Chapter

Pulse Calibration 5
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Introduction 5.1

This chapter describes pulse calibration procedurestfoand 3C as both the
observe and the decouple nuclei. It is assumed that the user is already familiar with
basic acquisition and processing. Note that while working through this chapter, the
user may find it helpful to refer to Appendix A ‘Data Sets and Selected Parameters’,
and Appendix B ‘Pulse Calibration Results’. Appendix A lists data sets generated
throughout the course of this manual and also provides a table in which the user can
record theol, 02, andsw values appropriate for the various samples used. Appen-
dix B provides a table in which the user can record the pulse lengths and power le-
vels determined during the pulse calibration procedures described in this chapter.

14 Observe 90° Pulse 5.2

To calibrate aH 90° pulse using the observe channel (f1), the one-pulse sequence
described in Chapter 3 ‘Basic 1H Acquisition and Processing’ is used. The carrier
frequency $fol ) is set to the resonance frequency of a peak irtthspectrum of
an appropriate sample. That peak is monitored while the lepdthand/or strength
(pl1 ) of the RF pulse is adjusted to determine the exact conditions for a 90° pulse.

Sample

A common sample to use féH pulse calibration is 0.1% Ethylbenzene in CRCI
Ethylbenzene has a simple spectrum with well-separated signals, which makes it
easy to select one signal for pulse calibration. The drawback of using this sample,
however, is that due to the relatively long df Ethylbenzene, a long recycle delay
time must be used.

Preparation 52.1

Insert the sample in the magnet. Lock the spectrometer. Readjust the Z sinichZ
until the lock level is optimized. Tune and match the probeheatH@bservation.

A few preparatory spectra need to be collected to determine the correct carrier
frequency, spectral width, phase correction, and plotting region to be used in the
actual calibration experiment.

First create a new data set. Since this will béleobserve experiment, it is helpful
to create the new data set starting from a previbldata set, for example proton/3/
1 (which was created in Section 3.5.2 on page 28). Eat@roton 3 1 to call up
proton/3/1, then entexdc and change the following parameters:

NAME testlh
EXPNO 1
PROCNO 1.

Click onSAVEto create the data set test1h/1/1.

Entereda and set the acquisition parameter values as shown in Table 6.
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Table 6.1H One-pulse Acquisition Parameters

Parameter Value Comments

PULPROG zg see Figure 1 for pulse sequence diagram.

TD 4k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Importg
Note on Power Levels” on page 7).

P1 3usec start with less than a 90° pulse.

D1 10sec note long,Tof ethylbenzene.

SW 20ppm start with a large spectral width; this will be opt
mized later.

o1 start with value from proton/3/1; this will be optir
mized later.

Goto

Enterrga to perform an automatic receiver gain adjustment.

Enterzg to acquire the FID.

Enteredp and set the processing parameters as shown in Table 7.

Table 7.'H One-pulse Processing Parameters

Parameter Value Comments

Sl 2k

LB 1Hz

PSCAL global this will be used by paropt below.
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Add line broadening and then Fourier transform the spectrum with the command
ef . Manually phase correct the spectrum and store the correction.

Type sref

‘sref’ default calibration done”.

Set ol and sw
Now it is necessary to mowel to the signal that will be used to calibrate the 90°
pulse, which in this case is the quartet of the EthylbenZdnspectrum. Expand the
spectrum so that only the quartet at 2.6ppm is displayed. Cliakildgies to enter

the calibration submenu. Click o®1with the left mouse button to selectl
calibration. Move the cursor to the center of the quartet and click the middle mouse

Bruker

to calibrate the spectrum and confirm the message “no peak found in
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button to assignol to this frequency. Click ometurn to exit the calibration
submenu and return to the main window.

Reduce the spectral width by enterisgh and changing the value to 1000Hz.
Notice that with a digital filter, it is possible to reduce the spectral width this low
and yet not have aliasing.

Enterzg to acquire a new FID using the new valueso&f andswh. Process the
spectrum with the commaref .

Define phase correction and plot region

Now it is necessary to define the phase correction and spectral region that will be
plotted in the output file of the automation program used to determine the 90° pulse
time. Phase correct the spectrum so that the quartet is positive. Expand the spectrum
so that the quartet covers approximately the central quarter of the screen. Click on
DP1 with the left mouse button and hit return for the following 3 questions, or
answer them as follows:

F1 2.8ppm
F2 2.4ppm
change y-scaling on display according to PSCAL? y .

