Freguenties |g41.75 E‘ Slect HT Freguencies }s 263 E|
Using Cursors ‘332 gz H Using Cursors \g %i -
Nearest line 132733 Nearest line 4977
Select |-zs0.02 Select 3.284
Remove Mowe HT pars | ~401.6% Remove Move HT pars 3155
—Remeve 8 44102 | |3.055 |
Display wen[ |7z ) Display wexn[ [Sges =
CLEAR CLEAR,
] Set list into parameters e Set list ita parameters
Save HT Freguencies \ Import curexp / hifrgd il Sawe HT Frequencies \ Import curexp / tfrgld il
Close i Close
(C) Exp:2 Seq Proton Index: 1

delta

1015

Proton Spectrum with Line List in PPM
Figure51. Spectrum and Edit HT Freq Window

Edit HT Freq Window Buttons

Button Function —
|
Create Line Processes the SpeCtrUm Create Line List | Line List Hz -l
List using the line broadening Min fne width [zl [20 120 1z rom centar] o 1zl
Sp&'ﬂ aj | n fl d d next to Select HT Frequencies :311?3?:3 32
) ) ) Using Cursors 20898 16
Min line width [HZ] to Mearest ling 77898 16
. Select
smooth out multiplet — fhe
structures. Pesk i

thresholds are adjusted

_— Setlistinto parameters
Save HT Freguencies ‘ Import list fram curexp
automatically and aline

list iscreated. [ | [ [

Thelinelist is set into the parameter ht £rgl. Only frequencies
separated by the minimum line width are used.

Nearest line Places the cursor on the nearest line.

Select Adds the current cursor position to the line list. The cursor must be
more than the minimum line width from an existing frequency in the
linelist.

Remove Removes the line nearest the cursor position from the line list.
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Displays the frequency list. If a 1D spectrum is displayed, show the
frequencies using dpf in units set by the axis parameter.

Clearsall frequencies from the frequency list.

Save HT Frequencies

LineList

Hz/ppm
menu

Savesthe current frequency list asaHadamard line list for the current
nucleus (tn). It savesthe frequency list, band width, current nucleus,
spectral width, and frequency offset in a persistencefile. The
frequencies and other parameters are loaded from the persistencefile
when loading a Hadamard experiment.

Displayed in the editable text entry window under Line List. The first
column contains the Hadamard frequency list (parameter ht frgl).
The second column of numbers, if present, contains the bandwidth, in
Hz, for each frequency.

Select Hz or ppm to display the line list in Hz or ppm. Thelinelist is
displayed in Hz from the center of the spectrum if Hz is selected.

Set list into parameters

Setsthe changes from the Line List text entry window into the
parametersht frgl and htbwl.

Import list from curexp

Copiesalinelist file from curexp into the current line list, and sets
the linelist into the parameters. The file name:
/export/home/vnmrl/vnmrsys/exp2/htll . htfrgl

has the same format asthe Line List in the text entry window.

Commands, Macros, and Parameters

Refer to the VnmrJ Command and Parameter Reference for more information about the
following commands, macros, and parameters.

Commands, Macros and Parameters

Command/Macro

dll
editht
ftild
ftida
ftad
ft2da
getht
nll
SelexHT
sethtfrql
ToscyHT
HsgcHT
wftld
wftlda
wftldac

NMR Spectroscopy User Guide

Description

Display listed line frequencies and intensities (C)
Edit aHadamard frequency list (M)

Fourier transform along f, dimension (C)

Fourier transform phase-sensitive data (M)

Fourier transform 2D data (C)

Fourier transform phase-sensitive data (M)
Retrieve or save a Hadamard frequency list file (M)
Fine line frequencies and intensities (C)

Set up the SelexHT experiment (M)

Set aHadamard frequency list from alinelist (M)
Set up the TocsyHT experiment (M)

Set up the HsqcHT experiment (M)

Weight and Fourier transform f, for 2D data (C)
Weight and Fourier transform phase-sensitive data (M)
Combine arrayed 2D FID matrices (M)
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Commands, Macros and Parameters

wft2ad
wft2da
Required parameters

Weight and Fourier transform 2D data (C)
Weight and Fourier transform phase-sensitive data (M)

Parameter Description

htfrqgl Hadamard frequency list in ni (P)

ni Number of incrementsin 1st indirectly detected dimension (P)
htofsl Hadamard offset in ni (P)

procl Type of processing on ni interferogram (P)

fnl Fourier number in 1st indirectly detected dimension (P)

Optional parameters

Parameter Description
htbwl Hadamard pul se excitation bandwidth in ni (P)
pxrep Flag to set the level of Pbox reports (P)
pxbss Bloch-Siegert shift correction during Pbox pulse generation (P)
htbitrev Hadamard bit reversa flag (P)
htssl Stepsize for Hadamard waveformsin ni (P)
htcall RF calibration flag for Hadamard waveformsin ni (P)
htpwrl Power level for RF calibration of Hadamard waveformsin ni (P)
nimax Maximum limit of ni (P)
Reference

E. Kupce and R. Freeman, “Two-dimensional Hadamard spectroscopy”, J. Magn. Reson.
(2003), 162:300-310.

11.8 Phasing the 2D Spectrum

The phase constants 1p1 and rp1 control the phase correction along f1 in phase-sensitive
data. These should be near zero in most 2D experiments, but because of finite pulse widths
and delays present in the pulse sequence, they may befar from zero. If the pul se sequence
properly compensatesfor these pul se widths and delays, it is possible to have zero 1p1 and
rpl. Most of thesetup macroset 1p1 and rp1l to zero so that thefirst display will indicate
the need (if any) for phase correction inf1. The sametechniques as used in 1D phasing are
employed here, with a minor difference.

1. Enter £ £ull to display thefull datamatrix in afull chart display.

2. Phasethe 2D spectrum using the horizontal cursor present in the interactive display
toidentify apeak toward theright-hand edge of the spectrum. Note the trace number
indicated at the top of the display (“memorize” thisby setting r1 equal toitsvalue.)

3. Select one or more other traces at f1 values more toward the center and |eft parts of
the spectrum. These will be the most sensitive to work with if there isadiagonal in
the spectrum with large peaks. Use r2, r3, etc. to “memorize’ thesetrace values. A
minimum of two is needed, one at the far right and one at the far | eft.

01-999378-00 A 0708 NMR Spectroscopy User Guide 213



Chapter 11. Multidimensional NMR

4. Enter ds (r1) . Phasethis spectrum like a 1D spectrum using the Phase buttonin
the displayed menu. Click the mouse on the peak displayed near the right edge of the
spectrum. Phase up this spectrum (thus setting rp1). Do not click in the left part of
the spectrum at this time.

5. Enterds (r2) . Thesecond trace appears. Click the mouse near theright edge of the
spectrum (to fix rp1 at the previously determined value) and do not rephase. Move
the mouse to the peak at the left, click and phase it (thus setting 1p1).

6. Enterds(r1) torecheck rpl. Repeat the processagain if necessary.

Use the diagonal peaks for phasing in homonuclear correlation spectra (such as NOESY,
TOCSY, and ROESY). Phase an f1 trace exactly like a 1D spectrum if there are strong
cross-peaks. Phase HM QC spectraby progressively working fromright to left, with several
peaks sel ected along the way to make surethat 1p1 doesnot go through an extrarevolution
that would induce some baseline roll.

Correctionsin fo phasing may be obviousin the 2D data when they are not in the first
increment 1D spectrum. If pmode="£full' beforethe 2D transform, f, phasing may be
corrected without retransforming by setting t race='£2 ' and using the same approach as
described for f1 phasing. Transformation of the data again is necessary if pmode="" or
pmode='"partial'.Nof; phasing ispossible after transformation if pmode=""; fq
rephasing after the transformis possible (but not f2 rephasing) if pmode="'partial'.Do
baseline corrections such as dc2d or be only after data are properly phased in f1 and fo.

11.9 Display and Plotting

214

This section discusses noninteractive 2D display and plotting.
® "Display Modes," page 214
® "Display and Plot Limits," page 215
® "Display Scaling,” page 215
® "Grid Lines," page 215
®* "Whitewashed Spectra," page 215
® " abd Display,” page 215
® "2D Referencing,” page 216
® "Rotating Homonuclear 2D-J Spectra,” page 216
® "Setting Negative Intensitiesto Zero," page 216

Display Modes
Select display modes in the Display page.

S(art|Acqu|re| Process Transfarm Autoprocess _ Show Spectrurm ‘ Full J Clear Screen J
Default Display Mode Axis Screen Position 20 Contour Display Referencing
‘eightin F1 O Phased F1 O Hertz Full Center Static + onby| - onlky | both +4-|  Reference F1
w oD @ Apswal (@ PPM Left Right Interactive + onhy| - onky | beth +i- By Solvent \
ore
) Power ) kHz Projections Set F1 cursor to;
Integration - Baseline Correct 2D
i i ) None 0.00 Hz
Slt;sorstlne Lists: Display BC F1 BC F2 -ﬂ
Text Output F2 O Phased F2 O Hertz Display 20 OCFl OC F2 Reference F2
(@) Apswal (@ PPM Display Trace By Sohvent
PEE— 1D Spectrum P—
) Power ) kHz Autoscale 2D By TMS
- Display 1D # |1 7{ 0
ance
race Axis @ FL (JF2 Massage Autozcale 10 e
By Cursor

Foldt | Foi | Autophase 10

Processing Mode e pr— Set F2 cursor fo
IO Full @ Partial (O OFF 10 Scaling [Abs [ 0.00 ppm |-
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Display and Plot Limits

Thecenter, left, right, and full set the spectrum to display (and subsequent plot)
in the relevant portion of the screen (and page).

Display Scaling

The peak2d command searches the area defined by sp, wp, sp1, andwpl ina?2D data
set for a maximum intensity. It returns the maximum intensity value found, the trace
number of the maximum, and the data point number of the maximum on that trace.

The AutoScale 2D button on the Display page uses peak2d to set up the vertical scaling
and threshold for a 2D contour plot and color map display.

Grid Lines

A grid of horizontal and vertical linesover a 2D display can bedrawn by the grid macro.
By default, grid linesaredrawn in blue at approximately 1 cm intervals, rounded so that the
intervalsfall at amultiple of 1, 2, or 5 of Hz or ppm. To change the defaults, enter grid
with adifferent spacing (in cm) or adifferent color (' red', 'green', etc.); for example,
grid (2, 'white') giveswhitegridlinesat 2 cmintervals.

The grid command also can define a grid, using the following syntax:

grid<(startf2,incrf2,startfl,incrfl, color) >

The arguments define the frequency and increments between grid linesin the fo and f1
directions and the color of the grid lines.

The plgrid macro uses the same argumentsas grid, but plotsthe grid instead.

Whitewashed Spectra

Thedsww< (start, finish, step) > command displays one or more spectra with
whitewashing (traces in front “block” the view of traces behind them). Use the argument
'all' todisplay all spectra plww< (start, finish, step) > plotsthe same spectra

Use the Stacked Plot graphics button in the Plot page to display a stacked display of 2D
spectrain the whitewash mode.

Label Display

The dss1 macro displaysalabel for each element in a set of stacked spectra. Thelabel is
an integer value starting with 1 and ranging to the number of spectrain the display.

Labelscan appear at incorrect positionsif wysiwyg="n"'. Thepostionswereempirically
determined for alarge screen display and are not guaranteed to be correct for al displays.

Thefollowing options control the dss1 display (more than one option can be entered
as long as the options do not conflict with each other):

® 'center', 'left’', 'right', 'top', 'bottom', 'above',and 'below'’
are keywords setting the position of the displayed index relative to each spectrum.

®* 'value' isakeyword that produces adisplay of the values of each array element,
instead of an integer index.

® 'list=xxx' producesadisplay of the values contained in the arrayed parameter
XXX,
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® 'format=yyy' usestheformat yyy to control the display of each label. Seethe
write command for information about formats.

2D Referencing
Use the Referencing buttons on the Display page to set up 2D referencing.

2 x
S(art|Acqu|re| Process Transfarm AUTOProcess - Show Spec(ruml Full ‘ Clear Screen ‘
Default Display Mode Axis Screen Position 2D Contour Display Referencing
aightin F1 () Phased  F1 () Hertz Ful_| center Static _+ only| - onby | beth +is| | Rererence F1
TR ® Apswal @ PPM et | Ront interartive_+ only| - onby [ beth+is] By sobent |
ore
Integration ) Power ) kHz Projections B i c t 20 Set F1 cursor to;
B aseline Correc
Cursors/Line Lists 0 None Displ BC F1 BC F2 0.00
Flot LS
Text Output F2 O Phased F2 ) Heriz Display 20 DC F1 OC F2 Reference F2
(@) Apswal @ PP Display Trace By Sohvent
EE— 1D Spectrum P—
) Power ) kHz AutoScale 20 By TMS
- Display 1D # |1 f
ance
Trace Axis ® F1 (O F2 Massage Autoscale 10D W
ot | Py | Autophase 10 e

Processing Mode p— pr— Set F2 cursor fo
IO Full @ Partial (O OfF 10 Scaling [Aps  |w [0.00 ppm |-

The default sets each reference line at the cursor position after taking into account any
frequency scaling.

Enter afrequency (in Hz or PPM) to set thereferencelinesto other than the cursor position.
For example, reference a 2D experiment in which the indirect axisis determined by the
decoupler channel (i.e., HMQC or HETCOR experiment) by entering 10 ppm, whichis
equivalent to 10* decoupl e frequency.

Click the Cancel button to clear referencing along f, and f;.

Usethe centersw macro for the directly detected dimension, and the centerswl
macro for the first indirect dimension to center the cursors in the spectrum.

Usethe macro setswl (nucleus, downfieldppm, upfieldppm) to setthe
spectral width for a given spectral window,.

Rotating Homonuclear 2D-J Spectra

The rotate< (angle) > command rotates homonuclear 2D-J data 45° (rotation in
frequency-space) to line up multiplets. Use the angle argument to specify other angles.

Setting Negative Intensities to Zero

The command zeroneg isused for the projection of proton 2D-J spectraat 45° to strip a
high resolution proton spectrum down to alist of chemical shifts. zeroneg setsall
negative intensities to zero.

11.10 Interactive 2D Color Map Display

216

Use the graphics control buttons and the mouse to control the display in the graphics
window.

® "2D Display," thispage

® “Interactive nD Display Control Buttons," page 217
® "Cursors," page 218

® "Traces" page 219
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2D Display
Below isan example of a 2D display with the projection graphics control buttons sel ected.

% Graphic control buttons

El for traces and projections

é}

Controls for adjusting the color/grayscale are on theright side of the window. The
interactive display parameters are displayed across the bottom of the graphics window:

cr Shows the current cursor position.

crl shows the current cursor position aong the first indirectly detected
dimension.

delta Shows the cursor difference.

deltal Shows the cursor difference along the first indirectly detected dimension.

vs2d Shows the vertical scale of the display.

VSProj Shows the vertical scale of the trace or projection.

Interactive nD Display Control Buttons

Main nD Display Bar Tools

Icon Description

‘ Display color map and show common nD graphics tools.
Q
| @| Display contour map and show common nD graphics tools.

i| Display stacked spectra and show common nD graphics tools.

Display image map and show common nD graphicstools.
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nD Graphic Tools

Icon Description

One cursor in use, click to toggle to two cursors.

.[E‘.}I Two cursors in use, click to toggle to one cursor.
Click to expand to full display.

Pan and stretch.

‘ ﬁ Show trace.
. Show projections.
s

Clickon to show horizontal maximum projection across the top of the
| 2D display.
Click on to show horizontal sum projection across the top of the 2D
display.
Click on to show vertical maximum projection down the | eft side of the
‘ @ 2D display.
Click on to show vertical sum projection down the | eft side of the 2D
display.
Rotate axes.

Increase vertical scale 20%.

Decrease vertica scale 20%.

Phase spectrum.

Lol

Clickon ~— to select thefirst spectrum.
o

Clickon :. to select the second spectrum.

‘ @ Enter peak pick menu.

Cursors

Use the left and right mouse buttons to move cursors, and the center button to adjust the
vertical scale of traces, projections, and contour maps, as well as to adjust the threshold in
the color bar. The cursors can be used to select regions for expansions of the display. The
cursors can aso be used to select positions to “mark” usingthe 112d ('mark"')
command, which displays and records spectral frequencies, maxima, intensities, and
volumes.
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Theleft mouse button adjusts the position of the 2D cursor. The corresponding frequencies
aredisplayed at the bottom of the graphicswindow. Both the horizontal and vertical cursors
move if the left mouse button is pressed within the 2D display box.

Above and below the box, only the vertical cursor can be moved; at theleft and the right of
the box, only the horizontal cursor can be moved. In addition, holding the mouse button
down and then moving the mouse moves the cursor with the mouse.

The function of the center mouse button depends on the location of the cursor:

® Cursor iswithin the 2D display box: in gray scale images, pressing the center button
sets the point to medium gray. Otherwise, for color map and contour displays, if there
is no intensity at that point, the center button changes vertical scale to show intensity
at that point. If thereisintensity at the point, the center button changes the scale to
show no intensity, then changes the parameter vs and redraws.

® Cursor isnear an active trace and active horizontal or vertical projection: pressing the
center button changes the vertical scale of trace or projection, so that spectrum goes
through the current mouse position.

® Cursor isnear the color/grayscale bar and in the color mode: pressing the center button
setsthe threshold to remove low intensity peaks. If in the grayscale mode, pressing the
center button sets the grayscale intensity (the right button adjusts contrast).

A second cursor pair is displayed with the right mouse button. The second pair can be
moved in exactly the same way asthefirst pair, and is used to select a box within the 2D
display. The right mouse button also switches the display into the box mode, the same as
clicking on the Box button in the menu.

Traces
1. Click the Trace button. A trace displays for the position of the horizontal cursor.
2. Movethe horizontal cursor to change the displayed trace.

3. Adjust the vertical scale of thetrace by clicking the middle mouse button on the
trace, not in the 2D spectrum.

Exit the trace mode by displaying abox with the right mouse button, or by selecting another
display mode.

Projections
1. Click the Projection button to open the Projection graphic control buttons.
2. Select type of direction (horizonta or vertical) and mode (maximum or summary).

3. Adjust the vertical scale of the projections with the middle mouse button.

Expanding the Display
1. Usethe Box cursorsto select the region in the spectrum to expand.

2. Click on the Expand button to obtain an expanded display.
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Setting the Vertical Scale

If apeak is expected at a certain position in the spectrum but is not visible, click once at
that position with the middle mouse button. This selects a new vertical scale, so that the
intensity at that point is by afactor of 2 above the threshold, and the display is redrawn.

Adjusting the Threshold

If noiseisvisible at a certain position in a spectrum, but should be suppressed below the
threshold, click once at that position with the middle mouse button. A vertical scaleis
calculated so that thisintensity falls by afactor of 2 below the threshold, and again the
spectrum is redrawn.

Treating 2D Traces as 1D Spectra

Enter thecommand ds after atrace hasbeen selected in theinteractive 2D display program
to allow the trace to be displayed as if it were asimple 1D spectrum. All standard 1D data
manipulations, including linelisting, integration, etc., arethen accessiblefor that trace. The
commandds (tracenumber) alsocanbeusedto display anf; or f trace, depending on
thevalueof trace.

11.11 Interactive 2D Peak Picking

220

The 1124 program isused to automatically or interactively pick peaksin 2D spectraor 2D
planes of 3D spectra. The peaks can be displayed on top of the spectrumin the dconi
display or can be plotted using the p112d command.

Theresults of all peak picking operations are stored in abinary fileinthe 1124
subdirectory of the current experiment directory:

® Theresultsare stored inthefilepeaks.bin for 2D spectra

® Theresultsarestoredinpeaks_f#f# #.bin for 2D planesof 3D spectra, where
f#£# denotestheorientation of the planebeing picked (e.g., £1£3 or £2£3), andthe
last # denotes the number of the plane.

Binary peak files can be converted to text filesfor printing or for export to other programs.
For each peak in apeak file, the following information is stored:

® Peak number

® Interpolated peak frequency in both dimensions

® [Interpolated peak amplitude

® Full width at half-height (FWHH) in both dimensions

® Bounds of the peak in both dimension

® \olume of the peak

® 15-character peak label

® 80-character comment
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Interactive 2D Peak Picking Buttons

Most of the above options are accessible through a series of graphics control buttons. From
the 2D Display, the Peak Picking button brings up the 2D Peak Picking buttons.

Peak Picking
Main Menu

Return

Peak Files

Return

Read Binary Peak Pick File
|| Read Peak Pick Text File

| Write Peak Pick Text File
3/| Write Binary Peak Pick File

Automatic Edit

Peak Picking Peaks

H Box/Cursor _' Box/Cursor

«5y Expand/Full 4 Expand/Full

) Auto Peak Pick Pick peaks

@ Auto Pick Footprints J Un-pick peaks

E Auto Pick Peak and Footprints Delete all peak picks

@ Adjust for overlap Combine peak picks
Delete all peak picks % Display info - nearest peak
@ Return 1 Integrate 2D peaks

Return

Show Peak Picks
;, Show Peak Pick Numbers

‘@ Show Footprints
| Show Peak Labels

‘& Show All Peak Markers
Hide All Peak Markers
Return

These buttons provide access to the following menus (depending on the mode, the labels
on some buttons change).

2D Peak Picking Main Menu

This menu selects another 2D Peak Picking menu. The buttons function as follows:

Auto Displaysthe buttons for automatically picking peaks.
Edit Displaysthe buttons for interactively editing peaks.

File Displays the buttons for manipulating peak files.
Display Displaysthe buttons for controlling the display of peaks.
Return Returnsto the 2D Color Map Display buttons.

2D Peak Picking Automatic Menu

This menu provides automatic peak picking. The buttons functions as follows:

Box/ Cursor
Expand/ Full
Peak

01-999378-00 A 0708

Selects cursor mode.
Selects expanded or full display.

Automatically finds peaksin the 2D spectrum. If one cursor isvisible,
all peaks above the current threshold in the currently displayed region
of the spectrum arefound and marked. A peak isdefined asadata point
that is higher than the eight points around it. Once such apoint is
found, the actual peak location is determined by interpolation in both
dimensions.
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222

Volume

Both

Adjust

Reset
Return

Automatically finds the bounds of a peak and theintegral of al points
within these bounds. The bounds are found by descending down the
sides of apeak until the point is reached where the amplitude of adata
point is less than th2d timesthe current threshold. Thus, using a
smaller valuefor th2d will cause 1124 to find and integrate alarger
areafor the bounds of the peaks. The peak volume is calculated by
summation of all data points within these bounds. If the bounds of a
peak aready exist, the volume is reca cul ated.

Picks peaks and cal culates volumes. The Both button does both the
peak and volume operations at once.

Adjusts peak bounds so that none overlap. The Adjust button adjusts
all peak boundsin the displayed region of the spectrum so that none
overlap and recalculates peak volumes with the new peak bounds.

Deletes al peaksthat have been found in the current spectrum.
Displays the 2D Peak Picking buttons.

2D Peak Picking Edit Menu

This menu provides interactive peak editing. The buttons functions as follows:

Box/ Cursor
Expand/ Full
Mark

Unmark

Clear

Combine

Label

Selects cursor mode.
Selects expanded or full display.

Indconi cursor mode, this button inserts apeak at the current cursor
location. In dconi box mode, the cursors are taken as peak bounds,
and the area inside the cursors isintegrated. These peak bounds are
then assigned to all peaks within the cursors that do not already have
their boundsdefined. If apeak without boundsdoes not exist insidethe
area defined by the cursors, the highest point within that areais found,
marked as a peak, and assigned the bounds defined by the cursors.

Indconi cursor mode, this button deletes the peak nearest the cursor.
In dconi box mode, this button deletes peak bounds from peaks
whose bounds are entirely within the area defined by the cursors.

Indconi cursor mode, this button deletes all peaksin the area of the
spectrum displayed in dconi. In dconi box mode, the Clear button
deletes all peaks that are within the area defined by the cursors.

This button worksonly in dconi box mode. It combines al peaks
within the area defined by the cursors into asingle peak. This
combination peak islocated at the average frequencies of all of the
original peaks and has bounds that encompass al of the original
bounds of the peaks. The volume of the combination peak iscal culated
by summation of al datapointswithinitsbounds. Usethe Backup File
button in the 2D Peak Picking File Menu (see below) prior to using the
Combine button to save the original peaksif this data must be kept.
Crating the combination peak are permanently del etes the contents of
the current file.

Promptsfor a 15-character label to be assigned to the peak nearest the
cursor (dconi cursor mode) or to all peakswithin the area defined by
the cursors (dconi box mode). Based on the value of the parameter
112dmode, thislabel can be displayed next to the peak in dconi.
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Comment

Info

Set Int
Return

11.11 Interactive 2D Peak Picking

Prompts for an 80-character string to be assigned to the peak nearest
the cursor (cursor mode) or to all peaks within the area defined by the
cursors (box mode).

Printsthe peak file information about the peak nearest the cursor to the
text window.

Setsthe value of the peak volume.
Displays the 2D Peak Picking Main Menu (see above).

2D Peak Picking File Menu

Read

Read Text

Write Text

Backup File

Return

Prompts for the filename of a binary peak file and reads that file into
VnmrJ. When afileisread in, the current peak file (peaks.bin for
2D spectra) is overwritten by acopy of the peak file that wasread in.

Prompts for the file name of atext peak file and reads that file into
VnmrJ. When afileisread in, the current peak file (peaks.bin for
2D spectra) is overwritten by anew binary copy of the peak file that
was read in.

Promptsfor afilenametowriteatext version of the current 1124 peak
file.

Prompts for afile name to copy the current binary peak file. Do this
occasionally when doing a significant amount of interactive peak
editing so that intermediate versions of the peak file can be recovered
in the event of an error (such asinadvertently selecting the Clear or
Reset button or making a mistake using the Combine button).

Displays the 2D Peak Picking Main Menu (see above).

2D Peak Picking Display Menu

Show Peak/
Hide Peak

Show Num/
Hide Num

Show Box/
Hide Box

Show Label/
Hide Label

Show All/
Hide All

Return
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Show Peak: the “+” ishidden and this button shows a“+" at the
location of each peak.
Hide Peak: the “+" is shown and this button hidesthe “+” at the
location of each peak.

Show Num: the peak numbers are now hidden, and this button shows
apeak number next to each peak.

Hide Num: the peak numbers are now shown, and thisbutton hidesthe
peak numbers.

Show Box: the box is now hidden, and this button shows abox with
the areaintegrated to get the volume of the peak.

Hide Box: the box is now shown, and this button hides this box.
Show Label: the peak 1abels are now hidden, and this button shows a
peak label next to each peak.

Hide Label: the peak label s are now shown, and this button hides peak
labels.

Show All: displays a“+”, the peak number, the peak bounds, and the
peak label for each peak.

Hide All: hides al peak information.

Displays the 2D Peak Picking button.
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11.12 3D NMR

224

VnmrJincludes full support for 3D NMR, including acquisition, processing, and display.

Many of the 3D-related macros and parameters—for example, centersw2, cr2, crl2,
delta2,dmg2, 1p2,1sfid2, phfid2, rfl2, rfp2, rp2, sp2, wp2—are normally
used in the same manner as their 1D and 2D counterparts and are not described further in
this section.

A non-arrayed 3D experiment has two implicitly arrayed parameters: d2 and d3. d2 is
associated withni and swl, d3 withni2 and sw2. The order of these two arrayed
parameters is such that d2 is cycled the most rapidly.

Anarrayed 3D experiment, such asasingle 3D with “ superhypercomplex” dataacquisition
(States-Haberkorn method applied along both t; and t), have at |east three arrayed
elements. By convention, such an arrayed 3D experiment is implemented using four
arrayed elements: d3 (tp evolution time), phase?2, d2 (t1 evolution time), and phase.

Assumingthat array="'phase,phase2' (seebelow), theorder of arraysissuch that
thephase2 array iscycled the most rapidly, followed by the phase, d2, and d3 arrays.

3D Acquisition

3D data acquisition is accomplished with pul se sequences using the parameter d3, which
is updated according to the parametersni2 and sw2. Thisis analogousto incrementing
d2 accordingto ni and swil for 2D NMR (of course, d2,ni,and swl areactivein
3D aswell). Inaddition, the parameter phase?2 isused to control the*mode” of acquisition
(hypercomplex, TPPI, or absolute value) in thethird frequency domain, just like phase in
the second domain. All of these 3D parameters are created with the macro

addpar ('3d') aongwith other 3D parameters, including £iddc3d for 3D time-
domaindc correction, pt spec3d for region-selective 3D processing, andpath3d for the
path to the currently displayed 2D planes extracted from a 3D dataset. (Themacro par3d
isfunctionally equivalent to addpar ('3d"').)

By convention, 3D sequences are described with the first evol ution time being known ast;,
the second evolution time ast,, and the time during which data are acquired as t. After
transformation, these same dimensions are called the f,, f, and f5 dimensions.

3D Processing

Dataprocessing includesthe £t 3d command for full 3D processing, governed by the usual
parametersto control transform sizes, weighting, phasing, etc., witha“ 2" at the end of the
parameter name signifying the third dimension. Unlike other commands, £t3d occursin
the background by default; that is, itisrun asaseparatetask, leaving VnmrJfreeto continue
with other tasks (including 1D and 2D processing of the same data set). To increase the
speed of 3D transforms further, the wf t t 3 macro alows the software to process one
dimension (the acquisition or t3 dimension) as the data are being acquired. Also, the ££3d
software can be configured to run on several computers simultaneously, for even greater
speeds. Thekillft3d macro terminates any £t3d program that has been started in an
experiment.

3D Display

Display the dataastwo-dimensiona planesof the 3D dataset in any of thethree orthogonal
directions. Skew planes are not supported, nor are “full 3-dimensiona” displays. One
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command, getplane, extractsthe 2D planes from the 3D data set in one or more of the
three orientations. After the planes are “extracted” in this manner, they are displayed with
thedplane macro. The parameter index2 keepstrack of which planeison display. The
macro nextpl displaysthe next plane from the plane currently on view. Another macro,
prevpl, shows the previous plane from the current plane.

Thedsplanes (start plane, stop plane) macro producesagraphical 2D color
or contour map for asubset of 3D planes specified by thearguments. The dconi program
is used to display the planes. Theplplanes macrois available to plot a series of 3D
planes.

The new concept of time-domain frequency shifting can be employed to good use in 3D
NMR, where spectrain theindirectly detected directions are often “folded” by accident or
by choice. The parameters 1sfrqg, 1sfrqgl, and 1sfrg2 cause the frequency of the
spectrum to be shifted as part of the Fourier transformation process.

3D Pulse Sequences

Simply write asequence that includesad2 and d3 delay (these delaysmay alsobed2 /2
or d3/2) when are writing sequences. Use the parameters phase and phase? to select
between the two orthogona components of the hypercomplex experiment in the relevant
domain for the sequence to operate in the hypercomplex (or the hyper-hypercomplex)
mode. Ensure that the experiment processes correctly by using the default processing
coefficients. Write the pulse sequence so that the phase=2 (and phase2=2)
experiments leave the receiver unchanged (compared to phase=1) and ether increment
the phase of the pulse (or pulse sandwich) just prior to the relevant evolution or decrement
the phase of the pulse following evolution by 90 degrees (or for multiple-quantum
experiments, by 90/n).

Experiment Set Up

Set up is necessary in 3D experiments to position transmitters and decouplers, adjust pulse
widths, etc. Just as the set up of 2D experiments can often be assisted by performing “first
increment” experiments(i.e., a1D experiment that representsthefirst increment of the 2D),
so 3D experiments can be assisted not only by 1D setup experiments, but also by “first
plane” 2D experiments. To perform a 2D experiment in the sw1 dimension, set ni2=1
and phase2=1, withni greater than 1 and phase=1, 2 (or phase=3 for TPPI
experiments). This combination of parameterswill perform a“normal” 2D experiment,
incrementing d2, and the data can be processed with the wf t 2da command (or its
variants).

The*“third dimension” 2D experiment isperformed by setting ni=1 and phase=1,with
ni2 greaterthanlandphase2=1, 2 (or phase2=3, asdesired). These parameterswill
produce a 2D experiment in which d3 isincremented, resulting in aspectral width sw2.
The wft2d command must be given the special argument ni2 to process this data
correctly, for example, wtt2d('ni2',1,0,0,0,0,0,-1,0).Use

wft2da ('ni2', 1) totransform thefirst F2 X F3 plane of a3D data set.

When processing a“first plane” 2D experiment the axes are always labeled f; and f,
because this is considered to a 2D experiment and the axis labeling corresponds to
conventionsused in 2D NMR.

After setting up the 3D experiment, reset ni, ni2, phase, and phase?2 to their desired
values. Check the value of the parameter array and make sure that
array='phase,phase2' andnot 'phase2, phase', whichwill acquiredatainthe
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incorrect order. To ensurethe correct order, alwaysenter phase beforephase2, or smply
enter array="'phase, phase2’'.

Data Processing

Processing of 3D NMR requires coefficientsto select various components of the datato be
combined to form the final data set. There are up to 40 coefficients; see the Command and
Parameter Reference.The coefficients are normally transparent to the user, just as the 2D
coefficientsare. The set 3dproc command can createa 3D coefficient file for processing
3D FID data under certain conditions.

The £t3d command determines from the values of phase and phase2 what the
expected coefficientsare, based on whether ahypercomplex (* States-Haberkorn™) or TPPI
experiment has been performed in a particular dimension. This assumes that the pulse
sequence has been written to perform “standard” phase cycling as described above. If the
data are reflected along a particular dimension, it is possible (or probable) that different
coefficientsarerequired for dataprocessing. Inthiscase, the ££3d ('nocoef ') formis
used to allows coefficients to be specified (which are found in atext file named coef in
the 3D experiment directory, unlikein £t2d, where they are given as arguments to the
command). By default, £t3d callsthemake3dcoef macro to create a coefficient file
using the f1coef and £2coef string parameter values.

The format for the 3D coefficient file is an extension of that used for 2D coefficients. The
coefficient file contains four rows of eight coefficients used to construct the t,
hypercomplex interferograms and afinal row of eight coefficients used to construct the ty
interferogram. The actual values of the coefficients depend on the order inwhich the States-
Haberkorn components of the 3D FID data set were collected. This order dependsin turn
on the values of the parameters phase, phase2, and array.

If TPPI phase cycling is used to collect data along one or both of the indirectly detected
dimensions, instead of four datasetsper (ni,ni2)increment, thereareonly two or onedata
sets, respectively, per (ni,ni2) increment. If there are only two data sets per (ni,ni2)
increment, the coef file contains four rows of four coefficients that are used to construct
the t, hypercomplex interferograms, and afinal row of eight coefficients that are used to
construct the t; interferogram. If thereis one data set per (ni,ni2) increment, the coef
file contains four rows of two coefficients that are used to construct the t, hypercomplex
interferograms and a final row of eight coefficients that are used to construct the t;
interferograms.

Phasing a 3D data set is best accomplished using 2D transforms. In general, the
recommended method in writing 3D pulse sequencesisto attempt to minimize frequency-
dependent phase shiftsinf, and f,. Even so, there are generally small phase shiftsthat must
be dealt with. The following steps are suggested:

1. Set pmode='full" toallow full phasinginboth dimensionsafter a2D transform.

2. Adjust rp and 1p on a 1D spectrum (thefirst increment of the 3D), just asfor 2D
(eg., bytyping wft (1)).

3. Enterwft2d('ni',1,1,0,0,0,0,0,0,0,0,0,0,0,-1,0,0,0) tO
adjust f1 phasing (there are 11 consecutive zeros in the middle of this argument).

4. Fixthef,f3 2D spectrum (withincorrectly labeled axes). Set trace="'£1' toadjust
thef, phase, thenset trace="'£2"' totrimthef; phasing. Now adjust rp1 and 1p1
(aswell as rp and 1p).
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5. Enterwft2d4('ni2',1,1,0,0,0,0,0,0,0,0,0,-1,0,0,0,0,0) to
adjust f, phasing (note that this argument has nine consecutive zeros in the middle
and five zeros at the end).

6. Adjust fof3 2D spectrum phase. Set trace="'£1' to adjust thef, phasing (rp2
and 1p2),thenset trace='£2"' totrimthef; phasing if necessary.

Some pulse sequences are written to result in a 180° phase shift across the spectrum.
Remember that in VnmrJ, the “origin” for phasing is defined as the right edge of the
spectrum; however, in “real” terms, the actua origin of phasing (i.e., the zero-frequency
point) is at the center of the spectrum. If acertain 1p1 or 1p2 valueis expected, such as—
180°, simultaneously useavalue of rpl or rp2 equa to-1pl/2 or -1p2/2 (eg., 90°).

Adjust the weighting functions for the 3D transform by using the wt i command and
examineinterferograms. Do so along either thet; or t, axes. Use the same commands given
above to adjust the phasing (the commands with the long series of zeros), but use wft1d
instead of wft2d.

For thefinal transformation, the specdc3d parameter controlsthe dimensionsin which a
spectral drift correction isperformed on the data. A three-letter valueof 'ynn' givesdrift
correction along f3 (thefirst letter) but not along f4 (the second | etter) or f, (thethird letter);
thisvalue is probably a good starting point for your efforts.

The pmode parameter isignored by the 3D transformation; no phasing is possible after the
3D transform.

The 3D transformation process needs to be followed by the process of extracting the 2D
planes from the full 3D data set. This can be done separately, with the getplane
command, but most often is combined with the £t 3d command. In general, and especially
for heteronuclear experiments, the f1f5 and ff3 planes are the most interesting. The f4f,
planeis not only generally less useful, but also is considerably slower to extract from the
data. The recommended command to use for 3D transformation, therefore, is
ft3d('£1£3','£2£3 "), which performs the 3D transform and extracts the two
interesting planes in one step.

Solvent suppression works on t3 FIDs of 3D spectrajust like in the 1D and 2D cases.

Following thetransform, setplane="'£1£3 ' or ' £2£3 ' andthen usethedproj macro
to display the projection of the dataon that plane, or dplane (n) todisplay thenth plane.
The reset£3 macro will reset parameters after a partial 3D Fourier transform.

11.13 4D NMR Acquisition

Theaddpar ('4d') macro createsthe parameters ni3, sw3,d4, andphase3 that can
be used to acquire a4D data set (the macro par4d functions the same as
addpar ('4d")).

Theparameter ni3 isthenumber of t, increments; sw3 isthe spectral width aong thethird
indirectly detected dimension; d4 istheincremented delay, and phase3 isthe phase
selection for 4D acquisition. Processing and display in 4D are currently not available in
Vnmrd.
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chapter 12. Indirect Detection Experiments

Sectionsin this chapter:
® 12.1, “Probes and Filters,” this page
® 12.2 “The Basic HMQC Experiment for 13C,” on page 230
® 12.3, “Experiment Manua Setup,” on page 233
® 124, “Cancellation Efficiency,” on page 238
® 125, “Prosand Cons of Decoupling,” on page 239
® 12.6,“1N Indirect Detection,” on page 239
® 12.7,“Pulse Sequences,” on page 240

This chapter describes one indirect detection experiment known as heteronuclear multiple-
guantum coherence (HMQC). Indirect detection experiments show correl ations between
heteronuclel while detecting high-sensitivity protons. HMQC differs from the older
heteronuclear correlation techniques that detect the low-sensitivity heteronucleus (for
example, 3C or 1°N).

12.1 Probes and Filters

Indirect Detection Probes

The most commonly used probes for indirect detection experiments are the Varian, Inc.
“indirect detection” NMR probes, such asthe Triple Resonance, Penta, Tunable Triple,
Indirect Detection, gHX Nano, Cold Probes, and others. Indirect detection probes have a
H coil and an X-nucleus coil with the 1H coil positioned closer to the sample for the
highest possible sensitivity of the observed nucleus. When connecting cables to the probe,
ignore words like “observe” and “decouple” and think of H (for observe) and X (for
decouple) for connections.

Normal “broadband” probessimilarly have a'H coil and an X-nucleus coil and can be used
for indirect detection. But broadband probes have significantly lower proton sensitivity
(about half that of indirect detection probes) and so are not optimum for indirect detection
experiments. Nevertheless, broadband probes usually provide some sensitivity
improvement over direct detection heteronuclear correlation experiments. Four-nucleus
and “ Switchable” probes also have a’H coil and an X-nucleus coil, with the X coil closer
to the sample, and can satisfy the needs for indirect detection experiments.

Refer the manual that shipped with the probe for installation and tuning instructions.
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Filters

No additional filters are needed for MERCURYplug/-Vx systems. For YWNITY|NOVA systems,
Bandpassfilters might be needed on the transmitter, receiver, decoupler, and lock channels.
Filters are part of the probe kit shipped with each indirect detection probe that Varian sells.

Install a2H bandpassfilter in the lock channel line. Expect the lock phase to change when
thefilter isadded. Thisfilter can be | eft in the system at al times; it will, however, cause a
small (about 3 dB) lossin lock sensitivity.

The following table lists part numbers for the bandpass filters supplied with indirect
detection probes.

Filter 300-MHz 400-MHz 500-MHz 600-MHz 750-MHz

15N BE30.4-7.6-9BB BE40-14-9BB  BE53-15-8BB  BE61-10-8BB BE77-15-4BB
2H BE46-4-6BB BE61-10-8BB  BE77-3.8-8BB  BE95-12-8BB BE115-11-6BB
13c  BE75-15-8BB BE109-22-8BB BE135-35-8BB BE151-40-8BB = BE188-20-7BB
3lp  BE135-35-8BB  BE151-40-8BB BE175-60-8BB BE240-100-8BB BE301-46-8BB

Thereisa*catch” with this configuration—the filters used for indirect detection tend to
degrade specifications approximately 10% in terms of longer pulse widths and lower
signal/noise. The user thus faces aclassic trade-off of performance (manually insert filters
only when needed but achieve better specs) versus convenience (leave filtersin place
continuously and achieve worse specs). The convenience factor, of course, is nonexistent
if the instrument does anything other than 13C and 1H, because the 13C bandpassfilter can
not be left in place on the X line while doing 31P, 15N, or anything else. All standard
specifications are given with the indirect detection filters not in place.

12.2 The Basic HMQC Experiment for B¢

230

The essence of the HM QC experiment isthe cancellation or elimination of the signalsfrom
proton magnetization attached to 12C, leaving only signals from proton magnetization
attached to 13C, contributing to a 13C—1H chemical shift correlation spectrum. Thethree
basi ¢ independent mechanisms to generate this discrimination are:

® "Spin-Echo Difference Experiment,” page 230
® "BIRD Nulling," page 232
® "Transmitter Presaturation for High-Dynamic Range Signals," page 233

Spin-Echo Difference Experiment

The heart of the HMQC sequence can be reduced to a heteronuclear spin-echo difference
experiment that looks like Figure 52.

In Figure 53, a, b, and c represent the proton magnetization attached to carbons, where a
are the proton magnetization attached to up—13C, b are proton magnetization attached to
12¢, and c are proton magnetization attached to down-3C. Assume that we are at the
resonance frequency of the proton magnetization attached to the 12Cs. Intherotati ng frame,
the following steps (shown in Figure 53) occur:

1. Thefirst proton 90° pulse places al proton magnetization along they axis.
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Figure52. Heteronuclear Spin-Echo Difference Experiment
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Figure53. HMQC Pulse Sequence, Showing Movement of Attached Protons

2. After atime A = 1/(2J), the b proton magnetization are still along the y axis, but the

a proton magnetization are along the —x axis and the ¢ proton magnetization are
along the +x axis.

3. Next, the 180°y proton pulse placesthe b proton magnetization along the—y axis but
does not affect the a and ¢ proton magnetization.

4. Thenext pulse has the following effect:

a The90°490°_y carbon pulseis effectively anull pulse. All rotational
directions are maintained.
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232

b. The90°90°y (= 180°y) carbon pulse reverses the 13C, which makesthe a
proton magnetization attach to the down-3C and thec proton magnetization
attach to the up-13C, essentially reversing their rotational direction.

