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UNIVERSITY OF

Kinetic Profiling by NMR

This document summarises a procedure for obtaining kinetic (time course) data with NMR on Bruker
instruments using TopSpin. This provides a means of monitoring reactions as a function of time in the NMR
tube and potentially for determining kinetic parameters from the time course data. Ideally, kinetic data is
acquired with deuterated solvent, or a small quantity of deuterated solvent. This ensures the spectrometer
remains locked and stable throughout, and solvent signals do not interfere with peak integration or spectral
quality.

There are three procedures for acquiring kinetic data using TopSpin. Ensure you are following the correct
procedure for your requirements.

e Method 1: Manual mode, one nuclei only (i.e., *H NMR)
e Method 2: Manual mode, interleaved nuclei (i.e., *H and °F NMR)
e Method 3: Using IconNMR, one nuclei only (i.e., *H NMR)

There are two procedures detailed for processing kinetic data using either TopSpin or MestreNova. For
Method 2, MestreNova is recommended. Method 1 and Method 3 can be processed using TopSpin or
MestreNova.

Acquiring kinetic data using TopSpin

Method 1: Obtaining kinetic data outside of IconNMR (manual mode, one experiment only)

Follow this procedure if you wish to run one experiment only periodically outside of IconNMR.

1. First lock, tune, shim and run initial spectra of your starting materials before the reaction to make
sure you know exactly where they appear in the spectrum with the same solvent that you use in the
reaction under the same conditions, e.g. temperature, same spectrometer.

2. Having optimised the spectra of your starting materials alone (tuning the probe and shimming),
quickly run the first spectrum of your reaction after mixing noting the time you started (the command
dpa will display the exact end time of each acquisition and these times can be used in generating
time course profiles). If your reaction is fairly slow you may have time to do some quick shimming
beforehand (command topshim 1dfast); re-tuning is not necessarily required.

3. Having run the first reaction spectrum, increment experiment number (ix, or iexpno), and use the
command multi_zgvd (answer the following questions). If you require no delay between
experiments, use the command multizg:

Enter fixed delay (in seconds, for multi_zgvd only):
e.g. 600 (10 minutes for the spectrometer to wait until next acquisition)

Number of Experiments (for both multizg_vd and multizg)
e.g 30
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The program will set up all the experiments then tell you how long your kinetic run should take. Note if you
would like a spectrum running every five minutes and your experiment takes 60 seconds, the fixed delay time
should be set to 240 seconds.

Method 2: Obtaining kinetic data outside of IconNMR (manual mode, interleaved nuclei)

Follow this procedure if you wish to run interleaved nuclei experiments periodically outside of IconNMR. This
procedure does not allow the spectrometer to tune and match the nuclei between time points therefore
certain combination of experiments are not feasible on specific probes. For example, running °F and 3P
experiments is not possible on a BBFO probe. Ask the NMR staff if you are unsure.

1.

3.

First lock, tune, shim and run all initial spectra of your starting materials before the reaction to make
sure you know exactly where they appear in the spectrum with the same solvent that you use in the
reaction under the same conditions, e.g. temperature, same spectrometer (experiments 1 to 3
below).

Having optimised the spectra of your starting materials alone (tuning the probe and shimming),
quickly run all the first spectra of your reaction after mixing (experiments 4 to 6 below) noting the
time you started (the command dpa will display the exact end time of each acquisition and these
times can be used in generating time course profiles). If your reaction is fairly slow, you may have
time to do some quick shimming beforehand (command topshim 1dfast); re-tuning is not necessarily
required. If you are running more than two interleaved nuclei, ensure the experiment numbers are

consecutive as shown below.

= | coral
=& ~ multizgs demonstration

#-[ | 1 -2g30 - 1H starting materia
- | 2 - zg30 - 19F starting materia
£ 3-zg30 P starting mate
= 4-zg30-1Hre 1
£ 5-zg30 - 19F rea
& 6 - zg30 P rea

Having run the first reaction spectrum, open the first experiment run of the kinetic study (in this case,
experiment 4) and use the command multizgs (answer the following questions).