At this point, preparations are complete and we are ready to begin the actual
calibration experiment.

Calibration: High Power 5.2.2

A convenient way to calibrate a 90° pulse is with the automation program paropt. It
is helpful to use paropt in the procedure outlined below when the user has no idea
what the 90° time will be. Since it is somewhat time consuming, however, it is not
the best procedure to follow if the user already has an idea of the correct pulse time
and power level. (If this is the case, it is better to make educated guesses rather than
to use paropt to check such a wide range of values).

To start the automation program, simply typau paropt and answer the
questions as follows:

Enter parameter to modify: pl
Enter initial parameter value: 2
Enter parameter increment: 2
Enter # of experiments: 16 .

In this case, paropt acquires and processes 16 spectra while incrementing the
parametepl from 2usec to 32usec. For each value @fl, only the spectral region
defined above is plotted. All 16 spectra appear side-by-side in test1h/1/999, and the
results should resemble those shown in Figure 10. The intensity of the quartet
should vary sinusoidally over the 16 spectra. At the end of the experiment, the
message “paropt finished” and a value fpt are displayed. This value is
approximately the 90° pulse length of the transmitter with the current power
level pl1 . Write this value down and follow the procedure below to obtain a more
accurate 90° time.

Note that the data set can be scaled horizontally with t button, and
vertically with the and buttons.
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Return to the data set testlh/1/1 by enterimgl 1. Typepl and change the value
to be approximately a 360° pulse (i.e., 4 times the 90° value determined by paropt).

Acquire and process another spectrurg,(efp ). Changepl by a small amount,
acquire and process another spectrum, etc., until the quartet goes through a null,
indicating a 360° pulse. Notice that when the phase correction is defined so that the
quartet is positive for small pulse angles (as above), then the quartet will be
negative when the pulse angle is slightly less than 360° and will be positive when
the pulse angle is slightly more than 360°.

The 360° pulse time divided by 4 is the 90° pulse length fotkth&ansmitter, with
the current power levalll , and using the current probehead.

Figure 10: Paropt Results fotH 90° Pulse Calibration
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Calibration: Low Power for MLEV Spinlock 5.2.3

The 'H 90° pulses of the MLEV sequence used during the spinlock period of a
TOCSY sequence should be 30 to péec, so it is necessary to find the
corresponding power level. The procedure outlined below uses paropt to check a
wide range of power levels. Alternatively, the user may make use of the rule of
thumb that the pulse length should double, approximately, for every 6dB decrease
in power level. For example, say that it was determined that the 90° pib)efdr

pll =-6dB is §isec. It could then be expected, roughly, fhat= 16usec forpll

= 0dB andpl = 32psec forpll = 6dB. (Notice thapll is an attenuation level, so
higher numbers correspond to lower power).

Assuming the user has just finished calibrating tHe90° pulse for high power
level, as described in Section 5.2.2, return to testlh#®11( 1). Enterpl and
change the value to 3Bec. Use paropt to adjust the power level by typiag
paropt and answering the following questions (note that the appropriate initial
power level will depend on the instrument):

Enter parameter to modify: pl1
Enter initial parameter value: 0
Enter parameter increment: 1
Enter # of experiments: 16 .

The results will be displayed in testl1h/1/999. Notice that this time the result does
not look like a simple decaying sinusoid. At the end of the experiment, the message
“paropt finished” and a value f@il are displayed. This value is the transmitter
power level for a 90° pulse time of approximatelyu88c. Write down this value

and follow the steps below to obtain the exact 90° time for this power level.

Return to testlh/1/Iré 1 1). Typepl and change the value to be approximately a
360° pulse (i.e., 4 times 3Bec). Acquire and process a spectrag, (efp ) using

the power levepll determined by paropt above. Changk in small increments
until the quartet goes though a null indicating a 360° pulse. Divide this 360° pulse
time by 4 to get the 90° pulse time for this power level.

This is the power level and 90° pulse time for MLEV spinlocking with this
probehead. Note that the parameters used by the TOCSY sequen® farethe
90° pulse time an@l10 for the power level, rather thaol andpll as used here.

