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Running Liquids NMR Experiments

(] NMR Experiment Tasks 18
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Stopping an Experiment 24

This chapter describes the use of VnmrJ to run liquids NMR
experiments with the VnmrJ spectroscopy interface. The
tasks involved in running a liquids NMR experiment
generally follow the VnmrJ interface layout, moving from left
to right over the interface, from the vertical panels to the
Start, Acquire, and Process tabs. The VnmrJ interface is
described in the Agilent Vimrd Familiarization Guide.
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Running Liquids NVIR Experiments

NMR Experiment Tasks

18

The following table lists the required tasks and the related
section in this manual. The VnmrJ panels and pages listed are
typical, but may vary depending upon the choice of experiments.

Task For more information

Prepare for an experiment See “Prepare for an experiment” on page 18

Select an experiment See “Selecting an Experiment” on page 44

Set up an experiment See Chapter 3, “Experiment Setup”

Acquire NMR data See Chapter 6, “Data Acquisition”

Process the data See “Process the data” on page 20

Display the data See Chapter 8, “Displaying FIDs and Spectra”
Print the data See Chapter 9, “Printing, Plotting, and Data Output”
Save the data See “Saving NMR Data (Optional)” on page 23

Prepare for an experiment

Perform the following tasks before beginning an experiment:
e Start VnmrJ.

¢ Prepare the sample and position the sample tube in a
turbine.

* Load the probe file, if changing the probe.

¢ Install the probe, tune, and calibrate if necessary.

See Chapter 2, “Preparing for an Experiment”.

Select an experiment

Select an experiment from the Experiment Selector or
Experiment Selector Tree in the Protocols vertical panel,
from the Experiments menu, or drag-and-drop a protocol from
the Locator. See “Selecting an Experiment” on page 44.

Set up an experiment

The VnmrJ experimental setup and the functions available under
the Start tab are described in Chapter 3, “Experiment Setup”.

Set up the experiment using the pages in the Start tab.
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Insert " Eject Lock scan| | Setup hardware ||Aut|:| Inck"Autn tune" Gri

r(Start [ “Acquire | Process |

Sample Info
Lock
Shim
Spin/Temp

Operator. vnmrl

~Sample information

sample name  [Clindamycin Email

Sample directory Clindamycin Comments

Sohvent |D20 |v Clindamycin phosphate 10 mg in D20
DMs0| CDCI3['D20 Other| |400-WR with OnelF probe

Concentration 0 m

Motebook

Page

1 Select the Sample Info page.

Fill in the information for the sample, select a
Solvent, and enter the comments.

Enter a name in the Sample name field to name the
sample.

Define the sample, if desired, by filling in the
optional Email, Concentration, Notebook, Page, and
Comment fields.

Insert the sample.

Regulate spinning and temperature on the Spin/Temp

Find Z0 and adjust the lock using the Shim and Lock

d
2
page.
3
pages.
4
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1 Running Liquids NVIR Experiments

Acquire a spectrum

VnmrJ NMR data acquisition and the functions provided under
the Acquire tab are described in Chapter 6, “Data Acquisition”.

Set acquisition and acquire data using the pages in the Acquire
tab.

|Sh.u;v tlme| | Go ” St0p| |MoveSW "Est. pw90| |Arrays| | Sequence dia

fSlln. rA(quire r Process \

/|Defaurt H1 PROTON
:[Acquisition _ _
/[Pulse Sequence rData rExcitation
‘[channels Spectral wiclth 8012.8 |[Hz |w Relaxation delay  [1.000 |s -
‘|Fl1ags Acquisition time 2.045 |s - First pulse s |w| or - dey
{|Future Actions ||| Complex points 16384 Inter-pulse delay 5 -
|[Overview 5 Observe Pulse 3.60 s |¥| or IE deg
; rScans
Calibration: pw30 |7.20 s at Power [58 B
Requested 2 P I .
Completed 0 rReceiver
[[]5teady State Receiver Gain - vl Auto
Block Size 32 [Jinterleave | | Timing (us): rof2|24.91 alfa |10 0 ddm:|36

1 Set up experimental parameters and post acquisition actions.

2 Click the Acquire button to acquire NMR data.
Process the data
VnmrJ NMR data processing and the functions accessed by

clicking on the Process tab are described in Chapter 7,
“Processing Data”.