Enter 1 experiment to copy:
e.g. 4 (experiment 4 is the first nuclei at time point 0 here)

Enter last experiment to copy:
e.gb

In which experiment should the first experiment by run:
e.g 7 (ensure there are no numbers in the folder that are larger than this number)

Enter number of times to repeat the experiments:
e.g 20 (how many time points to be acquired. Note there is no delay between experiments)

Do you want to (r)un the experiments, or just (c)reate them?:
e.g r or c (if you wish to start the run immediately, type r. If c is selected, every experiment must be
gueued manually)
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The program will set up each experiment as it runs. It will not state how long the kinetic run should take, nor
qgueue anything in the spooler. It is highly recommended to use the available ‘kinetic time course in progress’
sign available in the lab.

Method 3: Obtaining kinetic data using IconNMR (one experiment only)

1.
2.

Open Icon NMR, change user to your research group and ensure IconNMR is running.
In the Menu bar, Click Tools — Run an Experiment Periodically:

ﬂ,, lconMMR: Automation Mar17-2025-1135-ajrgroup
File Run Holder View Find Parameters Options  Tools | Help

Start i

Import an Experiment/Data Set

= i
% 1 }§’ Run an Experiment Periodically

Experiment Table

A top-up window titled ‘Periodic Experiments’ will appear. Fill out all sections with the relevant
information. Use the drop-down option to select the correct Disk. Set Start Expno to 1. Set the
number of experiments and delay between experiment submissions (time for the spectrometer to
wait until next acquisition). If you wish for the experiment to start ASAP, leave the Start time as is. If
not, set the time in a 24-hour format to when you wish the experiments to begin. Once all sections
are complete, click Submit.

& Periodic Experiments - O *

les N

Run an Experiment Periodically

Use Holder Position
Disk |cANMR |
Data Set Name |cM_LBoD1_1 |
Start Expno 1 =
Solvent O CD30D.5PE ~
() CDCI3_aniso
O cHzciz y
Experiment O comp1 O compz -
() COMP3
(O hisup_pr.crl (O hisup_nopr.crl
(O hisup_es.crl O hisup_especrl v
Title

Kinetic study of sample LEDD1_1

Mumber of Experiments 12 =

Delay between experiment submissions 00:10:00 3

Start Time 12:00’30 Mon Mar 17 2025 =
Submit Close
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Once submitted, IconNMR will automatically populate the specified position holder when the relevant
experiment and experiment times. To determine what time your kinetic run will finish, add the experiment
time to the start time of the last experiment.

Holder  Type Status Disk Name Mo.  Solvent Experiment Pri Par Title/Orig Time User Start Time
[T Queued CANMR CM_LBOO1_1 1 cDCi hlacq.crl ] Kinetic study of sample LBOD1_ ajrgroup 4
Eér Queued CANMR CM_LBOO1_1 2 CDCi3 hiacq.crl il Kinetic study of sample LB0O1_1 ajrgroup {2
e Queued CANMR CM_LBOO1_1 3 cDCB hlacq.crl ] Kinetic study of sample LEOD1_1 ajrgroup {2
[T Queued CANMR CM_LB0O1_1 4 cDi3 hlacg.crl il Kinetic study of sample LBOD1_1 ajrgroup &
[T Queued CANMR CM_LBOO1_1 5 cDCi hlacq.crl ] Kinetic study of sample L ajrgroup (4
Eér Queued CANMR CM_LBOO1_1 & CDCi3 hiacq.crl il Kinetic study of sample LB0O1_1 ajrgroup {2
Hél— Queued CANMR CM_LBDD1_1 7 cDaiB hlacq.crl ‘yf: : Kinetic study of sample LBOD1_1 ajrgroup £43 Maon Mar 1
[T Queued CANMR CM_LB0O1_1 8 cDi3 hlacg.crl il Kinetic study of sample LBOD1_1 ajrgroup & Mon Mar 1
H(lr CQueued CANMR CM_LBOO1_1 9 coci hlacq.crl ‘y?: : Kinetic study of sample L ajrgroup £4) 13:20 Mon Mar 1
Eér Queued CANMR CM_LBOO1_1 10 CDCiz hlacq.crl il Kinetic study of sample LBOD1_1 ajrgroup £4) 13:30 Mon Mar 17 2
Iél— Queued CANMR CM_LBDD1_1 n CcDa hlacg.crl ‘yf: : Kinetic study of sample LBOD ajrgroup £4 0 Men Mar 1
[T Queued CANMR CM_LB0O1_1 12 cDi3 hlacg.crl il e Kinetic study of sample LBOD1_1 ajrgroup 4 13:50 Mon Mar 1
b2 1] Available