Calibration: Low Power for ROESY Spinlock 5.2.4

The power level required for the cw spinlock used during ROESY corresponds to a
90° pulse length of 100 to 128ec. (Note, however, that no 90° pulse is actually
used during a ROESY spinlock). The procedure outlined below uses paropt to check
a wide range of power levels. Alternatively, the user may make use of the rule of
thumb that the pulse length should double, approximately, for every 6dB decrease
in power level. For example, say that it was determined that the 90° pib)efdr

pll = -6dB is &sec. It could then be expected, roughly, that= 128usec for

pl1 = 18dB. (Notice thatpll is an attenuation level, so higher numbers
correspond to lower power).

Return to testlh/1/1ré 1 1). Enterpl and change the value to ljigec. Use
paropt to adjust the power level by typin@u paropt and answering the
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following questions (note that the appropriate initial power level will depend on the
instrument):

Enter parameter to modify: pll
Enter initial parameter value: 10
Enter parameter increment: 1
Enter # of experiments: 16 .

The results will be displayed in test1h/1/999. At the end of the experiment, the
message “paropt finished” and a value ot are displayed. This value is thel
transmitter power level for a 90° pulse time of approximatelyks&@. Write down

this value and follow the steps below to verify the 90° time for this power level.

Return to testlh/1/Iré 1 1). Typepl and change the value to be approximately a
360° pulse (i.e., 4 times 118ec). Acquire and process a spectrag,(efp ) using

the power levepll determined by paropt above. Changk in small increments
until the quartet goes though a null indicating a 360° pulse. Divide this 360° pulse
time by 4 to get the 90° pulse time for this power level.

Notice that since ROESY uses cw spinlocking, only the power level, not the actual
90° time, is required. The above procedure is recommended simply to verify that the
power level selected does in fact give a 90° time of 100 toud@6. Also, the
parameter used by the ROESY sequeng#l& for the cw power level, rather than

pll as used here.

13C Observe 90° Pulse 5.3

Preparation

Sample

13C observe pulse calibration experiments require a sample with a sfi@rsignal.

A good choice is 80% Benzene in Acetone-d6. If an appropriate sample is not
available, it is possible to use the inverse mé#@ pulse calibration procedure
described in Section 5.5 instead.

531
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Insert the sample in the magnet. Lock the spectrometer. Readjust the Z sinichg
until the lock level is optimized. Tune and match the probeheatf@observation,
'H decoupling.

First create a new data set. Since this will BéGobserve experiment, it is helpful
to create the new data set starting from a previdGsdata set, for example carbon/
2/1 (which was created in Section 4.2.3 on page 35). Eatararbon 2 1 to call
up carbon/2/1, then entedc and change the following parameters:

NAME testl3c
EXPNO 1
PROCNO 1.

Click onSAVEto create the data set test13c/1/1.

Entereda and set the acquisition parameters as shown in Table 8.

Bruker AVANCE User’s Guide



Table 8.13C One-pulse Acquisition Parameters

Goto

13C Observe 90° Pulse

mized later.

Parameter Value Comments

PULPROG zg see Figure 5 for pulse sequence diagram.

TD 4k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Important
Note on Power Levels” on page 7).

P1 3usec start with less than a 90° pulse.

D1 20sec note lon&®C T,.

SW 350ppm

o1 start with value from carbon/2/1; this will be opt

Table 9.13C One-pulse Processing Parameters

Enterrga to perform an automatic receiver gain adjustment.

Enterzg to acquire the FID.

Enteredp and set the processing parameters as shown in Table 9.

Parameter Value Comments
Sl 2k

LB 3Hz

PSCAL global

AVANCE User’s Guide

Add line broadening and then Fourier transform the spectrum with the command
ef . Manually phase correct the spectrum and store the correction.

Type sref

to calibrate the spectrum and confirm the message “no peak found in

‘sref’ default calibration done”.

Set 01 and sw

Now it is necessary to mowel to the signal that will be used to calibrate the 90°
pulse. Expand the spectrum so that only the doublet at 130ppm is displayed. Click
on utilities to enter the calibration submenu. Click @t with the left mouse button

to selectol calibration. Move the cursor to the center of the doublet and click the
middle mouse button to assigri to this frequency. Click ometurn to exit the
calibration submenu and return to the main window.

Bruker 47



Goto

Pulse Calibration

Reduce the spectral width by enterisgh and changing the value to 1000Hz.
Notice that with a digital filter, it is possible to reduce the spectral width this low
and yet not have aliasing. Acquire and Fourier transform another specztgim (
ef ).

