How to Process T1 Relaxation Measurement Data
and Obtain T1 Values Using Topspin 3

Josh Kurutz, PhD. - NMR Facility Manager, University of Chicago

Motivation

The accuracy of all quantitative NMR methods, including simple integration, relies on full relaxation of all
analyzed spins between scans. Your D1 value should be set to approximately FIVE times the longest T1 of
interest, but to do that you must know your T; values. You may acquire data automatically, but you must
process it manually. Here is the preferred UChicago processing method using Topspin version 3. 'H data is
shown here, but the same procedure is used for data from other nuclei. Data acquisition is not covered here.

The Inversion-Recovery experiment for T1 measurement (“PROTON T1 ” for 1H)
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Experiment Description

With all spins fully relaxed along the +Z axis, a 180° pulse
(“inversion”) is applied, aligning them along -Z. In the recovery
period, they relax so their intensities gradually return to the +Z
axis. The signs and intensities of their magnetizations at the end
of recovery depend on the length of the recovery delay, D7,
AND the rate of relaxation, R1 (1/T1). A 90° pulse is then applied
to put the magnetizations in the X-Y plane, where they can be
observed. Data are acquired with a small array of D7 values,
and after Fourier transform, spectra are phased so the spectrum
with the smallest D7 has negative peaks, and the one with largest D7 has posmve peaks Integrals of all peaks
of interest are plotted as a function of D7, then fitted to obtain the T1 relaxation times of all integrated peaks.

Apsuayu)

D7 Recovery Time, sec

Summary of steps to process data and make measurements
Open the t1ir dataset and check the number of FIDs
Perform Fourier transform in the F2 dimension
Perform manual 2D phase correction in F2
Perform automatic baseline correction in F2
Calibrate/reference your chemical shifts
Use the T1/T2 analysis tool to measure T, values
a. Select the last spectrum in the series (longest D7)
b. Define integral regions manually
c. Enter the Relaxation Window and confirm Relaxation parameters
d. Check “Fitting”, parameters, specify “Area” for measurement
e. Perform the data fitting with the Calculate tools
f.  Check T1 values for reasonableness, inspect quality of data fitting
7. Generate a report and save it as a text file

VIDEQ: These instructions are also described in our YouTube video: https://voutu.be/gAdC n pryo
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1. Open the T4 file — a 2D dataset
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a. Notice in the data browser that your T1 experiment is annotated with “t1ir”, and is
colored blue to indicate that it is 2D data

b. Notice the text “2D raw data available”

c. Click the “FID” tab to see the FIDs
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d. Notice the intensity shrinks and grows. This is normal. You may not see a common “null”
in the middle if your peaks have a wide variety of T1 relaxation rates.
e. Count the number of FIDs to be sure. The default at UChicago is 16.



f. Inthe Acqupars tab, check the TD value in the F1 column. This is the number of FIDs
that was intended to be acquired. It should match the number of FIDs you actually
acquired. It should be 16 at UChicago, and we will assume it is 16 for the rest of this

protocol.

Spectrum  ProcPars Title  Pulse
v Cée

F2 F1 Frequency a;

A) Experiment

PULPROG tlir ... . E  Current puls
AQ_mod DQD Acquisition |
FnTYPE traditional(planes) B o acquisiti
FnMODE undefined B Acquisition |
D 38410 Size of fid

n< a Nitmhar af d

2. Fourier transform the 2D dataset
a. Specially process the 2D so ONLY the directly-detected dimension (“F2”) is Fourier-
transformed. CHOOSE i or ii:
i. Pull down the “Process” button menu to “Process Only F2 Axis (xf2)”
OR
ii. Type “xf2” on the command line
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b. The resulting 2D spectrum should look like this:
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c. Key features to notice about this view:

i. AXES: The X axis is chemical shift, but the Y axis units are not meaningful. Imagine
you've stacked all 16 1D spectra (each with its own D7 recovery delay) along the Y
axis, and you’re looking at the assembly from above.

ii. TOP PROJECTION: The projection at the top of the display is something like the sum
of all your individual 1D peaks’ positive intensities, not your hi-res 1D.

iii. SIDE PROJECTION: The projection at the left is something like the sum of all peaks’
recovery curves, but only positive intensities are represented.

iv. SIGN/COLOR CONVENTION: In this 2D plot gold = negative intensity, and purple =
positive. (Bruker’s default is normally red = negative and blue = positive.) With
UChicago default parameters, the first D7 delays (the bottom rows) are short (< 0.5
sec), which should give rise to negative intensity in the T inversion-recovery
experiment. Likewise, the last few D7 delays are long ( > 5 sec), and their intensities
should be positive.

v. NULLS: In the middle, as you step from small D7 values to larger ones, you should
observe nulls where negative intensities transition to positive. You can expect the nulls
for different peaks to be different.



d. CHECK: If you processed by clicking the “Process” button or typing “xfb”, you’ll get an
unusable spectrum that looks like th|s
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If your spectrum looks like l‘/:)I'S (peaks bunchedvup in the veftical cé.h'ter), you need to go
back and perform the “xf2” Fourier transformation.