Processing kinetic data using TopSpin

1. Process your first spectrum using efp and phase it perfectly, manually. You need all subsequent
spectra in the kinetic run to be phased in exactly the same way, then the baseline corrected. Take
note of the PHCO and PHC1 values under the PROCPARS tab.

2. Use the multicmd command to do this, which asks you the number of experiments required, and the
commands for processing.

Choose procedure for ‘multicmd’:
NORMAL

Enter number of experiments:
e.g. 50 (i.e. 50 time points including experiment 1)

First command:
1 PHCO [value] (i.e., 1 PHCO 109.06)

Second command:
1 PHC1 [value] (i.e., 1 PHC1 -1.02)

Third command:
efp

Fourth command:
absn

Fifth command:
Leave blank and press enter to finish the command. A confirmation pop-up window may appear
depending on the version of TopSpin that is being used. Press OK to confirm.

The macro will phase the specified spectra exactly the same as the first one you phased perfectly, then
perform baseline correction (absn).

Coral Mycroft, 2026



Kinetic Profiling by NMR_2026.docx

3. Having now obtained all your experiments, please look closely for your signals of interest, those that
grow at the expense of those that decrease. You will then need to integrate them in exactly the same
way e.g. integral limits and peak positions, for all n experiments.

4. Integrate a good example spectrum of the kinetic run using the command “.int’, where you have both
starting material and product, ‘save regions to intrng’, then save and return.

5. Write a new integral file with command ‘wmisc’ (write new) with filename xxx, enter a new name,
i.e, ‘CM_intl1’. To be on the safe side, check the integrals are what you want with rmisc (read xxx) on
another spectrum within your list.

6. When satisfied with your integration of your starting material and product peaks, then go to the first
spectrum of the reaction mixture and use the command multi_integ3 (answer list of questions):

Use EXPNOs (0) or PROCNOs (1):
0

Enter first experiment No:
e.g. 1 (if kinetic data is in experiment numbers 1 - 9)

Enter number of experiments:
9

Enter name of intrng file:
CM_int1 (i.e., the name of the list saved in step 4)

The program calculates all the integrals in files 1....... n and the results are conveniently presented as a txt file
in the experiment you performed the multi_integ3 command in, with the processed spectrum e.g.
D:/NMR/data/nmrgroup/file/pdata/1/[file name] _int.txt.

An example of how this text file should appear is shown below;

" | kinetic_int.bxt - Motepad - O X
P

File Edit Format View Help

h 0.08800ee 9127348.008000 13766080000 .008008 13916780006 .0080000 ~
2 0.Bebeee 29268700.800080 13755008000.800800 13943808800.000080
.bBeooe 68388580.088008 13730580000 .000008 13944868008 .0680000
.boeoee 98336680.088008 136987080006 .008008 13939008008 .0680000
.boeeee 137892000.080080 13669400060.000008 13948280060 .600000
.boeeee 169355600.000000 136385600060.000008 13949380060 .600000
.beeeee 194853800.000080 13598500060.0000088 13934180060 .0600000
.beeeee 224702000.080080 13585600060.000088 13945380060.600000
.beeoee 258450000.000080 13538700060.0000088 13940080060.000000
0.006008 283655000.600000 13521500600.0000880 13924800600 .00000(