Define phase correction and plot region

Now it is necessary to define the phase correction and spectral region that will be
plotted in the output file produced by paropt. Phase correct the spectrum so that the
doublet is positive. Expand the spectrum so that the doublet covers approximately
the central third of the screen. Click @P1 with the left mouse button and hit
return for the following 3 questions, or answer them as follows:

F1 133 ppm
F2 127 ppm
change y-scaling on display according to PSCAL? vy .

At this point, preparations are complete and we are ready to begin the actual
calibration experiment.

Calibration: High Power 5.3.2

Again, in the procedure outlined below, the automation program paropt is used to do
the pulse calibration. This procedure is helpful when the user has no idea what the
90° time will be. Since it is somewhat time consuming, however, it is not the best
procedure to follow if the user already has an idea of the correct pulse time. (If this

is the case, it is better to make educated guesses rather than to use paropt to check
such a wide range of pulse times).

To start the automation program, simply typau paropt and answer the
questions as follows:

Enter parameter to modify: pl
Enter initial parameter value: 2
Enter parameter increment: 2
Enter # of experiments: 16 .

Paropt acquires and processes 16 spectra, while incrementing the parpfneter
from 2usec to 3usec, and displays the results side-by-side in test13c/1/999. The
results should resemble those shown in Figure 11. The intensity of the doublet
should vary sinusoidally over the 16 spectra. At the end of the experiment, the
message “paropt finished” and a value fpt are displayed. This value is
approximately the 90° pulse length of th&C transmitter with the current power
level pl1 . Write this value down and follow the procedure below to obtain a more
accurate 90° time.

Return to the data set test13c/1/1 by enterindl 1. Typepl and change the value
to be approximately a 360° pulse (i.e., 4 times the 90° value determined by paropt).

Acquire and process another spectrurg,(efp ). Changepl by a small amount,
acquire and process another spectrum, etc., until the doublet goes through a null,
indicating a 360° pulse. The 360° pulse time divided by 4 is the 90° pulse length for
the 13C transmitter, with the current power levpll , and using the current
probehead.
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Note that if the 90° pulse length is less thams&c for 5mm probes and less than
10psec for 20mm probes, there is a chance that the probe may arc. To prevent this
from happening, if the 90° is too short chamg& to a higher value (i.e., increase

the attenuation on the transmitter) and find the new 90° time.

Figure 11: Paropt Results fof3C 90° Pulse Calibration

pl Y 90°

pl Y 180°
J pl Y 270°

P
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H Decouple 90° Pulse 5.4

Sample

For 'H decoupling pulse calibrations, the sample must have a l&@signal with
detectablé'H coupling. A good choice is 80% Benzene in Acetone-d6.

Pulse sequence

The pulse sequence used in this procedure is the DECP90 sequence shown in Figure
12. This sequence consists of a recycle delay followed by &*@0pulse, a delay 1/

(2)) for the creation of antiphase magnetizatiohHapulse, and finally detection

of the 13C signal. During calibration, the length and/or strength ofltheulse is
adjusted. When thé&H pulse is exactly 90°, th€C magnetization exists purely as
multiple quantum coherence and so the signal disappears.

Figure 12: DECP90 Pulse Sequence

Preparation

n
2
13C J-l
| acq
pl

| dl d2

H trg 2%

=
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54.1
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Ideally, this procedure is carried out immediately following tA@ observe pulse
calibration described above in Section 5.3, in which case the correct sample is alrea-
dy in the magnet, the magnet shimmed, the field locked, and the probehead tuned
and matched fot3C and'H.

Set 02

First create a new data set. Since this first spectrum will'lbeabserve experiment
to determine the correct frequency for the DECP8D decoupling pulse, it is
helpful to create the new data set starting from a previbudata set, for example
proton/3/1 (which was created in Section 3.5.2 on page 28). Emtproton 3 1
to call up proton/3/1, then entedc and change the following parameters:

NAME testdec
EXPNO 1
PROCNO 1.

Click on SAVEto create the data set testdec/1/1.
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Entereda and set the acquisition parameters as shown in Table 6.

Parameter Value Comments

PULPROG zg see Figure 1 for pulse sequence diagram.