5. After another period A = 1/(2J), the following occurs:

a Thea, b, and c proton magnetization are refocused along the —y axis.

b. Theb proton magnetization are still along the—y axis, and the a and ¢ proton
magnetization are refocused aong the +y axis.

Subtracting the signal resulting from step 5b and 5a, by changing the receiver phase oph,
resultsin cancellation of the b proton magnetization, while the signal for the a and c proton
magneti zation doubles.

To create a 2D experiment with information about heteronuclear chemical shifts, we
introduce an evolution timet, that occurs between the two X-nucleus 90° pulses, as shown
in Figure 54.

90% 180°x oph = x,—x

D t t D
1, Y2 L2

90% x 90%

» L

Figure54. Evolution Time Added Between X-Nucleus Pulses

In this 2D experiment, which is now afull HMQC experiment, proton magnetization
attached to 12C show no different behavior and are still cancelled after two scans. For the
13C nuclei, however, whether they experience a 180° pulse, a0° pulse, or something in
between, depends on the time between the two 90° pulses and their rate of precession
during that time (i.e., their chemical shift). Therefore, this experiment produces a
modulation of the intensity of the 13C-bound proton magnetization, and the Fourier
transform of that modulation yields the chemical shift of the 13C bound to that proton.

Thus we detect 13C chemical shiftswith the intensity of proton magnetization, and,
simultaneously, we obtain acorrelation of the 13C and 1H chemical shifts. Appropriate
variations of the experiment produce |ong-range coupling information.

BIRD Nulling

The second (optional) type of cancellation that can occur during an HMQC sequenceisthe
so-called BIRD (Bilinear Rotation Decoupling) pulse nulling effect (Summers, Marzilli,
and Bax, JACS, 1986, 108, 4285). A particular sequence of the BIRD pulse, three pulseson
the TH channel and one on the X channel, inverts the z-magnetization of proton

magneti zation bound to 12C and | eaves the z-magnetization of proton magneti zation bound
to 13C unaffected. The full sequenceisillustrated in Figure 55, where A=1/2Jx H.

After the BIRD pulse, avariablewaiting period (t in Figure 55) isinserted, alowing the
12C_hound proton magnetization to relax back to equilibrium. I 1 is adjusted so that the
12¢C-bound proton magnetization are approximately at anull, then when the remainder of
the pulse sequence (the normal HMQC sequence) is executed, cancellation of the 12C-
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Figure55. HMQC with BIRD Pulse Nulling Effects

bound proton magnetization 1S enhanced (since those proton magnetization had very little
magnetization at the start of the HM QC sequence). Obviously, not all proton magnetization
will have the same relaxation time, so the choice of T must be a compromise; generally,
unless only one proton isinvolved, the additional suppression from the BIRD nulling will
be afactor of two to five.

For systemsthat exhibit a negative NOE, such as macromolecules, cross-relaxation
between the inverted proton magnetization on 12C and the noninverted proton

magneti zation on 13C will decrease theintensity of the desired proton signal. The extent of
this decrease can vary between 0% and 100%. For this reason, omission of the BIRD part
of the sequence is advised for macromolecules.

BIRD pulse nulling is aso not possible when long-range indirect detection experiments
(Heteronuclear Multiple-Bond Coherence, or HMBC) are performed. In this case, proton
magneti zation that have long-range couplings to 13C are directly bonded to 12C (99% of
them, anyway) so that BIRD pulse nulling would lose all intensity in the proton
magnetization of interest.

Transmitter Presaturation for High-Dynamic Range Signals

When high-dynamic range situations, such as observing signalsin H,O, are involved,
HMQC phase cycling and/or BIRD pulse nulling may be insufficient to produce
cancellation of the large proton signals. For this reason a third mechanism, presaturation,
may be necessary. Since one channel of theinstrument is set to an X-nucleus like 13C or
15N, this presaturation must be accomplished with the other channel; that is, the same
channel that will be applying observe pul sesto the proton magnetization. During one or two
different periods of the sequence (during theinitial delay and during the t delay), achange
in power level and possibly frequency will be appropriate in order to perform the
presaturation.

12.3 Experiment Manual Setup

HMQC and other indirect detection experiments are set up using StudyQ or by selecting
Experiment..... H Detected Proton-Carbon 2D Correlation Experiments...Hmgc. This
process retrieves 'H and 13C calibrations from the active probefile and resultsin a
parameter set in which theonly significant choicesare how long to run the experiment (nt)
and how much resolution isneed in f1 (ni). However, a step-by-step processis described
in this section to detail the choices that can be made and the impact of the choices.
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A good “normal” sampleto usefor your first natural abundance sampleisthe 1% 3-
heptanone in CDCl 3 sample (Part No. 00-968120-93). Throughout the following
instructions, refer to Table 17 to understand which parameters control the featuresin your
configuration.

1.

Insert the sample and, after shimming, |eave the spinner off. Regulate the
temperature if the experiment is run at a controlled temperature.

Set up to obtain anormal carbon spectrum and narrow the spectral width to the
appropriate region. The 13C spectrum will be too weak to observe in areasonable
amount of time in some cases. Two approaches can be taken to set the parameters
controlling the 13C frequency and spectral width if thisis the case.

® Usethe same parameters as used in similar experiments in the past on similar
samples.

® Set up a standard Carbon experiment and an appropriate solvent.

The spectrum obtained should be properly referenced. Apply the appropriate
knowledge of the expected chemical shift range, even if the peaksin the
spectrum can not be seen, to place two cursorswherethe edgesof that range will
be, and narrow the spectral width.

Obtain a proton spectrum and narrow the spectral width. Check the calibration of the
pulse width by entering pw=4*pw ga. Look only at the signals near the center of
the spectrum and see if they produce a null signal. If they are negative, enter
pw=pw+0.8 ga, if they are positive, enter pw=pw-0.8 ga; repeat until agood
null is found, then enter pw=pw/4.

Switch to the HM QC experiment and set the relevant parametersbased on the results
of steps 2 and 3.

Enter phase=1ni=1dm="'nnn"' null=0 ai wexp='wft dssh'.Setjtoan
appropriate value (normally 140 for C-H), and set nt to 4 or more transients,
depending on the concentration of the sample (signal to noise needs to be sufficient
to see the 13C satellites). Now set pwx to an array of 0 and 90° and enter au to
acquire two spectra. Proceed only if the two spectra are sufficiently different to be
confident that the second spectrum is showing satellite peaks only and not just
residual uncanceled intensity of the protons attached to 12C.

Skip ahead to step 8 if convinced of a correct connection but not the quality of the
spectra achieved at this step, and optimize thenull parameter, then return here to
check and optimize pwx. In either case, go over the checklist in the section
"Cancellation Efficiency,” page 238, making sure everything possible has been done
to optimize cancellation.

The spectrum in Figure 56 shows the result of this experiment on a sample of 1%
3-heptanone at 300 MHz, usingnt=64 null=2.0 and d1=2.

Now run an array of pwx around your expected 90° val ue, picking the one that gives
the largest satellite signals.

Set pwx to its 90° value and enter an array of dm="nnn", 'nny'if decoupling is
used during acquisition. These two experiments shoul d show coupled and decoupled

spectra, respectively.

Now, if appropriate, optimize the parameter null. Set nt=1 ss=4 and enter an
array of null valueswith at least one very short value (e.g., 0.001) and one very
long value (e.g., 2.0). This experiment depends on the relaxation times of the spins
involved. Set at and d1 to the same values being used in the 2D experiment. Run
the array and select the value of nul1 for which either most of the peaks, or the
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Figure56. Verifying Cancellation with pwx=0, 90

biggest peaks, or the peaks of most interest (choosethe criterion), are approximately
zero; remember, no one value of nul1l is correct for al peaks. showsthis
experiment run on a sample of 28 mg of gramicidin, withnul1l arrayed over the
range of values: 0.001, 0.05,0.1,0.2,0.3,0.4,0.5, and 2.0; examination of the spectra
shows clearly how different values of null might be chosen.

Null Array (nt=1) 0.001, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 2.0

TWWJWH“JJM

Figure57. Optimizing the BIRD Nulling Time

9. Set up presaturation, if desired, in the following manner. It is necessary to observe
the 12C-bound protons, so set nt=1 dm="nnn", and set nul1=0 to omit the
nulling period (for now at |east).

a  Enter ga and aproton spectrum will be observed.

b. MovetheFID toadifferent experiment, join the different experiment, and re-
transform the data (e.g., m£ (1, 2) jexp2 wft).
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c. Setthe cursor on apeak that isto be removed by presaturation, and enter nl
movetof. Notethevalue of tof selected and then copy thisvalue back to
your original experiment into the parameter satfrq (eg., jexpl
satfrg=x).

d. Nowset satflg='yn' and satdly equal to atime significant compared
with Tq of the peaks (e.g., satdly=1).

e. Array satpwr to find the minimum value for which the peak will be
removed (e.g., satpwr=10,7,4,1 au).

Setsatflg="'yy"',resetnull, and set satpwr tothevalue determined to
use presaturation.

Set satflg="nn"t0 not use presaturation.

10. Set up the 2D experiment.

Set ni between 128 and 256, phase=1, 2, and nt to an appropriate number
(comparable to value used in step 5).

11. Phasing inf, isaccomplished by performing a 1D transform on the first increment
withwft (1) and phasing the spectrum, paying attention only to the 13C satellite
peaks. In f;, the combination of the usually large spectral width and the pulsein the
center of the evolution time produces large negative values for 1p1.

Reasonably good starting points for the f; phase can be cal culated according to the
following formulas:

lpl= -swl X360°X ( (4 Xpwx)/m)
rp = -1pl/2

Expect to see artifacts in these spectra. The residual uncanceled signals from protons
attached to 12C show up as stripes parallel to the f, axis at the frequency of each 1H peak.
This artifacts will be larger for peaks with long T, such as solvent peaks (e.g., residual
protons on a deuterated solvent) or methyl groups. In Figure 58 they are seen at 2.4 ppm,
1.0 ppm, and 0.9 ppm.
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Figure58. Coupled HMQC Spectrum of 3-Heptanone

Axial peak artifacts, which are common, will show up either at f;=0 (the center of the
spectruminfy) or, asin Figure 58, at the edges of the spectrumin f, (if FAD isused), again
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at f, frequencies corresponding to each 1H peak and possibly through the entire spectrum.
Another common artifact seen in Figure 58 isthe “0,0” artifact in the exact center of the
spectrum. Some peaks in the 1H spectrum, of course, will not appear in the HMQC
spectrum, because they represent protons that are not bound to 13C (e.g., protons from
water or NH groups). Thisis not the case with 3-heptanone, however.

Multiple structures are typical with HMQC spectra. During the detection period a(i.e., with
IH-1H couplings) proton spectrum of only those protons attached to 13C is acquired. The
proton attached to the carbon at 37.2 ppm isaquartet (it’s adjacent to aCH3 group) and the
proton attached tq the carbon at 43.4 ppm isatriplet (it's adjacent to a CH» group), see
Figure 59. In the "H spectrum itself, these two groups of protons are heavily overlapped
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Figure59. Expansion of Coupled 3-Heptanone HMQC Showing Multiplets

(see Figure 60).

Figure 60. Decoupled HMQC Spectrum of 3-Heptanone
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Cancellation efficiency is critical because indirect detection experiments involve
cancellation of non-13C-bound protons that are two orders of magnitude more intense
(assuming unlabeled compounds). Cancellation efficiency, in turn, depends on the
fundamental stahility of the system rf and the reproducibility of anything el sethat can affect
the signal. Stability isfixed by the instrumentation A number of operating conditions that
influence the quality of any cancellation experiment (NOE difference experiments are
another good example) are under the control of the operator. Some of these conditions are
discussed here, roughly in order of importance:

® Run experiments non-spinning. Thisis a must.

® Usethe highest lock power at which the lock is stable (be sure to shim with anon-
saturating level, however) and keep thelock gain as low as possible, sufficient only to
be sure that lock is not lost during the experiment.

* Usa’H band-passfilter in the lock line. Interference between X-nucleus decoupling
or even X-nucleus pulses can affect the lock and cause field instabilities, limiting the
ability to perform cancellation experiments (if such afilter isnot available, run ashort-
term experiment in the unlocked mode as atest).

® Use VT regulation, even at room temperature. Large changesin temperature of the
environment can affect the VT gas stream. The frequency of peaksin the spectrum and
of thelock resonance (which affectsall peaks) istemperature-sensitive to some degree.
Shimming may also change if the probe temperature varies, which can affect the
lineshape.

® Besurethesystemisinthermal equilibrium. Applying large amounts of power to the
system, if experiments with X-nucleus decoupling are run, the temperature of the
probe, the sample, or both, is almost certain to change even with VT regulation. The
best way to ensure thermal equilibriumisto set up a*“dummy” experiment with
identical conditions (in terms of duty cycle) to the actual experiment, but which runs
for perhaps several minutes (easily accomplished by setting ni to a small number).
Now, queue the real experiment to follow the dummy one, and the sample and probe
are properly equilibrated.

® Besurethe systemisin an NMR steady-state by using steady-state pul ses.

® Usealargevaue of nt. Cancellation improves with larger nt, so the relevant
cancellation is that which occursat nt comparable to what will be used in an indirect
detection experiment (16 to 1024). Do not expect perfect results with nt=2.

® Minimizefloor vibration. Install an antivibration system if this cannot be fixed by
spectrometer placement.

® Useamoderate flow of body air through the probe to eliminate “rattling” from
turbulent flow.

® Use lengthened pulses (attenuated rf) if thereis arise time or phase glitch problem.

Before beginning an HMQC experiment, assess the quality of the reproducibility by
performing some simple difference experiments. The standard S2PUL pulse sequenceisa
good oneto use for this purpose. The first pulse of S2PUL, controlled by p1, isheld at a
constant phase, while thereceiver varies in phase. Thus, after four scanswith p1 set to the
90° value, pw=0, no signal should be seen. This can be compared to four scanswith pw set
to the 90° value, p1=0, which produces afull signal. Taking the ratio of these two spectra
gives a concrete measurement of cancellation efficiency, while repeating the null spectrum
anumber of times gives a measure of the reproducibility of the cancellation. Use this test
to assess the value of the various steps and modifications described above, or of other
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differences (for example, the relative cancellation efficiency of experiments with and
without X -nucleus decoupling).

12.5 Pros and Cons of Decoupling

Decoupling of X during acquisition seems advantageous—the spectrum is less crowded,
with only half as many peaks, and each peak has twice the sensitivity—but problems soon
arise.

The disadvantage of X-nucleus decoupling stems from the need to use large (up to 8 kHz)
decoupling fields. This high power can cause significant heating, particularly in lossy
samples. As aconsequence of sample heating, experiments with X-nucleus decoupling are
generally limited to relatively short acquisition times, which in turn may produce less
resolution in fo as well asless sensitivity for molecules with long To Furthermore, the
heating that does occur frequently produces worse cancellation efficiency. And, finally, to
prevent the buildup of heat in the sample, the duty cycle of the experiment may need to be
limited to 10 to 20%, again possibly reducing sensitivity. Therefore, experiments
performed without X-nucleus decoupling are perfectly reasonable, and may well be
preferable.

It isimportant to avoid sample heating if X-nucleus decoupling is desired. Thisform of
sample heating can be non-uniform within the sample and can cause microconvection,
producing poor cancellation. Keep the acquisition time short and the overall duty cycleless
than 20%.

Add afixed 6-dB attenuator to the X-nucleus channel to lower the decoupler power, if
necessary, on systems in which that power is not under computer control. Check the X-
nucleus pulse calibrations. This can lengthen the pulse widths of the X-nucleus pul ses.

Dual-broadband systems have no problem performing modulated decoupling, because the
decoupling is being performed by the normal spectrometer decoupling channel. On single-
channel broadband systems, however, the decoupling is being performed by the normal
observe channel, and the standard modulation (WALTZ, for example) is not present.

Inthe sequences described here, broadband decoupling is achieved by using the acquisition
computer to provide WALTZ-4 modulation of the X-nucleus channel through explicit
software control. It al soimposes some limitation on spectral widthsand pulse widths, since
the WALTZ-4 sequence (whose length is 6 *pw90) must fit in between successive data
point samplings (which occur at time intervals of 1/sw).

When WALTZ decoupling is used, the maximum power level for decoupling isthe level
that providesan rf field strength (in Hz) comparable to half the range of expected X shifts.
The normal spread of protonated carbonsis 150 ppm, which is 15 kHz on a400-MHz
system, and, consequently, a 13C 90° pulse of 25 ps (corresponding to an rf field strength
of 8 kHz) is adequate. The somewhat long proton pulses on broadband and switchable
probes does not seem to present a problem because indirect detection experiments demand
no more proton pulse power than DEPT or HETCOR.

12.6 1°N Indirect Detection

Calibrations and operationsfor 15N proceed largely along thelines outlined above for 13C.
Inthe standard sample, 2% 1°N-benzamide (Part No. 00-968120-97), the 15N satellitelines
are partially obscured by other resonances in the conventional 1D spectrum, and so the 15N
pulse width calibration must be done using multi-transient HMQC experiments as
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described in " The Basic HMQC Experiment for 3¢ page 230. Besureto useaJd
appropriate for NH couplings (90 Hz) in this case.

A step that can often be donein 15N work of peptidesis to make sure that the yB> is
sufficient to decouple the relatively narrow range of 1°N chemical shifts expected in such
samples but no more. This minimizes heating effects and improves cancellation. Typical
acquisition times (at) are 0.075 to 0.1 seconds.

12.7 Pulse Sequences

Indirect detection experiments can use the HMQC or HSQC pul se sequences.
®* "HMQC Pulse Sequence,” thispage
® "HSQC Pulse Sequence," page 243

HMQC Pulse Sequence

Thehmge< (isotope) > macro sets up parametersfor aHM QC (heteronuclear multiple-
guantum coherence) pulse sequence. The optional i sotope argument isthe isotope
number of the heteronucleus of interest, for example, hmge (1) for IH (the default is13C).
Figure 62 isadiagram of this sequence. Thefirst 2 *pwx pulse onthe X heteronucleusisa
composite 180 consisting of 90(v9) — 180(v1) — 90(v9).

90°% 180°x 180% oph=x,—x

90°x 90%
1, D D H t H D 42 42 D
90

180% % -x 905,

x ﬂ -

Figure61. Basic HMQC Pulse Sequence

pw 2*pw pw pw 2*pw
(v1) (v1) (v2) (v1) ’ (v4) (oph)
at
L dl D D null D | d2/2 d2/2{ D
H ; ; —
Z*wa pr pr
(vo,v1,v9) (v3) (v5)
H bbd
X |

Figure62. HMQC Pulse Sequence with nul1<>0 and mbond="n'
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Phase-Sensitive Aspects of the Sequence

The parameter phase, asin other phase-sensitive 2D experiments, controls the f; phase
detection. Usephase=1 for 1D setup experimentsor a2D experiment without quadrature
detectioninf,. Usephase=1,2 foranorma 2D experiment using the States-Haberkorn-
Ruben (hypercomplex) method. Use phase=3 to acquire datawith TPPI and make sure
swl istwice the expected range.

The FAD, for “F1 Axial Displacement,” technique (Marion, D.; Ikura, M.; Tschudin, R.;
Bax, A. J. Magn. Reson. 1989, 85, 393) involves a change of phase cycling that shifts the
axial artifacts in ahypercomplex experiment to the edge of the spectrum, giving the
hypercomplex version the benefit of TPPI with none of the disadvantages. Itisalsoreferred
to as " States-TPPI.” The hmgc macrosinclude FAD. Once implemented, use of the
techniqueistotally transparent—just perform a standard hypercomplex experiment with
phase=1, 2.

Parameters

Table 17. Parameters for HMQC Pulse Sequences

Parameter HMQC

14 90° pulse pw

14 180° pulse derived from pw
H amplifier power (if appropriate) tpwr

IH frequency tn, tof

IH spectral width sw

X 90° pulse pwx

X 90° pulse for WALTZ decoupling 1/ (4¥dmf)

X 180° pulse derived from pwx
X amplifier power for pulses (if appropriate) pwxlvl

X amp power for decoupling (if appropriate) dpwr

X frequency dn, dof

X spectral width swl

A delay 1/(23) [if j=0, D=0]
t delay for BIRD nulling (if null=0, entire null

BIRD sequence is skipped)

Coupled experiment dm="'nnn'

X decoupling during acquisition. dm="'nny"'
Setup experiments phase=1
Hypercomplex experiment phase=1,2
TPPI phase=3
Minimum nt possible 2

Presaturation and/or multiple-bond correlation  seetext

Axis parameter for proper ppm on both axes pd

pw isa90° pulse on the observed nucleus (protons) at power equal to tpwr.
pwx iSa90° pulse on the heteronucleus at power equal to pwx1v1l.

dpwr isthe decoupler power level for broadband X-decoupling.

241
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242

dmf sets the modulation frequency (4*yB,) at decoupler power (dpwr).
dmm is decoupler modulation mode. dmm="'ccg' isrecommended.

dm="'nny ' activates heteronuclear broadband decoupling (recommended) during
acquisition. Notethat dm can be setto either 'nnn' or 'nny ', andthat the duty cyclefor
the decoupler should be less than 20%.

j isthe average scalar coupling constant between the protons and the heteronucleus
(usually one-bond constants). 5 is 140 for 3C or 90 for °N. Thetime A, shownin Figure
62, iscaculaedas1/27.

null isaWEFT-like delay used to improve the suppression of the protons connected to
12C (and not to 13C) that have been inverted by the preceding BIRD pulse. Try anull
value of 0.3 for 13C, 1.0 for 1N, and 0 for macromolecules. To optimize, set ss=-8 and
array null withnt=1 andphase=1. Thisselectsthevalue of nul1l that best minimizes
the sample'ssignals(typically 0.2t0 0.7 seconds). If null issetto O, the BIRD elementis
omitted from the pulse sequence.

at isthe acquisition time (t, period).
ni isthe number of t; increments (set up with default values for either 13C or 1°N)).

ss isthe number of complete executions of the pul se sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pul ses
are gpplied on the first increment only; if ss isnegative, —s s transients are applied at the
start of each increment.

nt isamultiple of 4 (minimum) or multiple of 8 (recommended).

phase=1, 2 (2D hypercomplex data with hypercomplex-TPPI method) or phase=3 2D
TPPI datd). phase=1, 2 issuggested. For phase=3, remember that hmgc sets swil to
twice the desired value for heteronuclear experiments.

satflg="'yn' givespresaturation during satdly,and satflg="'yy"' gives
presaturation during satdly and null (not on MERCURYplug-Vx).

satfrg=x isthe presaturation frequency (using thetransmitter), satdly isthelength of
saturation time during the relaxation period (immediately after d1), satpwr isthe power
level for presaturation using the transmitter (not on MERCURYplus/-Vx).

hs="yn' givesahomospoil pulse at beginning of d1 (length=hst). hs='yy' givesa
homospoil pulse at beginning of both d1 and null.

taumb isafixed delay associated with the multiple-bond HMQC experiment
(taumb=0. 055 isrecommended).

mbond="n" isanormal HMQC experiment. mbond="y"' isamultiple-bond HMQC
experiment (HMBC).

(1) Set null=o0 torun HMBC (mbond="y'), otherwise, only protons that are both long-
range and short-range (one-bond) coupled to a given heteronucleus (13C, for example) will
not be suppressed, (2) set dm="nnn", (3) set taumb, and (4) run the single-bond (HMQC)
and multiple-bond (HMBC) experiments with phase=1, 2 or phase=3.

Phase Cycling

The phase cycling isthe following:

v1l,v2,v3,v4,v5,v9 arephasesfor pulses. oph isthe phase for receiver.
vi = X X YV Y
v2 = -X -X -y -Y
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vd = X -X Yy -Y
vd = X X Y Yy YV Yy -X -X
v = X X Yy Yy X X VYV Y
v = y Yy -X -X
oph = x -x vy -y

These phases are for phase=1. For phase=2, add 90° to v3. For phase=3, add
90* (1x - 1)° to v3, where ix isthe increment counter.

Technique

The usual setup isto place aH bandpass filter between the observe port on the probe and
the *H/1%F preamplifier, and to place a 250-MHz lowpass L C filter and either a13C
bandpass or a'®N bandpass filter in the decoupler line just before the probe connection.

The experiment should be performed non-spinning and with VT regulation.

HSQC Pulse Sequence

The hsgc macro sets up parameters for the HSQC pul se sequence.

Parameters

sspul="y"' selectsfor trim(x)-trim(y) sequence at the start of the pul se sequence;
sspul="n"' selectsanormal experiment.

satmode="'yn' givespresaturation during relaxation period (satdly) with the
transmitter; satmode="nn"' givesno presaturation during relaxation period (satdly);
satmode="'ny' givespresaturation during only the null period.

satfrq setsthe presaturation frequency.

satdly setsthe saturation time during the rel axation period.

satpwr setsthe saturation power for all periods of presaturation with xmtr.
hs="yn' setsahomospoil pulse (hst) during the d1 relaxation delay.
null isthe delay associated with the BIRD nulling.

tpwr isthe power level for H transmitter pul ses.

pw isa90° transmitter pulse length for protons (the observed nucleus).
pwx1vl isthe power level for X decoupler pulses.

pwx isa90° decoupler pulse length for X.

jxh isaone-bond heteronuclear coupling constant to X (in Hz).

phase=1, 2 for hypercomplex experiment with F1 quadrature (complex F1-FT).
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chapter 13. Data Analysis

Sectionsin this chapter:
e 13.1“Spin Simulation,” this page
e 13.2“Deconvolution,” page 253
» 13.3 “Reference Deconvolution Procedures,” page 258
e 13.4"Addition and Subtraction of Data,” page 262
» 13.5"“Regression Anaysis,” page 268
» 13.6 “Cosy Correlation Analysis,” page 276
e 13.7“Chemical Shift Analysis,” page 276

13.1 Spin Simulation

¢ “Introduction to Spin Simulation,” page 245

e “Spin Simulation Window Tabs and Controls,” page 246

e “Spin Simulation Step-by-Step,” page 247

¢ “Spin Simulation Related Commands, Parameters, and Files,” page 249

Introduction to Spin Simulation

The software includes an iterative spin simulation program based on the FORTRAN
program LAME, also known as LAOCOON with magnetic equivaence added. LAME
calculates the theoretical spectrum for spin-1/2 nuclei, given the chemical shiftsand the
coupling constants.

Up to eight closely coupled, non-equivaent spins (ABCDEFGH) can be handled.
Equivalent spins can be treated by magnetic equivalence factoring to extend the smulation
to systems such as A3B2CD3. The X-approximation can be used to handle different types
of nuclel. Nuclei are treated as different typesif there is at least one spare letter in the
alphabet between their groups (e.g., ABD and ABX are both systems using the X-
approximation.) Frequencies, intensities, energy levels and transitions can be listed, and
simulated spectra can be displayed and plotted.

Parameters can be adjusted by iteration to approach agiven experimental spectrum. One or
severa parameters can be kept constant for iterative runs and one or several parameters can
be set equal to each other and held equal during the course of the iteration.

A worked through example is provided in “ Spin Simulation Step-by-Step,” page 247. The
menus and dia og windows simplify the procedure. A number of specialized commands
and parameters are also available. Table 18 lists these commands and parameters

References for the spin simulation a gorithms:
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e Bothner-by, A.A. and Castellano, S., J. Chem. Phys., 41, 3863 (1964).

* Emsley, Feeney, and Sutcliffe, eds. 1966. Progressin Nuclear Magnetic Resonance
Spectroscopy, Vol.1, Chap. 3. Oxford: Pergamon Press.

e Sanley, R.M.; Marquardt, D.W.; and Ferguson, R.C., J. Chem. Phys., 41, 2087 (1964).

Spin Simulation Window Tabs and Controls
* “Spin Selection Tab, Buttons and Fields,” page 246

e “Spin Assignment Tab,” page 247

Spin Selection Tab, Buttons and Fields

7 Spin Simulation
Choose spin Chemical
. Choose Spin System Simulation Parameters Chemical Shifts Show parameters. Sh |ftS

system region [ e | A& s paramstera ] | Eomre = (et !

ABC A2BCD AXY min freq [3770.83 X 0.00 reg'on

A2B A3BC AX2 max freq [3807.91 ;nUFLING (nNSTAi«TS

ABCD A2B2C AXYL threshhold |0.01 Coupling Constants JAX 7.4550 Parameters

A2BC A382 ARY line wicth [0.6] 1A% Ef| {22 G )

A38 A382C ) vert scale | [7-a550 : list

other  [AXZY P et from specirum |

Simulate )

Simulation Coupling
Parameters Constants
region oo region

Figure 63. Spin Simulation — Spin Selection Tab

The Spin Selection Tab has the following buttons and fields, refer to Figure 63 as needed:

Region and Button or field

Description or Function

Choose Spin System region

Choose Spin System radio buttons.

Other:

Simulation Parameters section.

Initialize parameter s button

Parameter fields.

Show spectrum button
Chemical Shifts section.

Chemical shift menu
Chemical shift entry field
Set shift from spectrum button

Coupling Constants section.

Coupling constant menu

Coupling constant entry field
Set J from spectrum button

NMR Spectroscopy User Guide

Click on abutton to select the spin system.

Enter the spin system in thisfield if the required spin
system is not associated with a button.

Initializes the spin simulation parameter using the
default values displayed.

Enter anew value for any of these parameters.
Click thel nitialize parameter sbutton to initialize the
parameter fields from the current spectrum.

Display the Fourier-transform spectrum.

Select a chemical shift from the menu (A, B etc.)
Enter a chemical shift value in the entry field.

Set the chemical shift using the current position of the
cursor in the spectrum.

Select a coupling constant (JAX, JAY etc.) from the
menu.

Enter a coupling constant value in the entry field.

Use the current positions of the left and right cursors
in the spectrum to set the coupling constant.
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Region and Button or field Description or Function

Simulate button Simulate and display the spectrum using the selected

spin system, chemical shifts, and coupling constants.
Show parameter s button Display the chemical shiftsand coupling constantsin a

singlelist in the field bel ow.

Spin Assignment Tab

~ S i U e . |
(SHImSEEGEGRN Spin Assi
Spin System: Make line list e #nerations [20
AX2Y Use line list lterate JAX, JAY

Usa fitspec
Show simulation Spin systen AX2Y =]
A 3752.51
Show spectrum Assign Lines | % i
i
Show assigned lines_ | Clear assigned lines
EXPERIMENTAL LINES LINES CALCULATED JAY 1.3733
s1freq i clindex clfreq IR 0.0000
1 0.00 i 0.00 Tine # transitions  frequency  intensity
4 3800652 1.000 =
7 3799.279 1.000
8 3793.197 1.000
s 3793.197 1.000 =

[ Ear H Unc H Close H Abandon ‘

Figure 64. Spin Simulation — Spin Assignment Tab

The Spin Assignment Tab hasthe following buttonsand fields, refer to Figure 64 asneeded:

Button or Field

Description

Spin System:

Show simulation button
Show spectrum button
Makelinelist button
Uselinelist button

Use fitspec button

Show assigned lines button

Clear assigned lines button
Iterate button

# Iterationsfield

Iteratefield

Displays the spin system selection.
Display smulated spectrum.
Fourier transform and display the spectrum.

Create alinelist from the current spectrum and
threshold and copy the list into the spin smulation
line assignment file.

Copy the current line list into the spin simulation line
assignment file.

Copy the fitspec linelistinto the spin smulation
line assignment file.

Display the spin simulation line assignment file
spini.la.

Clear the line assignments.

Iteratively fit the smulated transition lines to the
experimental lines.

Displays the maximum number of iterations used for
fitting the data.

Showsthe iterate parameter containing the
chemical shifts and coupling constants used in the
iterative fit.

Spin Simulation Step-by-Step

A step by step procedure is provided using a worked out example that includes comments

at each step.

Setting Up the Spectrum for Spin Simulation

1. Click on File on the main menu.
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10.

11

Select Open.

Thetext window displays alist of directories (entries with a backslash asthe last
character in the name) and files (if any). The menu (near the top of the screen)
displays the pathname of the current directory.

Select the top directory (/) from the L ook In menu of the File Open dialog.
Select /vnmr from thefile display.

The text window displays the list of subdirectories.

Select £id1ib fromthelist.

Double click onthefileProton 01fid.

Thefileisretrieved to the current experiment and viewport.

Click on the Process tab.

Click on the Transform button.

The graphics window displays a spectrum and the menu from the interactive
spectrum display program (ds) appears.

Click the left mouse button near 7.7 ppm and the right mouse button near 7.5 ppm.
Click on 4.

The spectrum expands to show the six-line pattern that will be simulated as an
AX2Y system.

Click the Show Spectrum button.
The spectrum is now set up.

Simulating the Spectrum

1
2.
3.

10.
11
12.

13.

Click on Process on the Main M enu.
Select Analyze.

Select Spin Simulation...
The Spin Simulation dialog box appears.

Click on Spin Selection Tab.

Click on AX2Y button.

This picks the spin system.

Click on Initialize Parameters.

The parameters are initialized from the spectrum and displayed.
Enter 0.6 in the linewidth entry field.

Click on the one cursor icon on the graphics toolbar.

Move the cursor to the center of the six-line pattern.

Click the left mouse button.

Select A from the Chemical Shifts menu.

Click on the Set shift from spectrum button.
This sets the chemical shift of spin A to the position of the cursor.

Move the cursor to the center of the left-most line.
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14.
15.
16.
17.
18.

19.
20.
21.
22.

23.

13.1 Spin Simulation

Click the left mouse button.

Move the cursor to the center of the second |eft-most line.

Click the right mouse button.

Select JAY from the Coupling Constants menu to set the JAY coupling.

Click the Set J from spectrum button.s
This setsthe JAY coupling constant to match the difference frequency.

Click the right button on the center of the third line from the left.

Select JAX from the Coupling Constants menu to set the JAX coupling.
Click the Set J from spectrum button.

Click on Show Parameters.

This confirms your entry of the spin system parameters.

Click on Simulate.

A simulated spectrum is displayed.

Running an lterative Spin-simulation

1
2.

Click on the Spin Assignment tab.

Verify that thevaluesin theentry box are: A, JAX, and JAY.

This verifiesthat the iterate parameter is set correctly.

Enter the number of iterationsin the # iterationsfield, enter 20 as a starting point.
Click on Show/Hide threshold button =3 to show the threshold.

Use the left mouse button to move the threshold line bel ow the tops of the peaks.
Click theMakeLineList button.

Click on the Assign Lines button.

Theassign macroisexecuted and assignsthelinesfromthelinelisting to the lines
from the previous simulation.

Click on the | ter ate button.

This performs an iterative optimization, displays the resulting spectrum, and outputs
the results of the iteration to theiterate window.

Click on Spin Selection tab.

Click on the Show parameter s button.

Thelisting containsthe values of the 2, JAX, and JAY parametersthat give the best
iterated fit to the experimental spectrum.

Spin Simulation Related Commands, Parameters, and Files

“Commands and Parameters,” page 250

“Spin Simulation Globa Parameters,” page 251
“Iterative Mode Related Commands,” page 251
“Spin Simulation Files,” page 252
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Commands and Parameters

Related commands and parameter are listed in Table 18.
Table 18. Spin Simulation Related Commands and Parameters

Command Description

assign* Assign transitions to experimental lines

cla Clear all line assignments

dga Display group of spin simulation parameters
dla<('long') > Display spin simulation parameters arrays
dlalong Long display of spin simulation parameter arrays
dlil= Display listed line frequencies and intensities

dsp< (file) >

initialize iterate
spinll<('mark') >
spins < (options) >

spsm(spin system)
undospins

Calculates the smulated spectrum (using the
current value of parameter s 1w for the linewidth)
and displays the spectrum using the current table
of transitions and intensities. dsp can only be
used after the spins program hasbeenrun. dsp
with afilename as an argument uses the spectral
information taken from that file. Theresult is
displayed and can bemodified and plotted like any
other 1D spectrum.
Set iterate string to contain relevant parameters
Set up aslfreq array
Performs a spin simulation using the current spin
system parameters when the Simulate button is
clicked. The following variations are available:
spins ('calculate','energy"')
Puts an energy level table in the output file.
spins('calculate','transitions
1

)
Puts a second table of transitions ordered by
transition number in the output file.
spins('iterate')
Runsin an iterative mode to match experimental
and calculated lines.
spins('iterate','iteration')
Lists parameters after each iteration in the output
file.
Enter spin system
Restore spin system as before last iterative run

* dll<('pos'<,noise mult>)><:lines>
assign<('mark') >, assign(transistion number, line number)

Parameters

cla {array of red vaues}
clamp {array of red values}
clfreqg{real values}
clindex {array of rea vaues}
iterate {string of parameters}
niter {1to 9999}
slfreq{rea values}

slw {0.01 to 1e6}

smaxf {-1el0 to 1e10}

sminf {-1el0 to 1e10}

sth {0to 1.00}

svs {0to 1el0}

250 NMR Spectroscopy User Guide

Calculated transition number

Calculated transition amplitude

Calculated transition frequency

Index of experimenta frequency of atransition
Parametersto be iterated

Number of iterations

Measured line frequencies

Spin simulation linewidth

Maximum frequency of any simulated transition
Minimum frequency of any simulated transition
Minimum intensity threshold

Spin simulation vertica scale
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Spin Simulation Global Parameters

Commonly used spin simulation global parameters and descriptions:

Parameter

Description

claandclfreq Makeup atableconsisting of line numbers assigned by the spin simulation

clamp

clindex
slfreq

sminf and
smaxf

sth

svs
slw
dga

program and the corresponding frequency of a measured line when the
intensity of the line is above athreshold value set by the parameter th.

Sores the transition amplitude of calcul ated transitions when they are
above athreshold set by parameter sth.

Index of experimenta frequency of atransition.
List of measured line frequencies.

Minimum and maximum frequency limits for calculation of the final
simulated spectrum. These should be set before the calculation is
performed. If the Initialize Parameter button isused, sminf is
initialized to sp, and smax £ isinitialized to sp+wp

Minimum intensity threshold above which transitions are listed and
included in the simulated spectrum. A typical valueis 0.05.

Maximum intensity of calculated transitions.
Spin simulation line width

Displays the file of simulation parametersin the Text Output window of
the Process Panel.

Iterative Mode Related Commands

Thefollowing commands are used to set up filesfor the“iterative” mode of spin simulation
in which the cal culated spectrum approximates an experimental spectrum.

Command Button Description
spins ('iterate') Iterate Performs the simulation in the iterative mode
initialize iterate Initialize Selects a default value for the parameter
parameters iterate that causesiteration of all
parameters.
The string parameter, iterate, containsa
list of parameters (separated by commas) to be
iterated during iterative spin simulations.
Typical valueis ' A,B,JAB'.
Initializesthe parameter iterate toastring
containing parameters appropriate to the
current spin systemand niter to 20.
cla Clear Clearsthefile of line assignments used for
assigned lines  spin simulation.
dla Show Displays the file containing the line
assigned lines  assignments.
dlalong Writes the line assignments to the file
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spini.la of thecurrent experiment. This
command is useful in more complex problems
where the text window is too small for the
dla display. dlalong displaysthefilein
the text window.
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Command Button Description

spinll UseLineList Copiesthefrequency list fromthelastnll or
d11 linelisting (contained in the parameter
11frq) into the simulation line frequency
parameter slfreq. spinll, clears
previous line assignments, and runsdla.

spinll (‘mark’) Places the line positionsin the file
markld.out intotheparameter slfregq.
Thisisuseful for to manual line assignment.

assign Assign Lines  The nearest calcul ated transitions are assigned
tothelinesfromadll ornll listing after
spinll placestheminslfreq.Ifa
frequency in s1freq existswith aline
number, the next entry of the same frequency
is assigned a unique line.
Optional:
Assign positive lines only. Run
dll (*pos’) fromthecommand linefirst.
Only lines transitions greater than sth
(typically >0.05 to prevent assignment of
extremely small lines) are assigned.

assign(‘mark’) Thesame as assign except thefile
markld.out isusedinstead of thed1l1l
listing. Use the cursor and the mark button to
place the lines to be assigned in the
markld.out file Thisfileiscleared by
mark (‘reset’).Usenl to movethe
cursor to the center of a selected line.

assign (t#,1#) Assigns asingle calculated transition number
(t#)toalinefromadll listing (theindex is
1#).Useassign (t#,0) toremovethe
calculated transition assignment.

undospins Restores a spin system asit was before the last
iterative run. Chemical shifts, coupling
constants, and transition assignments are
returned to those existing immediately before
an iterative spin simulation.

Refer to the descriptionsin the VNMR Command and Parameter Reference.

Spin Simulation Files

The spins.list fileisan output table made by the spin simulation program. Thisfile
can be displayed by clicking on thelist button. The following files can exist in the current
experiment. Only thefile spini . la isnormally of interest when spin simulation is run:

File Description

spini.indata Line assignment input (deleted by spins after iterations are
completed) for the spins program.

spini.inpar List of parameters whose values are to be determined by

spins ('iterate').
spins.inpar List of initial settings of a number of spin simulation parameters.
spini.la Current transition assignments for an iterative spin simul ation (produced

by the d1along command).
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File Description

spins.list Name of the output file and it is located in the current experiment. This
file always includes the calculated transitions ordered by frequency.

spins.outdata Fileof frequencies, amplitudes, and transition numbers from a spin
simulation. It is used in calculating the displayed spectrum.

spini.outpar Values of the chemical shifts and coupling constants after an iterative
spin simulation.

spini.savela Transition line assignments for iterative spin simulation in aformat
readable by the macro undospins.

spins.stat Constants related to iteration (deleted by the spins program).

13.2 Deconvolution

¢ “Introduction to Deconvolution,” page 253

* “Deconvolution Window and Controls,” page 253

» “Deconvolution Step-by-Step,” page 254

» “Deconvolution Related Commands, Parameter, Macros, and Files,” page 256

Introduction to Deconvolution

The software supports the deconvolution of observed spectrainto individua Lorentzian
and/or Gaussian lines. Up to 2048 data points from an expansion of an experimental
spectrum can be deconvoluted at one time, and up to 25 lines can be fit to this section of
the observed spectrum. Each lin€'s shape can be defined to be Lorentzian, Gaussian, or a
combination of both.

The following parameters are available for each line:
e Frequency (in Hz) of line
e Intensity of line
 Linewidth (in Hz) at half-height of line
e Gaussian fraction of line: 0.0 (completely Lorentzian) to 1.0 (completely Gaussian)

All parameters can be fit at the sametime, or selected parameters can be removed from the
fit. In addition, alinear baseline correction is always added to the fit to avoid large errors
produced by base line offsets.

Deconvolution Window and Controls

Deconyvolution

Auto Make Line List | Set Mark | Reset Mark‘
Use Line List | Use Mark

Show Fit Spectrum Plot Fit Spectrum
Show Spectrum
Add / Subtract

|
Fit it | Show Results ‘
|

[ Edi.. [ undo ][ close || Abandon |

Figure 65. Deconvolution Window and Controls
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The Deconvolution window, see Figure 65, provides access to deconvol ution functionsvia
the following buttons:

Button Function

Auto Make Line List Create aline list from the current spectrum and threshold using the

nll command

UselLinelList Usethe current line list as a starting point for deconvolution

Set Mark Add the current cursor position to the mark file.

Reset Mark Clear al lines from the mark file.

Use Mark Use the current mark list as a starting point for deconvol ution.

Fitit Perform deconvol ution on the selected linelist using the fit spec

command and display the results.

Show Results Display the deconvolution fit resultsin the Text Output page.

Show Fit Spectrum Display the spectrum cal culated by deconvolution.

Show Spectrum Fourier-transform the current FID file and display the spectrum.
Add/Subtract Enter the add / subtract mode using the FT spectrum and fit spectrum.
Plot Fit Spectrum Plot the deconvolution fit spectrum, FT spectrum, and component

analysisusing theplfit macro

Deconvolution Step-by-Step

1
2.

10.
11

12.

