T Relaxation Measurement: The Inversion-Recovery Experiment

(Using IconNMR)
Revised 4-21-2015

Relaxation times are divided into two types: longitudinal, which concerns change in
magnetization along the z-axis (7', an enthalpy effect), and fransverse, which concerns change in
magnetization in the x-y plane (7, an entropy effect). The inversion-recovery experiment is used to
determine the time constant for the 7, process. One of the assumptions made in the 7', calculations is
that the equilibrium is approached exponentially, and therefore, the magnetization along the z-axis is
represented by equation 1. Here, M is the magnetization at thermal equilibrium, t is the time elapsed,
and 77 is the time constant that is obtained by comparing different values of M, at different times.

M, = My(1 - &™) (1)

The pulse sequence used in the inversion-recovery experiment is shown below:
dl - pl1(180°) - d2 — p2(90°) — FID

In this experiment, the nuclei are first allowed to relax to equilibrium (d1, obviously, in the first run
through the pulse sequence dI is superfluous). A 180° pulse (pI) is then applied to invert the signals.
The signals are then allowed to relax for a length of time (d2) that is varied for each experiment. After
the variable d2, a 90° pulse (p2) is applied and the FID is recorded. The FID records the spectrum
intensity as a function of the variable delay d2, and the longer d2 is, the more the signal will have
relaxed. The peak intensity will reflect the extent to which each signal has relaxed during the d2
period.

Procedure using IconNMR

1.  Working first in TopSpin:
It is best to use a fairly minimal acquisition window (SW) when running the inversion-recovery
experiment. If you already have a regular proton spectrum of your sample, you can use that to
determine the proper acquisition window, otherwise, acquire a normal spectrum.

2. Open the spectrum file and process as usual. Expand around the peaks of interest, so that in the
display, you leave about 0.5 ppm of baseline on either side of the spectrum. You may exclude the

solvent peak, if desired, unless you want to know its 7; (it is likely to be quite long). i
After expanding the spectrum, click on the button “Set SW, SFO1 from current region”,
shown to the right.
é’ 22
3. A dialog box will appear and will give you the values of
SW and O1 that correspond to the displayed spectral New setting of SW, SFO1 from current region
region. Write down the values for SW and O1 (both in —
ppm). You’ll need these to set up the T1 experiment. i Sinh i
Close the dialog box. O1 = 2243.00 Hz / 56079 ppm —

SFO1 = 400.1322439 MHz

4. Move to IconNMR and click on the appropriate entry
line that corresponds to your sample in the sample
changer. Fill in the filename, experiment number, [ Close |
solvent and select the experiment: N ProtonT1.
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Scroll (way) down in this window to find and select the N ProtonT1 experiment
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2 Hydrocinn 10 1 C:\Bruker\TopSpin3.

lif\changer\ii Aprl17-2015-1459-GEH\60\data\\nmr

General
Channel 1

A) General

PULPROG
T

SWH [Hz, ppm]
AQ [sec]
RG

DW [psec]
DE [usec]
D1 [sec]
d11 [sec]
DS

NS
VDLIST

A) Channel f1

SFO1 [MHZ]

01 [Hz. ppm]
NUC1

P1 [usec]

P2 [usec]

PLW1 [W, -dBW]

| Spectrum | ProcPars| AcquPars ‘ Title. | PulseProg [ngs [ Integrals | Sample l Structurel Ploll Fid l Acqu

o A = C retumtorconmr| @ |83

Probe: 5 mm PABBO BB/19F-1H/D Z-GRD Z108618/0776

E] Pulse program for acquisition
Time domain size

— s Type your desired SW (in ppm) here.

Acquisition time

Receiver gain
€
Pre-scan-delay
10.00000000 Relaxation delay; 1-5* T1

0.03000000 Delay for disk I/O
2 4

8 8*n
t1delay [ | & ["Variaie detay fist

Type the appropriate O1 value here.

tir

16384
4340.28
1.8874367
64
115.200
6.50

10.8471

Enter a value for the relaxation delay, D1 -
atleast 15s.