Start rA(quire rPrucess ‘ | Transform H Autoprocess || Display spectrum H Clear screen H Cancel ‘

Basic rFourier Transform rDisplay rReference rPeak Picking
aefa:l: | Transform all ‘ |___Autoscale | By Solvent Peak Thres
Dieslslag:ng Transform FID & Il Autophase By TMS Find Pea
Full § TT———

More lp Weighting Interactive H__otreen Reference cursor to ~Integration-
Integration Lull Spectrum [o.oo [pem [~ Autoscs
Cursors/Line Lists, |exponential [~] Display Text BT
Plot i i -Baseline Correct—  —todid
Text Output Transform Size  [64k [ | plod.nearestline Normalized !
Acquired Points 16,284 VertScale |Absolute | w F'DS IC'J"E[tI @l’

Axis FFM - ind Integrals
I e et Disp. Modle |Phased - BC Correct | Clear Inte
‘ | Save Current Process/Display parameters @n FID directoryy | ‘ Plot

Display the data

VnmrJ data display is described in Chapter 8, “Displaying FIDs
and Spectra”. Click the Process tab and select the Display page
and the graphic control buttons to manipulate the display of the
data.
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Running Liquids NVIR Experiments

Print or plot the data

VnmrJ data display is described in Chapter 9, “Printing, Plotting,
and Data Output”. Use the Plot page in the Process panel to
create a print or plot.

‘ Transform H Auto process ” Display spectrum ” Auto plot ” Clear screen H Cancel ‘

Basic

Default

‘Weighting

Display

More 1D
Integration
Cursors/Line Lists
Plot

Text Output

~Spectral graphics [ Lists Send to
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Logo “Integral values [ Print double-sided
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["]Integral values [] Axis ® ppm I Hz
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I Mormalized [IMalecule [ Comments [ Miniplats
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Saving NMR Data (Optional)

Running Liquids NMR Experiments 1

If the data is acquired and the Automatic FID save feature
in the Future Actions page under the Acquire tab is not
selected, use the Save As window, the Auto Save option, or the
Future Actions page to save the data.

Method

Description

Future Actions page

Main VnmrJ menu
options

Click the Acquire tab, Future Actions tab, and Save FID
Now button

Click File.

Select either Save as or Auto Save.

Selecting Auto Save saves the data as specified in
Edit/Preferences.

Use the Edit/Preferences window to customize where
and under what name data is saved (see the VamrJ
Administration User Guide).

VnmrJ default data saving templates include DATE
(producing filenames such as 20040921_01.fid), and
seqfil (for example, HMQC_01.fid).

Agilent VnmrJ 4 Spectroscopy User Guide
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Stopping an Experiment

There are four ways to stop an experiment:

Click the Stop button.
Click Acquisition in the main menu, then Abort Acquisition.

Click the Stop button in the Action bar (when either the
Start or the Acquire panel is selected).

Enter aa on the command line.
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Preparing for an Experiment

Starting Vnmrd 26

Preparing the Sample 27

Ejecting and Inserting the Sample 30
Loading a Probe File 32

Tuning Probes on Systems with ProTune 33
Tuning Probes on Standard Systems 37

This chapter describes how to prepare for an experiment by
preparing the sample, ejecting and inserting the sample,
loading a probe file, and tuning probes on systems with
ProTune or on standard systems.
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2  Preparing for an Experiment

Starting VnmrJ

1 Log in to the workstation.

2 Double-click the VnmrJ icon.
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Preparing for an Experiment 2

Preparing the Sample

Sample preparation and positioning in the turbine affects the
efficiency of the auto shimming methods. Variations in bulk
magnetic susceptibility at air-to-glass, glass-to-solvent, and
solvent-to-air contact points can greatly degrade the field
homogeneity from sample to sample. The time spent on
shimming, or even the need to shim, is largely dependent
upon the care in controlling the effects of these contact
points.