Click on File on the main menu.

Select Open.

Thetext window displays alist of directories (entries with a backslash asthe last
character in the name) and files (if any). The menu (near the top of the screen)
displays the pathname of the current directory.

Select the top directory (/) from the L ook In menu of the File Open dialog.
Select /vnmr from thefile display.

The text window displays the list of subdirectories.

Select £id1ib fromthelist.

Doubleclick onthefileProton 01.fid.

Thefileisretrieved to the current experiment and viewport.

Click on the Process Tab.

Select the Default page.

Select 32k from the Transform Size menu.

Use alarger Fourier transform size than normal for proper digitalization of the line
shape when the spectrum is to be deconvoluted. A typical transform size for
deconvolutionis 2*np.

Click on the Transfor m button.

Expand the six-line pattern near 7.6 ppm until it fills the center third of the display,
with baseline on both sides.

Click on the Vert Scale menu on the Default page of the Process folder and select
Absolute intensity mode.

The absolute intensity modeis required for deconvolutions, simulations, etc.
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14.
15.

16.
17.
18.
19.

20.

21.

22.

23.

13.2 Deconvolution

Click on Process on the Main menu bar.

Select Analyze.

Select Deconvolution.

The Deconvolution window opens, see~igure 65.
Click on the Show Spectrum button.

Set athreshold that lists exactly six lines.

Click on the Auto Make Line List button.

Click ontheUseLine List button.

A linelist and afile containing starting point for the deconvolution is created. The
linewidth of the tallest line on the screen is measured automatically and used asthe
starting linewidth for the calculation.

Click on the Fit it button.

Theanaysisis performed. This particular exampleis an 18 parameter fit (6
frequencies, 6 intensities, and 6 linewidths). The calculated spectrumisdisplayed in
the graphics window when the analysisis done. Numerical results appear in the Text
Output panel of the Process folder. The numerica output should be similar to this:

Number of data points: 660

Final chi square: 32611.957
Total number of iterations: 29

Successful iterations: 29

Digital resolution 0.152 Hz/point

ITERATION HAS CONVERGED

Parameters

line frequency intensity integral linewidth gaussian fraction
1 3800.740 57.543 45.723 0.506 0.000%
2 3799.480 57.509 44.546 0.493 0.000%
3 3793.290 89.616 116.212 0.826 0.000%
4 3792.020 86.232 102.826 0.759 0.000%
5 3785.870 82.859 63.909 0.491 0.000%
6 3784.610 79.897 59.166 0.471 0.000%

Click on the Plot fit Spectrum button.

The original spectrum, the calculated spectrum, and each of the component linesis
plotted automatically, a ong with the numerical results of the calculation. At the end
of this operation, the origina spectrum replaces the calculated one.

Click on the Show Fit Spectrum button to return to viewing the cal culated
spectrum.

Click on the Add/Subtract button to view the original spectrum simultaneously
with the calculated one.

24. Click on —_jicon on the graphicstool bar to view the difference between the
measured and calculated spectra.
Using Mark

Producing a suitable line list for starting a deconvolution is not always possible. Use the
Set Mark button following a previous spectral display (ds program) to provide a starting
point. Information from marks made with a single cursor is written to thefile
markld.out and containsonly afrequency and intensity. The starting linewidth istaken
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from the parameter s1w. Information from marks made with two cursors, placed
symmetrically about the center of each line at the half-height point, iswritten to the file
markld.out and contains two frequencies, an intensity and an integral. The starting
frequency istaken asthe average of the two cursor positions; the starting linewidth istaken
astheir difference.

Deconvolution Related Commands, Parameter, Macros, and
Files

¢ “Commands and Parameters,” page 256

» “Deconvolution Commands, Parameters, and Buttons,” page 257

» “Deconvolution Display and Plotting Commands and Macros,” page 257
» “Deconvolution Files,” page 258

Commands and Parameters
Table 19 lists the associated commands and parameters with a short description.

Table 19. Deconvolution Commands and Parameters

Commands Description

dsp<(file) > Display calculated spectrum

fitspec<(<'usell's><, ><‘'setfreq’>)> Perform spectrum deconvolution (VNMR)

fitspec Perform spectrum deconvolution (UNIX)
mark* Determine intensity of spectrum at a point
plfit Plot deconvolution analysis

setgauss (fraction), Set a Gaussian fraction for line shape
setgauss (fraction¥*)

showfit Display numerical results of deconvolution
usemark Use mark as deconvolution starting point

* mark<(fl position) ><:intensity>,

mark< (left edge,region width) ><:intensity,integrals>

mark< (f1 position, f2 position)><:intensitys>

mark< (f1 start,fl end,f2 start,f2 end)><:intensity,integral,cl,
c2> B B B B

mark< ('trace', <options>)><:intensity, integral,cl,c2>,

mark ('reset!')

Parameter Description
s1w {0.01 to 1e6} Starting default linewidth for deconvolution
calculations.
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Deconvolution Commands, Parameters, and Buttons

Command or

Parameter Bttton

fitspec Fit it

setgauss

setgauss (fraction)

setgauss (fraction*)

Description

Performs spectrum deconvolution by fitting experimental data
to Lorentzian and/or Gaussian line shapes. £ it spec uses
datainafile fitspec. inpar asastarting point for the
calculation.

fitspec writesatext representation of the spectral datato
thefile fitspec.indata. Theresults of thefit are
contained in afile after the calculation is finished.

fitspec.outpar formatisidentical to
fitspec.inpar. All linesare set to have alinewidth of
s1lw, and afixed Gaussian fraction of 0. (Refer to the VNMR
Command and Parameter Reference for information about
keyword options available with £it spec.)

Modifies the output of the last deconvolution
(fEitspec.outpar) and makesit the input for a
subsequent analysis (fitspec. inpar), after first
modifying the Gaussian fraction:
Usetheformat setgauss (fraction) where
fraction isthe Gaussian fraction of the line shape, a
number naturally limited from O to 1, for example,
setgauss (0.4) toalow thisfraction to vary.

Usetheformat setgauss (fraction*).

Suffix the £ ract ion value (defined the same as above)
with an asterisk and enclose the value in single quotes, for
example, setgauss ('1.0* ") tofix thefraction.

Deconvolution Display and Plotting Commands and Macros

Macro

showfit

dsp ('fitspec
.outpar')

plfit
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Button

Description

Show Results Displays deconvol ution results and converts the

datato aformat suitable for printing.

Show Fit Spectrum Displays the theoretical spectrum described by

the parameters produced by a deconvolution
calculation.

Plot Fit Spectrum Produces a complete output plot of a

deconvolution analysis, plotting the observed
spectrum, the full calculated spectrum, each
individual component, as well as the numerical
results of the analysis.
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Deconvolution Files

The deconvol ution program writes these text filesinto the user’s current experiment
directory:

File name Description

fitspec.inpar Contains the starting parameters (frequency, intensity, linewidth, and
Gaussian fraction) for a subsequent fitting operation. Optionally, this
file contains the Gaussian fraction of the line shape. Any number
followed by an asterisk (*) is held fixed during the calculation; all
other parameters are varied to obtain the best fit. Edit thisfile before
deconvolution to set different fixed Gaussian fractions for each line.

fitspec.indata  Containsthe point-by-point intensity of the spectrum in the region of
interest displayed when the fitting is begun (the part of the spectrum
between sp and sp+wp).

fitspec.outpar  Containsthefina parameters (frequency, intensity, linewidth, and
Gaussian fraction) after afit has been done.

markld.out Contains the result of amark operation during a spectral display.
By using the Use M ar k button, thisfile may be used as an alternative
tothelastlinelist in setting up initial guesses for a fitting operation.

13.3 Reference Deconvolution Procedures

258

» “Fiddle Program Options,” page 258

» “Reference Deconvolution of 1D Spectra,” page 259
» “Reference Deconvolution of 2D Spectra,” page 261
» “References,” page 261

All reference deconvolution is done from the command line. Thefollowing isadescription
of the £ idd1e program and the proceduresfor reference deconvolution of 1D and 2D data
sets. Table 20 list commands for 1D and 2D variations of the £1dd1e program.

Table 20. Fiddle Command and Variants

Commands Description

fiddlex* Perform reference deconvolution

fiddled* Perform reference deconvolution subtracting alternate FIDs
fiddleux* Perform reference deconvolution subtracting successive FIDs from first
fiddle2d* Perform 2D reference deconvolution

fiddle2D* Perform 2D reference deconvolution

fiddle2dad* Perform 2D reference deconvolution subtracting alternate FIDs
fiddle2Dd* Perform 2D reference deconvolution subtracting alternate FIDs

* (option<,file><,option<,file>><,start><,finish><,increments)

Fiddle Program Options

The £iddle program and its variants, see Table 20, performs reference deconvol ution,
using areference signal with known characteristics to correct instrumental errorsin
experimental 1D or 2D spectra. The main command to start the program or any of its
variants can take multiple string and numeric arguments:
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Syntax:

fiddle (option<, file><,option<,file>><, start><,finish><, increments>)
Arguments:

option can bethe following keywords:

'alternate' Alternate reference phase + / — (phase sensitive gradient 2D
data).

'autophase' Automatically adjust phase.

'displaycf! Stop at the display of the correction function.

'fittedbaseline' Use cubic spline baseline correction defined by integral
regions.

'invert! Invert the corrected difference spectrum/spectra.

'noaph' Do not automatically adjust zero order phase of the
reference region.

'nodc' Do not use dc correction of the reference region.

'nohilbert" Do not use Hilbert transform algorithm; use the extrapol ated

dispersion mode reference signal unless 'noextrap' is
also used as an option.

'normalise’ Keep the corrected spectrum integrals equal to the first
spectrum.

'readcf! Read the correction function from £11e; the argument
file must immediately follow 'readcf'.

'satellites' Use the satellites defined in £i1e intheideal reference
region; £ile should bein /vnmr/satellites.

'stopl! Stop at the display of the experimental reference FID.

'stop2!' Stop at the display of the correction function.

'stop3"' Stop at the display of the corrected FID.

'stop4' Stop at the display of the first corrected FID.

'verbose' Show information about processing in the main window.

'writecf! Write the correction functionto £ile; theargument file
must immediately follow 'writecf'.

'writefid! Write out the corrected FID to £1 1e; if fi1le doesnot begin

with / it isassumed to be in the current working directory.
file — nameof thefileused withthe ' satellites' and 'writefid' options.
start and £inish — indicesof thefirst and last array elements to be processed.

increment — specifiesthe stepsin which the index is to increment. The default isto
process all the transformed spectrain an array.

Reference Deconvolution of 1D Spectra

Only spectrathat contain awell-resolved reference signal dominated by a single
component (i.e. not asimple multiplet) are suitable for reference deconvolution.

1. Fourier transform theraw FID with £t, preferably having zerofilled (i.e. set £n >=
2*np). (If there are sinc wiggles, use wft withgf = at*0.6.)

2. Setthereferencelineto the chosen signal using the r1 command, and then use two
cursors on either side of the line to define aregion of spectrum that includes all of
the reference signal plus alittle clear baseline but no other signals. Thisreference
region will be used to define the instrumental line shape.
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260

3. Decide what line shape to convert the instrumental line shape to, and set the
weighting parameters accordingly. Create a 1-Hz wide L orentzian by setting 1b to
1 and all other weighting parametersto 'n'.

Remember the signal-to-noise ratio penalty for resolution enhancement: if the
experimental lineis2 Hz wide 1b=0, an infinitely sharp line with infinitely poor
signal-to-noise is produced. For most purposes, a sensible strategy isto set 1b to
minus the expected natural linewidth, and choose gf to give reasonable SIN; this
strategy should convert the instrumental line shape to Gaussian. Where the signals
of interest are broader than those of the reference, resol ution enhancement can easily
be obtained by making 1b more negative.

4. Enter the £idd1le command to carry out the reference deconvolution and display
the corrected spectrum. The integra should remain unchanged, so any resolution
enhancement will result in an increase in the amplitude of both signal and noise.

5. To savethe corrected data, usethe option 'writefid' when doing the reference
deconvolution. For example, to storethefile correctedfid. £id inthe current
working directory, enter fiddle ('writefid', 'correctedfid!').

Theoptions 'writecf'<,file> and 'readcf'<, files respectively write
and read the correction function. Performing reference deconvolution on one FID
using £iddle withthe 'writecf' option and then use £iddle with
'readcf ' toprocessanother FID appliesthefirst correction function to the second
FID. Reference deconvolution can be useful for heteronuclear lineshape correction
(provided that the spectral widthsfor the two nuclei areintheratio of the respective
magnetogyric ratios) or for correcting spectrain which areference signal has been
suppressed (e.g., an INADEQUATE spectrum can be corrected for lineshape errors
by using a correction function derived from the normal carbon spectrum).

Correct a series of spectrain an arrayed or 2D experiment:

Use numeric arguments:
fiddle (1) correctsspectruml, fiddle (2,3) spectra2and 3, etc.

Common Satellites Associated Reference Signals:
13C satellites
25 saellites
quartet satellites (normally unresolved) from three-bond coupling to 13C.

13¢ satellites are typically small enough to beignored in samplesthat are not *3C enriched.
Referencing requiring high accuracy in which there are strong (e.g. 2°Si) satellitesis
accomplished by including the satellites in the specified form of the ideal reference signa
by usingthe 'satellites' option.

The /vnmr/satellites directory containsthefile TMS with details of the TMS
satellite signals. Thecommand £iddle ('satellites', 'TMS') alowsfor the
satellite signals when deconvoluting using TM S as a reference.

Theformat for satellitefilesisthat each linein the file consists of threereal numbersin the
following order:

e Separation of the satelliteline from the parent signal, in Hz (0.5 JXH in the absence of
homonuclear coupling).

e Intensity relative to the parent signal (natural abundance divided by the number of
satellite lines [usualy 2]).

 |sotope shift to high field, in ppm.

For example, the line
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3.3 0.023 0.001

correspondsto apair of satellite signalsfrom aspin-1/2 isotope with an abundance of 4.6%,
a coupling to the observed nucleus of 6.6 Hz, and an isotope shift to high field of 0.001

ppm.
Multiple linesin the satellite file account for multiple satellite signals on the parent peak.

Corrected-difference Spectroscopy:

Use the command £idd1ed to produce the corrected difference between successive
spectra, which divides arraydim in half. The difference spectrum is written into the
second element of the pair. Because the main aim of reference deconvolution hereisto
optimize the purity of the difference spectrum, the target line shape would normally be
chosen to give the best possible S/N; this method corresponds to choosing atarget line
shape approximately twice the width of the raw experimental signals of interest. The
command £ idd1eu produces corrected differences between successive FIDs and thefirst
FID.

Reference Deconvolution of 2D Spectra

Thecommands £iddle2d,fiddle2D, fiddle2dd, and £iddle2Dd functioninjust
the same way as the parent £1dd1e program. Because the principal objectivein 2D
reference deconvol utionisusually thereduction of t1-noise, idea line shape parametersare
normally chosen for optimum S/N ratio rather than resol ution enhancement.

1. Choose £n (preferably with £n>=2*np) and £nl.

2. Enter £t totransform theraw data(as mentioned earlier, if thereis significant signal
left at theend of at, it might be necessary to use wtt with gf set).

3. Display thefirstincrementwithds (1) , adjust the phase of the reference signal, and
use rl to select the reference signal.

Inearlier versionsof £iddle, it was necessary to create a parameter, phinc, to
anticipate the changes in the reference signal phase with increasing evolution time.
The current algorithm automatically adjusts the phase (unlessthe ' noaph' option
is selected). Deconvolution will set the reference signal phase asafunction of t 1 to
place the reference signa at frequency rfp1 in £1. Therefore, remember to set
rfll and rfpl beforeusing £iddle2D or the £1 frequencies might
unexpectedly change.

4. Define the reference region with the two cursors, and then enter the command
fiddle2D('writefid',<file>) (or £iddle2Dd if a2D difference
spectrum is required, aswith corrected HMIBC). The 'writefid' optionis
essential, because £ idd1e2D aone does not store the corrected time-domain data
If phase-sensitive gradient-enhanced 2D dataisto be processed, alternate FIDs will
have opposite phase modulations (i.e., the experimental array will alternate N-type
and P-type pathways); in such acase, usethe 'alternate' option.

The corrected 2D FID data can be read into an experiment and processed as normal after
deconvolution is complete. The value of arraydim no longer matchesthe arrays set if
fiddle2Dd has been used and it might be necessary to set the argumentsto wft2d
explicitly rather than using wtt2da.

References

Further information on reference deconvol ution can be found in the following literature:
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13.4 Addition and Subtraction of Data

262

» “Introduction to Adding and Subtracting Data,” page 262

e “Add/Subtract Tools,” page 262

* “Interactive Add/Subtract,” page 263

* “Non interactive Add/Subtract,” page 265

e “Add/ Subtract Related Commands and Parameters,” page 267

Introduction to Adding and Subtracting Data

Individual 1D spectra, FIDS, individual 1D traces from nD data sets, or spin simulated
spectra can be added and subtracted. The process uses one experiment to display the results
and experiment 5 as the add/subtract buffer file. Any datain experiment 5 (exp5) is
overwritten.

Add/Subtract Tools
¢ “Menu for Add and Subtract,” page 262
¢ “Interactive Add/Subtract Toolbar,” page 262

Menu for Add and Subtract
Accessthe Add / Subtract experiments from the Main Menu asfollows:
1. Click on Process on the Main Menu.

2. Select Add and Subtract 1D Data.
The following sub-menu items are presented:

Clear Buffer and Add Current Spectrum

Clears buffer (experiment 5) or creates experiment 5 and
places current spectrum in experiment 5

Add Second Spectrum into Buffer
Adds current spectrum (algebraically) to datain experiment 5

Interactive Add/Subtract Toolbar

The Interactive Add/Subtract toolbar has the following buttons (the label s on some buttons
change depending on the current mode):
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Each button, name (tool tip), and functionislisted in Table 21.
Table 21. Add/Subtract Toolbar Buttons

Button Name Description

l' I Box Box is shown when the display isin the cursor mode. Click to change to
the box mode with two cursors.

L Cursor Cursor is shown when the display isin the box mode. Click to change to
. the cursor mode.

=» Sdect Selects the current, addsub, or result mode. Text in the field next to
o active matchesthe color of the spectrum.

Arrow colors:

Green — current mode (spectrum) is selected

Yellow — addsub mode (spectrum) is selected

Blue — result mode (spectrum) is selected.

3 Expand  Thethird button is labeled Expand or Full, depending on the selected

- mode; box or cursor. When Expand appears the box mode is active, and
clicking on this button expands the area between the cursors.
wu Full When Full appears, the cursor mode is active, and clicking on this button

displaysthe full area.

sub Thefifth button is |abeled sub, min, or add. When sub appears, clicking on
the button makes the result spectrum to be the difference between the
current and the add/sub spectra.

2 spwp Adjusts the start and width of the active spectrum.
=

o min When min appears, clicking on the button makes the result spectrum to be
- aminimum intensity of either the current or the add/sub spectra.

+|| add When add appears, clicking the button makes the result spectrum to be a
sum of the current and the add/sub spectra.

J save Saves the result spectrum in the add/sub spectrum in experiment 5 and
returnsto the last menu.

@| return Returns to the last menu without saving the result.

Interactive Add/Subtract
* “Adding and Subtracting Spectra,” page 263
¢ “Manipulating the Spectra,” page 264

Interactive add/subtract is a multi-step process using the menu system to call theaddi
command and uses exp5 as an add/subtract buffer file. Two spectra can be Interactively
added or subtracted using the menu and add and subtract tools on the add/subtract tool bar,
see Table 21. Both horizontal displacement and vertical scale of thetwo spectrato be added
or subtracted are under interactive control. Spectrathat can be phased can be phased
independently. The result can be manipulated using any of the standard software (e.g., the
command p1l), including further interactive add/subtract with another data set.

Adding and Subtracting Spectra

1. Select any available experiment or create a new experiment. Do not use or create
experiment 5.

2. Click on File on the main menu.
3. Select Open.
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Thetext window displays alist of directories (entries with a backslash asthe last
character in the name) and files (if any). The menu (near the top of the screen)
displays the pathname of the current directory.

4. Select thetop directory (/) from the Look In menu of the File Open dialog.
5. Select /vnmr from thefile display.

The text window displays the list of subdirectories.

Select £id1ib fromthelist.

Select an arrayed 1D data set such as dept.fid.

Click on the Transform button on the action bar.

Click on Process on the Main Menu.

10. Select Add and Subtract 1D Data.

11. Select Clear Buffer and Add Current Spectrum from the sub-menu.

Clears buffer (experiment 5) or creates experiment 5 and places current spectrum
(spectrum 1) in experiment 5.

12. Select the spectrum to add or subtract from the first spectrum by doing either of the
following:

« Click on either the &) or (J until the desired spectrum is displayed.
e Enter ds (#) where # is the number of the spectrum in the array.
13. Select Add and Subtract 1D Data.

14. Select Add Second Spectrum into Buffer from the sub-menu.

The default operation isto add the spectra. The current spectrum (spectrum 2) is
added algebraically to datain experiment 5 (spectrum 1) and displays the three
spectra as shown in Figure 66.

\ ‘ result - Sum of
, addsub and current spectra

l I ‘ JI i addsub spectrum (spectrum 1)

current spectrum (spectrum 2)

Show fields box in Viewport tab

N W must be check to display these fields

Selected spectrum (control mode)
Figure 66. Add Spectraand Display Result

15. Optiona: Click on | icon on the add/subtract toolbar to subtract the current
spectrum (spectrum 2) from the first spectrum.

Manipulating the Spectra

1. Usethe =3 button to step sequentially through the current, addsub, and result,
spectra (control modes).
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The modeisdisplayed next to act ive: at the bottom of the viewport. Show fields
box in the Viewport tab must be checked to show the fields.

2. Manipulate the spectra using the mouse:
L eft mouse button positions the cursor or pair of cursors.
Theleft mouse button adjusts the start of the display if . is selected.

Center mouse button changes the vertical scale of the spectrum so that it goes
through the current mouse position.

The horizontal position of the spectrum is adjusted if the mouseis positioned at the
left edge of the spectrum.

Right mouse button positions the second cursor relative to the first cursor.
Theright mouse button adjusts the width of the display if 7 is selected.

3. Adjust any of the parameters related to the selected spectrum (except wp, it aways
controls all the spectra). The spectrum can be phased, scaled, or shifted relative to
the other spectrum.

4. Click on Process on the Main menu bar.
Select Analyze.

6. Select Deconvolution.
The Deconvolution window opens, see~igure 65.

7. Click onthe Add / Subtract button to display the resulting spectraand return to the
interactive add and subtract mode.

8. Optional: Save the addsub spectrum after al the manipulation of the data has been
completed if further operations, plotting, adding another spectrum, etc. arerequired.

a Clickon - |tosavethe addsum spectruminto experiment 5.

Spectrum 1, which was in the add/subtract buffer of experiment 5is
overwritten by the sum or difference spectrum. Theinteractive Add / Subtract
routine exits.

b. Savetheresult in experiment 5 to afile or moveit to another available
experiment.

Non interactive Add/Subtract
« “Adding and Subtracting FIDs,” page 265
¢ “Adding and Subtracting Spectra,” page 266

The non interactive add / subtract procedure is run from the command line. The buffer
(exp5) isfirst cleared using c1radd. Different FIDs or spectra are then added to or
subtracted from the accumul ating total by the commands add, sub, spadd, and spsub.

Adding and Subtracting FIDs

The add and sub commands add and subtract the last displayed or selected FID to and
from the contents of the add/subtract experiment, respectively. An optional argument
allowsthe FID to first be multiplied by a multiplier (the default is 1.0). The parameters
lsfid and phfid can be used to shift or phase rotate the selected FID beforeitis
combined with the data in the add/subtract experiment.
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266

A multi-FID add/subtract experiment with FIDs 1 and 2 is created with the add or sub
command using the keyword 'new' asfollows:

1. Create the add/subtract experiment with a single FID by entering the following
commands from some experiment:

clradd select(l) add

2. Makethe add/subtract experiment contain an array of two FIDs corresponding to the
origina FIDs 1 and 2 by entering:

select (2) add('new')

Entering the following makes the add/subtract experiment contain asingle FID that
isthe sum of the original FIDs 1 and 2 instead of an array:

select (2) add

The arraydim parameter may need to be updated after constructing a multi-FID add/
subtract experiment.

1. Typejexp5tojoin exps.
2. Usesetvalue ('arraydim', numFIDs, 'processed’') toplace
numFIDs of FIDsinto exps.
The number of FIDs in the experiment iSnumFIDs.
Example:
setvalue ('arraydim', 12, 'processed') places 12 FIDsinto exp5.

Individual FIDsin amulti-FID add/subtract experiment can be added to and subtracted
from one another. The add and sub commands without the keyword 'trace' addsor
subtractsfrom thefirst FID in the add/subtract experiment. Adding the keyword 't race
followed by the required index number selects specific FID to be the target of the add/
subtract.

Example:

select (4) add('trace',6) takesthefourth FID from the current
experiment and adds it to the sixth FID in the add/subtract experiment.

The FID must already exist in the add/subtract experiment by using an appropriate number
of add ('new') or sub ('new') commandswhen using the keyword ' trace'.

Adding and Subtracting Spectra

Noninteractive spectral addition and subtraction uses the spadd and spsub commands.
The last displayed or selected spectrum is added to (spadd) or subtracted from (spsub)
the current contents of the add/subtract experiment.

Each spectrum can be optionally multiplied and shifted using themultiplier and
shift arguments, respectively. For example, entering spadd (0. 75, 10) multipliesthe
spectrum by 0.75 and shiftsthe spectrum by 10to theleft. A positivevalue of shift shifts
the spectrum being added or subtracted to higher frequency, or to the left. A negative value
of shi ft shiftsthe spectrum being added or subtracted to lower frequency, or to theright.
To shift a spectrum without multiplying it, use a multiplier of 1.0.

A multi-element add/subtract experiment with spectra 1 and 2 can is created with the
spadd or spsub command using the keyword 'new' asfollows:

1. Createthe add/subtract experiment with a single spectrum by entering the following
commands from some experiment:

clradd select(l) spadd
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2. Make the add/subtract experiment contain an array of two spectra corresponding to
the original spectra 1 and 2 by entering:

select (2) spadd('new')

Entering the following makes the add/subtract experiment contain asingle spectrum
that isthe sum of the original spectra 1 and 2 instead of an array:

select (2) spadd

Individua spectrain amulti-element add/subtract experiment can subsequently be added
to and subtracted from. The spadd and spsub command without the keyword ‘trace’
adds to or subtracts from the first spectrum in the add/subtract experiment. Adding the
keyword ' trace ' followed by the index number of the spectrum selectsthat spectrum to
be the target of the add/subtract. Entering select (4) spadd('trace', 6) takesthe
fourth spectrum from the current experiment and adds it to the sixth spectrum in the add/
subtract experiment.

The indexed spectrum must aready exist in the add/subtract experiment by using an
appropriate number of spadd ('new') of spsub ('new') commands with the
'trace' argument. Join experiment 5 (j exp5) and use the normal spectral display (e.g.,
ds) and plotting commands to examine the results.

Add / Subtract Related Commands and Parameters

The add/subtract experiment related commands are listed in Table 22 and parameters are
listed in Table 23.

Table 22. Add/Subtract Related Commands

Commands Description
addx Add current FID to add/subtract experiment
addi Start interactive add/subtract mode
clradd Clear add/subtract experiment
jexpl, .., jexp9999 Join existing experiment
select* Select a spectrum or 2D plane without displaying it
setvalue* Set value of a parameter in atree
spadd* Add current spectrum to add/subtract experiment
spmin Take minimum of two spectrain add/subtract experiment
spsub* Subtract current spectrum from add/subtract experiment
sub* Subtract current FID from add/subtract experiment

*

add< (multiplier<, 'new's)>, add('new'), add('trace', index)

select<('next'|'prev'|selection)><:indexs>,
select<(<'f1£3'|'£2£3"'|'£1£2'><, 'proj'>

<, 'next'|'prev'|plane>)><:i>
setvalue (parameter,value<, index><, tree>)
spadd< (multiplier<,shift>)>, spadd('new'), spadd('trace', index)
spsub< (multiplier<,shift>)>, spsub('new'), spsub('trace', index)
sub< (multiplier<, 'new'>)>, sub('new'), sub('trace', index)

Table 23. Add/Subtract Related Parameters

Parameters Description

arraydim {number} Dimension of experiment
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Table 23. Add/Subtract Related Parameters

1sfid {'n',-fn/2 to ni or £n/2} Number of complex pointsto left-shift np FID

phfid {'n',-360 to 360, in Zero-order phasing constant for np FID
degrees}

13.5 Regression Analysis

The process of establishing correl ations between two or more variablesis called regression
analysis or correlation analysis. The established regression or correlation can then be used
to predict one variable in terms of the others. Often, paired dataindicate that aregression
may have a certain functional form, but we do not want to make assumptions about any
underlying probability distributions of the data.

Thistype of problem is often handled by the least squares curve-fitting method. Specific
examples of this are used for the analysis of T1 and T>o NMR data and for the analysis of
kinetics data. Toolsfor fitting arbitrary datato selected functional formsare also available.

The regression process takes a set of data pairs from thefile regression. inp and
attemptsto fit acurveto the set. The implemented curves are first, second, and third order
polynomials and an exponentia in the form:

y = al * exp(-x/tau) + a3

There are further possibilities as the original data may be displayed against a choice of
linear, squared, or logarithmic scales.

Regression Window and Controls
Access the regression window as follows:
1. Click on Process on the Main Menu.
2. Select Analyze.
3. Select Regression.
The regression window is displayed. The function of the buttons are as follows:

Button and Button Group Function

Display x-axis buttons

x-linear Display output with alinear x-axis

x-square Display output with a quadratic x-
axis

x-log Display output with alogarithmic
X-axis

Display y-axis buttons

y-linear Display output with alinear y-axis
y-square Display output with a quadratic y-axis
y-log Display output with alogarithmic y-axis
Regression fit buttons

linear Perform alinear regression analysis.
quadratic Perform a quadratic regression analysis
cubic Perform a cubic regression analysis
exponential Perform an exponential regression analysis
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Output buttons

13.5 Regression Analysis

Function

Plot
Show fit output

Plot the regression analysis
Display regression output

Createinteractive
input

The program displays a series of prompts requesting input

Regression, Step-by-Step Using the Regression Window

1. Click on Create interactive input button.
The program displays a series of prompts requesting the axislabel titlesand the

data pairs.

o 0o T o

data entry.

Enter an X and Y pair separated by a space.

Enter the next X and Y pair.

Finish the data set by pressing the Enter key

Respond to the prompt and press y to enter another data set or n to end the

Thefile regression. inp iscreated in the correct format when all the datais
input and the data points and axis are displayed on the screen.

2. Click on any one of the buttons Display x-axis or Display y-axis group.

Each buttons scales the display and shows either the x or y axis as |labeled on the

button.

3. Click on one of the buttons in the Regression fit to select afitting routing. These
buttons include displaying the results using expl.

Fitting Routine analyze option Button in Regression fit group
linear 'polyl’ linear

quadratic 'poly2' quadratic

cubic 'poly3! cubic

exponential curve 'exp' exponential

Figure 67 shows quadratic fittings for the data set in Table 24.

Table 24. Sample Data Table

Data set

X value

u bk w N P o
o O O O O

.0
Data set
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1
Y value

5.0
9.0
12.
20.
33.
42.

o O O O

2
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Table 24. Sample Data Table

X value Y value

20.
22.
27.
29.
37.
45.

u b W N o
o O O O O O
o O O O O O

Dataiswrittento the regression.inp and analyze. out files. Contents of
these files are explained in “ Contents of “regression.inp” File,” page 274 and
“Contents of “analyze.out” File,” page 271.

4

i
e
=
o
=
204
.

Temp

104

|_ Time J

- E

Figure67. Display of Regression Fittings

4. Click onthe Plot button to plot the analysis.
The scale automatically to show all points (if possible).

5. Click on the Show fit output button to show the results of the analysis in the Text
Output window.

Regression, Step-by-Step Using the Command Line.

1. Writeand savethetext file regression.inp that containsthe data pairsto
analyze. The next section describes the format of thisfile. Create it by one of the
following methods:

e Enter rinput on the command line.

The program displays a series of prompts requesting the axislabel titlesand the
datapairs. Thefile regression. inp iscreated in the correct format when
all the datais input. The data can be corrected using atext editor after the
program writes the file.

e Useatext editor such asvi or textedit.
e CreateaMAGICAL Il macro for this purpose.

2. Enter the command expl ('regression') for single data sets or
expl ('regression', line#, line#,...) for multiple data sets.
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The expl command usesthevauesinthe regression. inp filetodisplay a
graph of the data points. It also createsthefiles analyze.inp (needed by
analyze toruntheanaysis) and expl . out (display information for expl).

Optional: Use the poly0 macro to calculate and display (as horizontal lines) the
mean of the datain the file regression. inp.

3. Enter analyze ('expfit', 'regression',option, 'list') the
command line.
Thefitting routine choicesfor option are 'polyl’, 'poly2', 'poly3',or
'exp'.

Fitting Routine analyze option

linear 'polyl!’
quadratic 'poly2'
cubic 'poly3’

exponential curve 'exp'

The program expfit iscalled by this usage of the analyze command.

expfit createsthefilesanalyze.out (used by expl todisplay theresults) and
analyze.list (atable of results).

4. Enter expl to seetheresults asagraph.

Figure 67 shows quadratic fittings for the data given in the example of the
regression.inp fileinthe next section.

5. Enter pexpl page to plot one data set or enter
pexpl (index#, index#, . . .) toplot multiple data sets.

Both expl and pexpl set the scale automatically to show all points (if possible).
6. Optional.

Enter the scalelimits macro to set limits for the scales using one of the
following:

e Enter scalelimits with no argument to start an interactive process that
prompts for the four scale limits.

* Enter scalelimits(x start,x finish, y start,y finish)
with limits for the x-axis and y-axis as arguments.

Thelimits areretained aslong asan exp1l display isretained. Enter
autoscale to return to automatic scaling by expl.

7. Enter cat (curexp+'/analyze.list’) toshow theresultsof theanalysisin
the Text Output panel.

Contents of “analyze.out” File

The datainput fileisanalyze . out, except for regression when the input fileis
regression. inp. Thefileexpl . out savescertain display and plot parameters.

Values can be 2048 points maximum from a data set, 2048 points maximum from all sets
displayed/plotted, 8 data sets maximum displayed, and 128 data sets maximum are read.
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272

Thefollowing is an example of analyze . out. Numbersidentify linesin the example
and are not part of the actual file:

Line
number

A W N P

exp 7 regression
D1 CO C1 C2
1 5 linear linear

Exponential Data Analysis

time
amp
NEXT 5

1 -248.962 22.8025 226.157
2 4
3 9
4 16
5 25
6 36

Curve types supported are listed in Table 25.

Table 25. Curve Type

Type Function

Functional Form

0 T,/T, (a0 — a2)*exp(-t/al) + a2

1 Increasing kinetics a0*exp(-t/al) + a2

2 Decreasing kinetics ~ —a0*exp(-t/al) + a2 + a0

3 Diffusion a0*exp(-D1*uu) + a2* exp(—al* D1* uu)
where uu=CO+ C1*t+ C2*t

4 None No theoretical curve (use '1ink ")

5 Linear a0 + al*t

6 Quadratic a0 + al*t + a2*t2

7 Exponential a0 * exp(-t/al) + a2

8 Contact time (a3 (a3 —a0)* exp(-t/al)) *exp(-t/a2) + a0

9  Cubic a0 + al*t+ a2*t2 + a3+t3

The following is a description of the numbered parts of thisfile:

Line
number

1

Description

The keyword exp isfollowed by anumber for a curve type from Table 25.
Thekeyword regression, if present, indicates regression output

Floating point constants D1, CO, C1, and C2, if present, are used only with
the diffusion function (curve type 3).

An integer for the number of data sets (curves), followed by an integer for the
number of data point pairsin the set. For regression, the words are scale types
forthex andy axes: 1inear, square, and Log.
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4 Titleline. UseNo Tit1le when atitleis not desired. Two additional text
lines for the x and y axis titles are present in output from regression.

5 The keyword NEXT identifies the start of a data set, and the integers that
follow give the number of data point pairsin the data set.

6 The first integer specifies the number (usually 1) of the data point symbol

used for the data set. The next three integers are the coefficients a0, al, and
a2 (see Table 25) and must all be present, even for functions that do not use
all three (e.g., first-order polynomial). If a particular number is not
appropriate, put any number there. a3 must be also be present for cubic and
contact time functions (curve types 7 and 8).

7 Data point pairsin the set.
Next isan example of regression. inp filefor generalized curvefitting:

Line

number

1 time

2 amp

3 0 0

4 NEXT

5 2.000000 4.000000

3.000000 9.000000

4.000000 16.000000
5.000000 25.000000
6.000000 36.000000

Description of thisexample:

Line

number Description

1 Line with text for x-axis label displayed by expl (' regression').

2 Linewith text for y-axislabel (line must not be too long, usually less than 20
characters). The first non-blank character must not be a digit.

3 Line containing an integer for the number of data sets followed by another

integer for the number of pairs per data set. Both values are 0 if the number
of pairsisvariable.

4 A line beginning with the keyword NEXT isinserted at the start of each data
set when the number of pairs per peak is variable.

5 The data pairs, listed one pair to aline.

Thefinal example usesthe ' £ile ' argument to the expl command:

Line

number

1 exp 4

2 1 5

3 time

4 1 0 0 O

5 2 4
3 9
4 16
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5 25
6 36
Description of this example:
Line .
number Description
1
2
3 Title.
4
5

Data point pairsin the set.

Keyword exp followed by curve type number.

Contents of “regression.inp” File

Number of data sets, followed by number of data point pairs.

Data point symbol number, followed by three coefficients.

The datainput text file regression.inp containsalisting of axis labels and data
pairs.The data file can contain up to 128 data sets. Data sets are selected by expl indexes
(up to 6, depending upon length of data sets) with a default to the beginning data sets. The
analysisis limited to 1024 data points, with the first part of larger data sets selected.

Thefollowing isan example of aregression. inp file that showsthe format used.
Numbers identify linesin the example and are not part of the actual file:

Line
number

0

ga A~ W N P

u o w N

274 NMR Spectroscopy User Guide

time

temp

NEXT
0.
1.000000
2.000000
3.
4.000000
5.
4 NEXT
.000000
.000000
.000000
.000000
.000000
.000000

000000

000000

000000

5.000000
9.000000

12
20
33
42

20
22

45

.000000
.000000
.000000
.000000

.000000
.000000
27.
29.
37.
.000000

000000
000000
000000
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Description of thisfile:

Line
number

1

Description

X-axis|abel for display by expl (' regression').
The label isoptional. If used, the first non-blank character in the label must
not be adigit.

Y-axislabel for display by expl ('regression').
The label isoptional. If used, it must be less than about 20 characters and the
first non-blank character in the label must not be a digit.

If the number of pairs per data set is fixed, thisline contains an integer for the
number of data sets, followed by another integer for the number of data pairs
per data set. If the number of pairs per data set isvariable (asinthisexample),
both integers are set equd to 0.

If the number of pairs per data set is variable, aline with the word NEXT is
inserted at the start of each data set.

Data pairs, oneto aline, are listed for each data set, in this order:
first pair of first set
second pair of first set
third pair of first set

first pair of second set
second pair of second set

Regression Commands

Table 26 lists the commands associated with regression analysis

Commands

analyze*

autoscale

expfit*

Table 26. Regression Commands

Button Description

Any of thebuttonsinthe  Generalized curve fitting in regression
Regression fit group.  mode

Any of thebuttonsinthe  Resume autoscaling after limits set by
Output group. scalelimits

Any of thebuttonsinthe  Make least-squares fit to exp. or poly.
Regression fit group.  curve (Linux)

expl< (<options,> Anyofthebuttonsinthe Display exponential or polynomial

linel,...>)> Display x-axisor curves
Display y-axis group
pexpl< (<options,> Plot Plot exponentia or polynomial curves
linel,...>)>
poly0 Display mean of datain regression.inp
file
rinput Createiterative input Input datafor regression analysis

scalelimits*

Any of thebuttonsinthe  Set limitsfor scalesin regression
Output group.

* analyze ('expfit',xarray<,option,option,...>)
expfit options <analyze >analyze.list
scalelimits (x start,x end,y start,y end)

01-999378-00 A 0708

NMR Spectroscopy User Guide 275



Chapter 13. Data Analysis

13.6 Cosy Correlation Analysis

Cosy Data Chemical Shift Analysis Window and Controls.
Button Function

Create2D LineList Writea?2D linelisting to the file l12d.out and displays the resultsin the
Text Output panel.

Find Correlations Analyze the current 2D line listing and display the results on the screen.

Redisplay Display an interactive 2D B -
Contour map Create 2D Line List Plot Correlations
Plot Corréations Analyzethe current 2D line o Hafobed
edisplay Plat Page

listing and plot the results.

| Edit H Und || Close H Abandon ‘

Plot Contours Plot the 2D contours
Plot Page Send plot to the printer

Analysis of COSY Data Step-by-Step
1. Processand display a COSY data set.
2. Click on Process from the Main Menu.
3. Select Analyze.
4

Select Cosy Correlations...

Opens Cosy Correlationswindow if current viewport contains an appropriate data
Set.

5. Click onthe Create 2D Line List button to create alinelist for the COSY data set.

6. Click onthe Find Correlations button display the correlations of the COSY data set on
the screen.

7. Optional:

Click on the Redisplay button to redisplay an normal interactive 2D contour map and make
any changes or adjustments to the data as needed. Start over again at step 4.

8. Click onthePlot Correlations button to create plot of thelinelist for the COSY data
Set.

9. Click onthe Plot Contours button to create a contour plot of the COSY data set.
10. Click on the Plot Page button to send the plot to the printer.

13.7 Chemical Shift Analysis

276

Chemical shiftsareanalyzed using thecommandsin Table 27. These commandswrite alist
of chemical shiftstothefilepcss.outpar.

Table 27. Chemical Shift Analysis Commands

Commands Description
do_pcss Calculate proton chemical shifts spectrum
pcss Calculate and show proton chemical shifts spectrum
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Sectionsin this chapter:
® 14.1, “Pandora’s Box,” on page 277

® 14.2,“Pulse Shape Analysis,” on page 290

14.1 Pandora’s Box

Pandora's Box (Pbox) software creates shape pattern files for experimentsinvolving
shaped rf pulses, composite pul ses, decoupling and mixing patterns, adiabatic rf sweep
waveforms, and pulsed field gradient shapes. Thegoal of Pbox isto simplify generation and
use of different waveformsin NMR experiments so that the user does not need to be an
expert in selective excitation. Pbox makesthe use of complex waveformsassimpleasusing
ordinary rectangular pulses. Not only does Pbox provide all the necessary parameters
(pulsewidth, power, dmf, dres, etc.) whenthe shapefilesare created, but thisinformation
can be extracted at any time from Pbox shape files by macros or directly within pulse
sequences. More than 160 different shapes are available from the Pbox library.

"Create aNew Waveform," page 277

"Cadlibrating the RF Field,” page 279

"Creating Waveforms by Macros," page 280

"Creating Waveforms in an Operating System Terminal Window," page 281
"Pbox File System," page 281

"Pbox Parameters,” page 285

"Wave String Variables," page 287

"Pbox Macro Reference," page 288

"Pbox Commands Using a Terminal," page 289

Create a New Waveform

1. Open the Pbox window to access the toolsfor creating waveforms.

a  Click Edit on the menu bar.
b. Select New Pulse Shapes...
The Pbox window opens.
Click the M ake Waveform tab.

Click the New Wavefor m button and the toolsfor creating awave form are
displayed in the Pbox window, see Figure 68.