3. Perform manual 2D phase correction in F2
This is the recommended method for phasing T: datasets. It's convenient to treat the 2D
T1 data like any other phase-sensitive 2D data and correct its phase accordingly.
Bruker’s method, described at the end of this document, works, but it is complex and
unique to processing relaxation data.

a. Scroll up to increase your 2D intensity until you see some noise and other contours

around your peaks. You can tell this needs phase correction because most of the peaks
have positive contours on one side and negative on the other.
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Click the “Adjust Phase” button to enter the phase adjustment tool.



b. Unlike the familiar 1D manual phasing tool, the 2D tool requires a two step process:
i. Selecting one or more horizontal slices of your 2D spectrum
ii. Performing the familiar manual 1D phasing, but doing so on all selected 1D spectra
simultaneously. For T1 analysis, however, we only need one slice/row.

c. Select the first 1D spectrum of the dataset. With UChicago defaults, the first 1D should
be all negative peaks, and the last should be all positive. You may choose the last and
ensure the peaks are positive, but here we choose the first.

i. Place your crosshairs cursor near the bottom of the spectrum region:
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ii. Next, right-click your mouse and select “Add” to add that position to the list for

[ T

Remove Row/Co
Remove All £

iii. For T1 analysis, you just need the one 1D slice. If you were phasing a 2D HSQC or
NOESY spectrum, however, you would be placing your crosshair at the centers of two
or three peaks, total. Same routine for each: position the cursor, right-click...Add,
repeat.

d. Click the “R” button in the phasing tool to specify you want to phase the ROW
(horizontal) corresponding to your “added” cursor position(s).

Click the r Startthe phase correction on rows
to select the peaks for phase correction




e. Now you’ll enter the usual 1D phasing tool. Proceed normally with manual phasing.

f.

Starting on the next page, this protocol includes a refresher on manual 1D phasing in
Topspin. If you are already comfortable with manual phasing in Topspin, just make your

phase adjustments and skip ahead to step *h*.
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i. (If you had selected/added two or three spectra in the previous step, you’ll see two or
three 1D spectra. Applied phase adjustments will apply equally to all spectra
simultaneously.)

Don't try to phase the spectrum automatically here (“apk” command). You'll see this
error message:

0] (@]

apk:

This command is illegal in the current mode.
You may terminate the mode by clicking on the
‘return’ icon, or by typing ".ret'.

Close | Details... ”
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g. OPTIONAL REFRESHER ON MANUAL PHASING:
i. Orientation:
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- Notice all the peaks look twisted at the base. This is called being “out of phase”. Also
notice that the direction of the “twist” here is different on opposite sides.

- The main buttons to adjust phasing are the “0” and “1” highlighted in this figure. They
correspond to making ‘zeroth-” and ‘first-order” phase corrections, respectively.

- The vertical red cursor is called the “pivot point” and is special.

ii. Scroll up to observe the baseline more closely and try adjusting the zeroth-order
phase. Place your cursor over the “0” button, click-and-hold on it, and move your
mouse up and down WHILE HOLDING THE LEFT BUTTON DOWN. This is an
unusual physical move, and you’ll notice the cursor jiggle instead of relocating, which
is weird the first time you see it.
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fii.

iv.

If not much happened to your spectrum when you moved your mouse, you probably
just need to click the “‘ramp up” button a few times to increase the mouse
responsiveness. Likewise, if you encountered too much adjustment, then click the
‘ramp down” button to reduce responsiveness (which is good for fine adjustment).
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Adjust your zeroth-order phase until the peak region under the pivot point looks
properly phased (or close to it). The baseline on one side of the peak should basically
match up with the baseline on the other side. Do not worry about the phasing of peaks
away from the peak under the pivot point. Here we see the peak under the pivot point
is acceptable, so we can click the “1” button and proceed with first-order phasing.
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v. Adjust your first-order phasing until the peaks at the right and left edges of your
spectrum look properly phased. Don’t worry if the overall baseline looks a little tilted or
curved as long as the baseline on either side of every peak matches up. You may
need to iterate back and forth between zeroth and first order phasing a couple times.
This spectrum looks acceptable:
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vi. Use the “180” button to flip the spectrum over so all the peaks are negative. Recall we
chose this spectrum because it corresponded to the first one in our 2D, so with
UChicago defaults, it should be using a D7 delay of 0.001 sec, which should make the
peaks negative.
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Note that you could have phased the peaks to be negative with just the zeroth- and
first-order correction if you wanted. Continue tweaking phase if you want.
*THIS ENDS THE PHASING REFRESHER *
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h. When your peaks are phased and negative, click the Save-and-Return button in the
phasing tool:
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i. You'll return to thé 2D phésing todl, and your 2D peaks should looks phased. Critically,
the stripes should be negative (gold here) toward the bottom and positive (purple here)
toward the top.
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Click the Return button when done looking at the spectrum.
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Scroll up the intensity until you see the noise floor and verify that the phasing looks good
(baseline noise being equally positive or negative on either side of every peak. The
example here looks good. If it didn’t look good enough for you, click the R/Row button
again and make phase adjustments.
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PROTOCOL: How to Process T1 Relaxation Measurement Data and Obtain T+ values