Selecting a solvent

Most samples are dissolved in a deuterated solvent that does
not react or degrade the sample. The instrument 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 length of the
liquid column must be at least three times the length of the
observe coil window to minimize end effects (for a 5-mm
tube in a 5-mm probe). A typical sample length is 5 cm (for
5 and 10-mm probes; it is a bit less for 3-mm sample tubes).
Solvent volumes of 0.6 ml in a 5-mm tube and 3.1 ml in a
10-mm tube are adequate for removing the end effects. See
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 is found around the base of the NMR
resonance, not within the narrow portion of the signal. In
fact, a well-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, which would be
insignificant in a 0.6 to 0.8 ml sample, can be dominant
when the sample is only 0.4 ml in volume.

For best results and reduced shimming times, samples
should be prepared to each have the same liquid height as
much as possible. Above 0.7 ml, there is little sensitivity to
sample length, as long as the bottom of the tube is
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positioned properly. Prepare every sample up to the same
height and obtain shim values using samples of that height.

Table 1 Sample tube depths

Volume Length mm Depth(Range)

700 pL 50 mm 68 mm (65-69 mm)
600 pL 42 mm 65 mm (63—67 mm)
500 pL 36 mm 62 mm (60—64 mm)
400 pL 28 mm 59 mm (58-62 mm)

Table 1 shows the depths at which to place samples, for
samples of the indicated size (for Wilmad 528 or 535 tubes
with no restricting plugs). The depth is the distance in mm
from the bottom of the turbine to the bottom of the sample
tube.

Sample position using the depth gauge

Set the sample position to a repeatable position. Use the
sample depth gauge provided, shown in Figure 1. (Use
location 0 on the sample tray if an SMS sample changer is
present.)

___—Receiver coil area

2|
N | Il |
II

B

\Denter line of receiver coil

Figure1  Sample depth gauge

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

2 Insert the NMR sample tube into the turbine. 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 Raise the 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.

b Tighten the knob.
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6 Remove the sample tube and turbine from the depth
gauge.

7 Gently pull up on the sample tube in the turbine, replace
the turbine/sample tube into 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 isopropyl
alcohol, followed by a careful wiping with a wiper tissue
before placing the tube in the probe. Fingerprints left on the
sample turbine (in particular) will get transferred into the
spinner housing and eventually create difficulties in spinning
samples.

Sample changes and probe tuning

Probe tuning is required when there is a significant change
in the polarity of the solvent. Changing from a non-polar
organic solvent to a more polar organic solvent or aqueous
solvent generally requires retuning the probe. Changes in the
ionic strength of the solution (for example, low salt to high
salt) also require retuning of the probe.
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Ejecting and Inserting the Sample

30

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

= Insert ‘ Eject Logk scan ‘ | Setup hardware ” Auto lock H Auto tune H Gradient shin
Start [ Acquire Proces:

sample Info| ol
utolg
;:_‘k []spin - N
im —
+1| fo
Spin/Temp | L]Lock S & -
ower :
Lock status  Off A 1 o X .|
z
Gain

Select lock signal... (1] 21 2 v Cun

Phase
o PO on
Run

Figure 2 Insert and Eject buttons on the Action Bar of the Start tab

Manual control of ejection and insertion is also provided on
each of these systems to enable you to withdraw samples if
necessary. But we strongly recommend that you use
computer control for maximum reproducibility and safety.

Ejecting a sample

Always eject first (even if no sample is in the magnet) to
start airflow to carry the sample. The ejected air is turned
on. 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 Action Bar of the
Start tab.

1 Click the Start tab.
2  On the Action Bar, click the Eject button.

Manual ejection

VNMRS or 400-MR:

1 Flip up the switch at the top of the upper barrel. Flip
the switch up to eject, and down to insert.

Inserting a sample

The sample tube gradually lowers down the upper barrel
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under computer control. With the current upper barrel,
which can hold 3-, 4-, 5-, and 10-mm tubes, the turbine
makes initial contact and alignment before the sample tube
encounters any close tolerance.