@.000008 388977000.000800 13477000060.000000 13918700000 .080000¢ v
>

(x> Icv B« B ww B o R o R wv )

8
1

L il e I =+ B [ S R A W

Ln1, Col1 100%  Windows (CRLF) UTF-8

7. This table of integral values can easily be imported into Excel as a Space and Tab delimited file for
plotting and for calculations of rate constants, as shown below. In Excel, under Home — Paste (red
box below) — Use Text Import Wizard. Ensure ‘Delimited’ is selected and click Next.

8. On step 2 of 3, ensure the correct delimiter is selected, i.e., ‘Space’. Click ‘Finish’. This will copy all
the kinetic data into separate cells for ease of processing.
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File Home Insert Page Layout Formulas Data Review View Hel
Cut L A av | = —
D & Calibri 1 v AA = :IEI '&V E(IJ)Wr
E@ Copy ~
Paste I U M A = == =i = &
. = = = = = = = 2= Me
'\‘3’ Format Painter - - === == |E
Clipboard 7] Font s Alignment
Text Import Wizard - Step 1 of 3 ? *
The Text Wizard has determined that your data is Delimited.
If this is correct, choose Next, or choose the data type that best describes your data,
Criginal data type
Choaos type that best describes your data:
H - Characters such as commas or tabs separate each field.
(@) dth - Fields are aligned in columns with spaces between each field.
Start import at row: |1 2| File grigin: | Windows [ANSI) ~
|:| My data has headers.
Preview of selected data:
2485740000.000000 2481000000.000000 [l
2581070000.000000 2583€80000._000000
2577810000.000000 2574720000.000000
257€9360000.000000 2573480000.000000
v
Cancel < Back FEinish

9. The data can then be plotted to show integration/concentration vs time (s)

0.6
*
0.5 o
<
S 04%
S 03
I N AAAAAAAA A A AA
5 02 '8 ‘" $9000000 o 4 o,
S 01 -
c
8 6E-16 1
010 10000 20000 30000 40000 50000 60000
Time /s

The in-house au program readdate may also be used to generate a text file containing the date and time
points for a series of spectra of increasing experiment number (expno) and avoids the need to manually
extract the time from each spectrum with the dpa command. The generated file (kineticdates.txt) will be
stored in the expno of the first experiment. Note: this is not part of the standard Bruker installation and will
have to be added to your TOPSPIN installation: copy the au program into the directory:

Enter starting expno:
e.g. 2 (if kinetic data is in experiment numbers 1 - 9)

Enter number of experiments to extract dates from:
eg.9

Enter increment between expnos:
1

C:\Bruker\TOPSPIN-VERSION\exp\stan\nmr\au\src\

(or your corresponding Bruker installation path) and, in your first experiment of the kinetic run, use the
command xau readdate to compile and run the program.
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Processing kinetic data using MestreNova

To process reaction monitoring data with MestreNova, the ‘Reaction Monitoring’ plug in must be installed.
The following procedure is described using the modern MestreNova interface. Adjustments may be required
if using the classic interface, or if using a different version of MestreNova.

Installing the Reaction Monitoring Plugin

Under ‘File’, click on Advanced Plug ins in the left-hand panel. Under the ‘Available’ tab, tick the ‘Reaction
Monitoring’ plug-in and select Install. Close and re-open MestreNova when prompted.