4. Correct the baseline in the F2 dimension only

a. Inthe Processing tab, navigate to
b. Advanced... Correct Baseline...
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c. You should see the noise roor reduced

Spectrum  ProcPars  AcquPars  Title PulseProg  Peaks

.Il,-

! 'vhfl Jif
J )] i 11“ { L
il

P Lt

Integrals  Sample  Structure Plot  Fid

Last updated: May 23, 2025

F1[s)

,..
0.008

0.002

—
0 F2 [ppm]

13



5. Calibrate/reference your chemical shifts
a. Calibrate the chemical shift of the X axis of your 2D spectrum. It’s not much different
from referencing a 1D. (If you don’t do chemical shift referencing at this stage, you won’t
be able to correct it later in the T1 analysis, and the peak frequencies reported in your
table of T+ relaxation times will be suboptimally referenced.)
i. Choose the peak you will use for chemical shift referencing, such as TMS or your
solvent. Here we will use TMS. Zoom in on the vertical stripe of that peak in your 2D:

ii. Click the Calibrate button under the Process tab. You shoUld gefé red crosshairs, like
how you would get a red vertical cursor when calibrating a 1D.

iii. Place your crosshair so the vertical red cursor is precisely over your peak/stripe.
Placement of the horizontal red cursor is irrelevant as long as you can see it
somewhere.
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iv. Click when your vertical crosshair is precisely in the center of your reference peak.
The Calibrate frequency dialog window will pop up:
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6. Use the T1/T2 analysis tool to measure T1 values
a. Start the analysis tool and select the final spectrum
i.  While looking at your 2D processed data, navigate to the Analyse tab... Dynamics
menu... T1/T2 (t1t2) button.
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After selecting T1/T2 analysis, you should see a set of new buttons below the tabs.
ii. To select the 1D spectrum you'’ll use for defining integral regions, click the FID /
Extract Slice button.
Analyse Publish View Manage [?)

" Fid ' peaks/Ranges [ | Relaxation < Fiting @ calculation Report

= (D6hm = 0 @ | Extract Slice
“w I Prompts you for the FID or spectrum to be extracted
- e W
H WL u‘u,l],.. | for peak determination
Click FID to extract an FID or Spectrum to extract a
spectrum. Note that the latter only works if the
, ® ® pseudo 2D data have been processed. ers/jkurutz/Documents/FacilityMethods /T]

SpecTrTT AR Title PulseProg  Peaks Integrals

|

iii. You’'ll see a popup prompting you to select FID, Spectrum, or Cancel. Select
Spectrum. This choice affects how you’ll be defining your integral regions, so it’s
unclear why FID is even an option here.

® @ 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 maximum or minimum delay time.

All further data preparation will be done in respect to this row.

/ (]

|/ FID ) Spectrum Cancel

™1
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iv. Select the number corresponding to the slice/row of the 2D you wish to use when
defining your integral regions. To work with high-intensity, positive peaks, you need to
select the 1D slice corresponding to your longest D7 recovery delay time. When using
UChicago default parameters, this is slice #16. Change the default “1” to “16”, then
click “OK”. D

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.

Slice Number = 16

OK Cancel
[
You'll see the 1D slice you chose. Scroll up the intensity to check that the phasing and
baseline corrections are good. This spectrum looks good enough.
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b. Define your integration regions
i. Enter the special integration mode by clicking the Peaks/Ranges button:

............................................................

Analyse Publish View Manage 2]

x 1 = : A e . =
Eid &4 Peaks/Ranges &= |Relaxation | Fitting 0 Calculation  [7] Report
=% ) . o ! Peaks/Ranges
W MO ( -] <
,'_/\ = ‘;’ @ ]'- *J T || F switches to interactive integration or peak picking mode.
[N "x"‘d" — '.";‘ k4 ] Define the ranges or peaks to be included in the relaxation

analysis. You can export regions/peaks to Relaxation Module.

[ ] .-TEMP 1 1 /Users/jkurutz/Documents/FacilityMetheds/T1analy
ProcPars  AcquPars  Title PulseProg  Peaks  Integra

row 16 from S-carvone_6mg_2025-0501 20 1 /Users/jkurutz/Documents/FacilityMethods/T1analysis_1H/Ca
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ii. You’'ll need to choose which mechanism you want for peak quantitation. “Manual
Integration” is almost always the best option.

[©] @® Define Peaks and/or Intervals

If you choose manual integration module, you can define integration regions.
o 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 Automatic mode Cancel

iii. The normal integration environment appears.

Integration
I e ¥ hR *#asll®224*X=3+ Tt g8
row 16 from S-carvone_6mg_2025-0501 20 1 /Users/jkurutz/Documents/FacilltyMethods/Tlanalysis_1H/CarvoneT1Data-400MHz 3
Mous tivity: 1.8 =
8.9 [62 He

iv. Tip #1 for integrating for T+ measurement: include your solvent peak when integrating.
Though you normally wouldn’t do this, measuring T1 of your solvent can be useful
because it usually has a T significantly longer than the resonances of interest.
Inclusion can thus demonstrate some dynamic range of your method.