Using the start tab

1 Perform a sample ejection (even if no sample is in the
magnet) to start airflow to carry the sample. (See
“Ejecting a sample” on page 30.)

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

3 Click the Start tab.
4 On the Action Bar, click Insert.

Manual insertion
VNMRS or 400MR:

Flip down the switch at the top of the upper barrel. (Flip
the switch down to insert, and up to eject)
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Loading a Probe File

32

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 VnmrJd Administration manual. For more information
on Using Probe ID, see “Calibrating the Probe” on page 84.

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

1

o d

rCurrent probe

The probe selection window appears.

Click on the pull-down menu at the top of the Current
probe section in the popup window and select the desired

probe file.

Click Close to dismiss the window.

Probe

|Tmp

|v|

| Edit/Show Probefile |

| Tune Sweep | Tune Gain IO
Default Shims: Tmp_lk_d2o
rManage probe files
Edit/Show /Delete:
|Tmp (Home) |V|
| Edit | | show | |  Delete |

Create/Copy:

Frobe name: |

Frobe [D: Frobe without ID

ApplicationsDir: [Home account [~]
| Create | | Copy |
Figure 3  Loading a probe file
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Tuning Probes on Systems with ProTune

This section applies to Agilent NMR systems with ProTune
Accessory or OPTIMa enabled.

Configuring for operation with automated sample handlers

e Applies to systems equipped with ProTune.

¢ The system must be properly configured and
ProTune- calibrated. See the VinmrJd Administration Guide
for configuring the software and calibrating ProTune.

1 Log in as the account administrator and start VnmrJ.
2 Use the Tuning check box on the Start panel.

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

The tune parameters (wtune, tunemethod) are specified in
the probe file.

Running ProTune on systems without automated sample handlers

1 On the main menu bar, click Tools > Probe Tuning > Auto Tune
Probe.

The Tune Probe window appears.

e | Tune Probe »

Quality |Fine |v|

Mucleus |H1 ||F19]/P31|/c13|/N15| HT  [Gol

Close

2 To select a nucleus not in the above list, or to select a
different criterion:
Select a criteria from the drop-down menu next to
Quality:

Coarse — within 5 percent of optimum pw
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Medium - within 2 percent of optimum pw

Fine - within 0.5 percent of optimum pw

Select the next nucleus and repeat. Continue to the next
step when all desired tuning is completed.

4 Click Close to exit the Tune Probe module.

Remote tuning from the ProTune window

The ProTune interface window (shown in Figure 4 on
page 35) can also be used to tune the probe. Functions and
features of ProTune are listed in Table 2 on page 35.

1

Start ProTune by entering the following in the VnmrJ
command line:

protune ('calibrate')

The calibration files for the probe shown on the
hardware bar of the VnmrJ interface are loaded. See
Figure 4 on page 35.

Make sure that the motor and sweep communication read
OK before starting manual tuning after the ProTune
window appears.

Figure 4 on page 35 shows the ProTune window.
Enter the frequency (MHz) in the Tune Probe field.
Click Tune Probe.

The software reads the appropriate channel file and
starts tuning.
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ProTune -Ox

calPhase  0° 0/ 1] 2 3[[A  Phase Delay: 5.51 ns |

500-0OneNMR_optima/chan#0 465-515

=]