[30 msec]
Click the edit (E) button for the VDLIST
file — the file with the variable delays for
the T1 experiment.

400.1324710
247097

H

13.15

F1 channel - 90 degree high power pulse
26.30 F1 channel - 180 degree high power pulse
14 -11.46 F1 channel - power level for pulse (default)

If you measured the 90° pulse, you can enter your value
here, or just accept the current value (from the prosol
file).

ency of ch. 1
56079 Frequency of ch. 1

Nucleus for channel 1

As indicated in the figure above, enter the values you noted earlier for SW and O1. You also need
to enter the relaxation delay, D1. The default is 10 s, but ideally you want this to be 5 times your
longest T1. The longer you make this, the longer the experiment will take. At minimum set to 15
s. If you determine that a proton has a very long T1 value, you may want to re-run the experiment
with a longer D1. If you measured the 90° pulse, you can enter that value, too (or just accept the

default value taken from the Prosol file).

Next create the list of variable delays to be used in the
experiment. Click on the E (edit) button for the VDLIST
(Variable Delay list), which will open the following dialog box

shown to the right.

The VDLIST file (named tldelay) will have delay values from
the last person who saved this file. The T1 experiment assumes

& tldelay (C:\Bruker\TopSpin3.2\exp\stan\nmn\lists\vd)
File Edit Search

Enter 10 values, with
more values closely
spaced at short times,
where the exponential
curve will be changing
fastest.

When done, save the file (File >
Save), then close the VDLIST
window (File > Close)

you will enter 10 values. You can enter more (or less), but if you do you will have to set one more
parameter to tell the instrument how many values are in your list (see below). The values shown
in the figure are fine, but I like to go out a little longer if I’'m not in a hurry, especially if you
expect some long T1s. You want the values to be closely spaced at the short delays, where the
exponential curve changes most rapidly. Example suggested values: 0.01,0.06,0.12,0.3,0.7,

1.3,3,7,15,25.
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Save the VDLIST file (File > Save) and close the VDLIST window (File > Close).

[Note: Typically, all users are using the same VDLIST file (named ¢Idelay, as indicated in the
figure above). If this Icon experiment will not be running for some time and someone comes
along and changes the VDLIST, they may overwrite the values you entered. You can give your
VDLIST file a unique file name, if desired (e.g. t1delay-dave), and then there is little risk that
someone would overwrite the list before your experiment runs.]

6. Close the Parameter window and return to IconNMR by clicking on the Return to IconNMR
button.

2 Hydrocinn 10 1 C:\Bruker\TopSpin3.2\prog\curdir\changer\inmrchanger\Apr17-2015-1459-GEH\60\data\.\nmr o [+ d&]
Spectrum] ProcPars| AcquPars | Title | PulseProg | Peaks | Integrals | sample | structure | Piot | Fia [ Acqu

L E Ic{aemmuconm]w EY Probe: 5 mm PABBO BB/19F-1H/D Z-GRD Z108618/0776

General

7. 1If you entered more or fewer than 10 delays in your VDLIST, you need to change TD (number of
time domain points) in the F1 dimension to match the number of entries in your list. To do so,
along the top menu select Parameters > Edit all Acquisition Parameters. As before, you’ll be
bumped into TopSpin and a more extensive list of parameter will appear. Here you can enter the
correct TD value in the F1 dimension. Then, return to IconNMR.

:{ @ junk 10 1 CABrukeATopSpind 2\ P \Aprl7-2015-1453-GEH\55\data\ Anmr =

‘ \p«rmm\wrnwam AcquPars ur»\vuswrm Peaks | integrals | sampie | smxme‘?lm hﬂ‘l\rqu

sk F_ 1] Retm o comans f Probe: 5 mm PABBO BB/19F-1H/D Z-GRD Z108618/0776
Expenment axis
width Click here to return to IconNMR,

Receiver o Exparivant after you entered the F1
Nucleus PULPROG t1ir E | Curent pulse program dimension TD value

DU AQ_mod 0D - Acquisibon mode

Power

oo FnMODE undefined > Acquisition mode for 2D, 3D ete

Probe FNTYPE traditional(pianes) > D acquisition mode for 30 etc

Lists ™ 16384 10 Size of fid

NUS DS 2 Nul ns L
Wobble e S R e Enter the number of entries in
Lock e . RS o your VDLIST file.