I e R Ne22sx=34 ¥t a6y
sers Jhurutz) 0

16 from S-carvone_fmp 20250501 20 1 JUsers/jJkurutz/ Documents /FacilityMethods /T 1analysls_1H/CarvoneT 1Data-400MNz

CDCI3
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v. Tip #2 for integrating for T1 measurement: Don’t bother integrating regions of
overlapped peaks. But DO integrate portions of peaks that are not overlapped. The

goal here is to determine the rate at which peaks are relaxing by measuring an area as

a function of D7 recovery delay time. There is no requirement that peaks need to

integrate to /nteger or near-integer values relative to others.

]

vi. When done defining integral regions, click the “Save region as...
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vii. ...and choose the option “Export Regions to Relaxation Module and .ret[urn].”

Integration

=10 Cp

cilityM

viii. When done, you will exit the Integration tool and you see 1D spectrum #16.

E Save Regions To 'intrng'
Save Regions To 'reg'

Export integration regions

Export Regions To Relaxation Module and .ret.

Save & Show List

[rel]

5

19



C.

I.

Ii.

Enter the Relaxation Window and confirm Relaxation parameters
At this stage, you're almost ready to fit your data. To enter the Relaxation Window for

appropriate linefitting, click the Relaxation button in the T1/T2 analysis toolbar:
Analyse Publish View Manage (2]

Fid A Peaks/Ranges ;:':??Relaxalion \ ‘F:nmq @ Calculation Report

~ b - ox Relaxation Window
e Switches the 1D data window to relaxation analysis mode
~ z rr A
20 Wil =g d EEE D A and performs a default fitting.
— — The fitting curve is displayed in the data section and
a Brief Report is shown in the parameter section.
ene 2 -~TEMP 1K

Clicking Relaxation will close the display of the 1D spectrum and open a panel entitled

“Relaxation parameters” over a new display of datapoints on an intensity vs D7 value
plot.
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Analyse Publish  View Manage Q 128
Multiplets » Line Shapes » De [c] Relaxation parameters » Quantifye Morew
= General Parameters
~ v f = || Hz
ol S0 == T = 16 FID # for phase determination
DO i AL
Qe il &= & BB 7 A1 1000.0 Left limit for baseline correction
‘ene B Relaxation S-carvg ~1000.0 Right limit for baseline correction lanee s FacilityMethods /T1analysis_1H/CarvoneT1Data-400MHz
i A = Number of drift points
soese — + 3 lin|lg sqi1g < | (1
: 1 1.0E-5 Convergence limit
Fitting type TI 16 Number of points 3
© Intensity It]=1[0]+P*exp(-t/T1) :
oo : 1 First slice p
1 Slice increment
Current Peak
1.0 Peak sensitivity
Brief Report
One Moment Please.. wing i
Fitting Function &
uxnmrtl B Function Type =
1 Number of components
vdlist < Uist file name
0.001 Increment (auto)
o
pd <  to pick data points
Iteration control parameters
Cuesses Reset
Additional Parameters °
A
10000.0 AMMA(H2 A
10.0
100.0 BICDEL(mse
1.0 g
)
oK Apply Cance
0 2 4 6 8 10 [s]

Generally, the values for the fields in the Relaxation parameters panel do not need to
be changed, and one simply clicks the “Apply” button, then the “OK” button at the
bottom. The system assumes you are trying to fit data to a curve consistent with Ti
relaxation rate measurement. You can see under the Fitting Function header, the
Function type is set to “uxnmrt1’.
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iii. Here you see datapoints representing intensity of the first (highest frequency) peak as
a function of D7 delay time, in seconds. Here, the peak is designated as “Peak 1 at
7.267 ppm” in the red title. Not all the points are presented right away all the time, as
seen on the X axis — the largest D7 value displayed is not the largest acquired.

Fid Peaks/Ranges [ Relaxation | Fitting @ Calculation 7] Report
~ = | E -
JHNGB l,__,|‘ s
e A
Qo il «=>9 & F 2 B A
© a 2 Relaxation S-carvone_6mg_2025-0501 21 1 /Users/jkurutz/Documents/FacilityMethods/T1analysis_1H/CarvoneT1Data-400MHz
— i =M DL
ese — + 3 lin/lg sqi1g &7 (1) f
Fitting type T1 I}
! ]
© Intensity ift]=1[0]+P*exp(-t/T1) 3
Area Peak 1 at 7.267 ppm =
2
Current Peak
1of 11
Brief Report
Data preparation is done.
-]
2
'
=3
&

- 30

0 2 10 sl

iv. To display all data points for Peak 1, scaled vertically, click the usual “four-green-
arrows” zoom button. Note the last point is at D7 = 20 sec.