—_— 11
Tune Probe ||459.748 MHz
RF Chan || i
Threshold |[Fine |dr
Refresh |1 [times 3
Center  |[430 MHz
= 0.8
span [so MHz
Go to ‘ :VI Save 1% 0.7
® Corrected Data ) Raw Data =
@ Absval Plot ) Polar Plot 5 0.6
@ Use Ref Positions  ( Ignore Ref Positions =
| Calibrate RF Reflection... 15 o
i
cm: | | &
0.4
I Measure Motor Sensitivities
Tune (KHz / Step): -7.363 o
Tune (% Reflection / Step): -9.08E-4
Match (KHz / Step): -0.0915
Match (% Reflection / Step): -0.00634 0.2
Dip Freq: 499,668
Dip Refl: -0.0053 = -45.6 dB o
Match at 499.748 MHz: -21.4 dB
Info Quit Abort
| | | L ‘ . ‘ : Y-
I Ready 470 480 490 500 510
Frequency (MHz)
# 0: Tune #1: #2: #3 #4 # G6: Match
[ 1785 2866 3115 24841 3116 [ 1855
Go To: | GoTo: | | GoTo: |_ | GoTo: | ] GoTo: | | Go Ta: |
Backlash: _ 360 Backlash: _ 216 Backlash: _ 216 Backlash: _ 216 Backlash: _ 216 Backlash: 216
Step Size:| 50| Step Size:| 50| Step Size: | 50] Step Size: [ 50 Step Size:| 50| Step Size:| 50|
= EA = el = (=1l =] el L=l ]

Figure4 ProTune window

5 Do the following to tune manually:

a Select the

appropriate frequency range/channel from

the drop-down list.

b Click the appropriate plus or minus buttons to adjust
the tune and match.

¢ Enter a frequency in the Center box and click Enter

to update
window.

the reflection window to center the

d Enter a frequency width in the Span entry box and

click Enter

to update the reflection window to set

the window span.

6 Close the ProTune window — acquisition will stop

automatically.

Table 2 ProTune features and functions

Feature Button, label, or message

Description

Diagnostic and tuning Motor Communication 0K,
Sweep Communication OK

Abort Command

Drop-down list

Status of Ethernet communications between the
module and the workstation

Stops current command

Probe name and channel number
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Table 2 ProTune features and functions (continued)

Feature Button, label, or message Description
Corrected Data/Raw Data Toggles window to display corrected or raw data
Tune Probe (MHz) Tunes frequency
Threshold (dB) Criteria for successful tuning
Refresh (times) The number of times the plot should update with new
data
Center (MHz) Sets center value of the sweep range
Span (MHz) Sets span value of the sweep range
Absval Plot/Polar Plot Toggles between polar plot (imaginary and real
reflection) and absolute value plot (reflection v.
frequency).
Cmd Executes the ProTune command in the field.
Settings Tune/Match Backlash Difference between the number of steps traveled from

Controls and output

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

Dip Frequency
Dip Reflection
Match at Freq MHz

Tune

Match

i

the tune frequency and the number of steps traveled
back to the tune frequency.

Number of KHz the dip moves in 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 value at the dip

Reflection at the desired frequency

Tune motor control
Match motor control

Displays the graph in full scale view.

36
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Tuning Probes on Standard Systems

Typically, probes are tuned using the Tune Interface shown
in Figure 5 on page 38.

Selecting correct quarter-wavelength

When a large change is made in the frequency of the
observed nucleus on broadband stems, 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:

e Attached to the preamplifier housing for VNMRS
spectrometers

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

The quarter-wavelength cable is not changed for each
nucleus, but only for broad ranges of frequencies (for
example, 40 to 80 MHz), it usually changes, 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.

Note that ProTune probes have a universal

quarter- wavelength cable that spans the entire range of X
nuclei. When this cable is used, it never needs to be changed
(at least when the probe is connected to ProTune).

Tuning using Mtune
The Mtune routine runs in the graphics canvas and uses
VnmrdJ panels. Start Mtune as follows:

1 Click Tools > Probe Tuning > Manually Tune Probe on the main
menu.

or enter mtune on the command line.

2 Select the center frequency of the nucleus to tune.

For example, set H1 on channel 1.