TD 4k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Important
Note on Power Levels” on page 7).

P1 3usec start with less than a 90° pulse.

D1 5sec

SW 20ppm start with a large spectral width until the appropri-
ate value is known.

o1 start with value from proton/3/1.

Table 11.1H One-pulse Processing Parameters

Enterrga to perform an automatic receiver gain adjustment.

Enterzg to acquire an FID.

Enteredp and set the processing parameters as shown in Table 7.

Parameter Value Comments
S 2k

LB 1Hz

PSCAL global

AVANCE User’s Guide

Add line broadening and Fourier transform the data with the comnednd
Manually phase correct the spectrum and store the correction.

Type sref

to calibrate the spectrum and confirm the message “no peak found in

‘sref’ default calibration done”.

With the cursor in the data field of the main window, click the left mouse button to
tie the cursor to the spectrum. Move the cursor to the top of the Benzene peak at
7.3ppm. Note the value of the cursor position in Hz shown in the small ‘Info’
window. This will be the value 062 in the DECP90 experiment. Click the left
mouse button to release the cursor from the spectrum.
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Set ol and sw

This step was already carried out on testl13c/1/1 in Section 5.3.1 on page 46. To
transfer all the parameters from testl13c/1/1 to the new data set, simplyrenter
testl3c 1 1, then enteedc and change the following parameters:

NAME testdec
EXPNO 2
PROCNO 1.

Click on SAVEto create the data set testdec/2/1.

Here, however'H decoupling is required. Entedsp and set NUC2 to 1H so that
the spectrometer parameters are as follows:

NUC1 13C

OFSX1 ol from test13c/1/1
NUC2 1H

OFSH1 ol from testdec/1/1
NUC3 off .

Entereda and set the acquisition parameters values as shown in Table 12. Notice
thatol andswh should be set to the values used in test13cBélsureto seto2 to
the 'H offset frequency determined in the subsection “Set 02” on page 50. The

DECP90 experiment will not work as described below unlessdbthndo?2 are set
correctly.

Table 12. DECP90 Acquisition Parameters

Parameter Value Comments

PULPROG decp90 see Figure 12 for pulse sequence diagram.

TD 4k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Important
Note on Power Levels” on page 7).

PL2 high power level on f2 channel (see “An Important
Note on Power Levels” on page 7).

P1 90°13C pulse determined in Section 5.3.2 on page
48.

P3 2usec start with less than a 90° pulse; this will be optir
mized.

D1 5sec note long>C T;.

D2 3.125 msec delay for creation of anti-phase magnetization
(1/(2X)); calculated internally.

CNST2 160Hz one-bond heteronuclear J-coupliRg XJused to
calculate d2.

SWH 1000Hz

52
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01 13C offset frequency of Benzene signal found in
“Set 01 and sw” on page 47.

02 1H offset frequency of Benzene signal found in
“Set 02” on page 50.

Enterzg to acquire the FID. The receiver gain should already be set appropriately.

Enteredp and verify that the processing parameters are as shown in Table 13.

Table 13. DECP90 Processing Parameters

Parameter Value Comments

SI 2k

LB 1Hz

PSCAL global
Add line broadening and then Fourier transform the spectrum with the command
ef . Manually phase correct the spectrum so that the left peak is positive and the
right peak is negative. Store the correction.
The spectrum is already calibrated if the current data set was created from test13c/1/
1.
Since paropt is not going to be used for this calibration procedure, it is not
necessary to define the phase correction and plot region as described in the previous
calibration procedures.
At this point the preparations are complete and we are ready to begin the actual
calibration experiment.

Calibration: High Power 5.4.2

The'H decouple 90° pulse time should be close to'th@bserve 90° pulse time for
the same power level, so it makes sense to do this calibration by hand rather than by
using paropt.

Increasep3 to be the 90° time found in Section 5.2.2 on page 43. Acquire and pro-
cess another spectrumag(, efp ). If the pulse angle is less than 90°, the left peak
will remain positive and the right peak negative. If the pulse angle is greater than
90° but less than 270°, the left peak will be negative and the right peak positive. At
90°, the signals go through a null. This is shown in Figure 13.