T A =P T =2 \

-~ » & : 2

) F «=9 4 LE § A
full spectrum, reset intensity scale [.all]

‘e e

2 Relaxation S-carvone_6mg_2025-0501 21 1 /Users/Jkurutz/Documents/FacilityMethods/T1analysis_1H/CarvoneT1Data-400MHz

DO - lin'tg|saiig (7 (D)}

Fitting type T1 §
© Intensity It]=1[0]+P*exp(-t/T1) <
Area Peak 1 at 7.267 ppm -
Current Peak
1of 11
Brief Report
Data preparation is done.
-]
~
!
o
o
~
e
v
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v. PRACTICAL TIP: Sometimes the software removes the T1/T2 analysis buttons (FID,
Peaks/Ranges, etc.) To get them back, simply re-navigate to the Analysis...
Dynamics... pulldown menu and select T1/T2 analysis.

d. Check Fitting parameters and specify that you want “Area” as the basis for
measurement.

i. The Fitting button reminds you that you have a choice to fit either Intensity data (peak
height) or Area data (integrated area values). The system defaults to using Intensity,
but Area is usually preferred.

Fid |

A Peaks/Ranges = | Relaxation [ Fitting &9 Calculation ' Report

B S0 ==
QP il =9 $ 1
'®

@ 2 Relaxation S-carvone_6mg_2025-0501 21 1 /Users/j@krutz/Documents/FacilityMethods/

DOs - + lin|ig'salig =17 (D]

Fitting type
O Intensity 1e]
Area

T1
0]+ P*exp(-t/T1)
Peak 1 at 7.267 ppm

Current Peak
1of 11

Brief Report

Data preparation is done, [

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

Close

ii. Clicking “Close” reopens the Relaxation fitting parameters if you want to adjust them.
Default parameters are usually fme so clicking Apply...OK should be OK.
B2 Wil

Wy "

-——

General Parameters
2 Relaxation S-carve ¢

) ¥ Relaxation parameters

-2 o FID # for phase determination ents /Facilityh

hese — + 4 ==lin|ig[safig =7 (D) ] 10000 Left limit for baseline correction

~ ——= -1000.0 Right limit for baseline correction =—
Fitting type T1
O Intensity 1[t)=1{0]+P*exp(-t/T1) S Number of drift points
Area Peak 1 at 7.267 ppm 1.0E-5 Convergence limit
Current Peak 16 Number of points
1of 11 1 First slice
Brief Report
Data preparation is done. 1 Slice increment
1.0 Peak sensitivity s

Fitting Function

uxnmrtl B Function Type
1 Number of components
vdlist < List file name
0.001 Increment (auto)
pd < to pick data points

Iteration control parameters

Cuesses Reset
Additional Parameters
10000.0 GAMMA(HZz/G;
10.0 TDEL(msec
100.0 D
1.0
OK Apply Cancel
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e. Perform the data fitting with the Calculate tools
i. Click the Calculation button.

Eid Peaks/Ranges E:Relaxation [x__ Fitting &> Calculation E&eport

}:{\;,‘] = Start Calculation |

t il A

ii. The calculation window that pops up provides some helpful instruction to use the two

buttons at the left to either calculate fits for ALL peaks/peak ranges ( >> ) or just one
peak/peak range (> ).

DOE - + 1 lin[1g|salig &1 (DL

it ype T1
O Infgsity It]=1[0]+P*exp(-t/T1)
Peak 1 at 7.267 ppm

f 11

lef Report
2 preparation is dgne.

O m =g

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

> one/current
>> all

iii. Clicking the Close button on the popup window will get the system to fit the data for
the first peak in the spectrum (in this case, the CHCI3 peak at 7.267 ppm). Here you
see the fit curve drawn in red and the calculated T1 relaxation time, 8.269 sec, in the
red title and in the left Brief Report area.

DOH - + 4 lin/la(salig =% D f
Fitting type T1 g
© Intensity ift]=1[0]+P*exp(-t/T1) [
Area Peak t 7.267 ppm j -
T1=8.269s 3
Current Peak
1of 11
Brief Report
Peak at 7.267 ppm le
P = -2.062¢+00
110} 1.056e+00
T 8.269s
SD = 3.264e-03
=
=3
LN
e
=
0 5 10 15 20 [s]
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iv. Instead of using the default choice, “Intensity”, as the basis for the T+ calculation,
change it to “Area” and click the *>” to recalculate. The new calculated T value should
be at least slightly different; here, it's 8.295 sec instead of 8.269.

G- + 4 fin1g|salig =17 ) L,

K3
°
8 J+P*exp(-t/T1) =
O Area 1 from 7.309 to 7.226 ppm -
Curren!
10f 11
Brief Report -]
Region from 7.309W7.22 =
P -2.114e+00
0] = 1.113e400
Tl = 8.295s
SD = 7.050e-04
n
S
=3
S
9
S
<

v. Clicking the green-circle “>> * button calculates T+ values for ALL the peaks and
displays them in the Brief Report area. The fit curve for the last integral region should
be displayed. In this example, the last peak, #11, corresponds to TMS, which has a
measured T1 value of 5.281 sec.