3 Select Start Probe Tune on the Mtune panel, see Figure 5 on
page 38.
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= Insert ‘ Eject Lock scan | ‘ Setup hardware H Auto lock H Auto tune H Gradient shim
Start | Acquire Process

Figure b

— Tune RF channel

Center Frequency |H1 ~| |51 Freq  [499.84 MHz S Cisln T
al robe lune
span  [10.0  MHz
Choose Marker 1 P
Choase Marker 2 - Power [0 dB R
Center frequency to markers | Gain |0 dB top Probe Tune

verticalscale | *2 | /2 | [Autoscale] #Poms[512  [+] )
Vertical position | +20 | -20 O

Manual tuning panel

Optional: Choose an appropriate tuning Power (may be
channel dependent)-typical values are between O and 10
dB.

Optional: Set the tuning Gain to 50dB (a typical gain).

Set a Frequency Span that shows the tuning dip in full
size:

A typical Frequency Span for 1H is 10 MHz.

The Frequency Span for lower frequencies (like 15N) may
be 10 MHz, or less if desired. Wider spans may be
desired when tuning manually over a wide frequency
range.

Adjust any of the parameters as needed.

Set one or two markers.

Up to two frequency markers are selectable. This is
useful for tuning H1 and 19F at the same time, for
example with double-tuned coils like in the ATB or
4-nucleus probe families (Figure 5 on page 38).

a Click the Center frequency to markers button to set the
tuning frequency in between the two cursors.

b Set the Span to a sweep width that covers both
dips.
A span of 50 MHz is typical for showing both 1H
and 19F at 400 MHz, as shown in Figure 5 on
page 38.
Maximize the graphics canvas horizontally to have
the best screen resolution.
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Figure 6  Frequency span display showing both 19F and 1H tune dips

10

1"

12

13
14

Click the Autoscale button to fit the tuning dip vertically
into the graphics canvas or scale.

Shift the display manually using the Vertical scale/ Vertical
Position controls.

Keep the default number of acquired points, or change
the number of points by selecting a new value from the
# 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:
Switch tuning off by selecting Stop Probe Tune.
Select a different channel and nucleus.
Switch tuning back on by selecting Start Probe Tune.
Repeat Step 1 through Step 13 for each channel.

Exit Mtune after tuning is done:

Click Stop Probe Tune, then click Quit to return to the previous
NMR experiment.

Tuning using TUNE INTERFACE remote

Using the interface remote

The TUNE INTERFACE remote is attached to the RF
front-end and can be extended to the magnet while tuning
the probe.
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—

TUNE INTERFACE

EZ»ITO
E=—P

Figure 7 TUNE INTERFACE remote

* The TUNE INTERFACE display, a rectangular

liquid- crystal display that shows a numerical value two
ways—as a digital readout and as an analog representation
along the oval surrounding the digital readout at the top
of the screen.

Two single-digit readouts labeled 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 (analogous
to the TUNE LEVEL knob on older systems). The
attenuation is selected in units of 10 dB. The maximum
attenuation is 79 dB, which is selected by a setting of 8.
(A readout value of 9 is functionally identical to a value
of 8.) The buttons above and below each readout allow
you to change the value of the readout.

Tuning a probe

Tuning a probe using the TUNE INTERFACE remote involves
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 set up an experiment.

Set the nucleus for each channel.

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

Type su.
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When a su is executed, the console frequency is set for
each channel that is defined for the experiment. This
frequency is also used for tuning (in this mode). The
table below shows the relationships between the channel
selected and the associated parameters:

Channel 1 tn Sfrq Tof

Channel 2 dn Dfrq Dof
Channel 3 dn2 dfrg2 dof2
Channel 4 dn3 dfrg3 dof3

10
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See 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.

This turns 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 ATTEN buttons until the readout is 6, 7, or 8.

Optional: Insert the appropriate sticks into the probe if
necessary. See the probe installation manual to choose
the sticks that are needed to tune to the desired nucleus.

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

Press the ATTEN button until the readout is 8, to increase
the tuning level sensitivity. Continue tuning until the
number displayed on the TUNE INTERFACE display is at
a minimum. (The minimum will be around 50-60 for
VNMRS- generation console.)

Disconnect the tuning function by pressing the CHAN
buttons until the readout is 0. (During normal operation,
CHAN must be set to 0 or acquisition is not allowed.)

Repeat the steps above for each channel on the system.