Adjust p3 slightly until the signals go through a null. This is the 90° pulse length
for high power.
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Figure 13: 'H Decouple 90° Pulse Calibration Results
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Calibration: Low Power for WALTZ-16 CPD 54.3

The WALTZ-16 composite pulse decoupling (cpd) sequence requires a 90°
decoupling pulse length of 80 to 1j0€ec. Adjustpl2 andp3 to determine the
combination that gives a 90° pulse length in this range, keeping in mind that the 90°
pulse time should approximately double for each 6 dB increapRin

This is the power level and 90° pulse time for WI&-16 cpd with this probehead.
Note that the parameters used by cpd sequencgscpt®? for the 90° pulse time
andpll2 for the decoupler power level, rather tha® andpl2 as used here.
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13C Decouple 90° Pulse (In verse Mode) 5.5

This calibration procedure should yield nearly the same results dSGhebserve

90° pulse calibration procedure outlined in Section 5.3 on page 46; however, it may
be more convenient to implement becadidesignals are easier to detect thag
signals andH T;’s are shorter thah®C T;’s.

Sample

For inverse experiment pulse calibrations, the detected nucletd,ibut 13C
satellites must be visible. A sample with easily detedt& satellites in the'H
spectrum is the!H Lineshape Sample (i.e., 10% Chloroform in Acetone-d6 for
frequencies 8300MHz, 3% Chloroform in Acetone-d6 for frequencies between 400
and 500MHz, and 1% Chloroform in Acetone-d6 for frequencies S600MHz).

Figure 14: DECP90 Pulse Sequence
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The pulse sequence used in this calibration procedure is DECP90 and is shown in
Figure 12. This is the same pulse sequence as was uséd ftecouple 90° pulse
calibration in 5.4, except that now the roles'dfand'3C have been exchanged.

Preparation 55.1

Insert the sample in the magnet. Lock the spectrometer. Readjust the Z sinichg
until the lock level is optimized. Tune and match the probeheatHabservation,
13¢C decoupling.

Set o2
The first preliminary spectrum is'dC observe experiment to determine the correct
offset for'3C, which iso1 here but will be2 in the inverse calibration experiment.

Create a new data set. Since this first spectrum will b¥Cabserve experiment to
determine the correct frequency for the DECP3D decoupling pulse, it is helpful
to create the new data set starting from a previd@sdata set. A good choice is
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carbon/3/1 (which was created in Section 4.3.1 on page 37), since in this data set,

thel3C 01 was set to the Chloroform peak. Entercarbon 3 1 to call up carbon/
3/1, then enteedc and change the following parameters:

NAME testinv
EXPNO 1
PROCNO 1.

Click onSAVEto create the data set testinv/1/1.

Entereda and set the acquisition parameters values as shown in Table 14.

Table 14.13C One-pulse Acquisition Parameters

Parameter Value Comments

PULPROG zgdc see Figure 8 for pulse sequence diagram.

D 4k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Important
Note on Power Levels” on page 7).

PL12 power level for cpd on f2 channel; use value deter-
mined in Section 5.4.3 on page 54.

P1 3usec start with less than a 90° pulse.

PCPD2 90%H pulse for cpd sequence; use value deter
mined in Section 5.4.3 on page 54.

D1 5sec note long>C T;.

SWH 1000Hz

RG 8k or use rga.

o1 start with value from carbon/3/1.

02 start with value from carbon/3/1.

CPDPRG2 waltz16 a common cpd sequencétodecoupling.

56

Notice that theswh value listed above is much smaller than the value customarily
used for'3C spectra. In this case it is ok to start with such a small value because we
are only interested in the Chloroform signal aoil is already set to nearly the
correct frequency.

In addition, for this first preliminary spectrum, we will just use an approximate
value foro2 taken from the data set carbon/3/1.

Enterzg to acquire the FID.

Enteredp and set the processing parameters as shown in Table 15.
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Table 15.13C One-pulse Processing Parameters

Parameter Value Comments
Sl 2k

LB 1Hz

PSCAL global

Add line broadening and then Fourier transform the spectrum with the command
ef . Manually phase correct the spectrum and store the correction.

Type sref

to calibrate the spectrum and confirm the message “no peak found in
‘sref’ default calibration done”.

Now it is necessary to movel to the Chloroform peak at 77 ppm. Expand the
spectrum to display the Chloroform peak only. Click ofiities to enter the
calibration submenu. Click orD1 with the left mouse button to selectl
calibration. Move the cursor to the center of the signal and click the middle mouse
button to assignol to this frequency. Click ometurn to exit the calibration
submenu and return to the main window. Tédsvalue will be the*3C 02 value for

the DECP90 pulse sequence below.