Select the desired shape from the Shape type menu.
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Make Waveform [l 1

New Waveform

Select Wawveform

Shape type Bxcitation > Reference pwan 0
Shape name  eburpl v Reference power [0
fe]
HE AT | | Selact from spectrum ‘

Fulse length (sec) 0

Frequency offset (Hz) [0 Add Waveform | Wave #
Shape file name  [Phox lake It ‘ Simulate

. =
Aditional Options | [ Show Y [¥] Show 2

[¥] Shows spectrum
Select shapeds), click Add Wawveform for each shape, then click Make It

| Close ‘

Figure 68. Pbox Make Waveform

5. Select the desired shape name from the Shape name menu. The Shape name choices
depend on the selected Shape type.

6. Setthe Reference pw90 and Reference power.
7. Set the waveform selection region as follows:
a. Display a spectrum.
b. Select aselective excitation band using two cursors.

c. Click the Select from spectrum button. This sets the Bandwidth, Pulse
length, and Frequency offset from the cursors.

d. Optional: explicitly enter Bandwidth, Pulse length, and Frequency offset.

8. Click Add Waveform. The Wave # field updates and the Make It! button becomes
active.

9. Add additional waveform shapes into a waveform by repeating step 5 through step
8. The Wave # field updates for each selective shape added to the waveform.

10. Enter anamefor the shape in the Shape file name file. The field contains a default
file name of Pbox.

11. Enter any Additional Options(refer to Table 28 for Pbox commands and
parameters).

12. Click Make It! to generate and save the shape file.

13. Request s mulations, see Figure 69, as follows:

4 14

Figure 69. Shaped Pulse Simulations Reference Spectrum
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a Select aShow XY or Show Z radio button.
b. Select Show spectrum to show the spectrum.
c. Click Simulate. The simulation displays in the graphics window.

Update Parameter Values

Update the parameter val ues used by the waveform into experimental parameters as
follows:

1. Click the Update Parameter stab, see Figure 70.

ﬁ Update Parameters |

Shape file name  [PBGX] RE |-
Read parameter walues ‘
Set parameter valugs into experiment ‘ Eeset parameter narmes

Parameters
MName Walue Name Walue

Pattern (pwat 3 Phox Pulse width (o 3

Coarse power (ipwr 3 Dec mod freq (dmf b

Fine power (T 1 Resaolution (dres Ji

‘ Edit, H Undo H Close || Abandon |

Figure 70. Pbox Update Parameters

2. Enter ashape file name in the entry box.
Click Read parameter values to read parameter values from the Pbox shapefile.

4. Enter names for the parameters or use the suggested defaultsto use for the
waveform.

5. Click Reset parameter namesto reset the parameter namesto the default values, if
desired.

6. Click Set parameter valuesinto experiment to set the parameter values into the
experimental parameters. Parameters that do not exist are not set in the experiment.
Parameter limits are not checked (especially for pulse width) — check them.

Calibrating the RF Field

Provide the rf field calibration dataref pwr and ref pw90 intheinput to obtain the
pulse calibration numbersin the Pbox output before waveform creation. Make sure the rf
field has been calibrated for the length of the 90° pulse at a given power level.

Therf field can be calculated at any power using spectrometers with linear amplifiers such
as those on Varian NMR spectrometer systems. Maximum accuracy for the calibration is
obtained when the calibration is made as close as possible to the field used in the
experiment. Provide approximate calibration data and use cal as an output file name for
Pbox to permit an estimate of the rf field. No waveform is created and only the calibration
results appear in the output.
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Creating Waveforms by Macros

Pbox macros provide useful toolsfor customizing NMR experiments. The simplest way to
create a shape is using the pxshape macro. For example, a single band excitation pulse
using the E-BURP-1 shape, covering 400 Hz, and shifted off-resonance by —880 Hz from
the carrier frequency (middle of the spectrum) can be created and stored inthealpha . RF
file asfollows:

pxshape ('eburpl 400.0 -880', 'alpha.RF'")

Thefollowing steps are necessary to create multiply-selective pul ses. Use the cursorsif the
spectrum of interest ison the screen. The parameters ref pwr90 and refpwr must be
present and set correctly in the current parameter set.

1. Enter opx ('hadamard.RF') toopenthe Pbox. inp file and write thefile
header.

Select an excitation band using cursors.

Enter selex ('rsnob').

Select the second excitation band using cursors.
Enter selex('rsnob').

Repeat steps 2 to 5 as many times as needed.

N o g &~ w DN

Enter epx to close the Pbox . inp file.
8. Enter dshape to display the last created shape.

The following slightly different set of macros are used if an experimental spectrum is not
available. The parametersref pwr90 and refpwr must be present and set correctly in
the current parameter set.

1. Enter opx ('myshape') to open Pbox and provide afile name.

2. Enter setwave ('sech 400.0 -880.0"') tosdect first band at -880 Hz.
3. Enter setwave('sech 400.0 1240.0') to select second band at 1240 Hz.
4. Enter cpx (ref pw90, ref pwr) toclose Pbox.

5. Enter dshape to display the shapefile.

Thepbox pw and pbox_pwr macros are used to load the parameters of the last created
shape file into the current experiment:

pbox pw:selpw
pbox pwr:selpwr

Alternatively, the calibration datais directly retrieved from the shape file provided as an
argument to the pbox _dmf and pbox_dres macros:

pbox dmf ('ccdec.DEC') :dmf
pbox dres('ccdec.DEC') :dres

where ccdec . DEC isthe name of the decoupling shapefile.

The excitation profile of shaped pulsesis conveniently verified using the Pbox Bloch
simulator. The parametersref pwr90 and refpwr must be present and set correctly in
the current parameter set.

1. Enter opx to open Phox.
2. Enter setwave ('iburp2 400.0 -880') toselect first band at -880 Hz.
3. Enter setwave ('iburp2 400.0 1240.0") toseect second band at 1240 Hz.
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Enter pbox rst to reset par-s and write comments.
Enter ppoxpar ('name', 'test .DEC') to define the output file name.
Enter ppboxpar ('bsim', 'y"') to activate the Bloch smulator.

Enter cpx to close Pbox.

© N o 0 &

Enter dshape to display the shapefile.
9. Enterdprofile('z') todisplay inversion (Mz) profile.

Pbox reads the corresponding wave fileinwavelib directory to determine the waveform
being created is a90° excitation pulse, 180° inversion pulse, and the type of wave form
required (.RF, .DEC, or .GRD). Pbox can be forced to change the waveform type by
providing the required extension to the output shape file name. Modify wave files by
copying it into thelocal user wavelib and editing the text file as required. See "Pbox
Macro Reference,” page 288, for amore complete description of macros.

Creating Waveforms in an Operating System Terminal Window

Creating waveforms using an operating system terminal window can be more convenient
in some cases:

> Pbox

The name of the output shape file is passed as an argument:
> Pbox filename

The input data are typically stored in the Pbox . inp fileinyour vimrsys/shapelib
directory and are modified using standard text editors. Alternatively, most of the necessary
data can be provided as arguments to the Pbox command. For example,

> Pbox myfile -w "eburpl 480 -1200" -p 40 -1 104

generates an E-BURP-1 excitation pul se covering 480-Hz-wide band and shifted —1200 Hz
off-resonance using for calibration 104 us pw90 at 40 dB power level and stored in
myfile.RF. Note that the name of the output shape fileis always passed as the first
argument.

Several other optionsare accepted by Pbox; for example, -b activatesthe Bloch simulator,
- c calibrates the waveform without creating a shape file, and - o print out the available
options. See "Phox Commands Using a Terminal," page 289, for further information.

Pbox File System

All the information about the waveform to be created (e.g., calibration data, output file
name, excitation band definition) is stored in the Pbox . inp text (ASCII) filein the user
directory viomrsys/shapelib. Thisfileisgenerated whenever Pbox menus or macros
are used or create it by using one of the standard text editors.

Any shapefile can consist of one or severa shapes that are combined into asingle
waveform. Each excitation band is defined by awave definition string (a string of wave
variables enclosed between delimiters { and} ). The number of wave definition stringsin a
single Pbox . inp fileis unlimited. In order to simplify the input file format, the wave
variables are entered without namesin a strongly predefined order:

sh bw(/pw) ofs st ph fla trev dl d2 d0 wrap
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The following list describes each of the variables.

sh Shape name as stored in wavelib

bw (/pw) Bandwidth in Hz, or pulsewidth in sec, or both
ofs Offset from transmitter offset or carrier in Hz
st Spin status (0 for Mz or 1 for Mxy)

ph Phase or phase cycle

fla Hip angle

trev Timereversal flag

di Prepulse delay

d2 Postpulse delay

do Delay before the pulse

wrap Wraparound parameter

The order of parameters has been chosen such that the importance of parametersis
decreasing, and rarely used parameters can be omitted or defaulted by assigning avalue of
n (not used). The following examples are valid wave definition strings.

{gsneeze}

g-SNEEZE pulse applied on resonance; the pulselength will
beinternally defaulted to 5 ms

{G3 800} G3 pulse covering bandwidth of 800 Hz and applied on-
resonance
{sech 400/0.05 -1200} 50 mslong hyperbolic secant pulse covering 400Hz and

shifted off-resonance by —1200 Hz

{WURST2 2k/5m 12k n t5} 5mslong WURST-2 decoupling pulse covering 2 kHz and

shifted off-resonance by 12 kHz uses t5 phase cycle

{eburpl 450 0.0 n 180} Two E-BURP-1 pulses mixed in a single waveform, both
{eburpl 450 820 1 0.0} covering 450 Hz wide band. The first pulseis applied on-

resonance with a phase of 180 deg. The second pulseis
shifted to 820 Hz of -resonance, has zero phase and isa de-
excitation pulse (status 1). By default such a pulseistime
reversed.

A set of Pbox parameters can be used to define the waveform to be generated. The syntax
of the Pbox . inp fileis straightforward, parameter=value, for instance, name=
myshape . RF, or Smply name=myshape. The following list describes Pbox
parameters and their default values (see "Phox Parameters,” page 285, for more details):

name=Pbox
type=r
dres=9.0
steps=200

maxincr=30
attn=1
sfrg=0
refofs=0

sucyc=d

reps=2

stepsize=n

282 NMR Spectroscopy User Guide

Shape file name, the extension is optional
Shapetype, r - RF, d - DEC, g - GRD
Default valueisstored inwavefile.

Minimum number of steps (< 64k). The default valueis stored in a
wavefile.

Max phase incr, deg (<<180).

Attenuation, i (internal), e (external) or d (nearest dB step)
Spectrometer frequency, MHz.

Reference offset, Hz (/ppm)

Super Cycle, d (default), n (no), name asin wavelib/
supercycles. Thedefault vaueis stored inwavefile

Amount of reports (0-4)
Size of asingle step (Ms)
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wrap=0 Wraparound parameter (0-1).

header=y Shape header, y (yes) n (no) i (imaging)

bsim=n Bloch simulation, y (yes), n (no), a(add), s (subtract), 200 (timein
Sec)

Tl=n Relaxation time T1 (sec)

T2=n Relaxation time T2 (sec)

dcyc=1 Duty cycle (0- 1)

sw=0 Spectral width (Hz)

ptype=selective pulse type (for imaging only)

The number and order of input parameters is optional and not important.

Redefine the internally defaulted Pbox parameters by entering the default valuesin
the. Pbox_globals file.

Parameters describing software and hardware limitations are also pre-defined internally
and can beredefined by theuser inthe . Pbox_globals filethat isstored in user’'shome
directory. The following list describes global parameters and their default values.

shdir=$HOME/vnmrsys/shapelib/ default shape directory

wvdir=/vnmr/wavelib default wave directory

maxst=65500 maximum number of stepsin waveform
defnp=100 default number of steps

minpw=0.2 minimum step length, in us
minpwg=2.0 minimum gradient step length, in us
drmin=1.0 minimum dres

maxamp=1024.0 maximum amplitude
maxgr=32767.0 maximum gradient amplitude
amres=1.0 amplitude resolution

phres=0.1 phase resolution, in degrees
tmres=0.05 timeresolution, in us

dres=9.0 default dres

maxpwr=63 maximum power level, in dB
minpwr=-16 minimum power level, in dB
maxitr=>5 maximum number of iterations
maxdev=2.0 maximum deviation, in percent
cmpr=y waveform compression

minstps=64 minimum stepsin Bloch simulation
pw=0.005 default .RF and .DEC pulse length, in sec
pwg=0.001 default .GRD pulse length, in sec

The parameters of individua shapes—Gaussian, E-BURP-1, or hyperbolic secant pulse,
etc.—are stored in the wavelib directory, which has several subdirectories, such as
excitation, inversion, refocusing. Every individua shape is defined by a set of parameters
that can be grouped in several categories.

Wave definition parameters are the following:

amf amplitude modulation function
fmf frequency modulation function
su default supercycle

fla default flip angle on resonance
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pwbw
pwbl
pwsw
adb
ofs
dres
dash
wf
st
dutyc
cl
c2
c3

steps

pulsewidth to bandwidth product
pulsewidth to B1max product
pulsewidth to sweepwidth product
adiabaticity on resonance

offset of excitation bandwidth
default tipangl e resolution, in degrees
dash variable

window function

default status

duty cycle

constant

constant

constant

default number of steps

Wave truncation parameters are the following:

min

max
left
right
cmplx
wrap
trev
srev
stretch
dcflag

minimum truncation threshold (O to 1)

maximum truncation threshold (0 to 1)

truncation from left (O to 1)

truncation from right (O to 1)

flag, retainrea (1), imag (—1) or complex(0) part of wave
wraparound factor (0 to 1)

timereversd flag (yes=1,no=0)

frequency sweep reversa flag (0to 1)

stretching factor (>= 0)

dc correction, y/n

Additional parameters are usually data matrices, such as Fourier coefficients or square
wave parameters, e.g., length, phase, amplitude, etc. These matrices are listed without
parameter names. The size of the data matrix given is defined by:

cols

rows

number of columns
number of rows

Pbox incorporates the following amplitude modulation (AM) functions:

sq
sqga
gs
1z
sch
hta
tra
sc
csp
wr
sed

ap
ata

square (constant amplitude)

square wave amplitude modul ation (used for “ composite” pulses)
Gaussian

Lorentzian

sech (hyperbolic secant)

tanh (hyperbolic tangent)

triangular amplitude (ramp)

sinc function

cosine power

wurst (wideband uniform rate smooth truncation)
seduce-1, mixture of sech and sin

quadrupolar

amplitude mod for CA atan frequency sweep pulse
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exponential amplitude
tangential amplitude
Fourier Series

inverse Fourier Transform

Pbox incorporates the following frequency modulation (FM) functions:

1s
tns
ht
1lzs
ca
cas
cs
cs2
ccs
sqw
fsw

fslg

linear sweep (chirp)

tangential sweep (tan)

hyperbolic tangent sweep (tanh)

constant adiabaticity Lorentzian sweep

constant adiabaticity (CA) sweep (frequency modulated frame)
constant adiabaticity sweep (phase modulated frame)
cosine/ sine pulse frequency sweep

CA cosine square frequency sweep

CA cosine frequency sweep

squarewave phase modulation

frequency switch (step function)

frequency switched as per L ee-Goldburg

Pbox Parameters

The following list describes Pbox parameters.

name

type

dres

steps

maxincr

Name and extension of the output shapefile. If the extensionisnot given, the shape
typeis set according to the t ype parameter. The default nameisinternally set as
Pbox. This can be changed in the . Pbox_globals file.

Shape type. Allowed values are r (.RF type), d (.DEC) or g (.GRD). If the shape
type is not defined and the shape file is given without an extension, the shape file
type is determined from the wave file according to the following criteria:

e typeissettor if pwbw > 0.0.

e typeissettodif dres >0.0.

e type issettog otherwise.

Corresponds to dres parameter in VMNR. Active only with .DEC files.

Definesthe required number of stepsinthe waveform. The default number of steps
is stored with each individual shape in the corresponding wave file. This number
can be overridden by Pbox if it is smaller than the internally calculated minimum
number of steps, which isnecessary to maintain the functionality of the waveform.
This number is defined according to the following criteria:
e By the minimum number of steps necessary for adequate representation of
the waveform (asin wavefile).
« If thewaveform is shifted off-resonance, by the Nyquist condition (see
maxincr).

Maximum phase increment. Default is 30°. This number is active only if the
waveform is shifted off-resonance or the shapeitself isfrequency modulated (e.g.,
adi abatic sweeps). In order to satisfy the Nyquist condition, maxincr should not
exceed 180°, otherwise the waveform getsfolded back. In fact, the degradation of
performance and interference with sidebands can be observed even with a
maxincr of greater than 90°, but amaxincr of lessthan 90° is recommended.
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attn

sfrg

refofs

sucyc

reps

stepsize

bscor

wrap

header

bsim

T1

T2

Fine attenuation mode, which uses the following alowed values:

i (Internd), default.Fine attenuation is implemented by internally
rescaling the waveform within the amplitude range set by maxamp
(0to 1023).

e (External) Fine attenuation is implemented by externally rescaling the

waveform using linear modulators. The internal amplitude is set to
maxamp (1023.0), and the required fine attenuator setting is produced
in the output.

ol Attenuate to the nearest dB step by changing the pulse width, which will
affect the excitation bandwidth typically within 5%, which is tolerable
in most applications. The internal amplitude is set to maxamp (1023.0)

4.5i Internally attenuate to a given (4.5 kHz) B1 field strength by adjusting
the pulse length.

4.5e Externally attenuate to agiven (4.5 kHz) B1 field strength by adjusting
the pulse length.

451 Internally attenuate, keeping course power level at agiven (45 dB)
power level.
45E Externally attenuate (with fine power), keeping course power level at a

given (45 dB) power level.
45d Attenuate to agiven (45 dB) power level by changing the pulse width.
The interna amplitude is set to maxamp (1023.0).

Spectrometer frequency in MHz.

Reference offset, usually 0.0. Can be specified if the excitation bands are shifted
by or referenced to some frequency. Units: Hz, kHz, or ppm (if sfrq is defined).

Super cycle. Allowed vaues aren (no), d (default) or any name of a super cycle
stored inthewavelib/supercycles directory. By default, itisinternally set
to d. Super cycles can be nested by separating the names with a comma, for
example, t5,m4 represents 5 step TPG super cycle nested in four step MLEV-4
super cycle.

Defines level of reporting. Allowed values are 0-4: O=silent, 1=single line,
2=minimum, 3=medium, 4=maximum. The default is 2.

Thelength of asingle step in awaveform. The default units are pis. Note that
stepsize disablesthe maxincr parameter.

Initiates correction for Bloch-Siegert effect in multiple band excitation, inversion
or refocusing pulses. Allowed values are y (yes) or n (no, default). Active only if
the number of bandsis two or more. Reduces the rf interference effects (see M.
Steffen, L.M.K. Vanderseypen and |.L.Chuang, Abstractsof the41st ENC, p. 268,
Asilomar 2000).

Wraparound parameter. It alows wrapping around the waveform. The allowed
values are between 0 and 1.0.

Shapefile header. Allowed valuesarey (yes, default), n (no shapefile header) and
i (imaging). Information required for imaging systems is stored in the shapefile
header.

Bloch simulator. Performs Bloch simulation for the given waveform at the moment
of waveform generation. Allowed vaues are y (yes), n (no, default), a (add to the
previous simulation), s (subtract from the previous simulation) and any positive
integer limiting the smulation time in seconds. The default maximum length of
simulation isinternally set to 60 seconds and can be redefined in

the . Pbox_globals file. Note, that Bloch simulator can also be externally
activated, e.g., from menus or using the dprofile macro.

Longitudina relaxation time, T1 in seconds. Can be required by some waveforms
(e.g. SLURP pulses). Optional for the Bloch simulation.

Transversal relaxation time T2, in seconds. Can be required by some waveforms
(e.g., SLURP pulses). Optional for the Bloch simulation.
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Duty cycle. Usually required for homonuclear decoupling applications. Only
values between 0.0 and 1.0 are active. Outside these boundaries dcyc isreset to
1.0 (default).

Spectra width. If given, the step size of waveformisset equal to the dwell time (1/
sw). Recommended for H-H homo-decoupling applications. It aso helpsto make
surethat excitation sidebands are kept outside the spectral window. Also required
for Bloch simulation.

Reference 90° pulse width (inus) at ref _pwr. Required for caibration of
waveforms. If set to 0.0, the maximum B1 field intensity (in kHz) is reported
instead of the power setting.

Reference power level (in dB steps). Seeref pw90.
Pulse type. Only necessary with imaging header. By default, setto selective.

Wave String Variables

A reminder isgiven in Pbox . inp files generated by menus and macros because these
parameters appear without names. Thewave string variables arelisted asthey appear inthe

reminder.

sh
bw/pw

ofs

st

ph

fla

Shape name asin wavelib.

Bandwidth and/or pulsewidth. For most waveforms, only one of the two
parametersis required. Pbox distinguishes between bw (in Hz), which isalways
greater than 1.0, and pw (in sec), which is aways less than 1.0. Choose which of
the two parametersto provide for input, because they are mutually related viathe
pw*bw product, which is stored with each individua shapein wavelib. Some
waveforms (e.g., adiabatic sweep pulses) can require both bw and pw. In such
cases, both variables can be provided in asingle string using the “/” separator. For
example, { WURST2 200.0/0.05} denotesa50-mslong WURST-2 pulse covering
200 -Hz-wide band. Alternatively, units can be used for clarity, e.g., { WURST2
0.2k/50m}. If the = £ rg parameter is defined, bandwidth can also be specified in
ppm, e.g., { WURST 20p/5m}.

Offset from the center of the excitation band in Hz with respect to the carrier
frequency (middle of the spectrum). Notethat if the = £ ro spectrometer frequency,
(in MHz) isdefined, of s can also be specified in ppm. In order to specify of s in
terms of absolute frequency, the reference offset refof s (i.e., chemical shift
value of carrier frequency) must be defined. For instance, { WURST2 20p/5m
170p} sfrg=225.0 refofs=55p.

Spin status. Defines whether the waveform is used for excitation (st=0),
refocusing (st =0 . 5) or de-excitation (st =1), which, inturn, defineswhether the
wave starts with phase defined by ph (st =1), the ph occurs in the middle of the
pulse (st=0.5), or the pulse ends with phase ph (status 0). |n addition, the
waveforms are time reversed if statusis 1, as required for proper de-excitation.
Undesired timereversal can be undone using the t rev parameter. Furthermore, if
several waves of different width are generated, they are bound to the beginning
(st=1), middle(st=0.5),0or end (st =0) of thewaveform. The spin status of the
first waveis aso used by Bloch simulator as the starting magnetization.

Phasein degreesor phase cycle (super cycle). Usually phaseisexterndly setinthe
pulse program, and this parameter is not required. Apply any phase cycle (super
cycle) fromwavelib/supercycles. Thedifference between thisphasecycle
and the sucyc parameter is that phase cycling is carried out before waveform
mixing and is therefore independent of other Super cycles, whereas sucyc is
applied to the final (mixed) waveform. In this way, severa waves of different
width can be independently phase cycled and use different super cycles.

Flip angle, in degrees. Usually, £1a is defined in the wave file and there are very
few applications where intermediate flip angles are required.
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trev Timereversa flag (see =t ). Allowed vaues arey (yes) and n (no, default).

di Prepulse delay, in seconds. Normally not required. If defined, it disables the
internal wave shifting according to the spin status.

dz Postpul se delay, in seconds. Normally not required. If defined, it disables the

internal wave shifting according to the spin status.

do Pre-d1 delay, in seconds. Essentially repeats d1. It is used only for convenience,
e.g., if internal duty cycle is defined in shape parametersin wavelib. If set to
'a', the wave is appended to the previous wave.

wrap Wraparound parameter. Can take values between 0 and 1.0.

Pbox Macro Reference

Most selective pul se generation can be satisfied using the Pbox window. A set of macrosis
also available. Thefollowing table lists the macrosin the order of decreasing importance.
For additional information on Pbox macros, refer to the manual Command and Par ameter

Reference.

pboxvnmrj

opx

selex

cpx

setwave

putwave

pxshape

pboxpar
pboxget

pbox_ pw

pbox_pwr

pbox_pwrf

Opens the Pbox dialog window.

Opens Pbox, writesthe Pbox . inp file header, and resets parameters r1 -
r7andnl-n3.

Defines the excitation band from the position of cursorsin the graphics
window and reportsthem to the user. It dlso set s r1 to excitation
bandwidth and r2 to offset. selex usesthe pbox bw and putwave
macros.

Calls the Pbox command, which generates the specified waveform as
defined by the Pbox . inp file. cpx aso checksif parametersref pwr
andref pw90 existinthecurrent experiment and putstheir valuesintothe
Pbox. inp file. If the parameters do not exist, cpx createsthem and asksthe
user for parameter magnitudes.

Setsup asingle excitation band in the Pbox . inp file. An unlimited
number of waves can be combined by reapplying setwave.

Setsup asingle excitation band in the Pbox . inp file. An unlimited
number of waves can be combined by reapplying putwave.

Generates a single-band waveform based on wave definition provided as a
single string of wave parameters.

Adds a parameter definition to the Pbox . inp file.

Extracts calibration data from the file shapefile.ext generated by
Pbox or, if thefile name is not provided, from the pbox . cal file

containing parameters of the last created Pbox shape file. Note that the
parameter is not changed by this macro if it wassetto 'n' (not used)!

Extracts pulselength from thefile shapefile. RF generated by Pbox or,
if thefilenameisnot provided, from pbox . cal file containing parameters
of the last created Pbox shapefile.

Extracts the power lever from thefile shapefile.ext generated by
Pbox or, if thefile name is not provided, from the pbox . cal file
containing parameters of the last created Pbox shape file. Note that the
parameter will not be changed by this macro if previously setto 'n' (not
used).

Extractsthefine power lever from thefile shapefile.ext generated by
Pbox o, if the file name is not provided, from the pbox . cal file
containing parameters of the last created Pbox shape file. Note that the
parameter will not be changed by this macro if it was previously setto 'n*
(not used).
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pbox_dmf

pbox dres

pbox_name

dshape

pshape

dshapef

dshapei

dprofile

pprofile

pph
pbox_ bw

pbox_bws

pbox_rst

pbox files

14.1 Pandora’s Box

Extracts the dmf value from the file shapefile .DEC created by Pbox
or, if the file name is not provided, from the pbox . cal file containing
parameters of the last created Pbox shapefile.

Extractsthe dres vaue from the filem shapefile.DEC created by
Pbox or, if thefile name is not provided, from the pbox . cal file
containing parameters of the last created Pbox shapefile.

Extracts name of the last shape file generated by Pbox and stored in the
pbox.cal file. Note, that the file name extension is not stored explicitly
and isnot provided by this macro.

Displaysreal (X) and imaginary (Y) components of a shaped pulse. Any
type of waveform (.RF, .DEC or .GRD) can be displayed.

Generates a single-band waveform based on wave definition provided as a
single string of wave parameters.

Displaysthe real (X) and imaginary (Y) components of last generated
shaped pulse, stored in pbox . £1d file.

Interactively displays the rea (X) and imaginary (Y) components of |ast
generated shaped pulse, stored in pbox . £1d file

Displaysthe X, Y, and Z excitation (inversion) profile for a pulse shape
generated by the Pbox software.

Plotsthe X, Y, and Z excitation (inversion) profile for a pul se shape that has
been generated with the Pbox software. If a shape nameisnot provided, the
last simulation data stored in shapelib/Pbox . sim are plotted.

Prints out the shape file header (i.e., al lines starting with #).

Defines the excitation band from the position of cursorsin the graphics
window and reportsthem to the user. It aso sets r1 to excitation bandwidth
and r2 to offset. This macro isused mainly in Pbox menus and macros.

Defines the excitation band from the position of cursorsin the graphics
window and reportsthem to the user. It aso sets r1 to excitation bandwidth
and r2 to offset. Note, the left cursor should be placed on theleft side of the
excitation band and the right cursor on resonance of the solvent signal. This
macro is mainly used in Pbox menus and macros.

Resetsr1=0, r2=0,r3=0, r4=0,n2="n"',n3="'", and adds some
standard comment linesto the Pbox . inp file. Thismacro is used in menus
and other Pbox macros.

This macro is used only in conjunction with Pbox file menus.

Pbox Commands Using a Terminal

The Pbox program is always executed when a shaped pulseis created. Any of the Pbox
parameters can be used as an argument followed by the parameter value. The arguments
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and shortcutslisted in Table 28 are available. Note that the output filenameis optional and
is aways the first argument.

Table 28. Pbox Commands and Parameters

Command Parameter
Pbox* -b time
-c
-f file
-h wave
-i wave
-1 ref pw90
-0
-p ref pwr
-r file
-s stepsize
-t wave
-u userdir
-w wavestr
-v
-X
-value
Pxsim
bpxfid
Pxspy
Examples:
Pbox -1i eburp2
Pbox
Pbox sel.RF -w "eburpl 420
Pbox -w "eburpl 200 -1200"
Pbox tst.RF -w "esnob 20p 170p"
-ref pw90 54.2

Action

Activates Bloch simulator, opt=a (add), s (subtract), or timein
Sec.

Calibrate only, do not create a shapefile.

Sets name of the output file.

Prints wave file header.

Prints wave file parameters.

Length (in us) of reference pw90 pulse.

Lists options.

Reference power level (dB).

Reshapes Pbox pulse.

Defines the length (in us) of asingle step in the waveform.
Prints shape title from wave file.

Sets user home directory.

Sets wave definition string.

Runsin verbose mode. Also print Pbox version.

Prints all Pbox parameters.

Sets repsto value.

Used in Pbox menus and macros for simulation of excitation
profiles of shaped pul ses.

Used by dshape and dshapei to format shapefileinto a
FID-format text file.

Converts alien shapes (.RF, .DEC and .GRD) into Pbox compatible
file format. Essentially converts a time-domain shape file into
(frequency-domain) Fourier coefficients, which can be used to
create awave filein the wavelib directory.

newshape -wc "eburpl 450 -1280.0" -1

-800" "eburpl 420 1200"
-attn e -pl 45 54.2 -b
-sfrg 150.02 -refofs 55p -refpwr 45 \

14.2 Pulse Shape Analysis
® "Starting and Using Pulsetool," page 291

® "Using Pulsetool,” page 292

® "Simulation," page 294

® "Creating aPulse," page 296
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Thepulsetool program is designed to display and examine shaped rf pulses. The
standard pulse template file format is the same asfor shaped pulsesin /vnmr /
shapelib. Datapointsarelisted asphase amplitude time-count,wherephase
isindegrees, amplitude isavauebetween 0and 1023, and time-count isan
integer which describes the rel ative time duration of the step.

Starting and Using Pulsetool

Starting Pulsetool from VnmrJ.
1. Click Edit on the menu bar.

2. Select View Pulse Shapes...
The Pulsetool starts, see

Tirectory: |¥hone/vnnrj_2.28_Beta_2006-12-

Pulse Nawe: |inc.RF

pulnsec)s | 5.000

Figure71. Pulsetool Spin Simulation Window

Starting Pulsetool from an Operating System Terminal Window.
1. LoginaVnmrJlogin account owner.
2. Open aterminal window.

3. Start Pulsetool, see , using one of these procedures:

® Enter pulsetool& at the prompt to start the Pulsetool and use thefile
navigation tools within Pulsetool to load files.
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292

® Enterpulsetool<-shape filepath>& at theprompt to start the Pulsetool,
and load the specified shape file (- shape) from the specified location
(filepath).

Using Pulsetool
® "Attribute Selection,” page 292
® "Control Panel Buttons," page 293
® "Cursors," page 294

Table 29 summarizes the command and parameters associated with pulse shape analysis.

Table 29. Pulse Shape Analysis Commands and Parameters

Command

pulsetool <-shape filepath> RF pulseshapeanalysis
Parameters

phi Amount of rotation about the Z-axis
theta Declination relative to XY-plane

The amplitude and phase aredisplayed in the small windows at the top of the display,
along with the effective frequency of the pulse, the quadrature components of the pul se, and
its Fourier transform. Click on any graphic displayed in the small windowsat the top of the
display to display it in the large graphics window in the center of the screen.

Attribute Selection

Anplitude Phase Frequency Real Inaginary Fourder Transforn

Thesix small graphicswindows at thetop of thetool initially display the different attributes
of the current pulse:

Amplitude
® Phase

Effective off-resonance frequency

® Real and imaginary quadrature components

® Fourier transform
Display any of these six windowsin the large graphics window by clicking in the
appropriate small window with either the [eft or middle mouse buttons:

® The left mouse button causes the large window to be cleared before drawing and sets
the clear mode to ON.

® The middle mouse button turns off the clear mode and displays the selected attribute,
overlaying any current display in the large graphics window.

Repeated selection of the small Fourier transform window will result in the large window
cycling through the magnitude of the Fourier transform, the real component, and the
imaginary component.
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Control Panel Buttons

Files| Thresh| Full| Simulation| Create| Grids On — | Displaus Pulse  — | Print| Sawe| Help| Quit

The control panel below the small windows contains the following control buttons:

Button Function
Files Starts afile browser listing the contents of the current directory. A trailing slash “/”
following a member of the list indicates a subdirectory, and an asterisk “*” an
executable file. Selected from this listing by clicking on it with the left mouse
button:
File browser buttons and function:
Done — closesfile browser
L oad — sdlected fileisread, and displayed in the graphics windows.
An error message is displayed if the file does not correspond to the
proper format for pulse template files. Comment lines beginning
with the pound character “#” are ignored.
Descriptive information about the pulseis displayed in the bottom
panel—the name of the file, the number of stepsin the pulse, the
Fourier sizerequired to do the FFT of the pulse, and a“ power factor”
calculated for the pulse. The power factor is based on the mean
square amplitude of the pulse.
Chdir — changes to and then lists the selected directory.
Parent — changes to and then lists the parent of the current
directory.
Thresh Activates the horizontal cursor. Refer to "Cursors,” page 294
Full
Simulation Opens the Bloch Simulation window. Refer to “Simulation,” page 294
Create Opens adropdown menu of pul setypes appears after aright mouse click on
the button. Hold down the mouse button and select one of the pulsesin the
menu. Release the mouse button to load the selected pulse type. Refer to
"Creating aPulse," page 296
Grid: ON/OFF Turns main window grid on or off.
menu
Display: Pulse/ Displays the shaped pulse or, if the simulation has been run, a Block
Simulation  simulation of the response of the spinsto the pulse
menu
Print Click to print the main graphics window on a PostScript printer.
Save Saves the data currently displayed in the main graphics window to afile.
1. Click on Save.
A filename entry field and a Done button are displayed
2. Enter afilename.
3. Click on Saveto write thefile.
Repeat this needed while in the save mode — display a
different attribute in the main window, enter anew file name,
and select Save.
4. Click Done to exit the save mode.
Help
Quit Close Pulsetool
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Cursors

Interactive | eft, right, and horizontal cursors are available, and display areadout of position
at the bottom of the large window when active. Click, using the left mouse button,
anywhere on the large window to activate the | eft. Activate the right cursor by clicking the
right mouse button anywhereto the | eft of the current single cursor. Theright mouse button
controlsthe position of the right cursor independently and the left mouse button movesthe
cursorsin tandem.

The control panel button marked Full when one cursor is active changes to Expand when
both cursors are active. The display can be expanded to show the region between the two
cursors. (Note that the clear mode will always be set to ON after an Expand or Full
operation.)

Turn off acursor by holding down the control key and clicking the mouse button associated
with the cursor. Theright cursor isturned off by clicking theright mouse button inthelarge
window while simultaneously pressing the Control key.

Thehorizontal cursor isactivated with the Thresh button located in the control panel. When
thiscursor is active, it is controlled interactively with the middle mouse button. The
interactive scal e and reference functions normally controlled with the middle mouse are not
available when the horizontal cursor is present. Select the Scale button in the control panel
to turn off the horizontal cursor and reactivate the scale and reference functions (vertical
scale and reference can be adjusted even with the horizontal cursor active by direct entry in
the appropriate fields in the bottom panel).

Simulation
®* "Overview," page 294
® "Parameters," page 295
® "Performing a Simulation,” page 296

Overview

The simulation routine simulates the effects of an rf pulse by use of the classical model of
nuclear spin evolution described by the Bloch equations. T, and T, relaxation effects are
ignored, in which case the evolution of amagnetization vector in the presence of an applied
rf magnetic field can be evaluated by multiplication with a 3 by 3 rotation matrix. The
simulation consists of repeated multiplication by such a matrix, whose elements are
determined at each step by the values of amplitude and phase found in the pulse template
file, and by user input values of initial magnetization, B4 field strength, pulse length, and
resonance offset. The simulation is performed over one of three possible independent
variables— resonance offset, B field strength, or time, and is determined by the Sweep
cycle in the small button panel.
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Parameters
1. Click onthe Simulation button in the control i T B
panel to activate the Bloch Simulation Initialize; Yee | Steps:
W| ndOW- Hx; | 0,000 Phase; | 0.0
TheBlock Simulationwindow containsfields | i @00 Index [
for entry of all required parameters (thepulse | ... [r.w step Tne: [F8

length istaken from the value in the bottom
panel of the main window).

Blwax (KHz): | 2,000 Tine; |0
Start Freq (KHz): |F5.000 Telay (msec)s |
2. Changeor enter avaluefor any parameter by | s e tioes: 50w
selecfci ng it with the left mouse button i | ] e
entering a value from the keyboard. — —

3. Enter vaues for the parameters Mx, My, and Mz for the starting values of the
magnetization components. Their vector sum must be less than or equal to 1.Click
on thelnitialize button and select YES or NO.Thisfeature worksfor Frequency and
B, sweep only, not Time.

Initialize cycle determinesif the magnetization isre-initialized to the values of Mx,
My, and Mz, or if the simulation uses the values at each point that were the result of
the previous simulation. The effect of a series of pulses can be evaluated by loading
thefirst pulse and performing the simulation with Initialize set to YES, loading
subsequent pulse, setting Initialize to NO, and selecting Go after each pulseis
loaded.

4. Click on the Sweep: button and select Freq, B4, or Time for the sweep.
® Freq
a  Enter avaluein the Blmax for B, at the maximum pulse amplitude.
b. Enter avaluein the Start Freq (KHz) field for the starting frequency.
c. Enter avaluein the Stop Freq (KHz) field for the ending frequency.
®* Bl

a Enter avalueinthe Frequency (KHz) field for the how far the magnetization
is off resonance.
b. Enter avalueinthe B1 Start (KHz) field for the starting B4 field.
c. Enteravalueinthe B1 Stop (KHz) field for the ending B, field.
® Time
Theresults are displayed in the form of a projected three-dimensional

coordinate system, showing the path of the magnetization over the course of the
pulse.

a  Enter avaluein the Blmax for B, at the maximum pulse amplitude.

a Enter avaueinthe Frequency (KHz) field to see how far the magnetization
is off resonance.

5. Accept the default values or enter values or for each of the following:

a Seps(not available if sweep is set to Time) — the number of stepsused in
the simulation.

b. Phase — Enter the phase of the pulse
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c. Index— Counter that displaysthe current index. No entry isrequired for this
parameter. Setting avalue of 0 and clicking the Steps button updates the
parameters.

d. Step Inc.— Enter the number of intermediate stepsto be cal culated each time
the Step button is clicked.

e. Time— Enter anonzero integer value in this field to see the 3D display
drawnin real-time.

f. Delay — Pre-pulse delay, in seconds. Normally not required. If defined, it disables
the internal wave shifting according to the spin status.

Performing a Simulation

1. Click onthe Go button.

This does simulation cal culations and then displaystheresultsin the first five small
graphics windows, replacing (but not destroying) the pulse information that was
displayed there. The Fourier transform information remains unaffected, so that
comparisons can be made between this and the exact simulation results.

All of the display functions described elsewhere are active as well, with the
simulation data. Additionally, the original pulse datais still present in the
background and can be swapped into view with the Display cycle found inthemain
control panel.

2. Click on the Step button to view the course of the magnetization at intermediate
stages through the pul se based on the value in the Steps Inc. field, starting at the
current value of Index. The intermediate result is then displayed in the normal
fashion.

During a Go simulation, a small panel containing a Cancel button will pop into view. Use
thisto stop the simulation if necessary (there may be some delay between selecting the
button and the end of the process (wait, do not click on Cancel more than once).

Clicking on the Go button with Sweep: Set to Time displays the resultsin the form of a
projected three-dimensional coordinate system, showing the path of the magneti zation over
the course of the pulse. This display is obtained by selecting the 3D button after first
selecting the Go button. The left mouse button controls the viewing angle from within the
canvas region delineated by the blue corner markers when the 3D display is active. This
viewing angleis described by the two parametersphi (the amount of rotation about the Z-
axis) and theta (the declination relative to the XY-plane). A “family” of trajectories can
bedisplayed by first selecting any of the small canvaseswith the middle mouse button, then
selecting the 3D button. Changing either the B, field strength or the resonance offset
followed by the Go button will result in display of the result without clearing the display.
Select any of the small canvases with the left mouse button to reactivate the automatic
clearing feature.

Creating a Pulse

The pulse creation routine currently offers the following pulse types:

Square Hermite 90 Tan swept inversion
Sinc Hermite 180 Sin/cos 90
Gaussian Hyperbolic secant inversion
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A file containing the pul setemplatefor any of these pul ses can be created from scratch with
this utility. Alternatively, pulses can be created for examination only, using the display
capabilities of pulsetool. Each pulseis generated with user-definable parameters
appropriate for the pulse in question.

1. Click on the Create button and hold the right mouse button down.

2. Select apulse type from the menu and rel ease the mouse button.

Move the mouse arrow out of the menu area and rel ease the button if none of the
choices are acceptable.

A small window appears with a brief description of the characteristics of the pulse
and a set of changeabl e attributes values when a pulse typeis selected. The number
of stepsinthe pulseislimited to powersof 2 and can be set by clicking theleft mouse
button or by holding the right mouse button down and selecting the desired value
from the resulting menu. All other attributes, which vary depending on the pulse
type, can be atered from their default values by first selecting the appropriate field
with the left mouse button, deleting with the Delete key, and typing in the desired
value (pressing Return is not required).

3. Select one of the following buttons at the bottom of the window:

® Preview — use the attributes as they appear on the screen to create a pul se that
isloaded internally into pulsetool. All pulsetool features can then be
used to examine and eval uate the new pulse. Any previous pulseinformationis
deleted.

® Execute — use the attributes as they appear on the screen to create a pulse and
writeit to atext file. The name of thefileistaken from thefilenamefieldinthe
Create window and written into the current directory, listed in the Directory
field in the bottom pandl. If afile of the same name aready exists, a prompt
reguests confirmation to overwrite the file. An error message appears if the
program is unableto write to the named file. Thisis generally symptomatic of
not having write permission in the current directory.

No new pulse types can be added to the list. User-created shaped pulse may be
examined using the Files button.
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chapter 15. VnmrJ Experimental Interface

The chapter describes the VnmrJ experimental interface.
® 15.1, “VnmrJ Experimental NMR Interface,” on page 300
® 15.2,“Man MenuBar,” on page 301
® 15.3,“System Tool Bar,” on page 313
® 154, “User Tool Bar,” on page 314
® 155, “Advanced Function and Hardware Bars,” on page 315
® 15.6, “Action Controls, Folder Tabs, and Pages,” on page 318
® 15.7,“Graphics Canvas,” on page 319
® 15.8, “Graphics Control Buttons,” on page 319
® 15,9, “Vertical Panels,” on page 323
® 15.10, “Applications Directories,” on page 338
® 15.11, “Setting Colorsin VnmrJ,” on page 339
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15.1 VnmrJ Experimental NMR Interface

Classic (top) and default (bottom) color schemes for the experimental interface can show,
Figure 72, multiple viewports. Thisviewport layout in the classic color scheme shows four

viewports arranged by clicking on the side-by-side button under Viewport layout. The
layout in the default color scheme was created by clicking on the Auto button under
viewport layout.
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15.2 Main Menu Bar

Eile

Edit Miew Experiments Acquisition Process Tools Help

The menu bar sits along the top of the interface. Its function istwofold: first, the menu bar
provides access to operations needed to acquire, process, display, and plot a spectrum;
second, the menu bar provides access to little-used features, settings, and preferences.