For further information about probe installation and
tuning, see the probe installation manual that was
shipped with your probe.
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This chapter sequentially describes how to set up experiments by
selecting an experiment, spinning the sample, setting the sample
temperature, handling spin and error temperature, working with
lock and shim, optimizing lock, adjusting field homogeneity,
selecting shims to optimize, shimming on the lock signal
manually, shimming PFG systems, and calibrating the probe.
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Selecting an Experiment

44

This section describes using the Protocol vertical tab, the
menu bar, the Locator, and the Browser to choose and load
an experiment. After an experiment is selected, VnmrdJ reads
and loads the standard parameters, reads the probe file,
then loads the probe calibrations.

Protocols vertical tab

1
2

In the left vertical tabs, select Protocols.

Under either the Experiment Selector Tree or the
Experiment Selector, double-click an experiment to open
in the active viewport.

If a study is not selected, the experiment parameters will go into the active
viewport, rather than into the Study Queue.

Main menu selections

Experiment

1

Click Experiments in the menu bar.

Click an experiment in the list to bring it into the active
viewport, see the Experiments menu.

The list of experiments contains some submenus.

Click File.
Select Open.

Navigate to the directory containing the experiment or data
set.

Click an experiment or data set from the Browser to a
viewport.

Click Open to bring it into the active viewport.
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Locator

1 Click Tools.
2 Select Locator.

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

Browser

1 Click Tools.
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 viewport.

Loading a data set does not set parameter values from the current probe
file. So, the settings may be incorrect for any new acquisition.
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Spinning the Sample

46

Liquids spinner

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

To configure the software so that the Liquids Spinner panel is
displayed, select a probe file in which the parameter
Probespintype has been set to liquids. Optionally, set
spintype='liquids' to show the Liquids Spinner panel.

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

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

e The Spin chart display button on the hardware bar displays
a history of the sample spin rate.

e The Acquisition Status window shows the actual rate as well
as a spin regulation indication.

* The remote status unit signals the spin rate using the
spin light status:

off — the sample is not spinning.

blinking — the sample is spinning but not at the
requested rate.

on steady — the spin rate is being regulated at the
requested rate.

Using the start tab
The Spin/Temp page is under the Start tab.
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= Insert | Eject Lock scan | ‘ Setup hardware H Auto lock || Auto tune || Gradient shim
Start | Acquire Process

i::::]le [T Spinner: liquids [] Control spinner fram this panel only
Shim Regulate speed ) Abort after spinner error
Spin/Temp (o] C‘ () Warn after spinner error
Current ofr ®) lgnore spinner arror
Temperature [] Contral temperature from this panel only’
Regulate temp () Alort after temparature error
25 [} () Warn after temperature error
Current orr ® |gnore temperature error
VT air flow | 1021/ min VT air on [VT air off] | Reset pneumatic router| | Reset VT controller

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

The controls for the spinning speed consist of an entry
field, a slider bar, and a button for disabling or enabling
spinning.

2 Adjust the spinning speed with any of these methods:
Enter a spin rate in the text entry field.

Drag the slide control. The value changes
proportionally as the mouse moves.

Click in the slider bar to move the slider by one
increment.

3 Optional:

Specify preferences for the control of spinner and
temperature by selecting the Control spinner from this page
only and Control temperature from this page only check boxes.
This forces all spinner and temperature changes to
happen from this panel (rather than the command line
or some other window). This is a recommended option,
and prevents unintended changes in temperature or the
spin rate.

4 Specify error handing for spinner and temperature by
selecting one of the three options under each of the
spinner and temperature sections.

MAS spinner

To configure the software so that an MAS Spinner panel is
displayed, select a probe file in which the parameter
Probespintype has been set to 'mas'. Optionally, set
spintype='mas' to show the MAS Spinner control panel. (For
the Nanoprobe, set spintype='tach' instead.)