BO&E -+ lin|tg[safig <% (D ],

jtting type T1
Intensity I[t]=1{0]+P*exp(-t/T1)
O Area ! ror
T1=5.281s

Current Integral
11 of 11

[*1e9)

2

Brief Report

Region 1 from 7.309 to 7.
T 8.295s

Region 2 from 6.835 to 6.¢
I - 3932

Region 3 from 4.884 to 4.
1 2.832s

Reglon 4 from 4.784 to 4.¢
TI = 2,556

Region 5 from 2.769 to 2.
T =  3.142s

Region 6 from 2.508 to 2

TL = 2173s

Region 7 from 2.398 to 2.
TI =  2.487s

Region 8 from 2.304 to 2.:
1 2.259s

Reglon 9 from 1.840 to 1

TI = 2.667s

Region 10 from 1.770 to 1
1 2.959s -
Region 11 from 0.021 to -
TI = 5.281s
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Vi.

f.

I.

Ii.

fii.

b33 >uJ, lin'tg|sqiig =7 (D}
itting type "TYI0Us PEIX | -y

Use the “+” and “-“ buttons to explore results for other integrated regions. Here we see
peak #6, which has a T1 value of 2.173 sec.

[*1e9]

= 5 3 8 8 3 3
S 2 N M RN » > @ %
0

0 5 10 15 20 [s]

Take a moment for evaluation. For this example:

Residual CHCIs, whose data are plotted immediate above, has a T1 of approximately
8.3 sec. Note that at D7 = 20 seconds, the CHCIs has not plateaued — its area is still
dependent on D7, and you can imagine employing longer D7 values would give rise to
stronger CHCIs peaks. Thus, 20 seconds is not enough time for it to relax fully.

The rule of thumb for setting recovery times for high-quality spectra is to allow 5 times
T1. 5 X T1 here would be 41.5 seconds, and we can clearly see that 20 seconds is not
long enough. Indeed, the D1 value in the default T1 measurement parameter set is 30
seconds, which is probably insufficient to provide a good T1 measurement for CHCls.
However, solvent is expected to take a very long time to relax, and we are usually
uninterested in precise measurement of its T.

TMS has a T1 of approximately 5.3 sec here. It has not plateaued in this experiment,
but it is closer to doing so than CHCls.

Carvone "H T1 values range from 2.2 to 4.0 sec. Peak #6’s relaxation behavior shows
that its area is independent of D7 above D7 = 10 sec, indicating it has plateaued at
about 10 sec or a little above. Peak #6’s T1is 2.176, so 5 X T1 = 10.9 sec, and we can
conclude our 30 sec D1 value supports good T+ measurement of this peak.
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7. Generating a report and exporting your results
a. To export your results to a text file, it is recommended that you...
i. Open up a report in Topspin’s T1/T2 analysis tool
ii. Select-all and copy its contents
iii. Paste into a new text file in Word or some other text editor.
(The Report panel’'s menu DOES have a “Save as...” tool, but I've found it strangely is
unable to save to all locations. The copy/paste method is robust.)
b. Click either the Report button in the main T1/T2 Analysis toolbar (next to Calculate) or
click the circled “i” logo.
Analyse Publish View Manage (2)

- Fid Peaks/Ranges E_ Relaxation | Fitting @ Calculation ’j Report
) Goin ") ! E Hz - Display Report
N;_/\'::‘ - @ I"_‘-’{U LR VA View the Fitting Results.
Qe il &% $ LB § A
NI ) @] 2 Relaxation S-carvone_6mg_2025-0501 21 1 /Users/jkurutz/Docunfents/FacilityMethods/T1lanalysis_1|
S0 - + ! - /=[inflafsahe SE D
Fitting type T1
ety I{t}=1{0]+P*exp(-t/T1) ¥ ===
O Area Region 6 from 2.508 to 2.3%9 ppm
T1=2.173s

Current Integral
6 of 11

Brief Report
Roninn 1 fram 7 30Q ta 7 7
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c. View the report:

EPY e e :
o ([ ] Fitting report —
{ File Edit Search
1 Dpataset :
¢ 2 /Users/jkurutz/Documents/FacilityMethods/Tlanalysis_1H/CarvoneTlData-4@@MHz/S~carvone_6m¢
3  AREA fit : |
4 I[t)=I[0])+P=exp(~t/T1) la,
1 s ‘
¥ 6 16 points for Integral 1, Integral Region from 7.309 to 7.226 ppm
7 Results Comp. 1
8 |
9 1[0] = 1.113e+00
10 p = =2.1l4e+00
1 7 - 8.295s
12 | sp - 7.050e-04
13
14 tau ppm integral intensity
15
= 16 1.000m 7.267 ~-1.8369¢+09 ~-4.1109e+07
=1 17 10.000m 7.267 ~-1.8302¢+09 ~-4.0974e+07
18 100.000n 7.267 =1.7916e+09 -4.0327e¢+07
B 19 250.000m 7.267 =1.7233e+09 -3.8795e+07
& 20 500.000m 7.267 ~1.6129e+09 -3.6628e+07
21 750.000m  7.267 -1.5014e+09  -3.418e+07
22 1.000s 7.267 -1.3955e+09 -3.1852e+07
23 1.500s 7.267 -1.1962e+09 -2.7424e+07
24 2.000s 7.267 -1.0072e+09 -2.3162e+07
25 3.000s 7.267 -56.6025e+08 -1.5582e+07
26 4.000s 7.267 -3.526e+08 -8.8055e+06
27 6.000s 7.267 1.6362e¢+08  2.4415e+06
28 8.000s 7.267 5.6567¢+08  1.1247e+07
29 10.000s 7.267 8.8113e+08  1.8189e+07
30 15.000s 7.267 1.408¢+09  2.9609e+07
31 20.000s 7.267 1.6969e+09  3.5774e+07
32
33
34
- 35 16 points for Integral 2, Integral Region from 6.835 to 6.681 ppm
36 Results Comp. 1
37
38 110) =  9.992e-01
39 |p = ~1.925e+00
@ nn o= 3.932s
41 sp =  6.884¢-03
a2
43 tau ppm integral intensity
a4
45 1.000m 6.760 -9.6243e+09 ~3.89e+07
46 10.000m 6.760 -9.5757e+09 -3.8727e+07
a7 100.000n 6.760 -9.1093e+09 -3.6727e+07
48 L
49
| el =

Note that this report is formatted to include ALL the data for each peak (integral and
intensity at each D7 value). The calculated T1 value and standard deviation of the fit are
presented in the header information for each peak.

d. Inthe Report panel, select Edit..

}E"o °

@l
{220

el

Results

16 poiats for Istegral 33,

Comp. 1

10450000

~2.0030000

5.2815
4479000

008

integral

0
“
0
"
0
"

-2.3412e08) -
-2.3341e083 -
-2.2815008) -
~2.1181e083 =
“1.8995e08) -
-1.6931er83 -
-1.4peetd -
-1.1259e483
=7.95%0008 -
“2.169e088 -
2.64040008
3.8793e088
148040000
1.8237e089
2.27580000 .14,
2.4520e083 4. 4T65e00)

.Select All, then copy.

Fitting report

Integral Region from 8,021 to -0.019 ppa

intensity

241
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e. Outside Topspin, open up a text editing tool (Word, TextEdit, etc.), create a new file, and
past the contents into it.

B Untitled.rtf

carvone..6mg..2025:0501/21/pdata/1
AREA f

I[t}=1{0}+P*exp(-UT1)

16 points for Integral 1, Integral Region from 7.309 to 7.226 ppm
Results Comp. 1

0] = 1.113e400
P = -2.114e+00
Ti = 8.295s |
SD = 7.050e-04

tau ppm integral intensity

1.000m  7.267 -1.8369e+09 -4.1109e+07
10.000m  7.267 -1.8302e+09 -4.0974e+07
100.000m  7.267 -1.7916e+09 -4.0327e+07
250.000m 7.267 -1.7233e+09 -3.8795e+07
500.000m  7.267 -1.6129e+09 -3.6628e+07
750.000m  7.267 -1.5014e+09 -3.418e+07
1.000s 7.267 -1.3955e+09 -3.1852e+07
1.500s 7.267 -1.1962e+09 -2.7424e+07
2.000s 7.267 -1.0072e+09 -2.3162e+07
3.000s 7.267 -6.6025e+08 -1.5582e+07
7.267 -3.526e+08 -8.8055e+06

f. Save it like you would any other text file.
g. YOU’'RE DONE!

chemnmrlab.uchicago.edu



8. Appendix 1: Alternative 2D phasing method — Bruker’s
This is the methods Bruker provides in their manual. It involves extracting 1D spectra
from 2D data and using specialized tools for saving the resulting phase parameters and
switching between 1D and 2D representations. You can avoid these complications by
applying the general method for phasing 2D presented above.
a. You should see the 2D spectrum shown in Step 2. b above (processed with “xf2”).

LastS0 [SENE N ) 2 S-carvone_6mg_2025-0501 22 1 /Users/Jkurutz/Documents/FacilityMethods /T 1as Is_1H/CarvoneT1Data-400MHz (2]
ProcPars  AcquPars  Title  PulseProg  Peaks  Integrals  Sample  Structure  Flot  Fid

F1(s]

0.008

0.004 0.006

0002

14 12 10 8 3 4 2 0 F2 [ppm]

b. Extract the spectrum with the longest D7 value. As in Step 1.e above, identify the value
for TD in the F1 column. It should be 16 for default UChicago acquisition parameters.
Type “rser 16” (or substitute the accurate F1 TD value for your spectrum). A partially
processed spectrum should appear If not, click “Process or type “ef”.