@ Advanced Plug-ins ? =
Filter: |
Ayailable Updates Installed
MName = Default Version al @
WINOWE 3CrEen I.5.4. 007
O
Mnova Screen 2D 1.0.0.9693
Mnova gNMR 3.2.0.11997
| Reaction Monitoring 2.2.0.10421 -
Install
Directary
|Jsers,.’d'uem-d1em1?64{AppDatafRoaminngest‘elab Research S.L.fMesﬂ?ENwafpluginsl e | |4
Close

Loading and processing kinetic data using the Reaction Monitoring Wizard

Under tools, select Reaction Monitoring, then Wizard. A pop-up window will appear.

= MestReMNova
View Malecule Prediction Diata Analysis - KI? 'Z'E-:':' (®) Options ~
el * | i NG -
E YR ERE S A R
4 ] . NIST
Import Edit Run Import Export Report NIST NMR Reaction
- Script | Script- - - - Search=  Tools= Monitoring=
CD5 Tools Scripts Script Tools Reg ==~

»  Useas Time Crigin

Pages »  Edit Dilution Compensation...

p»  Edit Pulse Width Correction...

1.
» Useas Initial Concentration

o9 Listener..
E Wizard...
Il Pause/Resume Listener and Command Line RM...

T Ll
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Import the folder where the kinetic data is stored using the “..." button (blue box shown below). Ensure the
data directory is correct by selecting ‘Preview Files’. If correct, the file paths for all data will be shown.

(Acquisition Method 2 only) If multiple nuclei spectra were acquired, these must be processed separately.
Tick the ‘Spectral Data filtering’ box and type the nuclei you wish to processed, i.e., “1H’, ‘“19F or ‘31P’. This
example data is only 'H experiments so spectra data filtering was not selected.

Under Visualization, select either stacked or superimposed, depending on how you wish to view the data. If
you have a high number of spectra, superimposed is recommended to ease visualisation of the data. Select
Next.

© NMR Reaction Monitoring Wizard ? X

Import
Set the Import Options

Import Folder: bsers,"d‘nem-chem 1764/Documents MNMR. data/data/AK_oMBA_ 148, 5mM

Order: By MName -
File Path Filtering

File Mame Masks: fid *.fid *.jdx -
Folder Mame Ke ywords: -

Preview Files

Spectral Data Filtering

Parameter |Nudeus all =

Chunking

4K |4
Ak |4

Backup

Folder: |C:/Users/chem-chem1754/AppDatafLocalTemp |

Visualization

L]

View: :_L:Superimposed = | Dedmation Step:: |1 -

Save Settings | | Load Settings Mext = Cancel

For processing, ‘Default Mnova processing’ is typically sufficient. Click Next and the Wizard will Fourier
Transform and phase all spectra. It is highly recommended to check the phasing and baseline of the spectra
as this will affect the kinetic results. If needed, this can be modified later. If there are experiments with no
data (for example, if the experiments weren’t stopped earlier than originally set up), it may fail at this step.
Remove any experiments that have no data associated with them and try again.

The next window will offer two options to track the signals of interest; concentrations or integrals. If the
starting concentration of the SM is known in the first time point (spectra 1), select concentrations. If the
reaction has started and the starting concentration of the SM is not exactly known, select ‘Integrals’. Select
the relevant option and move your cursor over to the spectra to integrate the SM signal.

Hold the space key button to pan over the spectra and Ctrl+Space to open the zoom function. Release any
keys to go back to the integrate function. You must integrate the regions of interest before you click next
otherwise the procedure will have to be restarted.
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@ MNMR Reaction Menitoring Wizard ? *

Extraction
Spectrum Regions

# Select Graphically and Press MNext Concentra tions

Uze Last Selection

Import from File:

Zero Time Index: ] -
Tio: Keep Pressed Space fo Pan and Cilf+5pace fo Zoom

Save Settings | | Load Settings < Back Mext = Cancel

Once the SM signal is integrated, a response factor pop-up window will appear. Update all relevant
information. The below example is for integrating a CH peak of the SM material at 148.9 mM. Select OK since
done and the wizard will plot the integral of the SM peak as a function of concentration vs time. The time
information has been directly extracted from the raw data. Check that this is correct. The Wizard will extract
and plot all integrals of the SM on a graph where the y-axis is C (concentration in the specified units). The
Wizard will also extract the time points for all data (x-axis).