The MAS Speed Controller controls the flow of the bearing gas
according to a linear algorithm based on the speed of the
spinning rotor. The bearing pressure profile starts from the
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final pressure at start up and increases linearly to the
maximum bearing pressure in proportion to the speed of the
rotor. The speed controller already has bearing profiles for
all solids spinning modules stored in nonvolatile memory.
Use the bearing control items to 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.

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 controls the MAS Speed Controller) is
accessed from the Spin/Temp page under the Start tab.

Lock scan ‘ | Setup hardware || Auto lock || Auto tune || Gradient shim

Start Stop
Wal\ Rotor

Current Speed Target(Hz)

Bearing: Adj(psi) IO_Amve Setpoint ﬂ
Span(Hz) [0 Spesd Profila |Inactive | = |
Max(ps) [0 MaxSpeed O

Temperature

Regulate temp

25 L}

[“Start | Acquire | Process LS ” [ficat
Sample Info
Lock
Shim
Spin/Temp

Spinner mas
Frobe ID

|| Control temperature from this panel only
) Abont after temperature error
) Warn after temperature error
(®) |gnore temperature arror

Current o

|Re§el pneumatic router | | Reset VT controller

Setting spintype='mas' gives the MAS Spinner control panel
described here. Setting spintype='1liquids' gives the
liquids spinner panel.

Start Button

Stop Button

Target (Hz)

Click the Start 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 slows down the rotor in a
controlled manner until it is stopped. The Stop button is intended to provide a normal 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 probe is changed.
Setting the target will not start the rotor 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 the rotor is spinning and the active setpoint is changed, the rotor’s spinning speed changes as
soon as the return key is pressed.

48
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Probe ID

Current Speed

Wall Rotor

Bearing Adjust (psi)

Bearing Span (Hz)

Bearing Max (psi)

Active Setpoint

Speed Profile

Strip Chart

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 ID 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 probe ID in the panel is updated about once per minute. It is also
displayed in the hardware bar.

This item displays the current speed of the rotor. This value is also 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 is a standard wall rotor, change the setting to Std to get the
allowable rotor speed for the probe.

The value in the Adjust field shifts the 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 this value. 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
values in the Adjust and Maximum fields, enter a new 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 pressure is limited to 80 psi.

Two setpoints are available. The one selected is used to control the speed and is the one that is
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
leaves the bearing air and drive air unchanged, which is sometimes referred to as coasting.

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 on the Spin button in the hardware bar will bring up a strip chart of the spinning speed
with time.
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The following safety measures have been implemented for
the high-speed spinner probes (for example, MAS) to prevent
rotor and stator damage:

¢ The air flow selected from the spinner window is ramped
to the new value at a safe rate.

e 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.

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

Set the temperature for VT control and regulate the
temperature by clicking on Spin/Temp page.

See Appendix A, “Status Codes” , for more information on
using the Variable Temperature module. The following steps
describe a typical operation sequence:

Temperature Condrol temperatere froms this panel onky

Fepuistz Tema | Abart, aftar iemEssraare 2mar
24 \__.| ] Wam afler tamp Araiure B
umenk [ Temp T | ® lgrore {empeErau e e
". Reser ¥T Canarale
Tempera;uré controls Error handling and control

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

2 Set the desired temperature by entering a value 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.

b Start temperature control with the Setup Hardware button
on the Start folder, or with the Acquire 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 until the temperature stabilizes, or until the
delay time, vtwait, has elapsed (whichever is shorter).
Then the pulse sequence and data acquisition begins.
The spectrometer waits until the temperature has
stabilized, or it waits the delay time, vtwait, (whichever
is shorter) every time the temperature is changed
under program control.
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Selection of the VT-gas routing occurs after clicking on
either 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 this time, if
the requested temperature is below ambient, either add
coolant liquid to the coolant bucket or reset any FTS device
to a temperature 10° C or more below the desired operating
temperature.

The VT indicator light stays on steadily after the probe
temperature reaches the requested temperature (it may
initially overshoot). A sample to be studied at non-ambient
temperature can now be transferred into the probe. The VT
readout is the temperature of the cooling/heating gas as
measured just below the RF coil, and this may be slightly
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.

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