@ ~TEMP 1 1 /Users/jkurutz/Documents/FacilityMethods /Tlanalysis_1H/CarvoneT1Data-400MHz
ProcPars  AcquPars  Title  PulseProg  Peaks  Integrals  Sample  Structu Plot  Fid

fid 16 from S-carvone_6mg_2025-0501 22 1 /Users/jkurutz/Documents/FacilityMethods/T1lanalysis_1H/CarvoneT1Data-400MHz

[rel)

— _ I i /

- 50

- 100

- 150

14 12 10 8 6 4 2 ] [ppm])

29



PROTOCOL: How to Process T1 Relaxation Measurement Data and Obtain T+ values

c. Automatically phase by typing “apk”

ProcPars  AcquPars  Title PulseProg  Peaks Integrals Sample Structure Plot  Fid

fid 16 from S-carvone_6mg_2025-0501 22 |1 /Users/jkurutz/Documents/FacilityMethods/Tlanalysis_1H/CarvoneT1Data-400MHz ’ f
11.17 ppm / 4471.49 Hz { =
Index = 31259 - 31355 | -3
Value = 0.01416 rel S
(| [ .-
‘ =4
| | | —
i { '\‘: | ‘!I I é
Y P, J { ‘
/ \\‘\N\ i v‘ -8
s ’ Yo i.
“\ §
'\Jn‘ ’
\; g
J I
\»3‘
=
&
=
“ o 12 0 ' R 4 2 0 Ippml
d. Manually adjust the phase to improve the spectrum.
Phase Correction
0 1R 90-90180 o~ I GHE D
pivot = 1.77 ppa Phase increment = 2Md00049 phe = -9.49 phl = .00
fid 16 from S-carvone_6mg_202 SRAREAD SRR NI 202 /D [Facility /T1analysis_1H/CarvoneT 1Data-400MHz | -3
g
| <
‘- " 5
N 1
,"uli N 4 Y J l f
\“\w\. ([ ]] -8
/ i K
L
| A s
g g
\)\ ’
\Lﬂ 2
\ 2
LS
£
14 ' 12 0 s "6 ' 4 2 0 Ippml

Last updated: May 23, 2025
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e. Save the phase by clicking on the “Save for nD spectrum” button (a floppy disk with “nD”
over it). Then click the “Return” button, NOT the Save-and-return button.

Phase Correctio
L0 1R 90-90180 o Il B E
vot = 1.77 ppm Phase increment = 0.000049 ghhd = -#.49 o 000
fid 16 from S-carvone_6mg_2025-0501 i'.i‘;':.;’,‘,?Jf.‘..‘.".’é,“.i\’.;".‘i.‘.Eé‘;;l‘;',".‘.'l“..uymm /T1analysis_1H/CarvoneT1Data-400MHz I §
g
]
| 8
[ ‘ -4
At Ll 3
(W2 J L
/
\\‘k\‘v\ [ 3
) =]
[ i “
\
N 8
Y S
A

Y

- 0.06

14 12 10 8 6 4 2 o [ppm]

f. A quirk of this routine is that the phase correction is apparently forgotten after you exit
the phasing routine. Part of Topspin does remember the proper phasing values... but
that’s not reflected in the spectrum at this stage.

ene @ ~TEMP 1 1 /Users/jkurutz/Documents/FacilityMethods/T1analysis_1H/CarvoneT1Data-400MHz
Spectrum  ProcPars  AcquPars  Title PulseProg  Peaks Integrals Sample  Structure Plot  Fid
fid 16 from S-carvone_6mg_2025-0501 22 1 /Users/jkurutz/Docum nls.’Fa(ililyMelhoTlTlanalysis_lM/C nnnnn T1Data-400MHz ‘ } "::,-
| o
=1
S
e
4
re
S

£

0.00 X

phase correction NP
apparently forgotten \;5

g. Switch back to the 2D display by clicking the odd “square with dots at the corners”
button in the upper left (OR type “.2d”). This is the “To last 2D data” button.
&l Start Process

/

i * (
@ 8 *2 %] ¢

repelilicscean || ~
Eel . To last 2D data [.2d] L4

31



h. Once you’re looking at the 2D plot again, inspect the phasing. Curiously, no phase
correction has been applied yet. If phasing were proper here, bottom rows should be

j-

negative (gold) and upper rows should be positive (purple)

. That is not the case here,

indicating that phase correction has not been applied yet. Furthermore, inspection the
aliphatic peaks, especially the one near 1.75 ppm, shows a twist to the peaks — baseline
on one side is higher than the one on the other side. This clearly still needs phase

correction, indicating that the correction we just developed
yet been applied.

in the extracted 1D has not

Spectrum  ProcPars  AcquPars  Title PulseProg  Peaks Integrals  Sample  Structure Plot  Fid

14 12 10 8 6

Type “xf2” or pull down the menu selection Process (tab)..

F1 [s]

!
0.008

i

0.006

0.004

0.002

il | lis +

4 2 0 F2 [ppm]

.Proc Spectrum...”Process

Only F2 Axis (xf2). This reprocesses the spectrum with the phase correction developed

with the extracted 1D. This one looks good:

Spectrum  ProcPars  AcquPars  Title  PulseProg  Peaks Integrals  Sample  Structure

14 12 10 8 6

Proceed to Step 4.a for Baseline Correction.

Plot  Fid

0.008 F1[s)

0.006

0.004

0.002

4 2 0 F2 [ppm]
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