The menu bar contains the following menus:
®* "File Menu Selections," page 301
® "Edit Menu," page 303
®* "View," page 305
® "Experiments Menu," page 306
® "Acquisition Menu," page 307
® "Process Menu," page 308
® "ToolsMenu," page 310
® "Help Menu," page 313

File Menu Selections

The File menu selections are:

Menu Items Descriptions

New Workspace  Make and join athe next available workspace.

Open Opens the file navi- )
atlon W| ndOW tO Cheose Home Dirsctory| fhomefwalkupd /vnmrsys/data '|
?he locate the Dir 1 | Dir 2 | Dir | Dir 4 |
required file Look In: | CTfidlip ~| & [ = BE
. o = Dosy O3 deprfid [himage. 4T fid [ ODCB.fid
Click thefile and = heart. dat Difid1d.fid [ mentholfid [ p31.4T fid
C||Ck on the Open gmonkey‘da( %ﬂdZd.ﬂd gmlxtureﬂd %pﬂmwvoﬂd
button c13.4T.fid fid2da.fid MOED.fid tldata.fid
File Mame: ‘ |
Files of Type: “fid "
Qpen Cancel
Saveas... Opens thefile navi- ]
gatlon W| ndOW tO Cheose Home Dirsctory| fhomefwalkupd /vnmrsys/data '|
the locate the Dir 1 | Dir 2 | oir 2 | Dir 4 |
Save [n: ‘deata " @@@@@

required directory.

. . 3 s_z0060913_01
Enter afilenamein I ——
the Save Asfield

and click OK to
save. File Mame: ‘ |
Filez of Type: “ﬂd "
Save Cancel
Auto Save Save files using the auto save parameters set up; refer to VnmrJ

Installation and Administration manual.
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Menu ltems

Save data setup ...

Printers...

Print Screen ...

Printer Region of window

Printing Region of window

302

Descriptions

NMR Spectroscopy User Guide

Opens the Save Data Setup window for customizing where data is
saved and file naming; refer to VnmrJ Installation and
Administration manual.

g] Save Data Setup. @
Select data directory:

‘a User data directory

‘V Jhame/vnmrl/vamrsys/data |

Save directory |as:

Remove selected directory

Select data name template:

$seqfil_ |

seqfil ‘v

Save template

‘ Remove selected template

Example of saved data:
fhomefvnmrl/vamrsys/data/geosy_02.fid

| Ok ‘ | Cancel ‘ | Help |

Opens awindow for selecting printers and plotters.

Printers and plotters defined
through VnmrJ Admin are
displayed; see the VhmrJ
Installation and Administra-
tion manual for information about connecting printers and plotters.

Prints part or al of the VnmrJ screen to current the printer to either
afile or printer using the options selected.

Select printers @

j| printer j”

plotter plot2file print2file

‘ Edit... H Undo H Close H Abandon H Help |

@ eimscen |
Printer
Printer radio button—send Frint o
output to printer @pomter -]
. . ile Irowse.
File radio button — save _P:)";'"g :
output to the file named in reon Ty —rd

the Filefied FostscRPT [+

G ]

Graphics Color ) Mono @ Color

Graphics Line Width |1 pixel

Image Format

Paper Size

Select Region dropdown

menu choices: Image Resolution F00 dots per inch

Graphl cs Area Screen Resolutionis 86 dots per inch

Orientation (® Landscape

VnmrJ Screen e
Format dropdown menu 2t il

. ) Half Page
Ch0| Cces. () Quarter Page

JPEG, GIF, TIFF, or Print

BITMAP

| Edit... H Unda ” Close ” Abandon ” Help ‘

Page Size — click on aradio button for: Full, Half, or Quarter page
Graphics Color —click on aradio button to select Mono or Color
Graphics Line Width —enter aline width in pixels

Image Resolution —enter an image resolution in dots per inch

Screen Resolution is—displays current screen resolution in dots
per inch
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Auto Plot

Createa Plot Design...
Exits VnmrJ.

Exit VnmrJ

Edit Menu

Orientation — Click aradio button for Landscape or Portrait
Size —Click aradio button for Full Page, Half Page, or Quarter
Page
Print button — sends screen to default printer

Close button — close the Print Screen window

Plots current data using protocol plotting and printing defaults.

Opens Plot Designer, see "Plot Designer,” page 140.

The Edit menu sdlections are:

Edit Menu Items

M ove Parameters...

MoveFID...

Move Text...

M ove Display
parameters...

Move I ntegral
resets...

New Pulse Shapes
(Pbox) ...

View Pulse
Shapes...

New/Edit Macro...

01-999378-00 A 0708

Descriptions

All theMove ...
selections open a
popup window
similar totheMove
Integral resets
window shown.

Move Integral resets

From current to experiment number: 3\

OR from experiment number:

H Close || Abandon ‘

| Edi. || und

Do either of thefollowing or click Close:

® Enter atarget experiment number in the field next to
From current to experiment number: to movethe
selection from the current experiment. Click the
M ove button.

® Enter the number of the source experiment in the
field next to OR from experiment number: and the
number of thetarget experiment intheto field. Click
the M ove button.
Click the Join button to join the target experiment.

Click Close.

Opens Pbox window, see "Pandora’s Box," page 277.

Opens Pulse Tool window, "Pulse Shape Analysis” page 290.

Opens a dial og window
to create a new macro,
edit an existing macro, or
test a specific macro.

New / Edit Macro.

——

Check Macro ‘

Macro name:

New/Edit Macro |

| Edit. H Und H Close || Abandon ‘

1. Enter the name of anew or existing macro in the field next to

Macro name.

2. Click on the New/Edit M acro button to open the gedit tool.

Instruction for using the gedit tool are accessed by clicking on
Help button on the tool’s menu bar.
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Edit Menu Items

Tool Bar
Display options...

Edit config
profile...

Parameter Pages...

Viewports

Applications...

304 NMR Spectroscopy User Guide

Descriptions

@ = jhomevnmryvnmrsysimaclibftestmacro-gedit |

Eile Edit View Search Tools Documents Help

2 .&d | &% ¢ | B D B .
New Open Save Print Undo Redo Cut Copy Paste

testmacro %

Lnl, Coll INS

3. Edit or writethe new macro; refer to the section in the VnmrJ
User Programming manual for instructionson writing macros
using the Magical 1l language.

4. Savethe new or edited macro or abandon the new or changed
material.

5. Click on the Check M acro button to test the macro.

6. Click onthe Close button to exit the New/Edit Macro dialog
window.

Opensthe tool bar editing tool. Refer to the VnmrJ Installation
and Administration manual for more details.

Opens awindow for setting symbolic colors and fontsin the
interface.

Opens the Edit User Config Profile window. Refer to the
VnmrJ Installation and Administration manual options and
permission related to this window.

Opens the parameter panel editing tool.

Opensthe Viewport Settings panel to set the number of
viewports, the geometry of the graphics area, and the
workspaces attached to each viewport. See "Viewports,” page
324, for instructions on how to use and work with viewports.

To set the geometry of viewports, click the geometry after
selecting the number of viewports, e.g., for 3 viewports click
1x3, which displays 1 row and 3 columns. 3x1 displays 3 rows
and 1 column.

Fill in the workspace number for each viewport to set the
workspace attached to each viewport.

Select Switch Layout for Viewportsto switch the layout of
VnmrJto the last viewed layout of a specific viewport. By
default, thisis selected; deselect it to turn it off, and the layout
will stay the same for the viewports. Click Set 3 Default
Viewportsand click Close to set the viewports to the default
settings.

Opens the Applications Directories editing window, see
"Applications Directories," page 338.
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Edit Menu Items

System Settings...

Window tab

System tab:

Display/Plot
tab

View

15.2 Main Menu Bar

Descriptions

Opens the System Settings window, used to set system
parameters.

System tab — provides system-level settings.
Display/Plot tab — provides display and plot settings.
Display configuration check box — displays system
configuration in the text output panel (config).

Application mode —Walkup, Standard, or Imaging pulse; any
interface based on installed optional software packages.
Gradient amplifier — On/Off selection for each gradient axis
that isinstalled.

Hardware Z1 Shimming — drop down menu: none, delay, and
presat

Probe protection check box — enabled if checked

VT cutoff (0—50) entry field —enter value abovewhich the VT
air flow will not use the heat exchanger.

Process data after acquisition check box —enabled if checked.
Autosave data after acquisition check box — enabled if
checked.

Process data on drag-and drop — check to enable

Set display from plotter aspect ratio (wysisyg) — check to
enable

Spectrum updating during phasing (0-100) — set the
percentage of the display that isupdated during interactive
phasing. 100 is recommended

M ax # of pens— number of plotter pensto use
Show Tooltips— check to enable

Day Limit of filesin Locator (neg=forever) — enter an integer
value
Turn Locator Off — check to enable

The View menu selections are:

View Menu ltems

Command Line

Holding Panel
Parameter Panel
Frame
Viewport

1D

2D

Cryo

01-999378-00 A 0708

Descriptions

Displays the command lineif it is hidden— default is account
owner only.

Opensthe vertical Holding Panel.

Opensthe horizontal parameter panels if they are hidden.
See "Frame Panel," page 328.

See "Viewports," page 324.

See"1D," page 336.

See"2D," page 337.

Controlsfor cryogenic system and probe. Refer to the related
manuals for instructions.
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View Menu ltems

Descriptions

Arrayed Spectra
Toolbars

See "Arrayed Spectraand FIDs," page 333.
Opens a popout menu. Place check next to atool bar to show

the tool or remove the check to hide the tool bar.

System Tool bar

1 SO e ) )

Refer to “ System Tool Bar” on page 40 for adescription of the
system tool bar functions.

User Tool bar . @

Graphics Toolbar

01 [ FN TR T = o

Hardware Toolbar

Experiments Menu

Temp | spin | Lock HCNZ;D:E a

RIS G4 L @@ Tool bar for spectra
Tool bar for FIDs

Not all experiments are available on all spectrometer systems. System configuration and
options selected at installation determine the available experiments.

Experiments Menu Items

Proton
Presat
Wet1D
Carbon
Fluorine
Phosphorus

Relaxation M easurements
Carbon-Proton Multiplicity
Selective Excitation 1D

Homonuclear 2D

1H Detected Proton-Carbon 2D

Hadamard Experiments

Dosy

NMR Spectroscopy User Guide

Sub menu choices

T1Measure
Apt
Noesy1d
Tocsyld
Cosy
Dqcosy
Noesy
Tocsy

Hsqc
Hmqc

Hmbc

Hsgctoxy
Hmqctoxy

Hsqcad (Inovaonly)

Setup Hadamard
TocsyHT
Dbppste
Dbppste cc

DgcsteSL

T2 Measure

Dept
Roesy1d

Gcosy
Gdgcosy

Roesy

Ghsgc

Ghmqc

Ghmbc

Ghsgctoxy
Ghmgctoxy

Ghsgcad (Inovaonly)
Cigar2j3j

HsqcHT

convection
compensated
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15.2 Main Menu Bar

Experiments Menu Items Sub menu choices
DgcsteSL_cc convection
compensated
DgsteSL _cc convection
compensated
Doneshot

Acquisition Menu

The Acquisition menu selections are:.

Menu Items Descriptions

Parameter arrays... Open Array Parameter window.

Array definition il Array Parameler .
reg|0n Param Name | Description | size | order | onjor
ni Number of increments in 1st indir... 128 0 n
Arrayed #h Phase selection 2 1 On
parameter fields
Array Size: 256 Total Time: O0:0:-1
UnArray Maw Array J
. Active Pararm: phase Current Yalue: 1
Status region——
L Paosition [ Walue
Array limits 1 1
. Array Size: 2 2 2
reglon First Value: 1
Increment: 1.0
Last Value: 2
Ine. Style... Linear
Randomize
Array
elements
window i
Window controls————— ¢ || Lo
Array Parameter
Window Regions

Array definition
Arrayed parameter field columns:
Parm Name — enter name of arrayed parameter.
Description — displays text description of array.
Size —displays number of steps or incrementsin the array.

Order — displays precedence for running the array — double
click in the field and enter the array order. Arrays with
sequential numbers create afull matrix (array A x Array B)
and each array can be adifferent size. Arrays with the same
order number (and the same size) create a diagonal array.

On/Off — Array isused / array not used.
Fields and buttons
Array Size field — shows size of selected array.
Total Time field — shows estimated time to compl ete the array.
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Menu Items Descriptions

UnArray button — remove selected parameter from the list of arrayed
parameters.

NewArray button — add new row to list of arrayed parameters.
Satus— show active parameter during acquisition and parameter’s

current value.

Array limits
Array Size field — enter the size of the array and press
return.
First Value — enter the starting value of the array and press
return.

Increment — enter the array increment and press return.

L ast Value — enter the ending value of the array and press
return.

Inc. Style ... button — click and select linear or exponential.
Randomize button — click to create arandom array.
Array elements

Changethe value of the array element by double clicking on
the value of the array element associated with the array
position, entering a new value, and pressing Enter.

Window buttons
Edit—Not active.
Undo—Click to undo click again to restore the change.
Close—Closes the window.
Abandon—Closes the window and makes no changes.

Acquire Data Acquire dataonly. No post acquisition processing (go).
Acquireand WFT Acquire and process data post acquisition using current

weighting functions and values (go).

Acquire and Process Acquire and process data post acquisition using the current
settings, including active wbs, wnt, wexp and werr func-
tions (an).

Abort Acquisition Abort data acquisition for the current sample.

Sampl e handlers systems remove the sampl e, insert the next
gueued sample in the magnet, and start data acquisition.

Process Menu

The Process menu sdlections are:

Menu Items Descriptions

Processand Display 1D  Process and display the 1D data.

Full Process Process and display the 1D data using the processing and
display parameters and setting set in the Process tab
panels.

Drift Correct Spectrum  Apply drift correction along both axes of a 2D data set
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15.2 Main Menu Bar

Menu Items Descriptions

Automatically Set

Integrals

Baseline Correct Apply baseline correction

Set Spectral Width Mark new spectral width on the graphics screen using the

between Cursors left and right cursors, then select this option to set the new
spectral width.

Set Transmitter at Mark new transmitter location on the graphics screen

Cursor using the cursor, then select this option to set the
transmitter.

Add and Subtract 1D Results are shown displayed in experiment 5
Data

Sub-menu items
Clear Buffer and Add Current Spectrum

Clears buffer (experiment 5) or creates experiment 5 and
places current spectrum in experiment 5

Add Second Spectrum into Buffer
Adds current spectrum (algebraicaly) to datain

experiment 5

Full Process 2D Processes and displays the 2D data using the processing
and display parameters and setting set in the Process tab
panels

Process 2D Step-by-step processing of 2D data

(Individual Steps)
Popout-Menu Choices

Phase and Set Weighting F2

Dofirst FT (t2 Domain)

Adjust Weighting in F1 (must do first FT)
Baseline Correct F2

Full 2D-FT (t1, t2 domains)

Baseline Correct F1

Analyze
Popout-Menu Choices and Dialog Windows

Cosy Correlations...
opens Cosy Correlations window if current
viewport contains an appropriate data set.

ecispleytil o el

Spin Simulation... opens Spin Simulation window.
Spin Selection Tab I

Chemical Shifts Show parameters

e e e
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Menu ltems

Descriptions

Spin Assignment tab

Sars... opensthe Stars
window:

Thiswindow is only
availableif the optional
Stars software module was
installed.

Deconvolution... opens the Deconvolution

window:

]
Spin System Make line lst i #iterations [0
8 Use line st iterate
Use fiispec
Show simulaion
Show spectrum Assign Lines i
Show sssECUIRREN | - clescsssiiceclaR
]
STARS Data Analysis: Spin System: Use 2nd order lineshape:  [1es | |
Simulated nucleus: A1 Spin number EZ 1] a1 herationparams: [
Frequency. 4001133415 Wz Transiion T~
quency. bz ] ] = T
Sample rotation: Adjustments: B e e
! aia e
Start plot | Lorentz braadening: [N [z [v] o7 . e
4 im el
Width plot Gauss broadening: |0.06560¢ & = oese
- ompare ave
Complex points:  [1024 Puise G forroliort: [25[us[~| [ || i
Angles: = Probe bancwicih o || Resut Eanss
Simulate Iterate
]
Spin System Make line lst i #iterations [0
8 Use line st iterate
Use fiispec
Show simulaion
Show spectrum Assign Lines i
Show, s UGN e el
] Deconvolution ]
Use Line List Use Mark
Fit it Show Results
Show Fit Plot Fit
Show Spectrum Add / Subtract
Regression... opens the regression window: g o
Display x-axis Display y-axis
| T
xesquare |
x-log | vlog
Regression fi output
e Pt [
R o iGN
cubic
R Cras A

Tools Menu

The tools menu selections available are:

Menu ltems

Create Protocols
Sub-menu items
M ake a New Protocol

Descriptions

A submenu with the following items:

@ New Protocol

Opens a

=

310

window for
saving the
current
parameter set
asapart of a
new protocol.

NMR Spectroscopy User Guide

Protocol Name:
Apptype:
Search Type:

Jacosvl

lacosy

Jacosy

Required Protocol: |

Customization: I

Scout Prep: |

Make a protocol. Make protocol
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Menu ltems

Configure EXEC
par ameters

15.2 Main Menu Bar

Descriptions

1. Enter the name of an existing protocol or aname
for anew protocol in the field next to Protocol
Name:

2. Keepor changethe applicationtype of an existing
protocol or enter new application typefor the new
protocol in the field next to Apptype:

3. Keep or change the search type (used by the
Locator) of an existing protocol or enter new
search type for the new protocol in the field next
to Search Type:

4. Keep or define anew required protocol for
existing protocolsor, if required, enter arequired
protocol for anew protocol in the field next to
Required Protocol:

5. Keep or define any new customization for
existing protocols or, if required, enter required
customization for anew protocol inthefield next
to Customization:

6. Keep or define any new scout preps for existing
protocolsor, if required, enter required scout
prepsfor anew protocol inthefield next to Scout
Preps:

7. Pressthe M ake protocol button.

The new protocol iswritten to the user’s local
directory tree. Thelocal protocol isused when the
protocol isloaded if the protocol has the same
name as a system level protocol. Only the system
administrator (typically vnmrl) has permissionto
edit or create new global protocols.

Opens the Configure EXEC Parameters window to access
parameters controlling Setup, Preparation, Prescan,
Processing, and Plotting functions. Functions are defined
in the field next to the function name.

Place a check in the check box next to the function to make the
function active.

Configure EXEC parameters

Default actions. Checked actions are selected. Unchecked actions are turned off.

Setup
Preparation
Prescan
Processing
Plotting

EEEEE

Locally | _ clobally_|

Locally Clobally.

Save sequence specific parameters
[acosy

Select global exec parameters jl Save apptype param eters

‘ Edit

|| Close H Abandon H Hely ‘
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The button to save Globally is only available to the
system administrator, typically vnmrl, and to users with
system level access.
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Menu ltems

Auto Tune Probe...

Manual Tune Probe...

Do Gradient Shimming

Sandard Calibration
Experiments

Sub-menu items
Probe Calibration

Set Up Gradient
Shimming

Set Up 3D Gradient
Shimming

Descriptions

Select global exec parameters

Dropdown menu of application types. The Setup,
Preparation, Prescan, Processing, and Plotting fields are
filled in or remain empty as appropriate. The default
actionis activeif acheck mark appearsin the box next to
the action. The fields are editable.

Save sequence specific parameters

The sequence specific parameters are saved when the
button labeled Locally is clicked. If the account
administrator has permission, a button labeled Globally
appears next to the Locally button, to save the parameters
globally.

Save apptype parametersfield

Specify an application type. The save process occurs when
button labeled Locally is clicked. If account administrator has
permission, a button labeled Globally appears next to the
Locally button, to save the parameters globally.

Option isdisplayed if ProTune hardware and software are
installed. Opens Tune Probe window for autotuning, see
"Tuning Probes on Systems with ProTune," page 30

Option isdisplayed if ProTune hardware and software are
not installed. Loads manual tuning parameters and panels
for manua probetune, see " Tuning Probes on INOVA
Systems and MERCURYplus/Vx Systems," page 35.

Starts the gradient shimming using the gradient shimmap
associated with the current probe and the gradient
shimming parameters set when Set Up Gradient
Shimming was last run.

Providesthe interfaces for probe calibration and gradient
shimming setup:

Opens awindow for running a series of experiments to
calibrate the prabe.

Refer to "Calibrating the Probe," page 61, and the VnmrJ
Installation and Administration manual.

L oads the pulse sequence and panels for making a shim-
map for gradient shimming.

Selection appearsonly if thisoptionisinstalled. Loadsthe
pulse sequence and panels for making a 30-shim map for
gradient shimming.

Start AutoTest

AutoTest Settings

Applications directory Enabled/Disabled Sub-menu selections
(refer to "Applications Directories,” page 338):

Starts AutoTest; see AutoTest manual for a description of
the AutoTest.

Opensthe AutoTest test settings window; see the AutoTest
manual for a description of settings and options.

Update locator

NMR Spectroscopy User Guide

Opens a submenu that provides choices for updating the
different parts of the L ocator.
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Menu ltems

Import filesto locator

Save custom locator
statement

Delete custom locator
statement

Molecular Structures

Sub-menu items

15.3 System Tool Bar

Descriptions

Display all
Plot all
JChempaint...

Jmol...

Browser ...

Locator ...

Help Menu

Opens awindow for importing filesto the locator.
Opens awindow for saving the current locator view.

Opens awindow for deleting custom locator statements.

Refer to "Molecular Display and Editing (JChemPaint and
Jmol)," page 134.

Displays all molecular structures.
Plots all molecular structures.

Opens the open source application JChempaint in a sepa-
rate window. Refer to the online manual provided with
JChempaint.

Opens the open source application Jmol in a separate win-
dow. Refer to the online manual provided with Jmol.
Opens afilebrowser window "L ocator and File Browser,"
page 341.

Opens Locator, see "L ocator and File Browser," page
341.

Starts VnmrJ online help. Thisisan HTML based online help system that opensin a\Web
browser. The help files must be loaded from the VnmrJ Manuals CD. Or, the CD must be

left in the CD-ROM drive.

15.3 System Tool Bar

1 SO O Wi | @ ey

The system tool bar directly below the menu bar provides quick access to common
functions. The following tools are the defaults available in this tool bar:

Button Function

Creates a new work space.

Opensthefile browser to locate adirectory, select afile, and load the

v

file. Click on the file to load, and click on the Open button to load

thefile into the current workspace (experiment).

n

Save As... Opensafile browser to locate a directory, name afile,
and save adata set. Enter afile name in the File Name: field, select

the file type from the dropdown menu, and click on the Save button.

R

01-999378-00 A 0708

Opens the display options Styles and Themes window.
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Button Function

Cancels command.
Stops acquisition.

Shows the FID display toolbar, see " Graphics Control Buttons,”
page 117.

Showsthe spectrum display toolbar, see " Graphics Control Buttons,”
page 117.

Shows the contour controls (grayed out if the data set is 1D); see
"Graphics Control Buttons," page 117.

CEFQQ

Dropdown menu of viewports and experiments in the viewport. The
ey ¥ experiment in the active viewport is displayed on the button.

15.4 User Tool Bar

314

Button Description
q Saves layout view 1.
|.4 Saves layout view 2.

Thetool bar and buttons can be edited. Click on Edit and Select Tool to start the editor;
refer to VnmrJ Installation and Administration manual for more information. Save the
current screen layout (graphics, a parameter panel, locator sizes) asfollows:

1. Place cursor over one of the layout view buttons.
2. Hold theleft mouse button down.

3. Wait for layout saved to appear in the message box on the hardware bar
(approximately five seconds). The same message appears on the command lineif the
command lineisvisible.

4. Release the mouse button.

Click on a Saved L ayout button to return to the saved layout.

Hiding and Showing the Tool Bars
Hide or show atool bar from the main menu:

1. Click on View from the main menu.

2. Select Toolbars.

3. Check on atoolbar name to toggle the tool bar ON (place a check mark to the | eft
of thetoolbar name) or OFF (remove the check mark to theleft of the toolbar name).

A tool bar with an X at the bottom can be hidden or closed by clicking on the X.

NMR Spectroscopy User Guide 01-999378-00 A 0708



15.5 Advanced Function and Hardware Bars

Locator

The Locator provides access to data sets, experiments, shim sets, and commands (see
Locator in"Locator and File Browser," page 341). Open the VJ Locator popup window as
follows:

1. Click on Tools on the main menu.

2. Click onLocator-...

3. Click the magnifying glass with the left @ @ @00 vicoor 8@

mouse button to open amenu of searches, | &) Seuoua mn byeienone an s date
. o < 51l 2 5l

Searchresultsaredisplayedinthelist. Those & wewii 5 [ ieneme = [ tmecmed & |
items in the white part of the list satisfy the | 200 oocs | isesgpas 3%
search sentence. Those in the gray part do i Mo S A
not. Three attributes are displayed for each | 20 iy
item that is found by the search. e

The attributes correspond to the three columns in the list. Clicking on the attribute
name at the top of the list with the left mouse button opens a menu of attribute
choices.

4. Click onaniteminthe Locator list to select that item.

Drag the selected item to the graphic areaor the parameter panel areato load the data
into the current experiment. For example, dragging adata set to the graphic canvas
retrieves that data set into the current workspace (experiment) and displays the
spectrum. Dragging a workspace to the graphic canvas causes that workspace
(experiment) to be joined with the graphic area. Double-clicking on an item
performs the same action as dragging the item to the graphics canvas.

15.5 Advanced Function and Hardware Bars

® "Advanced Function Bar," page 315
® "Hardware Bar," page 316

Advanced Function Bar

Toggle spectrum or sample tray displa@ 1

Function bar
Command history

\ Clear study fhome/walkupd /vnmrsys/data/tmpstudy.
-

Command line

Drag down the advanced function bar to open acommand, macro, and parameter entry field
and atext output field. The default settings make the click and dragdown feature display
the command line avail able; see VnmrJ Installation and Administration manual for
changing this default. Open or closethefield by clicking once on the button, which restores
it toitsmost recent view. Error and information messages are displayed in the scrolling text
window above the command line in addition to the hardware bar. Click on the arrow with
the left mouse button to view the command history. Select a command from the command
history by highlighting it and pressing Return to executeit.
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Hardware Bar

Temp Spin Lock Probe % O D‘
HCN123 JAJ
N \ Acquisition status\ Message historN
Trash can Hardware Probe Acquisition message Message

The hardware bar contains the following:
® "Trash Can," page 316
® "Hardware Monitors," page 316
® "Probe Selection," page 317
® "Acquisition Status Details," page 317
® "Acquisition Status Display,” page 317
® "History of Acquisition Messages," page 317
® "History of All Messages," page 317
®* "Message Display,” page 318

Click on the bar to the left of the trash can with the [eft mouse button to hide or show
the hardware bar. 1 he current state of the acquisition system and system messages are
displayed on the right side of the hardware bar.

Trash Can

Drag an item to the trash can from the L ocator or other areato remove theitem and add it
to the trash can. The locator must be open.

Double click on the trash to view items in the trash can area, and restore objects from the
trash can by selecting them and then clicking the Restor eitemsbutton. Doubleclick onthe
trash can to exit this mode.

Note: Emptying the trash can del ete data from the disk.

Hardware Monitors

Click Temp, Spin, or L ock, to open awindow with aline graph showing the history of the
relative hardware function. Click the icon again to close the window.

Button  Description

Temp Shows a history of the sample temperature
Spin Shows a history of the sample spin rate
Lock Shows of a history of the sample lock level
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Probe Selection

Click on this button to open the Probe window. Useit to perform the following actions:
® Select aprobe from thelist of available e

probes: click on the Select Probe menu. T
® Opentheprobetuning (Qtune) window: click s erf |7
on Tune sweep. Do not use this for normal Ty e .
probe tuning.
¥ Edit Edit Probe | Copyto system |
® Edit aprobe entry: click on Edit Probe. Probe name [ACHIZ3

* Edit probe attributes for aparticular nucleus; || Ferameers e[| el e [+
click on the nucleus menu. Make new probe | |

® Sclectinitial parameter attributesfor adding a Do cotvatiogill
probe: click the Parameter s menu.

[ B [ undo ][ close || abandon |

® Add anew praobe:
enter a new probe name and then click Add Probe.

® Removea probe name from thelist of available probes: enter the probe name and then
click Delete probe.

® Open awindow for running a series of probe calibration experiments: click Edit
Probe, Select Calibration, and Start Calibration. Refer to the Installation and
Administration manual for detailed calibration procedures.

Acquisition Status Details

Click onthe a|iconto
open awindow showing
acquisition status details.

Acquisition status

Status Exp Queued

Clickontheiconaganto |y " B
Cl ose the W| ndOW_ Remaining ’7 Complate ’— Stored ’7
hardware
Lock Decaupler b
Acquisition Status Display
The acquisition status bar | Inactive isalwaysvisiblein the hardware bar.

During an acquisition, the bar shows the remaining experiment time as a thermometer
display. Click the right mouse button inside the bar to change the displayed text.

History of Acquisition Messages

Click ontheleft L1 iconto see ahistory of all acquisition messages. Click on theicon
again to close the window. Click the right mouse button within the scrolling message
window to change the text view options. Right mouse click on theicon to change the
properties of the displayed items as well asto clear the buffer.

History of All Messages

Click onthe right| .rl iconto see ahistory of all spectrometer messages. Click on theicon
again to close thewindow. Click the right mouse button within the scrolling message
window to change the text view options. Right mouse click on theicon to change the
properties of the displayed items as well asto clear the buffer.
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Message Display

The message di Spl ay rTMS has been identified and the spectrum referenced to it showsthelast
message that occurred. Messages can be informational, awarning, or an error message.

15.6 Action Controls, Folder Tabs, and Pages

318

Action Controls

Action buttonsto the right of the parameter panel selection tabs (Setup, Acquire, Process),
change, depending on the currently displayed panel as shown. Click on an action button to
execute the indicated process using the parameters set on the parameter pages.

wox
Start| Acquire ‘ Process| Setup Hardwarel  Show Time _ ‘
n
Start‘ Acquire | Process‘ Acguire |Acquire & Trarszc‘l_rﬂ_ Showe Time‘J SequenceJ Arrays J ‘
X
Start| Acquire‘ F‘rocess| Transform ‘ Auluprucg_ Show Speclrum| Full ‘J Clear Screen‘J |
Folders Action controls

Folder Tabs, and Pages

Select folders by clicking on thetabson the Action Controls
s e

Usethe Start panel to performbasic functionsfor settingup ~ Standard
anew sample and preparing to run experiments. Lock
Shirm

Use the Acquir e panel to set acquisition parameters. :
SpindTem

Use the Process panel to adjust processing parameters and
process data.

Each tab contains alist of relevant pages.

Editing Parameter Pages

To edit apage, select the Edit menu, then select Parameter Pages. Thistemplate editor is
also useful for viewing commands and parameters that are used in the panels (see the
Parameter Panel Editing section in the VhmrJ User Programming manual for details).
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15.7 Graphics Canvas

15.7 Graphics Canvas

Thisportion of VnmrJ, shownin , 1sused to display and interact with graphic and
text information.

Figure 73. Graphics Canvas

Resize the graphics canvas by clicking on the canvas boundary line with the left mouse (the
cursor changesform) and dragging theline (e.g., between graphics and parameter templates
or between graphics and L ocator).

15.8 Graphics Control Buttons

The graphics control bar for the active viewport is normally placed to the right of the
graphics canvas. The control bar can be dragged to the top of graphics canvas or to the | eft
side. It can aso be positioned in a Toolbar. Use the buttons in the bar to control the
interactive display in the graphics canvas.

[ ]
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Select Spectra or FID Display Tools

Icon  Description

J.l Display Spectra
m Display FID

Common Graphics Display Toolbar Controls

The following tools are common to 1D, nD, and FID display toolbars.

lcon  Description

- ,‘] Reset to full display.

o

Gu Zoomin.
g Zoom out.

Select zoom region.
B!

Redraw display.
2

Q| Return to previous tool menu.

1D Display Spectrum Toolbar Controls

Icon  Description

ﬁ I One cursor in use, click to toggle to two cursors.
E Two cursors in use, click to toggle to one cursor.
|

™ q Click to expand to full spectra display.

Pan or move spectra region.

7 ; Display integral. See "Integration and Graphics Controls,” page 323
|

Display scale.
Toggle threshold on or off.

Phase spectrum.

NMR Spectroscopy User Guide
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Display FID Toolbar Controls

Icon  Description

E l One cursor in use, click to toggle to two cursor.
E Two cursors in use, click to toggle to one cursor.
" { Click to expand to full fid display.
Pan and stretch.

Click to show real and imaginary.

m Click to show real and zero imaginary.

H Click to show real only.

Toggle scale on and off.

Phase fid.

nD Display Toolbar Controls
® "MainnD Display Bar Tools," page 321
® "nD Graphic Tools," page 321

Main nD Display Bar Tools

lcon  Description

‘ Display color map and show common nD graphics tools.
Q

| ®| Display contour map and show common nD graphics tools.

i| Display stacked spectra and show common nD graphicstools.

Display image map and show common nD graphicstools.

nD Graphic Tools

lcon  Description

ﬂ One cursor in use, click to toggle to two cursors.

_ l':' | Two cursorsin use, click to toggle to one cursor.
|J- :
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lcon  Description

¥ Click to expand to full display.
%E!ﬂ p Splay

Pan and stretch.

‘ ﬁ Show trace.
. Show projections.
s

Clickon to show horizontal maximum projection across the top of the
| 2D display.
Click on to show horizontal sum projection across the top of the 2D
display.
Click on to show vertical maximum projection down the | eft side of the
‘ @ 2D display.
Click on to show vertical sum projection down the |eft side of the 2D
display.
Rotate axes.

Increase vertical scale 20%.

Decrease vertica scale 20%.

Phase spectrum.

Lol

Clickon ~— to select thefirst spectrum.

™

Click on :l to select the second spectrum.

Enter Peak Pick menu.

o
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Stacked Spectra Display Using the Graphics Tools

[con Function

Display thefirst arrayed spectrum and display 1D graphics toolbar with the
l;] following icons at the top (or left sideif the bar is horizontal).

Display next spectrum.

q Display previous spectrum.

Display arrayed spectra stacked vertically with each spectrum displayed
using the full width of the screen.

Display arrayed spectra horizontally and divide available display width into
Jl‘ equal portions.

|
iracial

Hide or show axis under the spectra.
ﬂﬂ Label the spectra.

@| Return to previous graphics display tool.

Integration and Graphics Controls
This section describes methods and tools for displaying and plotting integrals.

L:I‘ Cursor or box
% 8 Expand or full display i
ﬁ @, Click icon to access
@ next tool bar
X
jl Grab and move d ;
!—\f Set integrals Full integral J& Hide Integral
: Display scale  Pefine integral regions % Delete integral regions
1 Threshold Integral LvI/Tlt 24| Integral LvI/TIt
4l Phase
& Refresh L
a Return to H -l
jﬂ eturn to & e Return to
- M-

15.9 Vertical Panels

* "Viewports," page 324

® "Frame Panel," page 328

® "Holding," page 333

® "Arrayed Spectraand FIDs," page 333
® "1D," page 336

® "2D," page 337
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324

Viewports

"Contour," page 328

"Setting the Number of Available Viewports," page 324
"Setting Colors Used with Viewports," page 324

"Viewport Tab," page 325

"Using Viewports Region Controls," page 325

"Synchronizing Cursors and Axes," page 327

"Setting Crosshair, Fields, and Axis Display Options," page 327
"Assigning Colors to Spectra by Viewport," page 327

Setting the Number of Available Viewports

A maximum of 9 viewports can be created and displayed. The number of viewportsand the
viewport numbers are not linked to the number of workspaces and the workspace number
(or experiment number). Enter explib onthe command lineto display alist of the current
experiments in the Text Output panel. The experiment number corresponds to the

workspace number.

1. CI|_ckon Editonthe T s —
main menu. Radio button sets the || wumser or viewserss

2. SelectViewports... number of viewports —— ., i @e s s 7 s oo
to open the Allow each viewport t0 | swic Layout for viewpons
Viewports settings have a different layout

) | Edit... ” Undo ” Close ” Abandaon ” Hely ‘

window,
see Figure 74. Figure 74. Viewport settings window

3. Click onaradio button under viewports next to the number of viewportsto create
and add the viewportsto the vertical tool bar Viewport tab.

4. Check the box next to Switch Layout for Viewport to allow each viewport to have

adifferent layout (see the Parameter Panel Editing section in the VnmrJ User
Programming manual for details).

Setting Colors Used with Viewports

Access the Styles and Themes window as follows:..

1

Click on Edit on the
main menu.

Select Display
options ...

Click on the Display
Colorstab to show
the current color
scheme, see Figure 75

The default colorsfor
the viewports are
listed in Table 30.

NMR Spectroscopy User Guide

Styles and Themes Col h
coor & rien s T eraue /[ sme || o ]| olor scheme
Params | Status | Oueue | Messages | GranhColare | Review | Headinas names
Menus \/Jcnlnlsﬁ Labels | 2DColors DisplayColors | DpsColors
Display |~ Spectroscopy Drop down
= Eackground |black ~/m .
Spectrum  [nan o color Opt|ons
Ao — [ Border gray. > O
menu
Imaginary |yellow ~ O Hotspor R s
= Hightlight  fyellow ~ O
~
- Crosshair  |gola BE Current color
“Fs Shade maccasin =
gl e Name of
Threshotd [plow |70 Background femte_ [¥]0 current color
Farearound kv m]
Abandon

Figure 75. Setting Display Colors
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Table 30. Default Viewport Control Colors

15.9 Vertical Panels

Control Default Color Name

cross hair yellow

frame border, not selected  gray

hot spot: frame corners blue

shade for selected area moccasin
Viewport Tab

Click on the Viewport tab to display the viewport controls.

These controls are displayed if
there are 2 or more viewports.

Click on the check box
to display a viewport.
Grayed out viewports are
not currently displayed.

The number of available
viewports is set in the

Viewports

Select
pCab
2
3
4

|

Workspace Label Hide Active
1 menthol 1
2

R

Q
Q
Q

dept
gcosy
noesy,

3
5
2

Viewports settings window.
Viewport layout options

Viewport layout

Auto

B
I

Overlay Viewports

Show crosshair
Show fields
Show axis

[[]sync Cursor
[[]5ync Axis
[[] Color by viewpart

«—rMake a viewport

active by clicking on the
viewport's radio button.

Grayed out viewports

cannot be made active.

User defined label
or file name

Workspace number

Figure76. Viewport Tab and Controls

Using Viewports Region Controls

The viewport controls are present if there are two or more viewports (see " Viewports,”

page 324).

Showing and Hiding Viewports

"Showing and Hiding Viewports," page 325
"Making a Viewport Active," page 326

"Adding aLabel to the Viewport," page 326
"Changing the Workspace Displayed in a Viewport," page 326
"Overlay Viewports," page 326

The selected viewports are arranged on the graphics canvas based the layout selection, see
"Setting the Number of Available Viewports," page 324.

1
2.
3.

Remove the check from a check box next to aview port to hide the viewport.

Place acheck in the check box next to each viewport to show on the graphics canvas.

Temporarily hide aviewport by placing the cursor over the box next to the viewport

label and holding down the left mouse button. Rel ease to mouse button to show the
viewport. The viewports do not change their layout on the graphics screen. Thistool
isused when overlay viewports is selected.

01-999378-00 A 0708
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Making a Viewport Active

1. Click on the radio button associated with a viewport to make the viewport active.
Thetitle bar of the active viewport iscolored. Theinactive viewports have gray title
bars.

2. Usethe horizontal and vertical panel toolsto work on the datain active viewport or
begin data acquisition using the active panel. Experiments started from the current
active panel arerun in the order of submission. Systems running an automated
sample changer use only experiment 1 (whichisinviewport 1) to submit samplesto
the automation queue. All other viewports are used for data processing and analysis.

Adding a Label to the Viewport

The default label for aviewport is the currently loaded experiment’s file name.
1. Clickinside aviewport's label box (viewport does not have to be active).
2. Select the contents of the box and overwrite the text with new text.

3. Click outside the text box. The new label associated with this viewport.

Changing the Wor kspace Displayed in a Viewport

1. Makethe aviewport active by:

® Clicking on the radio button under the active viewport title to the right of the
viewports.

® Add anew viewport, see " Setting the Number of Available Viewports," page
324 and make the new viewport active.

2. Do one of the following:
® Enter the number of the workspace to be displayed in the active viewport.

The selected workspaceis displayed in the current viewport if it isnot
associated with aviewport (active, inactive, or not available). A new workspace
(or experiment) is created and displayed in the viewport if the workspace (or
experiment) does not aready exist. Use the explib macro to display alist of the
current experiments in the Text Output panel .

® Usethe Main menu:
Click on File
b. Select New Workspace.

A new workspace (experiment) is created using the next available workspace
number and the new workspace is displayed in the current viewport.

® Usethe command line to create a new experiment (if needed) and jump to the
specified experiment as follows:

a Enter cexp#, #isthe number of the new experiment or workspace

b. Enter jexp#, #isthenumber of the experiment or work spaceto jumpto and
display in the current viewport.

Overlay Viewports

See "Aligning and Stacking Spectra,”" page 126, for details on overlaying viewports.
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Synchronizing Cursors and Axes

Check Box Function

Sync cursor Check this box to link and synchronize the cursors and cross
hairs in multiple viewports.

Sync Axis Check this box to link and synchronize axesin multiple

viewports.

Setting Crosshair, Fields, and Axis Display Options

Check Box

Function

Show crosshair

Check this box to show crosshairs and display current position.

Show fields

Show axis

Check this box to show information fields at the bottom of the

active viewport
canvas. .,

splppm}
3578

wolppm) first last step
5.00 1 4 1

Check this box to show the axis or remove the check to hide the

axIs.

Assigning Colors to Spectra by Viewport

Check Box  Function
Color by  Check this box to display the
viewport  spectral datausing colorsassigned phasiies

by the viewport, see Figure 77.
Default color assignment:
spectra are displayed using a
different color for each viewport if
the box is checked. The spectra
are displayed using the defaults
assigned in the Display options
window if this box is not checked
Change a color assignment:
Click on the dropdown color
menu for aviewport and select a
color for the spectral display inthe
viewport.

Display Check Boxes

The check boxes control optional display features.

Check box

Function

Select
V1 |ovan
2 lgreen
V3

Color Workspace Label Hide Active
menthol

noesy.

1] ©
200
2 ocosy 3| @
dept F1Re

Dropdown —
color pallet
Viewport layout
Autg

. =]
Activate m
colors by

- [¥] Sync Cursor

checking | .00 A snowtirds

[v] Show axis

’[h|s bOX —| 7] Color by viewport

Figure77. Setting SpectraColors
by Viewport

Cross hair

Display cross hair and chemical shift(s) of the cursor position
when mouse is moved over the spectrum. Useful when the
fields are not shown, or not in cursor mode (default mode), or

Fields

01-999378-00 A 0708

when chemical shift of a peak without moving the left cursor is
required while in the cursor mode.

Display cr, delta, vp etc... fields at the bottom of the viewport.
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Check box Function

AXis Show scale of the axis.

Show frame border Check the box to display abox around the frame.
Uncheck the box to display the four corners of the selected
frame as hot spots for resizing. No border or corner will be
displayed if aframeis not selected. An empty frame is not
visible until it is selected.

Contour
The contour sub-pand, Contour Contour
. Viewpo = Yi 3

see Figure 78, appears Comou e i

g 1 Spacing factor: ’27 Spacing factor: ’27
e>_<c| uswely_for the active e o ——Tlm
viewport with 2D data [¥] Negarive comtour [¥] Negative contour o
|0&J|ed and dISp|ayed | n Multi calor contaurs AutoScale AutoScale

Color by viewport not selected  Color by viewport selected
Figure 78. Contour Controls

contour mode (dpcon).