8. Submit your sample to be run, and start icon, if its not already running.

Processing the T data with TopSpin

1. In TopSpin, open your T1 experiment file.

2. Type rser 10 (or the number that corresponds to your last VDLIST entry, if you entered more or
fewer than 10 delays). Type ef to process your spectra. Spectrum 10 (or your last spectrum) will
be displayed, and this spectrum, with the longest variable delay, needs to be phased positively.

3. Phase this spectrum manually: click on the Process tab in the TopSpin Menu.
El Start Acquire Process Analyse Publish View Manage @

N Proc. Spectrum » "\‘45‘ Adjust Phase & g Calib. Axis » ?ﬂf{ Pick Peaks f Integrate - | Advanced &

Click the Adjust Phase button. Your spectrum will probably be 180° out of phase, unlike the one
below.



4.

5. Click on the button

6.
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Set the red pivot to a peak at one side of the spectrum or the other by moving the cursor to that
peak, right click, and select Set Pivot. The red pivot should now be on that peak.

Focusing on the peak with the pivot, put the cursor on the zero-order phase correction
button and, while holding down the left mouse button, slide up or down to phase this peak 0
positively (similar to what you do in MNova, to manually phase).

Now, without moving the pivot, focus on the peaks at the other end of the spectrum and 1
apply the first-order phase correction by placing the cursor over the First-order phase
correction button and, while holding down the left mouse button, slide the cursor up or down to

phase these peaks.

Once phase properly, click on the button shown to the right, to save the 2-D phase values %

for all of the spectra in your file.

The spectrum will go back to being unphased, but don’t worry about it, the phases are saved for

the 2D spectrum processing to come.

Click on the button shown to the right to exit the phase routine. "I

» 4

. : |
Click on the arrow in the 'ﬂ' Pro—c—' SpeCtrum v | button and select the Configure Standard Processing (proc2d)

“Process Only F2 Axis (xf2)” option.

You’ll see a 2D spectrum something like the one shown below... Brocess Only F1 Axis (1)

to go to the 2D spectrum display.

Process F2+F 1 Axis (xfh)

Process Only F2 Axis (xf2)

Symmetrize Spectrum (sym)

Start Automation AU Program (xaup)
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t1_exp 1 1 C:\data3.0 [1]
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The T, Calculation

1. Click on the Analyse button on the TopSpin menu bar, then click on the TopSpin T1/T2 Module
button.

|| Start Acquire Process  Analyse  Publsh  View _Manage &3

o Multiplets || /. Line Shapes « | [ TopSpin T1/T2 Module » \ @StrgctureSv ‘.Simulatev f\Dosyv
Q||| *8 #2 &) BB | P I O || K==} 4 %}g "l'\','\ﬁ‘ e [ W] < TOPSHIM

Note: the flow of buttons change, as shown below.

3 Start  Acquire  Process = Analyse Publish  View  Manage @
&3 Back I~ Fid | A+ Peaks/Ranges  [E]Relaxation | Fitting & calculation [ Report

Note: A series of dialog boxes will appear as the following steps are executed. Read the messages and
follow the instructions.

2. Click | Fid on (Extract Slice) and a dialog box appears:

[! Extract a row from 2d data

Fid or Spectrum must be extracted From the 2d relaxation data.
This row should correspond to an experiment with the maximurm or minimum delay time.
All further data preparation will be done in respect to this row.

| FID |[ Spectrum H cancel

3. Click on Spectrum, then another dialog box appears:
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3 B
Spectrum slice must be extracted From the 2d relaxation data.

This Spectrum should correspond to an experiment with the maximum or minimum delay time.
All further data preparation will be done in respect to this spectrum.

1

Slice Number = |10] }

4. Input the slice number of your last spectrum (10, unless you had more or fewer entries in your
VDLIST. Click OK. Spectrum 10 appears.