) Response Factor ? x
Mumber of Mudides: |1 -
Concentration Units: |mM =

Mode
Concentra tion for Spectrum Index -
Index: 1 -
Concentration:  |148.2000 mM -
QK Cancel

Integrate product signals of interest. A pop-up window will appear after integrating each one allowing you
to specify how many nuclides correspond to the peak. Update if required then select OK.

@ Kinetics Opt ?

| Mumber of Mudides

1 .

K Cancel
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The Wizard will plot all integrals of the product/s using the defined settings.

STACK NMR
Prediction Tools Data Analysis Stacked Processing Analysis Assignments L B options

B DR gedf e N . W B2

Paste New - U x x| == $ a1 4% Insert Add
S A Page 0 [ [ H B/ == A A AL et | Signature
Clipboard Pages Drawing Editing Text Insert  Digital Signature
Data Analysis 8 X | 8] Document 1= % =
t
bD- & X 8- | =
-
EEY
] = S
¥ | Concentration(8. 452,8.348) =- 4+ % Proos R &l
* X0 () = &
= * | Model ARRDATA() Concentration|8.128,8.0 100
B 1 0 1439 E g
® 2z 37 148,928 &}
3 470 14841 504 Al
4 592 147.989 o
5 HE) 147.609 L aeacobossaac0saoROGOEBIRA0000000000000 s
6 a8 147.373 T ; - ; - ; - ‘ @
e %60 12695 0 1000 2000 3000 4000 t[SS]DDD 6000 7000 8OO0 9000 o
5 1083 146,715 !
9 1206 146,288 5000 -
10 1220 145,972 o -
11 1451 145,607 4500 7
12 1574 145.404 -
+4000 ol
13 1697 145,115 @
14 1820 144,697 | 3500
15 1943 144,437
16 2065 144,147 +3000
17 2188 143.885
18 21 143.406 pl o 5 F2500 a
19 2434 143.076 & £
by 2557 142.022 2000
2 2630 142.632
1500
22 2802 142.276
3 2025 142.063 L1000
24 3048 141.685
25 317 141.454 +500
2 3293 141.233 A
27 3416 140.898 hd ro
[l ¥
-
Acq, Start: P5-02-06T11:54:45 | Acg, End: P5-02-06T14:3L:56 T T T SR S T e A S S L B S S S I
8.42 840 838 B36 834 8.32 830 5.28 8.26 8.24 £.22 8.20 8.8 8.16 8.14 812 8.10 8.08 8.06 ¥
Data Analysis Pages 4 ¥
I Signature: FX¥ [ Licenses: (9

Click Next on the NMR Reaction Monitoring wizard.

@ NMR Reaction Monitoring Wizard ? et

Fit Options
Select the Equation To Fit

Mo Fit
Use Last
#) Select By Reaction Order First Order | -
) Zero Order
mport From Fie
oo
Intermediate K= =Q
Intermediate Offset 1
Save Settings | | Load Setting ?Eiec:;ndegfdtgrl(p >Q Offset
Second Order Offset | |

MestreNova has the option to plot your data against multiple kinetic reaction order equations. If the reaction
order is known, select the reaction order. It will then fit the data to this equation and give you the option to
save the report (PDF) and MNova file data. If required, locate the file location you wish to save this and give
the files a name. Click Finish.
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To extract the data, click on the corner cell of the table (shown below in red) and select the notepad icon
(green). Click on ‘Report Table To CSV” and save the data.

Data Analysis 8 X
- | E] - [ - o8 E- =
¥ | Concentration(3. 472,8.338) - =E- 4 R

ARR_DATAL | Concentration(3 . i) .2 Concen

1206

% Report to Clipboard
ﬁ Setup Report...

X
Report Table

+ @  Report Table to Clipboard
o
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