The Contour panel has the following controls

Control Function

Contour levels Enter anumber of contours between 4 and 32 in the field.

Spacing factor Enter a number in the field to specify the spacing between
contours. A number between 1.1 and 2 is recommended.

Positive contour Check this box to show positive contours using the default color
red.

Negative contour Check this box to show negative contours using the default col or
blue.

Color dropdown Each contour has a color dropdown menu. Select a color from
the menu to use a color other than the default color.

Multi color Optionsisnot displayed if the Color by Viewport box is

contours checked. Check this option to use the colors defined in Display
Option.

AutoScae Automatically scale the spectrum.

Frame Panel

® "Text Insert," page 328
® "Creating, Deleting, and Using Text Templates," page 331
® "Creating a Spectrum Inset Frame," page 331

Text Insert
® “Text Frame Tools,” on page 329
® "Creating a Text Frame with Text," page 329
® "Moving a Text Frame," page 330
® "Resizing a Text Frame," page 330
® "Editing Text Inside a Text Frame," page 330
® "Ddeting One Text Frame," page 330
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* "Ddeting All Text Frames," page 330
® "Hiding and Showing Text Frames," page 330
® "Creating, Deleting, and Using Text Templates," page 331

Text Frame Tools

Text is placed into atext frame within the default frame of the active viewport using the
text insert tools, see Figure 79. Select, move and resize in the same way as an inset or
default spectrum frame.The content of each text frame is defined by afile.

Click and bring up @ Text Editor
the Text Editor (Br P
for creating “vertical panel G [=l0le |- -
new text frame tab, text section Select text:

T (A) color—+

Edit size

Delete type face
Delete All
_show | ride | Click to bring up
L _| up the Text Editor
plate: . L.
save template e and edit existing text
Delete template

D)/ Text Editor

Text editor

©

hange text color, size, and type|face

New | | ) |

Close
Figure 79. Text Panel Controls and Text Editor

Creating a Text Frame with Text
1. Dothefollowing if the Text tab is not displayed to the left of the graphics canvas:

a  Click on View on the main menu bar.
b. Select Text.

Click on the Text tab, see Figure 79(A).
Click on the T button, see Figure 79(A).
The Text Edit window, see Figure 79(B), appears.

o &~ W DN

Usethe default text colors, text size, and type face or select different text colors, text
size, and type face using the dropdown menus.

6. Enter the text in the text box.
The frames do not have a word-wrap feature.
Press the Enter key to create a new line of text within the same text frame.

7. ClicktheOK buttonto place thetext and text frame on the graphics canvasand close
the window.
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Click the Cancel button to close the window without placing any text on the
graphics canvas.
Editing Text Inside a Text Frame

1. Doubleclick inside the frame to make the frame active; see Figure 79(C).
An active frame has ayellow border.

2. Click onthe Text tab; see Figure 79(A).
3. Click on the Edit button on the Text tab.
The Edit Text window is displayed; see Figure 79(D).
4. Click atext frameto edit or change the type color, size, and or type face style.

Click Update to apply and display the changes to the text in the active text frame.

Moving a Text Frame

1. Doubleclick inside the frame to make the frame active, see Figure 79(C).
An active frame has ayellow border.

2. Movethe mouse cursor to an edge of the inset frame.
The cursor changes from a single-headed arrow to a four-headed arrow.

Hold down the left mouse button and grab the edge of the frame.
4. Dragthe frame to the new position.

Release the mouse button when the frame is at the desired position.

Resizing a Text Frame

1. Doubleclick inside the frame to make the frame active; see Figure 79(C).
An active frame has ayellow border.

2. Movethe mouse cursor to acorner of the inset frame.
The cursor changes from a single-headed arrow to a double-headed arrow.

Hold down the left mouse button and grab the corner of the frame.
4. Dragthe corner to resize the frame.

Release the mouse button when the frame isthe desired size.

Deleting One Text Frame

1. Doubleclick inside the text frame to make the frame active.
An active frame has ayellow border.

2. Click on the Delete button.

Deleting All Text Frames
® Click onthe Delete All button.

Hiding and Showing Text Frames
® Hide—click on the Hide button.
® Show — click on the Show button.
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Creating, Deleting, and Using Text Templates
® "Creating a Text Template," page 331
® "Using a Text Template," page 331
* "Ddeting Text Template," page 331

The supplied default template, sampleInfo, displaysthe content of the text filein the
current exp directory, created from the comment text field in Study panel under the Start
tab.

Creating a Text Template
1. Create one or more text frames on the graphics canvas.
2. Enter anamein the field next to the Save template button.

3. Click the Save template button.

A template may contain one or more text frames. The current text display layout is
saved as new template using the name entered in the field next to the Save template
button. Thetemplatewill be overwrittenif the name aready existsintemplate menu.

Using a Text Template
1. Click on the dropdown menu next to Select Template:
2. Select anamed template.

3. Click on the atext frame to edit the content.
The Edit Text window is displayed, see Figure 79(D).

e

Edit the text or change the type color, size, and or type face style.

o

Click Update to apply and display the changes to the text in the active text frame.

Deleting Text Template
1. Click on the dropdown menu next to Select Template:
2. Select anamed template.

3. Click onthe Delete from menu button.

Creating a Spectrum Inset Frame
® "Inset Frame Buttons and Tools,” page 332
® "Creating the Inset Frame," page 332
® "Zooming in on aRegion Within an Inset Frame.," page 332
® "Resizing an Inset Frame,” page 333
® "Moving an Inset Frame," page 333
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Inset Frame Buttons and Tools

The buttons delete one or all inset frames and restore the default frame to full size.

Buttons and tools Function
Delete Inset Delete the selected inset. Finset
Delete all Delete all inset frames. M
Full size Restore default frame size. Delete Inset| 5 7ot 1%
: Select the inset mode tool Teseriamal S b
ﬂ. Default mode tool |

Creating the Inset Frame

Aninset framehasthe full capability of the default frame. The only difference isthe default
always exists and an inset frame can be created or removed.

Create an inset frame within the default viewport frame as follows:

Figure 80. Creating an Inset Frame

1. Select the Frame vertical panel.

Select the inset mode tool .

Placethe cursor at thelow field (left) side of the region to be expanded as shownin
frame 1a

4. Hold the left mouse button down and drag the inset window to the high field (right)
side of theregion.

Drag the cursor down to set the height of the inset frame, see frame 1b.
Rel ease the mouse button to create the inset frame, see frame 2.

Zooming in on a Region Within an Inset Frame.

1. Select the default mode tool ﬂ

2. Click inside the frame to make the frame active.

A frame has ayellow border when it is active and white border when it isinactive
(these are the default colors of inactive and active frames).
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Select the zoom mode tool “‘

4. Placethe cursor at the low field (left) side of the region to be expanded as shown in
Figure 80 frame 3a.

5. Hold the left mouse button down and drag the inset window to the high field (right)
side of the region, Figure 80 frame 3b.

Theregion selected isindicated by atransparent gray rectangle.

6. Release the mouse button, and the selected region expands to fill the inset box,
Figure 80 frame 4.

Resizing an Inset Frame
1. Select the default mode tool ﬂ
2. Clickinsidetheframeto maketheframeactive. An activeframehasayellow border.

3. Movethe mouse cursor to acorner of the inset frame. The cursor changes from a
single-headed arrow to a double-headed arrow.

4. Hold down the left mouse button and grab the corner of the frame.
5. Drag the corner to resize the frame.

6. Release the mouse button when the frame is at the desired size.

Moving an Inset Frame
1. Select the default mode tool ﬂ
2. Clickinsidetheframeto maketheframeactive. An activeframehasayellow border.

3. Movethe mouse cursor to an edge of the inset frame. The cursor changes from a
single-headed arrow to a four-headed arrow.

4. Hold down the left mouse button and grab the edge of the frame.
Drag the frame to the new position.

6. Release the mouse button when the frameis at the desired position.

Holding

Use the holding panel to store commonly accessed itemsfrom the Locator. To add an item
from the Locator to the holding pen, select (click on) the item and drag it into the holding
pen. Theitem remains in the holding pen even if the L ocator view changes.

Selecting anitem or dragging it from the hol ding pen performsthe same actionsas selecting
anitem or dragging it from the Locator.

Remove an item from the holding pen by selecting it and dragging it to the trash can.

Arrayed Spectra and FIDs
This procedure applies equally to the display and plotting of both spectra and FID arrays.

1. Select thetype of presentation by selecting from the following choices of display
modes for the arrayed spectra or FID:

® horizontally showsthe spectra side-by-side.
® vertically aligns the spectra one above another.
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® auto depends on the previously chosen display mode:

Spectraare digned vertically, and the vertical offset ischosen so that all spectra
together will cover the entire vertical space if the previous mode showed the
spectrafull screen (vertical mode or showing only asingle 1D).

A verticd offset is added to show the spectra along adiagonal if the previous
mode was horizontal.

® whitewash alignsthe spectraone above another like the vertical mode, but does
not show spectra behind each other, avoiding overprinting. Horizontal and
vertical offsets can be adjusted.

® custom takes over the display properties of either horizontal, vertical, or auto
modes but allows the choice of horizontal and vertical offsets.

2. Specify the elements of the arrayed datathat [

are displayed by entering the following Show Arrays | Misc
information in the Choice of Values region: L S TT_?“S“’””
harizontally whall rift correct
a. Enter adtarting vaue (the first element e it ) Al _Sta‘e
of thearray to display) in the field next aufo O || Resslay ]
tostart at #. whitewash @ || display 1D _l_!
custom - Plot
b. Enter astop value (the last element of = ﬁ
the array to display) inthefield nextto | """ % = Q_
Stop at # values i’. ﬂ
. Choice of Values
c. Enter astep value (the element between e
the beginning and end of the array to zt:z :L:w 11 Reset Values Jf

display) in the field next to step every. mex # 11 Reset all
d. Enter amaximum number of e ements [MNumbers

. . . style Clfiip [custom ]
to display in the field next to max #. ST o T

e. Usethe Reset Values and Reset all verical  [13 3 st
buttonsto return to the default settings. | -orsets- |
harizontal ’W o

wvertical 0

cutoff [v] [191.00 M

Chart Dimensions

horiz, wicth 27 5 &
horiz. pos. ’ﬁ_ 247 =10
vert. height  [11664.8  yqgy 21
vert. pos, 8.0 =10

I+

i
J

1
L

3. Optional: turn on numbering of the array elements displayed by placing a check in
the check box next to number or valuesin the Show Arraysregion. Suppress all
numbering by leaving the check boxes next to number and values in the Show
Arrays region un-checked.

a  Specify the orientation of the numbers, either upright or place acheck in the
check box next to flip to display the numbers rotated 90 degrees counter
clockwise.

b.  Specify the position of the numbersfrom the options on the drop-down menu
next to the flip check box.

c. Specify ahorizonta and vertical positioning of the number with respect tothe
spectrum by selecting custom for the drop-down menu and entering the
positions of the numbers in the fields next to horizontal and vertical.
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4. Specify thevertical and horizontal offsetsfor the display of thearray inthevertical,
whitewash, or custom array mode (offsets entries are enabled only for these modes)
asfollows:

a  Enter avaluefor horizonta offset in the field next to horizontal.

The horizontal width (see below) must be smaller than the screen width to
apply any horizontal offset.

b. Enter avaluefor vertical offset in the field next to vertical.
c. Adjust the positions as needed using the buttons next to each field.

Right mouse click on the button to increase the value, or left mouse click on
the button to decrease the value of the increment shown on theleft side of the

button.
Increment applied to the
110 current setting value.
' Left click to increase or
J right click to decrease.

Current value——_1 ]

Middle mouse button click to set the increment to
1,10 or 100

d. Switch on or off acutoff to avoid overlapping large lines that may reach into
the spectraabove.

5. Set the chart dimensions asfollows:

Enter avalue for horizontal width in the field next to horiz. width.
Enter avalue for horizontal position in the field next to horiz. pos.
Enter avalue for vertical height in the field next to vert. height.
Enter avalue for vertical position in the field next to vert. pos.

e. Adjust the positions as needed using the buttons next to each field.

o 0o T o

6. Usethefunctionsin the Misc region to do the following as needed:
® Click onthe Transform button to Fourier transform the current FID data.

® Check the Drift box to apply drift correction (correspondsto "dc" command) to
all subspectra of the array.

® Check the Show scale box to switch on or off a scale below the first spectrum
or FID of the array.

® Click onthe Redisplay button to refresh the screen.

® Click onthedisplay 1D icon |l to show asingle spectrum/FID and use the
toolbox to manipulate and zoom.

® Click onthe Plot button to send the current array display to the current plotter

® Click onthe Plot Preview button to plot the array to a PDF file and open
Acrobat reader with the PDF of the current array.

® Click onthe Save Plot button to save aplot filein the format as chosen on the
Plot parameter panel.

® Settings on the Plot parameter panel for parameter printing are used. Plotting
from the ArrayedSpectravertical panel controlsdoesnot plot integrals, integral
values, and peak frequencies.
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1D

Panel provides areduced set of the full 1D process, display, and plot parameters available
on the parameter pages of the process tab.

Control Description or Function 1D Vertical Panel

Basic Process Controls

Transform All Transformsthe datadisplayed | Eommm—
Button intheactiveviewport usingthe | et Frocess
parameters specified on the

parameter pages and the values -
eighting

Of the proceSSi ng paramaqs I n exponential | =] Interactive |

Transform all ‘ Fhase Zero Order |

Transform FID # |1

the Basic Process I’egl on. [ITransform Size [Ek |
. i i 15,008
TransformFID#  Enter avalue corresponding a e |
FlD in an arrayaj datase . More Processing - Parameter Pages
X Basic Display
Transform Size Check the box and select a Vertical Scaling

transform size from the drop ff‘a'j __ Amay Panel_|

3 »
down menu. The number of _ )
Reference Axis Display Mode

acquired pointsis shown below Bysolvent | O Henz  ® Phased
the drop down menu. BV INE (® PP ol
Cancel ) kHz () Power

More Processing—  Opens Default page of the
Parameter pages Process tab.

More Display - Parameter Pages |

~Basic Plotting -

BaSiC D|Sp|ay Automatic Plot | Auto Praview | .

Vertical Scaling Autoscale optimizes the __Print Screen_|

buttons: Autoscale,  display to utilize the available More Platting - Parameter Pages |

(+), and (-). display area. i
The (+), and (-) buttonsincrease or decrease the vertical scale by
afactor of 2.

Reference buttons

By Solvent Use the standard chemical shift of the solvent as reference.
By TMS Uses TMS at 0.0 PPM as the chemical shift reference.

Cancel Cancels either of the above two choices.
Axisradio buttons

Hertz Setsaxis scalein Hz.

PPM Setsaxis scalein PPM.

kHz Setsaxis scalein kHz.

Display M ode radio buttons
Phased Displays a phased spectrum.
Absval Displays an absolute value spectrum.
Power Displays apower spectrum.

More Display — Parameter Pages button — Opens Display page of the Process tab.

Opens Display page of the Processtab.

Basic Plotting buttons
Automatic Plot Uses current plotting parameters and plots to the current plotter.
Auto Preview Same as Automatic plot but creates a PDF and starts a PDF reader.
Print Screen Prints the current screen to the current output device.

More Plotting — Parameter Pages button — Opens Plot page of the Process tab.
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2D

15.9 Vertical Panels

Panel provides areduced set of the full 2D process, display, and plot parameters available
on the parameter pages of the process tab.

Control

Basic Process Controls
F1 check box

F2 check box

Weighting

Linear Prediction

Processing Buttons

Description or Function

Check box to make F1 FT Data
Size dropdown menu active.
Select the size of the F1 data
set. F1 Acquired points are
shown to the right of the menu.

Check box to make F2 FT Data
Size dropdown menu active.
Select the size of the F2 data
set. F2 Acquired points are
shown to the right of the menu.

Select aweighting function
from the dropdown menu.

Click on either or both the
Auto LPF1 and Auto LPF2
buttons to enable or disable
linear prediction during datain
process.

Placing or removing acheck mark
from abox isthe same as clicking
on a button.

Datais processed as stated on
the button using the processing
parameters in the Basic
Processing frame and on the
parameter pages.

FT 1D - 1st Increment

FT 1D - All
Transform F2

Full 2D Transform
More Processing — Parameter Pages button
Opens the Default page of the Processing tab.

Basic Display
Display 2D

2D Vertical Panel

-Basic Processing
FT Data Size
Wf [k [~}
Mrz [tk [v]
Weighting

Linear Prediction
[JF1  Auto LP F1
[JF2 AutoLP F2
FT 1D - 1st Increment
FT 1D - All
Transform F2

Acg Pts
256
1024

Full 2D Transform

More Processing - Parameter Pages

Basic Display
Display 2D
Display Trace
Projections ‘ Full Screen
AutoScale 20

Trace ®F1 (JF2

Axis
F1 [PFM
Fz [PPM

Display Mode
[+] [Absvaiue [+
[«] [Abs value

[~]

More Display - Parameter Pages ‘

-Basic Plotting

Auto Plot Page | Auto Preview |

Print Screen

More Plotting - Parameter Pages ‘

Displays a contour plot of the 2D data.

Display Trace Displays atrace based on the Trace F1 F2 radio button selection.

Projections
Full Screen

Display data using the full size of the active viewport.

AutoScale 2D Sets tallest peak to the maximum color level, calcul ates the noise
threshold, and optimizes the vertical scale.

F1 and F1 dropdown menus for selection of scalein PPM, Hz, or KHz.

AXis

Display move F1and F1 dropdown menusfor selection Phased, Abs Value, or Power.
More Display — Parameter Pages button
Opens the Display page of the Processing tab.
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Basic Plotting buttons
Automatic Plot Uses current plotting parameters and plots to the current plotter.
Auto Preview Same as Automatic plot but creates aPDF and starts a PDF reade.r
Print Screen Prints the current screen to the current output device.
More Plotting — Parameter Pages button
Opens Plot page of the Process tab.

15.10 Applications Directories
® "Applications Directories," page 338
® "Using the Applications Directories Interface," page 338

Applications Directories

VnmrJ application directories (appdir) arel templates, maclib, manual,
menulib, parlib, probes, seqlib, shims, tablib, shapelib, gshimlib,
and mol1lib. These are directoriesthat VnmrJ uses during its normal operation. The
exists command can search for other files and directoriesin the applications directories
and provides userswith flexibility to customizetheir applications. VnmrJ does not look for
expN directories, global, psg, psglib, or other filesor directories.

The appdir isan ordered list of paths to search for a specific item. Applications
directories may be updated at any time. Operator specific applications directories are set
when a new operator logs into the walkup interface.

Using the Applications Directories Interface

Applicationsdirectoriesinterfaceis available to the user if the VnmrJ administrator has set
permission to allow the user to edit the applications path. Users of the experimental
interface have access permission by default. The system administrator, typically vnmr1,
who has permission to set the system write permissions can set applications directories for
all users. Individual users have permission to set and edit only their private applications
directories.

1. Click on Edit on the main menu.

2. Select Applications...

The Applications Directories interface opens, see Figure 81. The current
applications directories are listed in the Application Directory fields. The label
(default or user) for each directory is shown in the fields under Application Label.

3. Do one of the following for each application directory:

® Click on the drop-down menu next to each applicationsdirectory and select one
of the following:

Enabled
Disabled
Remove(d)
® Do nothing and keep the current setting.

4. Optional:
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a  Add acustom applications directory by entering the full path in the
Applications Directory path.

b. Enter anlabel in the field next to the new applications directory.

c. Click onthe dropdown menu next to the applications directory and select one
of the following:

Enabled
Disabled
Remove(d)
5. Click on one of the following radio buttons.

® Save asglobal application directories (displayed only if the user has write
permission to the system directory —typically thisisthe system administrator,
vnmrl).

® Saveasprivate application directories.
® Reset to system default application directories.

6. Click on OK to saveor Cancel to exit without making any changes.

Application Directories

Application Directory Apnplication Label
Dropdown menu RETORE ()
. . Enabled /home fvnmrlfynmrsys Home account
Optlons' Remove(d)
Enabled Disabled [fvnmr/chempack Chempack 4
H Remowve(d)
Disabled

Enabled

Remove(d) Remove(d)
Disabled
Remove(d)

\vmr arian system

LSRR EN R ERENERE]

fynmr/autotest arian Autotest

Full path to directory

_© Save as private applications directories

() Reset to system default applications directories

Radio button choices/
available to current user Loc | [ cancel | [ geip |

Figure81. Applications Directories Interface for Users

15.11 Setting Colors in VnmrJ

® "Using Standard Styles and Themes," page 339
® "Creating, Editing, and Applying Stylesand Themes," page 340
* "Ddeting Styles and Themes," page 340

Using Standard Styles and Themes
Access the Styles and Themes window as follows:
1. Click on Edit on the main menu.

2. Click onthe Display Color stab to show the colors of the current color scheme; see
Figure 82.

Styles and themes supplied with VnmrJ are displayed initalics: classic, default, and
beach house.

01-999378-00 A 0708 NMR Spectroscopy User Guide 339



Chapter 15. VnmrJ Experimental Interface

3. Select atheme.

~ R e e
H Color ® Hex () RGE Theme = _COIOr SCheme
4. Click onLoad to \ ‘ : 1 : ‘ ‘ names
Params Status ueue Messaages GranhCalnrc Review Headinas
apply the theﬂne_ Menus ViColars Labels | 2DColors DisplayColors | DpsColors
Display hd Spectroscopy Dropdown
5. Click onCloseto exit Specru [ L e color options
the window or magnary |~/ s TN menu
. Sl — = Hightlight |yellow ~ O
Abandon to exit and P — - Crosshar  gon °E Current color
H ot o e Shade moccasin = 0
make no changesin . - - E Name of
the current display. Threstold elow | O e current color

Abandon
Figure 82. Setting Display Colors

Creating, Editing, and Applying Styles and Themes
1. Click on Edit on the main menu.

2. Click onthe Display Color stab to show the colors of the current color scheme, see
Figure 82.

3. Do one of the following:
® Enter anamein the color scheme field and click Save.
® Select atheme to edit from the list of themes.
Names of user defined styles and themes are listed in a bold regular type face.

Click on aradio button next to Color to show color definitionsin either Hex or RGB.
Click onatab and edit colors and type faces as required using the drop-down menus.
Click on Save to save the changes to the file named in the theme field.

Click on L oad to load the new color scheme.

© N o 0 &

Click on Close to exit the window.

Deleting Styles and Themes
1. Click on Edit on the main menu.

2. Click onthe Display Color stab to show the colors of the current color scheme, see
Figure 82.

Select atheme to delete from the list of themes.
4. Click on Delete to remove the theme.

Click on Close to exit the window.
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chapter 16. Locator and File Browser

Sectionsin this chapter:

® 16.1,“VJLocator,” on page 341

® 16.2, “Locator Statements,” on page 345
® 16.3, “File Browser,” on page 347

16.1 VJ Locator

® " ocator Statementsand Menu," page 342

® "Using the Locator," this page
® "[ ocator Statements,” page 345

The VJ Locator, Figure 83, is a database browser that provides access to data sets,

experiments, shim sets, commands, etc.

] (=J(=]x]
gShow s2pul Data run byeveryone on any date
<> 51| 2] s
= seqfil = filename = | time_saved &
s2pul sems_001 2006-10-13 025
s2pul ODCE 1993-10-18 08:2
s2pul mixture 1999-10-18 08:2
s2pul MOED 1993-10-18 08:2
s2pul menthol 1996-10-3011:3
s2pul fidld 1996-10-30 11:3
s2pul tldata 1993-03-14 15:5
geosy geosy_01 2E0F=02=16 1055
sems Tlrat 2006-07-20 14:4
prass press_01 2001-11-26 15:4
fsems fsems_01 ROl S
sems sems_01 2001-11-26 15:4
Cigestehmge Cgestehmge 2000-07-17 03:4
Cgestecosy Cigestecosy 2000-07-17 03:4
Chppsteinept Chppsteinept 2000-07-17 03:4
CigestasSh Cigestesh 2000-07-17 03:4
Chppste Chppste 2000-07-17 03:4
noesy fidZda 1996-10-24 17:0
geoosy fidzd 1996-10-24 17:0
Sems image. 4T 1995-11-07 14:5
shzpul c15.4T 1935-11-07 1004
shzpul p31.4T LEes- 1107 Og0
shZpul p3Llinvive L8511 OB 72
dept dept Iadn-0asla 155

Figure83. VJLocator

The Locator providesfast accessto information on all or part of the disk environment. The
scope of the Locator’s actions is determined by the administrator.
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342

The Locator works similar to a directory or file manager, uses minimal filtering of the
information, and has lists of information. Three lists are shown in the L ocator; they show
when terms have a boolean relationship:

® Objectsthat meet al criteria
® Some of the boolean terms met
® Remaining objects

Which of these lists is shown is determined by the construction of the underlying Locator
statement.

Within each list, the Locator displays three attributes for each object. The displayed
attributes need not necessarily be those in the Locator statement. Any one of the attributes
can be designated as the sort attribute, in which case the objects in each list are sorted by
the value each hasfor this attribute.

Locator Statements and Menu
® " ocator Menu and Controls," page 342
® "Navigation inthe Locator,” page 343
® "Attributes, Attribute Lists, and Wildcards," page 343

Locator Menu and Controls

The magnifying glass and the current Locator statement is at the top of the VJ Locator
window, as shown in Figure 84.

Current Locator statement-—| =]
Locator statement menu-p Show s2pul Data run byeveryone on any date

Statement navigation arrows— ¢ » s1 sz sz

Attribute header bar—a] segfil_ = | filename = | time_sawed = |

[l s2pul sems_001 2006-10-13 09:5%
s2pul QOLDCE 1999-1R-15 08:2]
s2pul mixture 13 Sf\ &,
s2pul MNOED b
s2pul menthol
s2pul d

| =2pul

| goos

Click on magnifying glass
to open dropdown list —— 2[shersedesernty
of locator statements T

Locator grou%

Locator statement for first column

Sorting priority for file Iistin{

Figure84. Locator Menus and Controls e EEEr
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16.1 VJ Locator

Click on the magnifying glass to open a menu of currently available Locator statements.
This menu includes both statements provided by Varian, Inc. and those customized and
saved by the user.

Statements are L ocator sentences in which a number of words or phrases are colored and
underlined in a manner reminiscent of links in aweb page. Each link hides a menu of
choices, of which the currently displayed phraseis one. The choices available vary with the
types of data currently known to the Locator.

Navigation in the Locator

A pair of arrows (statement navigation arrows) below the L ocator statement enables
searching forward and back through past Locator operations, applying each to the current
Locator environment. Thus aset of L ocator statements can be rapidly applied in achanging
environment.

Attributes, Attribute Lists, and Wildcards
® "Attributes," page 343
® "Attribute Lists," page 343
®* "Wildcards," page 344
® "Configuration Files," page 344

Attributes

The Attribute Header bar is below the icons. This bar enables selection of the attributes
displayed and arrangement of the objects in each list in a number of ways.

| seqfil = | filename = | time_saved & |
sZ2pul sermns_001 2005-10-15 0935

The boundaries between the attribute |abel s are adjustable. Place the mouse cursor on the
boundary to adjust. When the adjust cursor appears, click and drag the boundary to its new
position, and release.

Objectsinthe Locator areavailable for anumber of actions. Currently, asingleclick selects
an object. The selected object can then be dragged to another part of VnmrJ, in which case
the action taken will depend on the type of object and where the object is dropped.
Alternatively, a double click on an object will cause the most likely action to occur. These
actions are discussed below.

Thevalueof an attribute might belonger than the width of the column inthe L ocator. When
the mouse cursor rests on an attribute val ue, atool tip appearsfor aperiod of time. Thetool
tip contains the full value of the attribute.

Attribute Lists

Thelist of attributes in the dropdown lists are controlled by configuration files. There are
threefile names, for three different types of itemsin the locator. These are:

® shuffler_param list for 'vnmr data’ and 'vnmr parameter files
® study param list for 'study’ items
® dataprotocol_param list for 'protocol’ items

Each of these can exist for each of the appmode types and for individual users. That is,
appmode types of ‘imaging', 'standard’ (experimental liquids and solids) and ‘walkup'. The
attributes visible in the dropdown menu for each appmode type will be controlled by files
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344

in the appropriate directories. If auser does not have an individua file, the filein the
appropriate appmode directories will be used. If thereisno filein the imaging or walkup
directories listed above, then thefilein /vnmr/shuffler will be used. If users have
their own individual files, the attributes listed must also be in the appmode directory file.
That is, auser'sfilescan limit attributes shown, but cannot add to thelist of attributes shown
beyond the attributes in the system files.

Wildcards

Wildcards can be used in attribute values, but not for the attribute nameitself. For example,
"file*' tospecify the autoboot ' £ilename' isnot alowed. Selecting an attribute of
'filename', then editing the selection valueto be 'p31+* ' to show all fileswhose
namesstartwith 'p31'. ' 231+ showsall filestarting with any single character followed
by '31 ', followed by 0 or more characters. Theleading ' » ' would allow upper or lower
case 'P' aswell asany other character. This does not apply to dates.
The following wildcards can be used:

® %1 or '%' canbeusedto match any number of characters

® '2ror' ' canbeused to match any single character

Configuration Files

Configurationfilesfor thelocator are contained in thefollowing directoriesfor the different
appmode types:

Interface Directory

Standard (experimental) /vamr/shuffler

Imaging /vnmr/imaging/shuffler
Walkup /vnmr/walkup/shuffler
Individual users $vnmruser/shuffler

Using the Locator

Use the mouse to select or drag-and-drop itemsin the Locator interface.
® "Searches," page 344
® "Dragging and Dropping Items from the Locator,” page 345
® "Editing File Names from the Locator,” page 345
® "Configuration Files," page 344

Searches

Clicking the magnifying glass with the left mouse button brings up a menu of searches.
Selecting one changes the search sentence displayed at the top of the Locator. The results
of the search are displayed in the list. Those items in the white part of the list satisfy the
search sentence. Those in the gray part do not. For each item that isfound by the search,
three attributes are displayed. These correspond to the three columnsin thelist. Clicking
on the attribute name at the top of the list with the left mouse button brings up a menu of
attribute choices.
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16.2 Locator Statements

Dragging and Dropping Items from the Locator

Clicking on an item in the Locator list selects that item. That item can then be dragged to
the graphic area or the parameter panel areato cause the appropriate action. For example,
dragging a data set to the graphic area retrieves that data set into the current workspace
(experiment) and (optionally) displays the spectrum. Dragging aworkspace to the graphic
area sel ects that workspace (experiment). Dragging on an object causes the most likely
action to occur.

An item can be dragged from the Locator and dropped into the holding pen. Theitem is
then available for further selection no matter what L ocator statements are active. One such
example might be to use the Locator to inspect the avail able shim sets. Select the current
best set and put this into the holding pen. This set of shimsis then immediately available.

Dragging and dropping an item has an action appropriate to the context. In many cases the
same effect can be obtained by double-clicking on an object. Some examples are:

® Drag aprotocol experiment into the graphics canvas to load the experiment.

® DragaFID fromNMR datato retrievethe FID. The process macro can also beinvoked
so that the FID is transformed.

® Doubleclick aworkspaceto join that workspace. Dragging and dropping aworkspace
into the graphics area a so joins the workspace (j exp).

® Doubleclick aparameter set to |oad that set in the current workspace, or drag and drop
aparameter set.

® Double click ashim set to load the shims. Dragging and dropping a shim set to the
current shim buttons also loads the shims into acquisition.

® Drag either dataor shimsand drop them in the trash can (in the lower |eft portion of
the hardware bar) to move the item to the trash can. Retrieve an object from the trash
can by double-clicking on the trash can, selecting it, and then clicking the Restore
items button.

Editing File Names from the Locator

A new file added to the locator from within VnmrJ appears in its appropriate spot in the
Locator, and it appearsin green at the top of the locator window. If one of the columnsin
the Locator isfilename, click on the green file name to change it.

Change the file name, press Return or click on another line to remove the old name from
the Locator and add the new one. The Locator redisplays to show the new name.

Locator Statements

Varian supplies a number of Locator statements with VnmrJ. Add to or edit these
statements in the following ways:

® Savethe current Locator statement by clicking on Toolsin the main menu, then Save
Custom L ocator Statement. Enter a name for the statement in the Custom L ocator
Statement popup window.

® Click onTooals, then Delete Custom L ocator Statement to deleteal ocator statement.
A Custom Locator Statement Removal window appears. Sel ect the statement from the
list in the window, then click on Delete to remove it or Cancel to exit the window
without removing the statement.
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® Sort Protocols Entries shows the known protocol experiments. Double click on the
protocol to execute the associated macro.

Locator statements are defined in afile named:

locator statements default.xml.

Thisfile can reside in the system appmode directories (see " Configuration Files” page
344), but not in users’ individua directories.

Editable Fields

Click the right mouse button on the blue and underlined items in the locator statementsto
show amenu of choices, and edit by clicking on them with the left mouse button. Left-
clicking puts an editing cursor on the item. Place the cursor at the point to be edited and
click the left mouse button. Edit the field, then press Return to cause a new locator search
using this edited value.

Sorting Locator Statements

Sort Locator items as follows:
® "Sort Workspaces," page 346
® "Sort NMR Data," page 346
® "Sort NMR Parameter Files," page 347
® "Sort Shimsets," page 347
® "Sort Command Macros,” page 347

Sort Workspaces

Sort al workspace in numeric order. Double click on aworkspace to join the workspace.

Sort NMR Data

Entries show the known NMR data sets, but differ in the actual format of the statement as
well astheinitial set of attributes shown. The most comprehensive statement isthe last one,
by user defined attributes and date (thisis aso the oneleast likely to be used, but it is
discussed here to explore the scope of the data statements).

The generic statement is shown in Figure 85.
Show Std 10 experiments created by varian

There are two separate underlined choicesin and me on any date
thisstatement: stdiDandon any date. |g% o

>

Figure 85. Generic Locator Statement

Click on either of the underlined phrasesto
produce a dropdown menu of the choicesin
this position. The menus are environment

sensitive so they will not display choicesthat do not exist.

Thelogic of this statement is of the form:
Show attributes A and B of type C with additional limitations.

First, the additional limitations phrases enabl es selection of the owner of the data. Currently
this selection is determined by the administrator at thetime adirectory is made availableto
the Locator. Inin the future, it will become amorerich criterion.

Second, the additional limitations enables reordering by date. There are various dates
associ ated with data, for example, the time started or the time saved. Specify these date
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fieldsin any of several ways, for example, since acertain date, by changing on any dateto
since.

Alter the date by using the left or right arrows to decrease or increase the date by one day
with each click.

All other statements supplied are simpler than the generic one. Promote statements used
frequently to the top of the menu by saving them again as your local variants.
Sort NMR Parameter Files

The statements in this category show thelist of NMR parameter sets. One major category
of parameter setisMy Param Files. Select the statements Test Files and by user defined
attributes to do other selective searches. The Locator statement changes after selecting a
category, e.g., Test Files.

Sort Shimsets

The statements in this category enables access to the saved shim sets. Note that the shim
sets can be saved with a descriptive shim name provided by when using the Save Shims
button in the Shim panel.

Sort Command Macros

The generic statement in this category enables finding a VnmrJ command or macro based
on its attributes. The Locator enables reordering commands and macros by a number of
attributes. Find the command to use and double click to executeit.

16.3 File Browser

File Browser Buttons and Drop Down Menus

Button Description
Go up one level in the directory tree.
Gl
Go to user’'s home directory.
i
Make a new folder in the current directory.
]
= Show list of files and directories at the current directory level.
o0
- Show details of files and directories at the current directory level.
O—
Open selected file. Load into current experiment if itisaVnmrJ
Upen datafile, sequence, or parameter set.
Save file with the name shown in the File Name: field using the
bave extension shown in the Files of Type: field.
Cancel selection and close the file browser.
Cancel
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Open a File
1. ClickonFile.
2. Select Open to open the file navigation window to locate the required file.
3. Click thefile and click on the Open button .

a)
Cheose Home Directory:|fhemefvnmrl{vnmrsys /data .
Dir 1 | Dir 2 [ Dir 3 | Dir 4 |
Look In: ‘Ijﬁdhb H @E
Dosy Dﬂdld.ﬂd Dmlxturefld D(ldata.ﬂd

3 heart.dat [ fidza fid [ NoED fid [ Tirarfid
I monkey.dat [N fid2dafid [ ODCE.fid

[3c13.47fd  Dimage.dT.fid [)p31.4T.fid

D dept.fid D menthol fid D p3Linvivo.fid

File Marme: ‘f\dhb

|
Files of Type: “ﬁd ‘V|

Onen Canral

Save a File
1. ClickonFile.
2. Select Saveas... to openthefile navigation window to | ocate the required directory.
3. Enter afilenameinthe Save as field and click OK to save.

Cel)
Cheose Home Directory:|fhemefvnmrl{vnmrsys /data >
Dir 1 | Dir 2 [ Dir 2 [ Dir 4

Save In: ‘deata "| EE:E

CIHCN123_Cl3cal_Sep_19 20080 NewFolder
C3HCN123 _calib_19Sep2006 CAMawFolder,1
EIHCM123_Hleal Sep_13_2006 D geosy_01.fid
E3 HCN123_P31cal_Sep_19.2008

File Marne: ‘

|
Files of Type: “ﬁd ‘V|

Save Cancel
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Appendix A. Variable Temperature System

Sectionsin this chapter:
® A1“VT Setup,” this page
® A2“VT Sartup,” this page
® A.3“Temperature Array,” page 350
® A.4“Operating Considerations,” page 350
® A5“VT Error Handling,” page 352
® A.6“VT Controller Safety Circuits,” page 353

This chapter describes startup and operation of the optional variabletemperature (VT) unit.
A VT unitisavailablefor Varian, Inc. NMR spectrometersto vary the sampletemperature.
A thermocoupl e senses the temperature, which the VT controller continuously displays on
the front panel. The controller compares the user-requested val ue with the current probe
temperature and changes the heater current accordingly. The VT controller then reportsthe
temperature of the gas flow and status to the spectrometer through a seria port at the rear
of the console.

A.1 VT Setup

Usethe System Settings window to configure the spectrometer for the VT accessory and to
enter a variable temperature cutoff value. The variable temperature cutoff (Edit->System
settings: VT cutoff) determines the temperature bel ow which the gasis cooled.

1. Openthe System Configuration window (Edit->System settings->System config)
if theVVT controller is off and it cannot be turned on.

2. Check that the VT Controller label is set to Present.

3. Openthe System settings window (Edit->System settings) and enter an appropriate
valuefor VT cutoff and click OK.

Set the VT cutoff to atemperature near the ambient VT gas temperature (normally
VT cutoff is correct and need not be changed). Based upon the value of VT cutoff

compared to the entered temperature, the system routesthe VT gas flow for either

heating or cooling.

A.2 VT Startup

The VT hardware must be installed and calibrated as described in the VT Accessory
Installation manual. Starting up the VT unit takes the following steps:

1. Turnit on with the unit power switch if the VT unit is off.
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2.

Reset the VT controller if the system power has been off or the VT unit has been
disconnected from the probe by pressing the POWER switch to turn the unit OFF,
then pressPOWER againtoturnit ON. The VT controller a so can bereset with the
Reset VT button on the Spin/Temp page in the Start fol der.

CAUTION: use either dry nitrogen gas or air for VT and probe operation. A

3.

mixture of nitrogen gas and air can cause spikes in the baseline
adjacent to the large peaks in the spectra. The use of air as the VT gas
is not recommended for temperatures above 100°C. Such use will
destructively oxidize the heater element and the thermocouple.

Usedry nitrogen gas if the requested temperature is over 100°C or below the dew
point or 0° C, whichever is higher. Otherwise, air may be used asthe VT gas. If the
reguested temperature isbelow —40°C, dry nitrogen gasis recommended for cooling
the bearing, spinner, and decoupler. This prevents moisture condensation in the
probe and spinner housing.

The source of heating or cooling gasis not automatically selected. To use nitrogen,
attach anitrogen gas sourceto the VT system. The sameistrue when using air. The
VT system only selects the routing of the gas flow.

Usethe flow control meter on the magnet leg to adjust the flow to about 10 LPM (as
shown on the flow gauge).

A samplethat can be handled at ambient temperature can now be placed in the probe,
NMR lock obtained, and field homogeneity adjusted. Samplesthat cannot be
handled at ambient temperature should wait until the system reaches the requested
temperature.

A.3 Temperature Array

Set, if the temperature isan array, apre acquisition delay that allows sufficient timefor the
sample to equilibrate after a temperature change. The system will then wait the specified
delay between each temperature before starting data acquisition. Delays of several minutes
are optimum because the sample will take longer to equilibrate than it takesthe VT
controller to stabilize the heating/cooling gas at the set point.

1

o &~ W DN

Openthe Acquirefolder, select the Acquire page, and click the Arrays button. The
Array Parameter window opens.

Click New Array and enter temp in the Param Name column.
Specify Array Size, First Value, Increment, and Last Value.
Click Close.

Set the preacquisition delay in the Flags page under the Acquire folder.:
Delay _ sec before starting (for VT etc.)

A.4 Operating Considerations

The following recommendations should help achieve better VT performance.

The spectrometer system was designed and tested with aVV T gas flow rate of about 10
—15LPM. Sizable deviation from this rate can result in significant inaccuracy in
temperature calibration and reduce the attai nable temperature limits.
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A.4 Operating Considerations

® [nitial cooldown of the exchanger and transfer tubing after the coolant is added
increases the initial time required to reach regulation (about 5 to 10 minutes for
—40°C with liquid nitrogen). Because this may be longer thanthevtwait parameter,
a su command is the best way to start up.

® Below —40° use dry nitrogen gasfor the spinner and bearing air supply to avoid
moi sture and frost buil dup on the spinner housing and turbine. Should this happen, the
sample spinning can become erratic or stop atogether.

® Every sample has some vertical temperature gradient. Minimize the gradient by not
filling the sampl e tube more than about 25 to 32 mm (1 to 1.25in.), by inserting a
vortex plug or glass wool plug in the tube just above the sample solution, and by
entering the liquid column to the probe coil center lines. The plug reduces refluxing of
the solvent in the upper portion of the tube. Any mass movement, such asrefluxing or
convection, can seriously degrade resolution and lock stability.

® Above 100°C, use dry nitrogen gas to reduce heater and thermocouple oxidation.

® High-power decoupling adds heat to the sample. The increase in temperature depends
on the dielectric of the solution and the power level. Under these conditions, the
temperature accuracy under VT control issignificantly affected. If necessary, reduce
decoupler power and use a more efficient decoupling mode.

® Overnight or long-term unattended VT operation at low temperatures is hampered by
the fact that the usua coolant, liquid nitrogen, provides only about 1 to 2 hours of
operation onasinglefill of the coolant bucket. Some other coolant that | astslonger can
be used if the operating temperature does not require the low temperature of liquid
nitrogen. A common alternative isamixture of dry ice and acetone. Another option is
afluid such asisopropyl alcohol or ethylene glycol cooled indirectly by arefrigerating
device. Do not use aromatic, ketone, and chlorinated solvents (including acetone) in
the coolant bucket. Such coolant media attack the standard polystyrene bucket.

® The ability of the VT unit to achieve temperature stability is directly affected by the
stability of the room temperature. The VT unit compensates for about 80% of external
changes (leaving 20% uncompensated for). Thusif the temperature of the room
changes by 1°, the sample temperature will change by about 0.2°, which will not be
reflected in a change in the numerically displayed temperature. For best results, the
room temperature should be made as stable as possible. Any cycling of thetemperature
dueto air conditioning or heating should be limited to the shortest possible cycle time
and the minimum possible temperature variation.

® High stability and independence from room temperature can be achieved if the VT
controller is equipped with an optional cold junction (CJ) compensator. With the high-
stability feature, the VT controller is no longer compensated for room temperature
changes, but instead receives its reference from the cold junction device. The
influences of the VT gas supply become more apparent asthe CJ compensator reduces
the room temperature influences on the system. The flow and temperature of the VT
gas supply must be as stable as possible for optimum performance of the CJ
compensator.