~TEMP 1 1 C:\data3.0

B
@
X

| Spectrum | ProcPars }A:unars Title | PulseProg Ibeaks ‘ Integrals \ Sample | Structure ﬂﬁ\ Acqu

row 10 from t1_exp 1 1 C:data3.0

[rel]

12

L o

8 6 4 2 [ppm]

5. Clickon | At Peaks/Ranges (Define Peaks/Ranges). A dialog box appears:

A Define Peaks and/or Intervals @

If you choose manual integration module, you can define integration regions.
P Most intensive peaks within the intervals will be found automatically.

If you choose manual peak picking module, you can define peaks

without intervals or peaks within integration regions.

[ Manual Integration_| [ Manual Peak Picking | [ cancel

6. Click Manual Integration. Another dialog box appears:

L’, Prepare relaxation data @

Integration module provides the integration regions definition.

When you export intervals to relaxation module the most intensive peaks
within the regions will be selected automatically.

Peaks can be positive and negative.

To import intervals from 2d data set click Exp button in relaxation module.

[[J Do not show this message again
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7. Click OK, then a spectrum appears with the Integral routine activated.

~TEMP 1 1 C:\data3.0 (=113}
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T {row 10 fromti_exp 1 1 C:data3.0
“Mouse sensitivity: 1.0
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8. Use the cursor to define the integral regions in the same way you would in MNova. Then click on
the button: l i Another dialog box appears:

Save Regions To 'intrng'

| Save Regions To 'reg’

Select “Export Regions to Relaxation Module and .ret.” | Freortintegration regions

Export Regions To Relaxation Module and .ret.
Save & Show List

9. Click on Relaxation (Relaxation Window), and a dialog box appears:

B Rotaxatisn paramators X

General Parameters

10 FID # 10r priase Cetermination

Click OK. 10000 et o bsei coreton

10000 | Right it for taseine correction
5 Number of drit ponts

1.08:5 Convergence ime

10 Number of poires

1 Fist sike

1 Sice increment

Fiting Function

wanmetl ¥ Function Type

1 Number of components
vaist ~ | List tée name

00010 incroment (3uto)
o | 1o peck gata pores
teration control parameters

Guesses [ Reset |
Adatonal Parameters
10000.0
100
1000
10

A plot will appear. (o] o) (o)




10.

11.

12.
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Relaxation t1_exp 1 1 C:idata3.0

SO&E - + 1 -/
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Data preparation is done. 2
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Click on K Filting (Fitting Functions) to curve fit all the datasets. Another dialog box

appears.
&)

Click Close.

3

Please select the function to which the peak intensities or integrals
are to he fitted, depending on the experiment which produced the relaxation data.
Settings dialog provides all possihilities for Relaxation analysis adjustment.

Click on | > Calculation (Start Calculating). Another dialog box appears.

Click Close, and a plot appears.

&) 5]

Click on one of the following 2 icons to start the calculation

(look at the status line or the icon tool tip to locate the correct icon):
- Do fitting for the given function for all peaks (regions)

- Do fitting for the given function for the current peak (region).

- Click on the Previous/Next icon to navigate peaks/integrals.

You may now start calculation for it.

Select Area for Fitting Type (see next page).
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® Area 8 '-':,')’-7?0 8320 pom — t—
Current b:bh\ v e FRung F;xuon
lota s 3
Brer Repont Extract Siice
Reglon from 8660 t0 8 “ 7 \ _.
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13. In the upper left corner of the data display, above, click on the . button, to calculate all the
regions selected. b
ifBrief Report— =
‘;Peak 1at7.677 ppm
T1 = 14275
Peak 2t 7.234 ppm
The T1s will be displayed in the “Brief Report”. Tt = 13123
|Peak 3 at 6.653 ppm
iT1 = 237.766m
Peak4 at 4.784 ppm
iT1 = 641.009m
‘;F‘eak 5 at 3.352 ppm
T1 = 14115

13. Click on [F] Report (Display Report) for a detailed report. This report can be printed from

the File menu.

Note: saved VDLISTS are stored in: C:\Bruker\TopSpin3.2\exp\stan\nmr\lists\vd