Set 0l and sw

The second preliminary spectrum is'H observe experiment to determine the
correct offset for'H, which is o1 both here and in the inverse calibration
experiment.

First create a new data set. Since this will béleobserve experiment, it is helpful
to create the new data set starting from a previbldata set, for example proton/3/

1 (which was created in Section 3.5.2 on page 28). Ent@roton 3 1 to call up
proton/3/1, then entexdc and change the following parameters:

NAME testinv
EXPNO 2
PROCNO 1.

Click on SAVEto create the data set testinv/2/1.

Entereda and change the acquisition parameters as shown in Table 16.
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Table 16.'H One-pulse Acquisition Parameters

Parameter Value Comments

PULPROG zg see Figure 1 for pulse sequence diagram.

TD 8k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Importg
Note on Power Levels” on page 7).

P1 90°'H pulse; use value determined in Section
5.2.2 on page 43.

D1 5sec

SW 20ppm this will be reduced later.

RG or use rga.

o1 start with value from proton/3/1; this will be optir
mized later.

Goto

Enterrga to perform an automatic receiver gain adjustment.

Enterzg to acquire the FID.

Enteredp and set the processing parameters as shown in Table 17.

Table 17.1H One-pulse Processing Parameters

Parameter Value Comments
Sl 4k

LB 0.3Hz

PSCAL global

58

Add line broadening and then Fourier transform the spectrum with the command
ef . Manually phase correct the spectrum.

Type sref

‘sref’ default calibration done”.

to calibrate the spectrum and confirm the message “no peak found in

Now it is necessary to movel to the Chloroform peak at 7.2ppm. Expand the

spectrum to display the Chloroform peak only. Click wofiities

to enter the

calibration submenu. Click or0O1 with the left mouse button to seleatl
calibration. Move the cursor to the center of the signal and click the middle mouse
button to assignol to this frequency. Click ometurn to exit the calibration
submenu and return to the main window. Tais value will be the'H o1 value for

the DECP90 pulse sequence below.
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(Inverse Mode)

It is now possible to reduce the spectral width. Eisteh and type in a value of
1000Hz at the prompt.

Define phase correction
The correct'H and 13C frequencies have now been determined. The next

preliminary spectrum required is a DECP90 spectrum to determine the appropriate
phase correction.

Create a new data set. Enggtc and change EXPNO to 3. Cli&kAVEto create the
data set testinv/3/1.

Next enable!3C decoupling. Enteedsp and set NUC2 to 13C. Also set OFSH1 to
the value ob1 determined in testinv/2/1 (the preliminaiyl spectrum) and OFSX1
to the value ob1 determined in testinv/1/1 (the preliminarSC spectrum).

Entereda and set the acquisition parameters as shown in Table 16.

Table 18. DECP90 Acquisition Parameters

Parameter Value Comments

PULPROG decp90 see Figure 12 for pulse sequence diagram.

D 8k

NS 1

DS 0

PL1 high power level on f1 channel (see “An Imports
Note on Power Levels” on page 7).

P2 high power level on f2 channel.

P1 90°'H pulse; use value determined in Section
5.2.2 on page 43.

P3 2usec start with less than a 90° pulse.

D1 5sec relaxation delay; should be 1-5¢H).

D2 2.34msec delay for creation of anti-phase magnetization
(1/(2X)); calculated internally.

CNST2 214Hz one-bond heteronuclear J-coupliRg XJused to
calculate d2.

SWH 1000Hz

RG use value from testinv/2/1.

o1 1H offset frequency of Chloroform peak; use ol
value from testinv/2/1.

02 13C offset frequency of Chloroform peak; use o1

value from testinv/1/1.
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Enterzg to acquire the FID.

Enteredp and set the processing parameters as shown in Table 19.

Table 19. DECP90 Processing Parameters

Parameter Value Comments

SI 4k

LB 0.3Hz

PSCAL global
Apply line broadening and Fourier transform the spectrag, €f ). Expand the
spectrum to display the region from about 8.5 to 7.5ppm. This should include the
Chloroform peak and its twb’C satellites. Correct the phase so that the left satellite
is pointing up and the right satellite is pointing down.