® A possible setupto help stabilizethe VT gassupply isto run the VT gasthrough a heat-
exchanger coil in awater bath at aregulated temperature. For best results, use anice
bath to cool downthe VT gasto between 5°C and 10°C, and keep the flow as stable as
possible for experiments below 40°C. Generally, the VT gas supply temperature
should be a minimum of 10°C below the set temperature for best performance of the
VT controller and heater in the probe.

® A temperature calibration curve must be made for each probe used for exact
determination of sample temperature. All data, such as gas flow, must be noted.
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Samples of ethylene glycol are used for high-temperature calibration, and samples of
methanol are used for low-temperature calibration.

a.  Obtain aspectrum after bringing the sample to the desired temperature and
allowing sufficient time for equilibration, .

b. Display two cursorsand aign them on the two resonances in the spectrum.

c. Enter tempcal ('e")if thesampleisethyleneglycol; if the ssmpleis
methanol, enter tempcal ('m') .

d. Thetemperatureis caculated and displayed based on the differencein
frequency between the cursors.

A.5 VT Error Handling

352

Select how VT errors are handled in the Spin/Temp page under the Start folder.

Interlock selections Wait setting
(Start folder, Spin/Temp page) (Acquire folder, Flags page)
W Control temperature from Setup panel only _| Stop on VT failure

Allowy | 300 seconds hefore VT testing

(s Abort after temperature error
Delay |05 sec before stating {for YT ete)

)Warn after ternperature error
)Ignore termperature error

Abort after temperature error The VT regulation light is monitored during the course of the
experiment, and if it startsto flash (regulation lost), the current
data acquisition is stopped. The acquisition does not resume
automatically if regulation is regained. With Abort selected,
amaximum limit isimposed on the time that the system
walits for regulation to be established. Thislimit is deter-
mined by the wait before testing setting and is indepen-
dent of the delay setting. If regulation is not established
after the wait time (normally set to 180 seconds), the
system displaysthe message vT FAILURE and does
not proceed with the experiment. If the regulation prob-
lem islater corrected, the experiment can be resumed.

Warn after temperature error The VT regulation light is monitored during the course of the
experiment, and if it starts to flash (regulation lost), awarning
is generated but acquisition is not stopped.

Ignore temperature error The temperature interlock feature is turned off.

The temperature interlock selections (Abort, Warn, or Ignore) and VT wait time (Acquire
folder, Flag page) check VT operation and stop the experiment if temperatureregulationis
lost.

Thelost regulation causeserror processing to occur for both the Abort and Warn sel ections,
thus providing a user-sel ectable mechanism to respond to VT failure.

The interlock operation does not apply when VT regulation istemporarily lost as a result
of aprogrammed temperature change in an experiment where temperature is an array. The
VT gas flow has no sensor or interlock. The heater is protected, if gasflow stops, by an
internal temperature limit sensor that turns off the heater current before the element
overheats. Any experiment in progressis stopped if Abort is selected because aloss of gas
flow will result in aloss of regulation,. Only the sampleisleft unprotected if VT gas stops.
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A.6 VT Controller Safety Circuits

CAUTION: Do notrun unattended a sealed sample of highly volatile materials that
must be kept cold to avoid excessive pressure buildup. The
undetected loss of VT gas or exchanger coolant could result in the
rupture of the sample tube and damage to the probe components.

A.6 VT Controller Safety Circuits

The VT controller includes safety circuits to avoid damage to the heating element and
probe. The following error conditions produce an error code:

® Open circuit in the thermocouple circuit.
® Open circuit, short circuit, or over-temperature at safety sensor.
® Short circuit or software/microprocessor failure at the output transistor.

Over-temperature at the safety sensor initially turns off the heater. If this method fails to

correct the condition within 5 seconds, either the gas flow has been interrupted or an output
transistor failure has occurred, whereupon a protective relay operates, isolating the heater
from the control electronics. Failure of any of the sensorsalso resultsin thisrelay operating.

Once the protective relay has operated, the output will remain off. A power-down and
power-up cycle of the VT controller is required to release the relay.

The over-temperature circuit can be inadvertently tripped if the VT is started at a below
ambient temperature and the temperature is increased greater than 70°C. If the circuit is
tripped, reset it by turning the VT off and on, then change to the desired temperature in

50°C steps.

Excessive heat requirementsthat cause the current to remain near the maximum can a so
trip the second circuit. Therefore, when using liquid nitrogen for cooling and when
operating from 0°C through +25°C, reducethe gasflow rate to between 8 and 9 LPM. Reset
will aso occur if the VT cableis removed from the probe whilethe VT ison.

Refer to the VT Accessory Installation manual for system failure analysis.
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Appendix B. Shimming Basics

Sectionsin this appendix:
® B.1“What are Shims?,” this page
® B.2“Shim Interactions,” page 356
® B.3“Autoshim Information,” page 362
®* B.4“Homogeneity Commands and Parameter,” page 368

B.1 What are Shims?

Shimsare a set of coilsinside the magnet that induce changes in the shape of the magnetic
field. Each shim produces a specific change in the magnetic field that can be easily shown.
The approximate shapes of the axial gradients (spinning shims) are shown in Figure 86 to
provide avisual reference for the interactions of the shims,.

_>
Z axis position Z1 (linear)
Z3 (non-linear)
Z5 (more non-linear)
Z2 (parabolic)
Z4 (non-parabolic)

N
N

Field Strength  —t-
N
N

z5
z3
z1
Figure 86. Approximate Shape of Axial Gradients

Understanding the effect of various shims on symmetry of the resonance isimportant in
simplifying the shimming process. The following two points must be considered:

® The effect of agiven shim on the spectral lineshape.
® How the shims interact with each other.
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Understanding how the shimsinteract is critical to simplifying the task of shimming. Pure
shim gradients produce a very specific and predictabl e effect on the magnetic field and, to
alesser extent, on the resonance lineshape.

B.2 Shim Interactions

The following sections show theoretically predicted changes in lineshape caused by
changesin shim DAC vaues. Shim sets with pure shims, such as the Varian Ultrasnmr
shims, follow the theoretically predicted response very closely. Other shim systems, with
more interactions between shims, produce somewhat different results.

® “Theoreticaly Perfect Lineshape and Effect of Z1 Shim,” page 356
® “Effects of Even-Order Shims Z2 and Z4,” page 357

® “Effects of Odd-Order Shims Z3 and Z5,” page 359

® “Effects of Improperly Adjusted Shims,” page 360

® “Effects of Non-Spin Shims,” page 361

® “Summary of Shim Interactions,” page 362

Theoretically Perfect Lineshape and Effect of Z1 Shim

Figure 87 shows atheoretically perfect lineshape (at |eft) produced in a perfectly
homogeneousfield (at right). The magnetic field shape appears asaflat line, indicating that
the magnetic field does not change across the length of the sample.

Figure 88 shows how changing the linear shim Z1 affects the lineshape and the magnetic

field.
Lineshape (d) Magnetic field shape (z)

gradients
Z1=0
Z2 =0
Z3=0

o Z4 =0
Z5=0

Figure 87. Theoreticaly Perfect Lineshape
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Lineshape (d)

B.2 Shim Interactions

Magnetic field shape (z)

- gradients
Z1 =256
Z2 =0
Z3=0
Z4 =0
Z5=0

Figure 88. Effectsof Linear Shim Z1

Effects of Even-Order Shims Z2 and Z4

Figure 89 showsthe effect of the even-order shims, Z2 and Z4, on the lineshape. Noticethat
a positive misadjustment of both shims produces an upfield tail on the peak. If Z2 and Z4
are misadjusted in the negative direction, the asymmetry occurs on the downfield side of

the peak. The difference between Z2 and Z4 isin the height of the asymmetry. The Z2 shim
causes asymmetry higher on the peak than Z4.
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Lineshape (d)

Magnetic field shape (z)

e

Asymmetry
or tail

\’/

gradients
Z1=0

72 =256
Z3=0

Z4 =0
Z5=0

Lineshape (d)

Magnetic field shape (z)

gradients
Z1=0

Z2 =0
Z3=0

Z4 =256
Z5=0

358

Figure 89.

Effects of Even Order (Parabolic) ShimsZ2 and 24
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B.2 Shim Interactions

Effects of Odd-Order Shims Z3 and Z5

Figure 90 shows the effects of the odd-order shims Z3 and Z5 on the lineshape. The odd-
order shims cause broadening of the peak and therefore affect resolution.The Z5 shim is
unavailable on systems with 13-channel shim sets (shimset=1).

Lineshape (d) Magnetic field shape (z)

gradients
Z1=0
Z2 =0
Z3 =-256
Z4 =0
Z5=0

Lineshape (d) Magnetic field shape (z)

gradients
Z1=0

Z2 =0
Z3=0
s —_ Z4 =0

Z5 =256

Figure 90. Effect of Odd Order (Non-Linear) Shims Z3 and Z5
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Effects of Improperly Adjusted Shims

Figure 91 shows two examples of the effects when more than one shim isimproperly
adjusted. Thisisthetypical case with real samples. The complex lineshapes make simple
visual anaysisdifficult. A procedure for correcting the shims that can be used as a guide
when adjusting shimsis provided later in this section.

Lineshape (d) Magnetic field shape (z)

.

gradients
71=128
Z2 =-240
Z3=0

Z4 =320
Z5=0

Lineshape (d) Magnetic field shape (z)

;\_/

gradients
Z1=-128
Z2 =-240
Z3=0

— Z4 =320
Z5=0

Figure9l. Effectsof Misadjusted Shims
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B.2 Shim Interactions

Effects of Non-Spin Shims

Figure 92 shows the effect of the non-spin shims on the spectrum (note that Z3X and Z3Y
are not available on 13- or 14-channel shim systems). If set wrong, thefirst-order non-spin
shims (X, Y, ZX, and ZY) can causefirst-order spinning sidebands. XY and X2-Y 2 can

cause second-order spinning sidebands. High-order non-spin shims can cause abroad peak

base.

First-order spinning sidebands:
X, Y, ZX, ZY

Second-order sidebands: XY, X2-Y2.

On top of the first-order sidebands

<4——— Good half-height linewidth

Broad base
(exaggerated for clarity)

N

High-order nonspin shims: X3, Y3, Z3X, Z3Y

Figure 92. Effectsof Nonspin Shims
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Summary of Shim Interactions

Table 31 lists some lineshape effects associated with shims. Note that 13-channel shim
systems(shimset=1) do not have Z5, Z3X, ZXY, etc., and that 14-channel shim systems
(shimset=10) have Z5 but do not have Z3X, ZXY, etc.

Table 31. Lineshape Effects and Their Associated Shims

Lineshape Effect Shims

Split peak Z4and Z1

Asymmetry greater than half-way up Z2

Asymmetric foot Z4

Symmetric feet and or low broad base Z5

Symmetrically broad base Z3

Spinning sidebands Low-order radials X1, Y1
Symmetric broad base High-order radials X3, Y 3, etc.

Typical interactions for axial shims:
® 71 and all other axia shims, to some extent
® Z2andZ1
® Z3andZ1
® Z4 and Z2 (with large delta Z4s: Z4 and Z3)
® 7Z5and both Z3 and Z1 (Z5 not available on 13-channel shim systems)

B.3 Autoshim Information

362

® “Background Autoshim,” page 363

® “Hardware Autoshim,” page 362

® “Shimming Criteriafor Background Autoshim,” page 364
® “Shim Methods for Autoshim,” page 364

® “User-Defined Shim Methods for Autoshim,” page 366

Gradient autoshimming is the preferred method for shimming. There are other (slower)
methods that use the lock signal. These methods are Hardware and Background Autoshim.

Hardware Autoshim

Hardware autoshim methods vary according to which system isinvolved. They are used
primarily to maintain a well-shimmed homogeneity over long runs.

The hdwshim parameter enables the commands go, ga, or au to turn on and off
“hardware’ autoshimming, which is done using a software emulation of hardware
autoshim. Shimming is active only while a pul se sequence is executing:

® hdwshim="'y':shimmingisactiveonly during thefirst delay of the pulse sequence.

® hdwshim='p': shimming isactive only during thefirst presaturation pulse, defined
as achangein power level followed by apulse (e.g., presat. c).
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B.3 Autoshim Information

Shimming during subsequent delays or presaturation pulses can be activated by using the
hdwshiminit () statement before the delay or presaturation pulse. Shimming uses the
z1 shim by default.

If the parameter hdwshimlist iscreated, shimming uses the specified list of shimsto
shim on. Only the following shims are allowed:

zl,zlc, z2,z2c,x1,y1

Shimming isdonein the order of z1, z1c, z2, z2c¢, x1, y1, regardless of the order in
whichtheshimsareusedin hdwshimlist, andisperformed on each shiminintervals of
20 seconds. Thefine shims (z1, z2, x1, and y1) are recommended for routine use.

Using the Input Window

® Enter hdwshim="'y' su
Hardware shimming starts at the next acquisition during thefirst delay and stopswhen
acquisition is complete.

® Enter hdwshim="'p' su.

Hardware shimming starts at the next acquisition during the first presaturation pul se,
and stops when acquisition is complete.

® Enter hdwshim='n' su toturn off hardware shimming.

Background Autoshim

Background Autoshim is controlled by the parameter method and the command shim.
Thisis acomplete background Autoshim method that provides no interaction with the
operator. The type of automatic shimming to be done during routine sample changes
depends on the level of homogeneity required on any particular sample, the change in
sample height, and the maximum time desired for shimming.

® Average homogeneity needs with samples which are either long or all of identical
height: smple z1z2 shimming is usually sufficient.

® Sample height might vary: the method a11 zs has been found to be the most reliable,
at the expense of greater time spent in shimming. This method shimsfirst Z1, Z2, and
Z4,thenZ1, 72, and Z3, and finadly Z1 and Z2.

The standard parameter setsstdpar/hl and stdpar/c13 havemethod setto z1z2.
Recall those parameter sets if more shimming is routinely necessary in your applications,
changemethod to allzs (or another method of your own devising) and save the
parameter set, overwriting the original parameter set.

Using the Input Window

Enter method=file shim, where £ile isthe name of afilein the directory
shimmethods (eg., method="'z1z2"' shim).

Two shimmethods directories can exist. A user can have a private copy of
shimmethods inapersona shimmethods directory. A system-wide set of shim
methodsisalsolocated inthe /vnmr /shimmethods directory. Theuser’sprivatelibrary
is searched first for agiven method. If the method is not found in the user’s directory, then
the directory /vnmr /shimmethods is searched.

Shimming methods can be used in succession or strung together. For example, entering
method="'1z12m' shim shim would cause the method inthefile1z12m (Z1, Z2
shimming) to be used, asindicated by its code, twicein succession, and entering
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method='1z12m' shimmethod="nsm' shim shim shim would cause the first
method to be used once and the second method three times.

Shimming Criteria for Background Autoshim

Two aspects of Autoshim must in some way be specified by the user. Oneisthe resolution
of the starting point—good or bad?If good, only small changes need to be madeto the shim
settings to find the optimum,; if bad, larger changes are necessary. The second is how good
must the final resolution be? Clearly, the better the desired resol ution, the smaller the steps
that Autoshim must take as it approaches the maximum in order to find the absolute
maximum to within a specified degree.

Asshown in Table 32, for each there are five criterion values: B (bad), L (loose), M
(medium), T (tight), and E (excellent). (The lower-case | etters are used when entering
criterion values into a shim method, discussed below.)

Table 32. Permissible Shimming Criterion Values

Criterion  Meaning Recommended Usage

Borb Bad No decent starting shim values available
Lorl Loose Extreme change in sample height

M orm Medium Typical sample change

Tort Tight Resolution desired above average
Eore Excellent  Resolution desired less than 0.2 Hz

A full criterion consists of two |etters, for example, L > M indicates aloose starting
criterion (the shims are expected to be far from their desired values) and a medium ending
criterion (end with “normal” shim quality). Tight and excellent are only used for extremely
high resolution where the beginning resolution is very nearly that desired.

Specify the starting and ending points as L >M if poor resolution is suspected and
improvement is needed without spending the time necessary to get excellent resolution. In
the interactive Autoshim mode, these criteria are specified on a pulldown menu after
clicking the auto button in the SHIM display.

The time of automatic shimming isafunction of these criteria. Therefore, try to make an
informed choicein light of the resolution needed and, in particular, for FID shimming, the
choice of acquisition time at specified in the parameter table. An acquisition time of 2
seconds givesalimiting digital resolution of 0.5Hz, aresol ution that would beinconsistent
with shimming to atight criterion. In the interactive shimming modeusing acqi, only the
most important criteria are accessibletotheuser: L>M, M >M, M >T,and T > T (B and
E areinaccessible).

The starting criterion should never affect the final result, only the time in which that result
is produced. If the starting criterion is specified as T, for example, and the optimum shim
isfar off, this shim will eventually be found. The search will, however, take longer than if
astarting criterion of L had been specified.

Shim Methods for Autoshim
Table 33 lists standard two-character codes for shim gradient combinations.
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B.3 Autoshim Information

Table 33. Codes for Standard Shim Gradient Combinations

Sandard Code  Gradients Hexadecimal Code
z1 Z1C 0000008
z2 z2C 0000020
z3 Z3 0000040
z4 Z4 0000080
z5 Z5 0000100
zq Z1C,z2C 0000028
zt Z1C, 72,73 0000068
zb Z1C,Z2C, 74 00000A8
za Z1C,Z2C, 73,274,725 00001ES8
ze Z2C, 74 00000A0
Zo Z1C, 73,75 0000148
zc Z1C,Z2C, 75 0000128
zm User-selected gradients User-entered
tx X, Z1 0010004
ty Y, Z1 0020004
t1 X,Y,Z1 0030004
t2 X, Y, XY, YZ,X2Y2,71 03B0004
tz X,Y,XZ,YZ,71 0270004
tt X, Y, XZ, XY, X2Y2,YZ,Z1 03F0004
t3 X,Y,XZ2,YZ2,71 5030004
ta X, XZ, X3, XZ2,71 4450004
t5 Y,YZ,Y3,YZ2,71 1220004
t6 XY, X2Y2,ZX2Y2,ZXY,Z1 A180004

X, Y, XZ, XY, X2Y2,YZ, X3,Y3,YZ2,

t7 FFF0004
ZX2Y2,XZ2,ZXY, Z1

ta X, Y, XZ, XY, X2Y2,YZ,YZ2,XZ22,Z1  53F0004

tm User-selected gradients User-entered

A shim method consists of atext string contained in a file within the VNMR system’sor a
user's shimmethods directory. That text string will be interpreted as a series of
instructions describing the shimming method. Commands in elements include:

® Turn on and off the spinner.

® Set maximum shim time per element.

® Set the delay between lock level samplings.

® Specify the gradients to be shimmed and the criterion used for shimming.

A complete method consists of one or more el ements, separated by commas and terminated
withasemicolon (eg., £, ry, t600, szg: cmm; ). The element setting for specific
gradient or gradientsto be shimmed has the syntax sxx : cyz, where s identifiesthe shim
part of the form, xx is atwo-character code for a specific shim gradient or gradient
combination, ¢ identifies the criterion part of the form, y isthe starting criterion, and z is
the desired ending criterion.
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Refer to the description of the shimset parameter inthe VnmrJ Command and Par ameter
Reference for alist of shimsin each type of shim set.
The following examples show the meaning of afew standard shim methods:

® szqg:cmm; means set shimsZ1C and Z2C with a medium to medium criterion.

® sza:clm; meansshimall Z gradientswith aloose to medium criterion.

® szt:clm,szb:clm, szq:cmm; meansshim Z1C, Z2, and Z3 with aloose to
medium criterion, then shim Z1C, Z2C, and Z4 with aloose to medium criterion, and
lastly shim Z1C and Z2C with a medium to medium criterion.

User-Defined Shim Methods for Autoshim

The shim methods supplied with the system are based on a series of “standard” coil
groupings. Automatic shimming operation using other groups of shimsthan are provided
is supported by creating user-defined shim methods. For example, shimming Z1, Z3, and
Z4 while holding Z2 fixed.

Certain combinations of shim coils can be selected by constructing a 7-digit hexadecimal
(base 16) number based on the shim coil diagram below to allow this operation.

8421/8421|8421|8421/84218421/8421

N N
;NXN(V)(V)NN >N mvmgw gﬁo
RXN>PEX>X|IKX>SX[I 111l INNNNNNNN |

To construct amethod for this example, first noticein the diagram that Z1 isrepresented by
a4 inthefirst digit (on the far right) and that Z4 and Z3 are represented by a 8 and 4,
respectively, in the second digit, which gives atotal of 12 (or C in hexadecimal notation).
Therest of the digits are 0 because no other shimming is desired. Thus, the seven-digit
hexadecimal number representing Z1, Z3, and Z4is00000C4. Thisnumber isthen
prefixed by zm or tm (the two are equivalent) making szm00000C4 the method desired.

Some exampl es of user-sel ected methods:

® stmOA30004:clm; meansshimZ1, X1, Y1, YZ, Y3 with loose to medium
criterion.

The hexadecimal code for each standard coil groupingislisted in thethird column of Table
33.

The following codes enable control of other aspects of automatic shimming:
® 1 setsshimming on thelock instead of the FID (default).
® f setsshimming on the FID instead of the lock.

® f:0, 90 setsshimmingonthe FID withlimitsfor the FID evaluation range. Full range
is 0 to 100 percent of the duration of the FID. Sensitivity to higher-order spinning
gradientsisincreased with astart of 0 and afinish limit of about 5 or 10, which weights
the evaluation to the front of the FID.

® ry(rotation yes) turnsthe spinner on.
® rn (rotation no) turns the spinner off.

® dxsetsadeay x hundredths of seconds between lock samplings. Variationsin lock
solvent T1 and Tz* relaxation times affect the ability of automatic shimming to attain
good resolution in reasonable times. If too short, automatic shimming will not perform
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B.3 Autoshim Information

properly. If too long, the shimming will become unacceptable in duration. dx alows
setting an appropriate delay and can be used one or more timeswithin atext string. If
no entry is made using dx, the system automatically measures the lock response and
sets a delay accordingly.

tx sets the maximum shimming timeto x seconds. Once tx isset, it governsall future
shim elements within amethod string, just as dx governs the lock sampling interval
for all shim elements until changed. If tx isnot set, the shimming will proceed based
on internal program criteria.

grecallsan algorithm’s internal parameters so that shimming starts quickly. g isa
background autoshim that keeps the magnetic field at an optimum during experiments
of long duration. Shimming is performed at thetimewshim instructs. Only the portion
of the shim methods following the letter g is executed after the experiment’s first
increment. Any shim method may follow g; however, the sz1 (Z1only) and szq (Z1,
Z2) are the most effective. Multiple shim methods may follow g, but time
effectivenessis reduced.

Methods may be entered into the shimmethods file using atext editor such asvi. The
macros newshm and stdshm provide an interactive method of defining shim methods.
Note that unlike normal text files, which have unrestricted size, the maximum text file size
for ashim method is 128 characters.

The following examples show complete user-defined shim methods:

szg:cmm, rn, stz:cmm, ry, szqg:cmm; meansshim Z1C, Z2C with medium to
medium criterion, turn off spinner, shim X, Y, XZ, YZ, Z1 with medium to medium
criterion, turn on spinner, and then shim Z1C, Z2C again with medium to medium
criterion throughout.

d50,szqg:cmm,d150, sza: cmm; meansto sample every 0.5 seconds while
shimming Z1C, Z2C, and then to sample every 1.5 seconds while shimming all Z
gradients. Use medium to medium criterion throughout.

t60,szqg:cmm, £t240, sza:cmm; meansshim Z1C, Z2C for 60 seconds
maximum, then shim all Z gradients for a maximum of 4 minutes. Use medium to
medium criterion throughout.

f,ry,t600, szg:cmm; meansturn on spinner and FID shim Z1C, Z2C with
medium to medium criterion for 10 minutes maximum (not available on GEMINI
2000).

t60,sza:cmm, q, t30,szl:cmm; (Withwshim='£20") meansinitially shim
on dl Z gradients for 60 seconds, then shim Z1. After every 20 FIDs, shim Z1 for
30 seconds.

sza:cmm, g, t30, szqg: cmm; (Withwshim="'£10"') meansinitially shimonall Z
gradients (with no time out) and then perform a Z1, Z2 shim for 60 seconds every
10 FIDs.
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B.4 Homogeneity Commands and Parameter

Command Description

dgs Display shim & automation parameter group
diffshims (shimfilel,shimfile2) Compare two sets of shims (VNMR)
diffshims shimfilel shimfile2 Compare two sets of shims (Linux)

dshim< (file)>,dshim('method' | 'help')  Display ashim “method” string
gmapshim< ('files'| 'mapname'|'quit')> Start gradient autoshimming

gmapsys Setup gradient shimming

newshm Interactively create shim method
readallshims Read dl shims from hardware

readhw (parl,par2,..)<:varl,var2,..> Read acquisition hardware values
rts(file)<:status> Retrieve shim coil settings
setallshims set all shimsinto hardware

sethw* Set acquisition hardware val ues (shim-related)
shim Submit an Autoshim experiment
stdshm Interactively create a shim method
svs(file)<:status> Save shim coil settings

* gethw(<'wait' | 'nowait', sparl,vall<,par2,val2,...)

Parameters

gmap_findtof {'n','y'} Find tof before start of gradient shimming
gmap_zlz4 {'n','y'} Gradient shim z1-z4, then higher-order shims
hdwshim {'n','y', 'p'} Hardware shimming (if available)
hdwshimlist {'zl', 'zlz2xlyl'...} List of shims for hardware shimming
load {'n','y'} Load status of displayed shims

method {file in shimmethods} Autoshim method

shimset {1,2,3,...14} Type of shim set

shimspath {absolute path} Path to user’s shims directory

wshim {'n','e','s','g',"£','f#'} Conditions when to shim

x1, y1, z1,... Shim gradients X1, Y1, Z1, ...

z0 {-2048 to 2047, -32768 to 32767} Z0field position
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Appendix c. Shimming Using the Ultrasnmr Shim
System

® C.1“Hardware Overview,” this page

®* C.2"“Interface Box,” page 370

® C.3“Shimming,” page 371

® C.4"Installing the First Probe,” page 372

® C.5“Hoppy Disk Use,” page 372

® C.6“Turning the System Off and On,” page 372

The Ultrasnmr Shims unit is amatrix shim system designed to achieve a high level of
sample homogeneity over large sample volumes (e.g., 10-mm diameter), to generate more
orthogonal shim gradientsthat are easier to use, and to provide thisin amore reproducible
and stable manner.

Ultrasnmr Shims are integrated with the YNTYINOVA system and all shim functions are
available. Select the Ultrasnmr Shims from the CONFIG window or use the Ultrasnmr
Console Data button in the window. The Ultrasnmr Shims unit can be connected to either
port 2 of the acquisition CPU or PJ1 of the Magnet Sample Regulation (MSR) board. The
M SR connection is preferred. If the interface box is present, the shims set by the console
should be visible in its window, but the box should not be used.

CAUTION: If an Ultrasnmr shim system can be controlled from the Acquisition
window, do not set the shim value beyond +32000 DAC counts.

C.1 Hardware Overview

The system uses a matrix of 48 channels to provide current into 49 coils within the room-
temperature shim tube from which 38 or 39 shim gradients are generated. Each of the axial
shim gradientsis produced by applying currents simultaneously in up to 12 different
channels, and each of theradial gradients, in up to 6 different channel swith the 48-channel
matrix system. The distribution of current within the allowed channels for each gradient is
under computer control and is calibrated to produce the purest (most orthogonal) possible
single shim gradient. For example, thedistribution of current for the Z2 gradient isadjusted
so that the Z2 gradient produced has minimal amounts of other gradients, suchasZ (=21)
or Z0.

Aninterface box provides five user-sel ectable, optically encoded knobsto control the shim
gradients. Theinterface box also provides the user with a means of storing, viewing, and
recalling up to 63 shim sets on a floppy disk. Each of the shim gradients has both coarse
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and fine controls, with each control having arange of £32767 DAC counts. Thefollowing
gradients are controlled:

Axid: 20,Z,72,73, 24, 75,6, Z7, Z8

Radial: X, ZX, Z2X, Z3X, Z4X, Z5X
Y, ZY, Z2Y, Z3Y, Z4Y, Z5Y
C2, ZC2, Z2C2, Z3C2, ZAC2 (where C2 = XY)
S2,ZS2, 7252, Z3S2, Z4S2 (where S2 = X2Y 2)
C3, ZC3, Z2C3, Z3C3 (where C3 = X3)
S3, ZS3, 7253, Z3S3 (where S3 = Y 3)

C.2 Interface Box

370

The interface box has a small display screen and the following controls:
® Five knobs whose gradient assignments are selected by toggle switches.
® Two identical toggle switches, each labeled YES/NO.

® Eight buttons: MODE, BANK, FILE, LOAD, VIEW, STORE, DRIFT, and C/F. A
small indicator above each button turns green if the button is active.

Ultrasnmr Shim Interface Controls and Display

RUN_FILE =0,
STORE_FILE =56
[counts] FINE A
YES YES

ROO0O0O0OE
e0e00ee

— v
MODE BANK FILE LOAD VIEW STORE DRIFT C/F

The MODE, BANK, and FILE buttons select the system mode:

®* MODE mode alowsthe user to reconfigure the system and the display screen by using
the toggl e switches to select configuration options.

®* BANK mode makes shim gradient control accessible through the knobs. In this mode,
the toggle switches sel ect banks of knob-to-gradient assignments, which are displayed
on the display screen directly above the knobs.

® FILE mode letsthe user load from, view, or store to whichever STORE_FILE file
number is selected by the toggle switches. These file actions are initiated by the
LOAD, VIEW, or STORE huttons, respectively. Immediately after any LOAD or
STORE operation, theRUN_FILE and STORE_FILE filenumbersareidentical. If any
changes are subsequently made to the existing gradient DAC values, RUN_FILE is
reset to O.

The last button on the right, the coarse/fine gradient control (C/F) button, is active in both
the BANK and the FILE modes.

Files 2 through 63 are available for user storage. Users can not write to file O, which
containsall zeros, or writeto file 1, which contains converged shim values. Files are stored

NMR Spectroscopy User Guide 01-999378-00 A 0708



C.3 Shimming

on a DOS-formatted 1.4-MB floppy disk in adrive accessible from the front of the main
unit. The small cover panel at theright edge of the upper card cage must beremoved to gain
access to the system floppy disk. New disks must be formatted using DOS version 5.0 or
higher. Numerous calibration fileswill be copied to that disk. Copies of existing floppy
disks can be made using the DOS diskcopy command on any machine running DOS
version 3.3 or higher; for example, enter diskcopy a: a: if theparticular floppy drive
is configured to be drive A.

One of the selectable options in the MODE mode allows system lock out for security
reasons. If thisfeature is activated, all knob, button, and toggle control is disengaged until
the MODE, BANK, and VIEW buttons are simultaneously pressed. It is aso possible to
disable (turn off) the lock from the interface box in the MODE mode. This feature is
contained in the Z0 enable/Z0 disable option.

After Ultrasnmr Shims are installed, Z0 is not controlled via the Acquisition window but
only from the Ultrasnmr Shims interface box. All other lock parameters—lockpower,
lockgain, and lockphase—remain controlled through the Acquisition window. The
value of Z0 changes about +3500 coarse DAC units on a 500-MHz magnet (about +4200
on a 600-MHz magnet) when the lock solvent changes from CDCl to acetone-dg. The
other shim gradients are a so no longer controlled through the Acquisition window.

Homospoil (Z gradient) produces approximately a0.6 G/cm field (typically 99% of
transverse magnetization is gone within 1.5 ms and signal recovery is 90% within 40 ms)
and is activated in the same manner as a spectrometer linked to Oxford room-temperature
shims.

C.3 Shimming

In the normal “counts’ display mode, each shim gradient has a coarse and afine control.
The coarse control is 50 times more sensitive than the corresponding fine control. All
gradient DACs have arange of £32767; aknob twisted beyond this range will continue to
turn but have no effect. Each of the gradient DACs has an identical and alogical polarity.
For exampl e, a clockwise adjustment of Z2 moves an asymmetry to the right, with Z2
coarse (Z2C) and Z2 fine moving asymmetriesin the same direction. Furthermore, Z4, Z6,
and Z8 also move asymmetriesin the samedirection asZ2. The even-order axial shims(Z2,
Z4, 76, and Z8) may jerk thelock if large, sudden changes are made; the severity of thejerk
decreases typically in the order Z4, 78, Z2, and Z6.

Within gradient families, you also observe sensitivity differences, with higher order
gradients causing less effect per DAC unit. The following suggestions are offered:

® Z0: use coarse only (fineistoo fine).

® Z:usefineonly (coarseisfar too coarse).

® 72,73, Z4: use coarse or fine, whichever seems best.

® 75,76, 77, Z8: use coarse only.

® Radial shims: use coarse, with the possible exception of X and Y.

Remember that the gradients produced are purer (more orthogonal) so shimming methods
subjectively generated on other shim systems may not behave the same. If you adjust any
axial shim, you should probably touch up Z before touching any other gradients (for
example, if you change Z4, then optimize Z before touching up Z2). In addition, be
forewarned that 80% of what might be corrected with Z4 using an Oxford shim system is
probably corrected with Z2 when using Ultrasnmr Shims.
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C.4 Installing the First Probe

Starting from the final converged results obtained with field mapping, it is possible to
obtain alineshape of lessthan 7/12 Hz (non-spin) in under an hour or two on 1% CHCl3in
acetone-dg (ASTM H1i neshape sample). Z and Z2 typically change the most (Z fine needs
about —70 units, Z2 about —400 units), but Z3, Z4, Z5, X, and Y will need adjustment. The
higher-order radial shimsaretypically converged to abetter valuethan auser can determine
spectroscopically and should therefore not be adjusted manually (only X, Y, ZX, ZY, and
possibly C2 and S2 should need adjustment). A simple maximization of the lock level has
proven to be a sufficient criterion.

C.5 Floppy Disk Use

Every Ultrasnmr Shims floppy should contain 83 system files and up to 62 user files. The
system files include 39 strength files (* . str), 39 divider files (* . div), agradient-
channel configuration file (* . him), ashim-coil resistancefile (* . res), ashim
configuration file (* . cfg), and two shimfiles(file0.dacand filel.dac).
filel.dacistocontaintheshimvaluesfor the CHCIl;lineshape samplein one particular
probe. The 62 user filesarethe shim files2to 63 (file#.dac).

A version of each of the system filesis stored in the system PROM (programmable read-
only memory). If any system file is missing on the floppy disk, the PROM version is used
instead. It is acceptable to use the PROM versionsfor the * . him, *.res, and *.cfg
systemfiles. Itisnot acceptableto usethe PROM versionsforthe* . divand * . strfiles
because these files are set at the time of system installation and are magnet dependent.

The readultra macro reads shim set filesfor the Ultrasnmr shim system from afloppy
disk on a Sun workstation (e.g., entering readultra (6) readsshim set file 6). Entering
readultra with no argument reads all of the shim set files. Beforeusing readultra,
the floppy disk is expected to be mounted as /pc£fs on the Sun workstation. For details,

refer to the description of readultra in the Command and Parameter Reference.

In amultiuser environment, it is probably best if each user has a separate floppy disk on
which that user’s particular shim files can be written. In any environment, backup floppy
disks are always a good idea. Two backup system disks are made at the time Ultrasnmr
Shimsisinstalled: oneisto be kept by the customer; the other is sent to Varian. Backup
disks can be easily made on any DOS-based computer using the DOS diskcopy
command.

CAUTION: Keep floppy disks away from the magnet dewar. Data on the disk is
susceptible to damage from intense magnetic fields.

When changing floppy disks, observe the following procedure:
1. Savethe current shim values into one of the 62 available shim files.
2. LoadinfileO.

3. Removethe current floppy from the drive and immediately insert the new system
floppy into the drive. Do not operate the controls on the interface box when thereis
no floppy in the drive.

C.6 Turning the System Off and On

The system istypically left on continuously except for maintenance.
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C.6 Turning the System Off and On

To Turn Off the System

Use the following procedure to power down the Ultrasnmr Shims system:
1. Savethe current shim values into one of the 62 available shim files.
2. LoadinfileO.

3. Turnoff the orange-lighted rocker switch on the power strip in the lower back of the
shim power supply.

To Turn On the System
Do the following procedure to turn the shim system back on:

1. Presstherocker switch on the power strip.

The orange light in the switch should turn on and the interlock board in the bottom
left front of the shim power supply should display two red lights and one green light.
The bootup of the computer in the shim power supply takes approximately one
minute. During the bootup, all eight indicators, situated above the eight buttons on
theinterface box, areusually lighted green. Note that the system will not boot unless
areadable floppy disk isin the system floppy drive.

When the bootup is complete, the interface box displays several status messages
indicating how many PROM -based default files were used during bootup.

2. Whenthefina question on the interface box, answer “yes’ to disengage the high-
power interlock.

When the high-power interlock disengages, one of the two red lights previously displayed
at the front of the interlock board turns off. It is perfectly normal for the other red light to
stay on all the time.
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Symbols

(‘prune,d1,d2), 190

* notation in deconvolution, 258
.Pbox_defaultsfile, 283
.Pbox_globalsfile, 283

[] (brackets) notation, 155

Numerics

1D vertical panel, 336
1H Detected Proton-Carbon 2D Correlation
Experiments, 306
20-bit digitizer, 100
2D data processing, 309
2D Display Main Menu, 221
2D DOSY experiment, processing, 187
2D DOSY sequences, 170
2D DOSY spectroscopy, 170
2D NMR, 197
2D Peak Picking menus
Automatic, 221
Display, 223
Edit, 222
File, 223
Main, 221
2D vertical panel, 337
3D NMR, 224—227
4D data acquisition, 227
4-nucleus probes, 229
90-degree pulse length, 35, 87

A

absol ute-intensity mode, 116
absolute-value 2D experiments, 106
absol ute-value mode, 109
absorption mode, 198
absorption spectrum, 107
accessing data sets, experiments, shim sets, and
commands, 315
acetone in coolant bucket, 47
Acquire
and process, 308
and process data with weighting, 308
data only, 308
acquiring multidimensional data sets
using Hadamard technique, 209
acquisition
automatic lock initiation, 53
error, 95
mode, 224
status window, 200
stopping, 94
stopping early, 94
system, current state of, 316
time, 364
timetoo short, 111
acquisition, aborting, 308
ADC overflow, 101
Add and Subtract 1D Data, 309

01-999378-00 A 0708

Index

add button, 263
add command, 265
add FID to add/subtract experiment, 265
add/subtract
buffer file, 262
commands and parameters, 267
interactive, 263
non interactive, 265
toolbar buttons and descriptions, 262
tools, 262
addi command, 263
adding
printers, 302
addition and subtraction of data, 262
additive weighting constant, 106, 107, 202
addpar macro, 207, 227
adiabatic rf sweep waveform creation, 277
Adjust button, 222
adjust integra height, 133
advanced function bar

Walkup account administrator interface, 315

air conditioning cycling, 351
alfaparameter, 85, 88, 102
algorithm, autophase, 108
aligning and stacking spectra, 126
allzs method, 55, 363
amplitude modulated data, 206
amplitude scaling

absolute, 116

normalized, 116
analog anti-aliasing filter, 97
anal og-to-digital converter (ADC), 96
analyze, 275
analyze command, 167, 271
analyze, data anaysistools, 309
anayzelist file, 271
andyze.out file, 271
aph algorithm, 108
aph command, 108
aphO algorithm, 108
aph0 command, 108
aphb command, 109
appdir, 338
application directories, 338
application type parameter field, 312
applications directory interfaces, 338
Apt, 306
aromatic solvents in coolant bucket, 47
Array

definition, 92, 307

limits, 93, 308

Parameter, 307
array for a parameter, 154
array macro, 155
array of data, 154
array parameter, 155, 225
arraydim parameter, 157, 266
arrayed 1D experiment, 197
arrayed 2D and 3D, 199
arrayed 3D data set, 208
arrayed parameters, setting, 92
arrayed temperature operation, 352
arrayed VT experiments, 47

ArrayedSpectra vertical panel for display and plot
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Index

arrays, 333
arraying order and precedence, 155
arrays

display and plot from ArrayedSpectra vertical

panel, 333
assign macro, 249, 252

assign nearest calculated transitions, 252

asynchronous decoupler mode, 90
at parameter, 364
ATTEN pushbuttons, 38
ATTEN readout, 37
attenuator configurations, 90
attn parameter, 286
Auto button, 221
auto button, 364
Auto Find Integrals, 130
Auto Plot, 303
Auto Save, 301
Auto tune setup, 31
Autolock, 50
Automake Shimmap button, 76
automated shimming, 70
automatic
2D peak picking, 220
block-size processing, 95
phasing, 108
shimming, 49, 55, 363, 366
automatic gain, 87, 156
automatic lock
full optimization, 53
optimizing Autolock, 53
simple Autolock, 53
automatic phasing algorithms, 108
autoscale, 275
autoscale macro, 159, 271
autoscaling, 159
AutoTest, 312
av command, 109
AV Sfileformat, 148
awc button, 107, 202
axial gradients, 355
axial shims, 362
Axis, 328
axis, 327
axislabeling, 225
axis parameter, 133

B

B shimming criterion, 364
background Autoshim, 55, 363
background operation, 224
Backup File button, 223
backwards linear prediction, 208
bad shimming criterion, 364
bandpass filter, 98, 103

bandpass filters, 230

bandwidth, 111

bandwidth of digital filter, 98, 103

baseline correction, 129, 132, 189, 204, 214, 309

baseline flatness, 85
baseline performance, 100
baseline spikes, 350

bc command, 132, 214
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bearing air, 30

bearing air supply, 351

bilinear rotation decoupling, 232

binary peak file, 220, 223

bipolar pulse pair stimulated echo experiment,
DOSY, 173, 179

BIRD pulse nulling effect, 232

Bloch Simulation subwindow, 293, 295

Bloch simulator, 280, 286

block-size storage, 95

BMPfileformat, 148

borders, showing and hiding, 147

Both button, 222

Box button, 221, 222, 263

Box cursors, 119, 218, 321

brackets ([]) notation, 155

Brickwall filter, 100

broad peak base, 361

broadband probes, 229

Bruker data processing, 110

Bruker data, autophasing, 109

bs parameter, 156

bscor parameter, 286

bsim parameter, 286

btune macro, 39, 40

buttons

shim, 49
bw parameter, 287

C

C13 parameter set, 363
calculate
simulated spectrum, 250
theoretical spectrum, 245
Calculate full DOSY with diadog, 189
Calculate partid DOSY spectrum, 189
Calculate partidd DOSY with Dialog, 190
calculated transitions file, 253
calculated transitions intensity, 251
calculating
field maps, 76
cafamacro, 101
calibflag, 187
calibrate
pulse width, 158
sample temperature curve, 47
calibrating a probe, 61
calibrations for nitrogen indirect detection, 239
Cancel command, 314
cancel correction, 132
cancel integral reset points, 132
cancellation efficiency, 238
canvas

controlling display in graphics, 114, 117, 319

graphics, 319
Carbon, 306
Carbon-Proton Multiplicity Determination, 306
cdc command, 132, 203
center command, 215
centersw macro, 216
centerswl macro, 216
centersw2 macro, 224
cexp#, 326
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CHAN switch, 37, 38
Chemical Shift Analysis, 276
chemical shift analysis, 276
chemical shift analysis commands, 276
chlorinated solvents in coolant bucket, 47
Cigar2j3j, 306
CJ compensator, 351
clamacro, 251
cla parameter, 251
clamp parameter, 251
CLEAR

Hadamard, 212
clear

add/subtract buffer, 265

file of line assignments for iteration, 251
Clear button, 222
cleardosy, 172
clfreq parameter, 251
clindex parameter, 251
closing Plot Designer, 149
clradd command, 265
coef file, 226
coefficients for digital filtering, 96, 98
coefficients for filter computation, 103
coefs, 112
coefs., 111
cold junction (CJ) compensator, 351
Color by viewport, 327
color printing, 149
color/grayscale adjustment bar, 217
colors, setting, 304
combine all peaks within an area, 222
Combine button, 222
command entry field, 315
commands

accessing, 315

chemical shift anaysis, 276
Comment button, 223
common coefficients for wft2d processing, 206
completed transients, 87, 200
complex datapoint, 110
complex interferograms, 204
composite pulse creation, 277
connecting printers, 302
construct a shim method, 366
continuous wave (CW) modulation, 90
contour control, show, 314
contour sub-panel, 328
controlling display in graphics canvas, 117, 319
convection compensated DOSY, 176
convert

multiple FID element into asingle FID, 112
coolant bucket, 47, 351
copying current binary peak file, 223
correct spectral drift, 203
corrected-difference spectroscopy, 261
correlation analysis, 268
cosine transform, 107
Cosy, 306
Cosy correlations, 309
Cosy Data Chemical Shift Analysis, 276
coupled spectrawith NOE, 89
cpx macro, 280, 288
cr parameter, 116
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Cr2 parameter,
create

224

3D coefficient file, 226
3D parameters, 207, 224
4D parameters, 227
shaped rf pulses, 277
waveforms, 277
Create aPlot Design..., 303
Create interactive input, 269, 275
CreateLineList

Hadamard
creating

, 211

anew protocol, 310
aworkspace, 301
crf parameter, 116

criterion for shi

mming, 365

criterion values for Autoshim, 364
crl2 macro, 224
Cross hair, 327

crosshair, 327
ct parameter, 1

56, 200

current experiment, 153
current FID number, 200
current transition assignments, 252

cursor

position, 216

Cursor button,

263

cursor movement, 116
cutoff steepness, 100
cz command, 132

D

dO parameter, 288
d1 parameter, 288
d2 parameter, 198, 199, 200, 224, 225, 2883
d3 parameter, 207, 224, 225
d4 parameter, 227
dacommand, 154
dadisplay, 198

DAC values, 356

data processing

FDM, 161

data processing
data processing
data set

methods, 110
type, 200

accessing a, 315
data tables, 199
data, customizing where saved, 26

Dbppste, 170,

172, 306

parameters, 173
Dbppste experiment, 173, 179

Dbppste_ CC

Parameters, 179
Dbppste_cc, 172, 306
Dbppsteinept, 170
dc command, 132, 203

dc2d command
dcg parameter,

, 214
132

dconi command, 225

dcyc parameter
ddif, 172

, 287

decaying exponential function, 105

decimation, 96
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Index

deconvolution, 106, 253, 310
commands and parameters, 256
functions, 254
reference deconvolution, 258
reference signal, 1D spectra, 259
reference signal, 2D spectra, 261
set mark, 255
text files, 258
window, 254

decoupled spectrum without NOE, 89

decoupler
coil caution, 39
high-power caution, 90
homonuclear control, 90
power, 91
programmable, 91
sequence, 91
status, 89
waveform generator, 91

decoupling patternscreation, 277

def_osfilt parameter, 100

delete
al peaks, 222
peak bounds, 222
peak nearest the cursor, 222
spectrafrom file, 159

Delete all, 332

Delete Inset, 332

delscommand, 159

delta2 parameter, 224

deltaf parameter, 116

Dept/DeptQ, 306

depth indicator gauge, 28

description of interface, 23

deshapei macro, 289

detection time, 198

deuterated lock solvent, 49

deuterated solvents, 27

deuterium gradient shimming, 64

dg, 198

dg2 macro, 208

dga command, 251

DgcstelSL
parameters, 174

DgcsteSL, 170, 172, 306

DgcsteSL experiment, 174, 180, 182

DgcsteSL_CC
Parameters, 182

DgcsteSL_cc, 172, 307

DgsteSL_CC
Parameters, 181

DgsteSL_cc, 172, 307

diagonally arrayed parameters, 155

diffusion
ordered spectroscopy, 165

diffusion projection, 188

digfilt macro, 103

digital filter, 96

digital filtering, 111

digital integral amplitudes, 133

digital quadrature detection, 103

digital resolution, 121, 364

digital signal processing (DSP), 96

digitization errors, 96
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dispersion spectrum, 107
dispersion tails, 201
Display
Hadamard, 212
display
3D plane, 227
3D processing parameters, 208
arrayed parameter values, 154
experiment library, 153
exponential curves, 159
FID, 114

file of line assignments for iteration, 251

grid lines, 215
integra reset points, 133
integrals, 128, 323
line assignmentsfile, 251
modes, 116
next plane, 225
numerical integral amplitudes, 133
peaks on top of spectrum, 220
polynomial curves, 159
previous plane, 225
projection of data on plane, 227
second cursor, 116, 219
shaped rf pulses, 291
simulated spectrum, 250
simulation parameter file, 251
spectrawith whitewashing, 215
spectrum, 109, 114
spectrum from array, 156
stacked 3D spectra, 215
subset of 3D planes, 225
theoretical spectrum, 257
trace at cursor position, 219
traces, 220
Display button, 221
Display color map, 119, 217, 321
display command, 132
Display contour map, 119, 217, 321
Display image map, 119, 217, 321
display limits, 215
Display Lists of Integrals, 130, 131
display parameters, moving, 303
Display scale, spectrum, 118, 320
Display Shimmap button, 71
Display stacked spectra, 119, 217, 321
displaying
tool bar, 314
divide by, 112

divide spectrum into regions with peaks, 133

dlamacro, 251, 252
dlalong command, 251, 252
dli command, 133
dil, 212
dll command, 252
dini command, 133
dm parameter, 91, 92
dmf parameter, 91, 92
dmg2 parameter, 224
dmm parameter, 92
do_pcss, 276
Doneshot, 172, 307
DOSY

processing, 187
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sample 2D and 3D FIDs, 190
tools, 172

dosy, 172

DOSY experiments, 306

dosy macro, 187, 189

DOSY Plots of the Nicotinic Acid Amid - Amikacin
Mixture at 30°C, 185

DOSY Plots of the Nicotinic Acid Amid - Amikacin
Mixture at 60°C, 186

dosy('prune’), 189

dosy(d1,d2), 189

dosy_grad_calib, 172

dosy2d, 172

dotl command, 158

downfield peak shift, 207

downsamp parameter, 102

downsampling, 112

downsampling data, 96

downsampling factor, 102

dp parameter, 101

dpir command, 133

dpirn command, 133

dplane macro, 225, 227

dprofile macro, 281, 289

dproj macro, 227

dpwr parameter, 90, 91, 92

Dqcosy, 306

dres parameter, 91, 285

dres2 parameter, 91

dres3 parameter, 91

dres4 parameter, 91

drift correction, 227

drift correction both axes of a 2D data set, 308

drift correction calculation, 203

dry nitrogen gas, 350, 351

ds command, 109, 133, 156, 214, 220

dscoef, 112

dscoef parameter, 102

dseq parameter, 91

dseg2 parameter, 91

dseg3 parameter, 91

dsfb parameter, 103

dshape macro, 290

dshapef macro, 280, 289

dshapei macro, 290

dslsfrq parameter, 103

DSP (digital signa processing), 96

dsp command, 250, 257

dsp parameter, 97

dsplanes macro, 225

dss command, 157

dssa command, 157

dssan command, 157

dssh command, 157

dsshn command, 157

dssl macro, 157, 215

dssn command, 157

dsww command, 215

Dud cursor, 119, 218, 321

E

E shimming criterion, 364
Edit a Hadamard frequency list, 212
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Edit button, 221
Edit HT Freg Window and Buttons, 211
Edit menu
Walkup account administrator interface, 303
editht, 212
editing frequencies
Hadamard, 210
editing text inside a text frame, 330
efficient mode decoupling, 91
gjecting asample, 29
elements
gradient stimulated echo, 168
energy level table, 250
EPSfile format, 148
error handling control, 48
ethylene glycol for VT calibration, 352
excellent shimming criterion, 364
exchanger coil, 47
Expand button, 219, 263
expanded display, 219
experiment
library, 153
stop acquisition, 94
experiment 5 (exp5)
used with add and subtract, 262
experimenta frequency index of atransition, 251
experiments
2D DOSY, setting up, 171
accessing, 315
acquiring, 83
Dbppste, 173, 179
DgcsteSL, 174, 180, 182
loading, 41
oneshot DOSY, 175
run unlocked, 52
Experiments Menu, 306
expfit, 275
expfit command, 271
expl, 275
expl command, 159
expl.out file, 271
explib and viewports, 324
explib command, 153
explicit acquisition compatibility, 100
exponential curves anaysis, 159
exponential signal change, 160
exponential weighting, 105, 107, 201
extract 2D planes from 3D data set, 225, 227

=

F1 Axial Displacement, 241
F1 phase detection, 241
F1, F2, and F3 dimensions, 224
flcoef parameter, 226
f, axis, 198
f2coef parameter, 226
FAD technique, 241
FAX fileformat, 148
fbc, 172
fbc macro, 187, 189
FDM (Filter Diagonalization Method), 161—163
FID
display, 114
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phase rotation, 113
shimming on the, 366
vertical scale adjustment, 116
viewing a particular FID, 113
fid display toolbar, 314
FID output from rea-time DSP, 101
Fid, moving, 303
fiddc3d parameter, 224
fiddle, 172
fiddle command, 259, 260
Fiddle program, 258
fiddle program, 188
fiddle2D command, 261
fiddle2d command, 261
fiddle2Dd command, 261
fiddle2dd command, 261
fiddled command, 261
fiddleu command, 261
FIDs
acquisition timetoo short, 111
convert multiple FID into single FID, 112
distortion from hardware, 111
extend direction, 111
intensity, 107
left shifting, 110
phase rotation, 109
stopping spike at start of FID, 85, 89
varying one or more parameters, 154
weighting function, 105
Fields, 327
fields, 327
File Browser
buttons, 347
open afile, 348
save afile, 348
file browser
open navigation window, 301, 348
system tool bar icon, 313
File button, 221
file formats
Plot Designer, 148
portable gray map, 149
PostScript, 149
file menu, 301
filter cutoff, 96
Filter Diagonalization Method (FDM), 160—163
filter part numbers, 230
filtering algorithm, 96
filtersfor indirect detection, 230
filtfile parameter, 98, 103
filtlib directory, 98, 103
final simulated spectrum frequency limits, 251
finding z0, 50
fine power control, 90
finite impul se response (FIR) file, 98, 103
first evolution time, 224
first point distortion, 203
first-order baseline correction, 129, 132
FITSfileformat, 148
fitspec command, 257
fitspec.indatafile, 257, 258
fitspec.inpar file, 257, 258
fitspec.outpar file, 257, 258
fixed Gaussian fraction, 257
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fla parameter, 287
flow control meter, 350
Fluorine, 306
fn parameter, 107, 132
fnl, 213
fonts, setting, 304
forwards linear prediction, 208
Fourier transformation, 105
complex, 110
data processing, 110
number of points, 107
output data, 107
programs, 205
real, 110
fp command, 159
Frametab, 124
frequencies, correcting, 188
frequency referencing, 122
frequency shift of spectral data, 110
frequency-dependent phase shift, 101
frequency-dependent phase shifts, 226
frequency-offset filtering, 104

frequency-shifted quadrature detection, 103, 104

ft command, 156

ftid, 212

ft1d command, 205

ftlda, 212

ftlda macro, 206

ftod, 212

ft2d command, 205, 206, 207
ftoda, 212

ft2da macro, 206

ft3d command, 224, 226, 227
Full button, 263

full command, 215

full display, reset to, 320

full fid display, 118, 321

full optimization of lock, 53
Full size, 332

full spectral display, 118, 320
full width at half-height (FWHH), 220
fuzzy logic, 109

G

gacommand, 95

gain from real-time DSP, 100

gain parameter, 156

GARP decoupling, 91

Gaussian apodization, 106

Gaussian functions, 201

Gaussian line shapes, 106

Gaussian lines, 253

Gaussian lineshapes, 257

gaussian macro, 106

Gaussian time constant, 105, 107, 202
Gaussian time constant shift, 107, 202
Gcosy, 306

Gdqcosy, 306

gedit, 303

getht, 212

getplane command, 225, 227

of button, 107, 202

of parameter, 106
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ofs button, 107, 202
Ghmbc, 306
Ghmqe, 306
Ghmgqctoxy, 306
Ghsqe, 306
Ghsqead, 306
Ghsgctoxy, 306
GIFfileformat, 148
GIF87 file format, 1438
glasswool plug, 351
global exec parameters, 312
gmapshim macro, 73
gmapsys macro, 73, 79
Gradient Autoshim on Z button, 73
gradient Autoshim on Z button, 69
gradient autoshimming, 63
gradient compensated stimulated echo w/ spin lock
experiment, DOSY, 174, 180, 182
gradient shimming, 79
pulse sequence, 79
set up, 312
gradient shimming, 3D, 312
gradient shimming, starting, 312
gradient stimulated echo element, 168
gradient to be shimmed, 365
graphics canvas, 319
controlling display in, 114, 117, 319
graphics control bar, 117, 319
grid lines, 215
grid macro, 215
grid, magnetizing and demagnetizing, 147
grid, showing and hiding, 147
gshimlib directory, 72
gzwin parameter, 76

H

hl parameter set, 363
Hadamard
data processing, 209
editing frequencies, 210
matrix, 209
setting up a heteronuclear 2D sequence, 210
setting up a Homonuclear 2D sequence, 210
Hadamard bit reversal flag, 213
Hadamard encoding, 209
Hadamard Experiments, 306
Hadamard frequency listin ni, 213
Hadamard offset in ni, 213
Hadamard pulse excitation bandwidth in ni, 213
Hadamard spectroscopy, 209
Hadamard transform, 209
Hadamard, setup, 306
hardware bar, 316
hardware caused distortions, 111
Hd All button, 223
Hd Box button, 223
Hd Lbl button, 223
Hd Pk button, 223
HdNum button, 223
hdwshim parameter, 362
hdwshiminit parameter, 363
hdwshimlist parameter, 363
header parameter, 286
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heat-exchanger coil in awater bath, 351
heating cycling, 351
Help menu, 313
heteronuclear 2D sequence, set up using Hadamard
technique, 210
heteronuclear 2D-J experiment, 198, 205, 206
heteronuclear chemical shift correlation, 197
heteronuclear decoupling, 91, 92
Heteronuclear Multiple-Bond Coherence, 233
Heteronuclear Multiple-Quantum Coherence, 229,
240
heteronuclear spin-echo difference experiment, 230
hiding
tool bar, 314
high-power decoupling and VT operation, 351
high-sensitivity protons, 229
high-temperature VT calibration, 352
Hmbc, 306
HMBC pulse sequence, 233, 242
HMQC
experiments, 229
parameters, 241
phasing, 214
pulse sequence, 230
Hmqc, 306
hmqc macro, 241
Hmqctoxy, 306
holding pen, 333
homo parameter, 91
homogeneity adjustments, 53—60
homogeneity commands and parameters, 368
Homonuclear 2D, 306
homonuclear 2D sequence, set up using Hadamard
technique, 210
homonuclear 2D-J experiment, 197
homonuclear correlation phasing, 214
homonuclear decoupling, 91, 92
homonuclear decoupling control, 90
homospoil gradient type, 64
homospoil process, 87
homospoil status, 89
hoult macro, 101
Hsqc, 306
hsgc macro, 243
Hsocad, 306
HsOCcHT, 212, 306
Hsqctoxy, 306
htbitrev, 213
htow1, 213
htcall, 213
htfrgl, 213
htofsl, 213
htpwrl, 213
htssl, 213
hypercomplex method, 198, 199, 206
hyper-hypercomplex mode, 225

ice bath to cool VT gas, 351

il parameter, 156

ilfid command, 112

imaginary channel, 107
implicitly arrayed parameter, 199
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importing files to the locator, 313 J

Improving Results, suggestions, 78 .

in \F/)ivo spgectra phasi ng? 108 :]Chempa| nt, 313
indefinite acquisition, 87 | expi, 326

index of experimental frequency of atransition, 251 Jmole, 313

index2 parameter, 225 JPEG fileformat, 148
indirect detection experiments, 229

indirect detection probe, 229 K
Info button, 223
Initialize Parameter button, 251 K symbol, 107
initialize_iterate macro, 251 ketone solvents in coolant bucket, 47
inline DSP, 96, 97, 103 killft3d macro, 224
ins parameter, 133 kind macro, 160
insert peak at cursor position, 222 kinds macro, 160
inserting a sample, 30 kinetics data analysis, 268
inset frame kinetics studies, 160
creating, 332 kini macro, 160
moving, 333 kinis macro, 160
resizing, 333
zoom ininside an inset frame, 332
inset spectrum, 332 L
!nssref parameter, 133 L shimming criterion, 364
instrumental errors, 258 Label button, 222

Integral Area, 130, 131 LAME program, 245

integral blanking mode, 133 landscape view, plot configuration, 148
Integral display, 118, 320 LAOCOON program, 245

integral offset, 130 Ib button, 107, 201

integral reset points, 132 Ib parameter, 106

integral resets, 204 least squares curve-fitting method, 268

integral rests, 303 left command, 215
integral scale, 130 :

. . |eft phase, 108

integral value scaling, 133 left shift interferogram, 207
intensity of calculated transitions, 251 left-shifting aFID, 110
intensity threshold for simulated spectrum, 251 length of 90-degre’e pulse, 87
interactive .

Ifs (low-frequency suppression), 207
liamp parameter, 132

lifrq parameter, 132

line broadening, 105

line broadening weighting, 107, 201
line number table, 251

line positions, 252

line shapes, correcting, 188

linear amplifier power control, 89
linear baseline correction, 132

linear prediction

2D peak picking, 220

define shim methods, 367

FID manipulation, 113

parameter arraying, 155

phasing mode, 120

spectra add/subtract, 263

spectradisplay, 113

spectrum display, 109

weighting parameters, 201

zero and first order baseline correction mode,

129 -
. . algorithm, 111
interactive add/subtract, 263 da%a processing method, 110
interface, description, 300 linear shim Z1. 356 !

!ntﬁerogram Iefht-shift, 2_07 linewidth for deconvolution calculations, 256
Interferogram phase rotation, 207 linewidth of simulated spectrum, 250

interferograms, 197 liqui
. - iquid column length, 27
interleaved acquisitions, 156 liquid nitrogen, 351, 353

interleaving FIDs, 112 list button, 252
intermodulation distortions, 87 list of Iine’frequencieﬁ 252
intmod parameter, 132, 157 l12d command, 218, 220
inversion-recovery T, experiment, 158 l12d directory, 220
inverted lines spectra, 103 112d file 223’

io parameter, 130 I12dmode parameter, 222

ionic samples, 29 [1frq parameter, 252
is parameter, 130, 133 |Oagiﬂg ’

isadj macro, 133
iterate parameter, 251 local maxima, 60
iterative mode of spin smulation, 251 local oscillator. 90
iterative spin smulation, 245 Locator, 315 ’

an experiment, 41
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Locator options, 312
Locator statements, 346
lock, 48—53
effect of solvent, 49
gain, 52
parameters, 49
phase, 52
power, 52
power and gain optimization, 53
shimming on the, 366
LOCK display, 50
lockgain, 52
lockgain parameter, 49
lockphase, 52
lockpower, 52
lockpower parameter, 49
loose shimming criterion, 364
Lorentzian lines, 253
Lorentzian lineshapes, 106, 257
low-order shims, 58
low-temperature VT calibration, 352
Ip parameter, 101, 108, 109, 121
Ipl parameter, 213, 214
|p2 parameter, 224
Isfid parameter, 110, 265
Isfid2 parameter, 224
Isfrq parameter, 112, 225
Isfrql parameter, 225
Isfrg2 parameter, 225
Ivl parameter, 129, 132
LvI/TIt button, integrals, 129

M

M shimming criterion, 364
macromol ecules, 233
magnetic equivalence factoring, 245
magnetization recovery to equilibrium, 87
magnitude-mode 2D experiment, 206
magnitude-mode transform, 206
make3dcoef macro, 226
makedosyparams, 172
makedlice, 172
making
anew protocol, 310
aworkspace, 301
manual locking, 50
manual sample gection and insertion, 29
Manual Tuning
software interface, 32
mapping the shims, 66
Marion and Wuthrich, 198
Mark button, 222
mark button, 252
mark command, 258
markld.out file, 252, 255, 258
MAS Speed Controller, 44
MAS Spinner panel, 44
match experimental and calculated lines, 250
maximum intensity, 215
maxincr parameter, 285
measured line frequencies, 251
medium shimming criterion, 364
memory overflow from rea-time DSP, 100
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menu bar, 301

methanol for VT calibration, 352

method parameter, 363

MIFF file format, 148

min button, 263

mixing patterns creation, 277

MLEV-16 decoupling, 91

modulated decoupling, 239

Molecular Structures, 313

motion artifacts, 66

mouse button labels, 114

movedssw macro, 102

moveossw macro, 99

multidimensional data sets, acquiring
using Hadamard technique, 209

multi-element add/subtract experiment, 266

multi-FID add/subtract experiment, 266

multiple arrays of parameters, 154

multiply first point, 203

N

name parameter, 285
naming a sample, 24
Nearest line

Hadamard, 211
nearest line, 121
negative intensities, setting, 216
new protocol

creating a, 310
new work space, creating, 313
New Workspace, 326
New/Edit Macro, 303
newshm macro, 367
nextpl macro, 225
ni, 213
ni dimension, 200
ni parameter, 197, 198, 224, 225
ni2 parameter, 207, 224, 225
ni3 parameter, 227
Nicotinic Acid Amide and Amikacin in D20

spectrum, 184

nimax, 213
niter parameter, 251
nitrogen gas caution, 350
nitrogen gasfor VT use, 350
nli command, 133
nll, 212
nll command, 252
NMR data saving, 26
NOESY

phasing, 214
Noesy, 306
Noesyld, 306
noise reduction, 96
noise suppression, 220
non-linear baseline correction, 132
non-spin shims, 57, 361
Normalize Areato, 130, 131
normalized display mode, 116
Normalized Integral Values, 130, 131
np parameter, 107
npoint parameter, 159
nt parameter, 156
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N-type experiment, 206

N-type peak selection, 205

N-type peaks, 206

number of increments, 197
number of iterations, 251

number of transients, 87
numerical integral amplitudes, 133

O

object preferences, setting, 146
odd-order shims, 359
offset, 112
ofs parameters, 287
One cursor, fid, 118, 321
One cursor, spectrum, 118, 320
Oneshot, 170

parameters, 175
oneshot DOSY experiment, 175
Open, 301
open afile, 348
optimizing Autolock, 53
optimum lock parameters, 49
opx macro, 280, 288
order of 2D experiments, 200
organic solvents, 29
origin for phasing, 227
orthogonal data points, 110
oscoef parameter, 938
osfb parameter, 98
osfilt parameter, 100
oslsfrq parameter, 98, 103

output transistor failure on VT controller, 353

Overlay viewports, 126
oversamp parameter, 98, 100
oversampling amount, 100
oversampling data, 96
oversampling factor, 98, 99
over-temperature circuit, 353

oxidation of heater and thermocouple, 351

P

pa command, 109

pad parameter, 160

paired data, 268

Pan and stretch fid, 118, 321

Pan or move spectral region, 118, 320

Pandora’ s Box, See Pbox

par3d macro, 207

par4d macro, 227

parameter panel editing, 304

parameters
array format, 154
array order and precedence, 155
baseline correction, 129
FDM, 162
frequency-related, 83
hardware autoshim, 362
interactive arraying, 155
iterated, 251
jointly arrayed, 155
multiple arrays, 154
phasing, 108
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shim gradients, 54
parameters, moving acquisition, 303
pards macro, 102
path3d parameter, 224
Pbox, 277

macros reference, 288

menus, 277

parameter list, 282, 285

pulse calibration numbers, 279

wave definition strings, 282
Pbox command (UNIX), 281, 289
Pbox window, 303
Pbox.inp file, 280, 281
pbox_bw macro, 289
pbox_bws macro, 289
pbox_dmf macro, 280, 289
pbox_dres macro, 289
pbox_drex macro, 280
pbox_files macro, 289
pbox_name, 289
pbox_pw macro, 280, 288
pbox_pwr macro, 280, 288
pbox_pwrf macro, 288
pbox_rst macro, 281, 289
pboxget macro, 288
pboxpar macro, 281, 288
PCD file format, 148, 149
pcss, 276
pcss.outpar storage file, 276
PCX fileformat, 148
peak asymmetry, 357
peak broad base, 361
peak broadening, 359
Peak button, 221
peak comment, 223
peak file information, 223
peak files, 220
peak height, 159
peak intensities, 159
peak label, 222
peak volume, 222
peak2d command, 215
peaks.bin file, 220, 223
peaks f#f# #.binfile, 220
perform spin simulation, 250
Performa | PFG module

shimming, 60
Performa |l PFG module

shimming, 60
Performa XY Z PFG module

shimming, 61
pexpl, 275
pexpl command, 159, 271
PGE pulse sequence, 166
pge_results macro, 167
PGM

file format, 149
ph command, 109
ph parameter, 287
Phase button, 109, 120, 214
phase command, 108
phase correction, 213
phase cycling, 207
Phasefid, 118, 321
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phase parameter, 199, 225, 226, 241
phase parameters, 109
phase rotate interferogram, 207
phase rotation, 107, 109, 113
phase shift the receiver, 207
Phase spectrum, 118, 320
phase2 parameter, 224, 225, 226
phase3 parameter, 227
phase-angle mode, 109
phased data, 198
phases, correcting, 188
phase-sensitive mode, 109
phase-twist, 206
phasing
interactive, 120
mode, 120
spectra, 107
phasing corrections, 214
phfid parameter, 109, 120, 265
phfid2 parameter, 224
phi parameter, 296
Phosphorus, 306
pi3sshbsq macro, 106
pi4dsshbsq macro, 106
PICT file format, 149
pir command, 133
pirn command, 133
pl command, 157
plane parameter, 227
plfit macro, 257
plgrid macro, 215
pll2d command, 220
plot
deconvolution anaysis, 257
exponential curves, 159
grid lines, 215
integrals, 128, 323
limits, 215
polynomial curves, 159
regression analysis, 270
results of 2D peak picking, 220
series of 3D planes, 225
spectra, 157
spectra with whitewashing, 215
Plot Designer
fileformats, 148
Plot Designer program, 149
Plot Designer tools, 146
plotters, setting, 302
plotting
general rule, 139
plplanes macro, 225
pmode parameter, 214, 226, 227
PNG file format, 149
point-by-point intensity of the spectrum, 258
points to Fourier transform, 107
poly0, 275
poly0 macro, 271
polynomial curves analysis, 159
polynomial fitting, 204
portrait view, plot configuration, 148
postacquisition DSP, 97, 102
Power level for RF calibration of Hadamard
waveformsinni, 213
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power mode, 109
power switch (VT unit), 350
pph macro, 289
pprofile macro, 289
preacquisition delay, 84, 88, 160, 350
preamplifier saturation, 111
predicting variables, 268
preparing samples, 27
Presat, 306
presaturation mechanism, 233
prevpl macro, 225
Print Screen ..., 302
Printers, 302
printers, setting, 302
printing

color printing, 149
probe

ringing, 111

tune interface panel, 35

tuning, 38
probe calibration, 61, 312
probe tuning

using ProTune, 30

using Qtune, 35

using the Tune Interface remote, 37
proc parameter, 110
procl, 213
procl parameter, 200
proc2 parameter, 208
process and display the 1D data, 308
process menu options, 308
processing

2D DOSY experiments, 187
processing Hadamard data, 209
profile-type experiments, 65
programmable decoupling, 91
Projection Menu, 219
protectiverelay on VT controller, 353
protocols

creating new, 310
protocols, creating, 310
Proton, 306
proton 2D-J spectra, projecting, 216
proton gradient autoshimming, 64
ProTune, configuration, 31
PSfile format, 149
Ps2 file format, 149
pseudo-echo weighting, 201
pseudo-quadrature data, 110
pshape macro, 289
ptspec3d parameter, 224
P-type experiment, 206
ptype parameter, 287
P-type peak selection, 205
pulse breakthrough effects, 85, 89
pulse creation routine, 296
pulse sequences

DOSsY, 170

S2PUL, 88

solvent suppression, 111
pulse template file, 291
Pulse Tool window, 303
pulse width calibration, 158
pulsed field gradient shape creation, 277
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pulsed gradient experiments, 165
pulsetool command, 291, 292
Pulsetool program, 291

pure absorption 2D data, 206
pure absorption spectra, 206
putwave macro, 288

pw parameter, 287

pw90 parameter, 87

pwr command, 109

pxbss, 213

Pxfid command (UNIX), 290
pxrep, 213

pxshape macro, 280, 288
Pxsim command (UNIX), 290
Pxspy command (UNIX), 290

Q

Qtune, 35

quadrature detection
frequency shifted, 103

quarter-wavelength cable, 35

quitting Plot Designer, 149

R

r macro, 213

radial shims, 59

rate of VT gas flow, 350

Read button, 223

Read Text button, 223

reading
binary peak file, 223
text peak file, 223

readultra macro, 372

rea channel, 107

rea-time 2D, 197

rea-time DSP, 97, 99

receiver gating, 90

receiver overload, 87

redosy, 172

Redraw display, 117, 320

ref_pw90 parameter, 287

ref_pwr and ref_pw90 calibration data, 279

ref_pwr parameter, 287

reference deconvolution, 188, 258
fiddle program, 258

reference frequency, 122

reference line, 122

reference literature, DOSY -related, 192

reference position, 122

referencing, clearing in 2D spectra, 216

refofs parameter, 286

refrigerating device, 351

region command, 133

region-selective 3D processing, 224

regionx_resultsfile, 167

regression, 268, 310

regression analysis, 268
analyze.out file, 271
commands, 275
curve types supported, 272
regression.inp file, 274
window, 268
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regression.inp file, 268, 269, 270, 271, 273, 274
Relaxation Measurements, 306
rel axation times measurement, 159
Remove
Hadamard, 211
removing systematic errors, 188
reps parameter, 286
Reset button, 222
reset integral to zero, 132
reset parameters, 227
resetf3 macro, 227
resolution enhancement, 107, 201
resolution enhancement function, 105, 106
restore spin system to before | ast iterative run, 252
Return to previoustool menu, 117, 320
review papers, DOSY, 194
RF calibration flag for Hadamard waveformsin ni,
213
rfl2 parameter, 224
rfp2 parameter, 224
right command, 215
right phase, 108
rinput, 275
Roesy, 306
ROESY phasing, 214
Roesy1d, 306
rof2 parameter, 85, 88, 89, 102
room temperature stability, 351
room-temperature shim coil currents, 53
room-temperature shims adjustment, 63
rotate command, 216
rotate homonuclear 2D-J data, 216
routine shims, 58
rp parameter, 108, 109, 120
rpl parameter, 213, 214
rp2 parameter, 224
running
an experiment, 312
running 1D, 2D experiments, 23

S

S2PUL pulse sequence, 88, 238
safety circuitson VT controller, 353
safety sensor for VT controller, 353
sample
gjection, 29
height, 28, 55, 363
insertion, 29, 30
naming a, 24
position, 28
preparation, 27
spinning, 42, 351
temperature, 47
tubes, 29
sample depth, 28
sample spin rate, 42
satellite signals, 260
saturation of the lock signal, 57
save afile
save as, 348
Saveas..., 301
Save As..., 313
save button, 263
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Save data setup ..., 302
Save Data Setup window, 26
Save HT Freguencies
Hadamard, 212
saved data
file names, 26
location, 26
sb button, 107, 201
sbs button, 107, 202
sc parameter, 157
sc2 parameter, 157
scale image to full window, 117
scaleintegral value, 133
scalelimits, 275
scalelimits macro, 159, 271
screen position, 116
sdp, 172, 188
sealed samples at elevated temperatures, 47
sealed samples caution, 353
second cursor, 116
second cursor pair, 219
second evolution time, 224
seeing
tool bar, 314
Seeing Remaining Experiment Time, 317
Select
Hadamard, 211
Select button, 263
Select zoom region, 117, 320
selecting
items in the holding pen, 333
selective excitation, 277
using Hadamard technique, 209
Selective Excitation 1D Experiments, 306
selective Fourier transformation, 206
selex macro, 280, 283
SelexHT, 212
sequence specific parameters, saving, 312
sequential sampled data, 110
Set Mark, 255
set3dproc command, 226
setgauss macro, 257
setgeal, 172
sethtfrql, 212
setint macro, 133
setlp0, 202
setsintegral value, 133
setswl macro, 216
setting
arrayed parameters, 92
colors and fonts, 304
printers, plotters, 302
temperature for VT control, 46
setting colorsin VnmrJ, 339
setting up
2D-DOSY experiments, 171
setup_dosyVJ, 172
setvalue command, 266
setwave macro, 280, 288
sfrg parameter, 286
SGlI fileformat, 149
Sh All button, 223
Sh Box button, 223
Sh Lbl button, 223
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sh parameter, 287
Sh Pk button, 223
shape macro, 289
shaped pulses, 291
shaped rf pulses creation, 277
shapelib directory, 281
shift frequency of spectrum, 225
shim buttons, 49
shim coil diagram, 366
shim coil settings, 368
shim coils, 53
shim command, 363
shim field maps, 80
shim gradient combinations, 364
shim method, 365
shim sets, accessing, 315
shim values, 54
shimmaps
displaying, 71
distributing to users, 72
loading, 72
shimmethods directory, 363, 365
shimming
acquisition time, 364
background Autoshim, 55, 363
methods, 365
on the lock, 56
routine basis, 55
user-defined shim methods, 366
shims
asymmetry, 357
broadening of the peak, 359
complex lineshapes, 360

effects on symmetry of the resonance, 355

even-order, 357

first-order spinning sidebands, 361
illustration of shim interactions, 355
linear, 356

non-spin, 361

odd-order, 359

removing spinning sidebands, 58
second-order spinning sidebands, 361
setting high-order axia shims, 59
setting high-order radial shims, 59
setting low-order or routine, 58
shapes of the axial gradients, 355

theoretically predicted changes in lineshape,

356

typical interactions for axial shims, 362

what are they, 355

when more than one are misadjusted, 360

shimset parameter, 52, 54, 366
ShNum button, 223
Show frame border, 328
Show Integral Values, 130, 131
Show the contour controls, 314
showdosyfit, 172
showdosyresidua, 172
showfit macro, 257
showing

menu bar, 314
Showing real and imaginary, 118, 321
showoriginad, 172
simple Autolock, 53
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simple locking, 50
simulated spectrum frequency limits, 251
simultaneously sampled data, 110
sine transform, 107
sinebell

weighting, 201
sinebell constant, 105, 107, 201
sinebell shift constant, 105, 107, 202
sinebell-squared weighting, 201
Single Peak, 130, 131
dfreq parameter, 251, 252
dw, 251
dw parameter, 250, 256, 257
smaxf parameter, 251
sminf parameter, 251
snap spacing, controlling, 147
software simple Autolock, 53
solvent parameter, 123
solvent peak suppression, 111
solvent presaturation experiments, 89
solvent selection, 27
solvent subtraction 2D transform, 207
solvent subtraction filtering, 111
solvent suppression pulse sequences, 111
solvent volumes, 28
Sp parameter, 215
sp wp button, 263
spl parameter, 215
Sp2 parameter, 224
spadd command, 266
spcfrg command, 122
specdc3d parameter, 227
spectra phasing, 107
spectral

display, 109, 114, 156

drift correction, 227

intensity, 107

plot, 157

referencing, 122

width, 84

window size, 86
spectral width, setting the, 216
spectral width, setting using cursors, 309
spectrometer frequency reference, 122
spectroscopy, 2-D DOSY, 170
spectrum

deconvolution, 257

move cursor to center, 216
spectrum display toolbar, show, 314
spectrum, creating inset, 332
spin rate, 42
spin simulation, 245, 246, 248, 309
spin simulation algorithms, 245
spin simulation line width, 251
spin speed interlock, 48
spin-echo difference experiment, 230
spini.indatafile, 252
spini.inpar file, 252
spini.lafile, 251, 252
spini.outpar file, 253
spini.savelafile, 253
spinll macro, 252
spinner air supply, 351
spinner command, 43
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spinner control, 366
Spinner Control window, 43
spinning sidebands, 361
spinning sidebands, removing, 58
spins command, 250, 251, 252
spins.inpar file, 252
spins.list file, 252, 253
spins.outdata file, 253
spins.stat file, 253
spline fitting, 204
spsub command, 266
sqcosin macro, 106
sqsinebell macro, 106
squared sinebell function, 105
sfilter, 111
ssfilter parameter, 207
sdsfrg, 112
sdsfrq parameter, 112
ssntaps, 111
ssorder parameter, 112, 207
st parameter, 287
Stack Spectrum, 126
standard calibration experiments, menu, 312
standard coil groupings, 366
standard two-pulse sequence, 88, 89
Stars..., 310
starting criterion for shimming, 364
starting Plot Designer, 141
starting point for a deconvolution, 255
States, Haberkorn, and Ruben, 198, 206
status concept, 89
stdpar directory, 363
stdshm macro, 367
steady-state transients, 88
steps parameter, 285
Stepsize for Hadamard waveformsin ni, 213
stepsize parameter, 286
sth parameter, 251, 252
Stop acquisition, 314
store line assignments, 251
storing
Locator items, 333
Styles and Themes, 339
Styles and Themes for viewports, 324
Styles and Themes window, 313
su command, 38, 351
sub button, 263
sub command, 265
subexperiments, 154

subtract FID from add/subtract experiment, 265

sucyc parameter, 286

SUN fileformat, 149
superhypercomplex data acquisition, 224
Svs parameter, 251

Sw parameter, 93, 102, 287

swl parameter, 197, 224

Sw2 parameter, 207, 224, 225
sw3 parameter, 227

switchable probe caution, 90
switchable probes, 229

symbol, 155

Sync Axis, 327

Sync cursor, 327

synchronous decoupler mode, 90
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system
messages, 316
system requirement for Plot Designer, 141
System Settings, 305
systematic errors, removing, 188

T

T shimming criterion, 364
T, and T, NMR data analysis, 268
t1 command, 159
ty domain, 200
T, experiment, 158
T, exponentid time, 158
T1 Measure, 306
T, of deuterated lock solvent, 49
T1 parameter, 286
tls command, 159
t2 command, 159
T, experiment, 159
T2 Measure, 306
T2 parameter, 286
t, time, 198
t2s command, 159
temp parameter, 154
tempcal command, 352
temperature calibration curve, 351
temperature control, 46
temperature interlock parameter, 352
temperature limit sensor, 352
temperature readout, 46
temperature regulation, 352
temperature, setting for VT control, 46
text frames
creating, 329
deleting, 330
editing text, 330
hiding and showing, 330
positioning and sizing, 330
text panel tools, 329
text panel, 329
text peak file, 223
text template, creating, deleting, and using, 331
text, moving, 303
TGA fileformat, 149
th parameter, 251
th2d parameter, 222
theoretical spectrum for spin 1/2 nuclei, 245
thermocouple, 349, 353
theta parameter, 296
third indirectly detected dimension, 227
TIFF file format, 149
tight shimming criterion, 364
time periods in the 2D experiment, 198
Time Proportional Phase Incrementation, 198
time-domain data, 111
time-domain frequency shifting, 225
tip-angle resolution, 91
tlit parameter, 129, 132
tmove macro, 110
TMS satellite signals, 260
Tocsy, 306
TOCSY phasing, 214
Tocsyld, 306
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TocsyHT, 212, 306
Toggle scale on and off, 118, 321
Toggle threshold on or off, 118, 320
tool bar
VnmrJ Walkup Operator interface, 313
tool bar editing toal., 304
TPPI experiment, 198
TPPI method, 198, 200
TPPI phase cycling, 226
tpwrf parameter, 90
tpwrm parameter, 90
Trace button, 219
trace parameter, 214, 226
transform non-arrayed 2D data, 207

transition amplitude of calculated transitions, 251

transmitter
attenuation, 90
fine power control, 90
offset, 85
power, 89
transmitter location, setting using cursor, 309
trash can, 316
trashing items, 333
trev parameter, 288
truncation wiggles, 201
TUNE INTERFACE unit, 37
Tune Probe options, 32
tuneoff macro, 39
tuning using Qtune, 35
Two cursors, fid, 118, 321
Two cursors, spectrum, 118, 320
type parameter, 285

U

Ultrasnmr Shims, 356, 369—373
floppy disk use, 372
interface box, 370
power down, 373
power on, 373
shimming, 371

undospins macro, 252, 253

undosy, 172

unlocked experiments, 52

Unmark button, 222

update wrefshape, 172

upfield peak shift, 207

upfield tail on the peak, 357

Use Mark button, 258

User toolbar, 314

user-sel ected shim methods, 366

user-written weighting functions, 106

\%

variable temperature, See VT
vertica panel
1D, 336
2D, 337
ArrayedSpectra, 333
Frame, 332
Frame, inset spectrum, 332
frame, text inset, 329
holding, 333
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vertical scae, 116
vertical scale adjustment, 220
vertical temperature gradient, 351
vf parameter, 107, 116
viewport
controls, 325
Viewport tab, 123, 325
viewport, number of , 324
Viewports
adding alabel to, 326
making active, 326
showing and hiding, 325
viewports
explib, 324
Viewports settings window, 324
VIFF file format, 149
Volume button, 222
vortex plug, 351
vs parameter, 107, 116
VT accessory, 349
VT Controller label, 349
VT controller safety circuits, 353
VT cutoff, 349
VT FAILURE message, 352
VT gasflow rate, 350
VT indicator light, 46, 47
VT nitrogen gas flow, 47
VT regulation light, 352
vttype parameter, 96
vtwait parameter, 351

W

WALTZ decoupling, 239
WALTZ-16 decoupling, 92
WALTZ-4 modulation, 239
water in VT exchanger, 47
water suppression, 56
wave definition string, 281
wave string variables, 287
waveform generation, 277

waveform generator programmable decoupling, 91

wavelib directory, 281

whbs command, 95

wc parameter, 157

wc2 parameter, 157

weighting function, 105—107
user-written, 106

werr parameter, 95

WetlD, 306

wexp parameter, 95

wft command, 156

wftld, 212

wftld command, 205, 227

wftlda, 212

wftlda macro, 206

wftldac, 212

wft2d, 213

wft2d command, 205, 225, 226

wft2da, 213

wft2da macro, 206

wft2dac macro, 205

wftt3 macro, 224

whitewashing, 215
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Wilmad tubes, 28

wnt parameter, 95
workspace, creating a, 301
wp parameter, 215, 265
wpl parameter, 215

wp2 parameter, 224

wrap parameter, 286, 238
Write Text button, 223
wshim parameter, 73
witfile parameter, 106

wti command, 227
wysisyg, 305

wysiwyg parameter, 116, 117

X

X andY radia shim gradients, 54
x1 parameter, 54

X1 shim gradient, 54
X2-Y 2 non-spin shim, 361
X-approximation, 245
X-axis label, 275

XBM fileformat, 149
X-nucleus decoupling, 239
XPM fileformat, 149
XWD file format, 149

XY non-spin shim, 361

XY 32 decoupling, 91

Y

Y non-spin shim, 361
Y-axislabel, 275

4

Z axial shim gradient, 54
z command, 132

Z0 field offset cail, 54

Z0 field position, 52

Z1 linear shim, 356

Z2 even-order shim, 357
Z3 and Z4 adjustment, 57
Z3 odd-order shim, 359
Z4 even-order shim, 357
Z5 odd-order shim, 359

zero and first order baseline correction mode, 129

zero-filling, 107
zero-frequency suppression, 112
zeroneg command, 216

zero-order baseline correction, 129, 132

zero-order FID phasing constant, 109
zero-order phase rotation, 207

zf's (zero-frequency suppression), 207
Zoomin, 117, 320

Zoomout, 117, 320

ZX non-spin shim, 361

ZY non-spin shim, 361
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