Calibration: High Power 5.5.2

60

Increase3 to be the'C 90° time found in Section 5.3.2 on page 48. Acquire and
process another spectrurag(, efp ). If the pulse angle is less than 90°, the left
satellite will remain positive and the right satellite negative. If the pulse angle is
greater than 90° but less than 270°, the left satellite will be negative and the right
satellite positive. At 90°, the satellites go through a null. This is shown in Figure 15.

Adjust p3 slightly until the signals go through a null. This is the 90° pulse length
for high power.
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3¢ Decouple 90° Pulse (Inverse Mode)

Figure 15: 13C Decouple 90° Pulse Calibration Results
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Calibration: Low Power for GARP CPD 5.5.3

The GARP composite pulse decoupling (cpd) sequence requires a 90° decoupling
pulse length of 60 to jsec. Adjusipl2 andp3 to determine the combination that
gives a 90° pulse length in this range, keeping in mind that the 90° pulse time
should approximately double for each 6dB increasgan.

This is the power level and 90° pulse time for GARP cpd with this probehead. Note
that the parameters used by cpd sequencepard2 for the 90° pulse time and
pl12 for the decoupler power level, rather thad andpl2 as used here.

1D Inverse Test Sequence 554

The 1D HMQC pulse sequence shown in Figure 16 may be used to determine how
well parameters are set for inverse experiments. This is an inverse test experiment
without 13C decoupling. The detected signal is fréhi's bonded directly td3C’s

only. The signal fromH’s bonded directly td?C’s is canceled by phase cycling.
Thus, the 1D HMQC spectrum of the current sample (10% Chloroform in Acetone-
d6), should consist of th€C satellites only, without the large central peak.

Figure 16: 1D HMQC Pulse Sequence

n
2 T
1H J‘l
— 4 acq
pl p2

di d2

d2

13C trd 23

H
‘ | —
5 ] V=
—] =
P
I

p3

Ideally, this procedure is carried out immediately following the experiments
described in Sections 5.5.2 and 5.5.3, in which case the correct sample is already in
the magnet, the magnet shimmed, the field locked, and the probehead tuned and
matched for3C and!H.

Create a new data set starting from testinv/3/1, which was created in Section 5.5.1
on page 55. Enteedc and set EXPNO to 4. ClicBRAVEto create the data set te-
stinv/4/1.

Entereda and set the acquisition parameters as shown in Table 20. The valie of
should be that for a high pow&H observe 90° pulse as determined in Section 5.2.2
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Goto

on page 43, and the value p3 should be that for a high powé?C decouple 90°
pulse as determined in Section 5.5.2 on page 60.

Table 20. 1D HMQC Acquisition Parameters

the

Parameter Value Comments

PULPROG inv4ndrdild see Figure 16 for pulse sequence diagram.

TD 8k

NS 16 the number of scans should be 4*n in order for
phase cycling to work properly.

DS 16 number of dummy scans.

PL1 high power level on f1 channel (see “An Imports
Note on Power Levels” on page 7).

PL2 high power level on f2 channel (see “An Importg
Note on Power Levels” on page 7).

P1 90°*H high power pulse on f1 channel.

P2 180°*H high power pulse on f1 channel; calcu-
lated internally.

P3 90°13C high power pulse on 2 channel.

D1 20sec relaxation delay; should be 1—52(’1H).

D2 2.34msec delay for creation of anti-phase magnetization
(1/(23;)); calculated internally.

CNST2 214Hz one-bond heteronuclear J-coupliRg XJused to
calculate d2.

D13 3usec short delay.

Parameters such ag, ol, andswh are already set correctly if this data set was
created from testinv3/1.

Enterzg to acquire the FID.

Enteredp and set the processing parameters as shown in Table 21.

Table 21. 1D HMQC Processing Parameters

Parameter Value Comments

Sl 4k

WDW EM

LB 0.30Hz

PKNL TRUE necessary when using the digital filter.
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Add line broadening and Fourier transform the spectrum with the commfand
Manually correct the phase and store the correction.

A 1D HMQC spectrum of Chloroform is shown in Figure 17. Notice that, due to
technical limitations of the spectrometer, phase cycling is never enough to
completely eliminate the parent signal (the central peak arising s bonded
directly to 12C).

Figure 17: 1D HMQC Spectrum of 10% Chloroform in Acetone-d6
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