Basic procedures for NMR

Dr. E. Manolopoulou, NMR, Lab, Dept of
Chemistry, Univ. of Crete, March 2019



Sample Handling

It is a good practice to filter (step 3) NMR solutions directly into the sample tube, or centrifuge
them to keep the solution free from dust and other contamination.

Note: The sample tube should always be held by the top!
Typical procedures to prepare a sample might be as follows:

1. For asolid sample using a 5 mm tube dissolve up to 20 mg of the sample in about 0.6 ml of the
chosen solvent. Typically for a liquid sample, and when observing protons, dissolve 20% sample
in 80% deuterated solvent.

2. If the solvent does not contain already, add a small amount (~0.1%) of reference compound
Tetramethylsilane (TMS). Make sure the TMS signal is smaller than the most intense sample or
solvent signal (otherwise the Signal to noise ratio is wasted because of low receiver gain).

3. If needed, filter the solution into the sample tube through a Pasteur pipette containing a small
plug of glass wool.

4. Close the tube with a cap, seal the top with parafilm to reduce evaporation and label the tube
near the top. Be careful to ensure that the cap, parafilm and label are concentric or otherwise
they will adversely affect sample spinning



Sample Preparation for measurement

* Use clean and dry sample tubes (wash tube with EtOH).

e Use medium to high quality sample tubes.

e Always filter the sample solution.

e Always use the same sample volume or solution height.

e Filling volume of a 5 mm tubes is 0.6 ml or 5 cm.

e Use the sample depth gauge to adjust the sample depth (1.8 cm for older

style probes, 2.0 cm for newer style probes).

Inserting the Sample into the Spinner

2. Spinner 5. Depth Adjustment Screw

3. Depth Gauge

* Follow the recommended procedure as shown in the
laboratory demonstration.

* Adjust proper position of the sample

* The sample tube should sit tightly inside the spinner.

*  Wipe the sample tube clean with EtOH before inserting into

magnet or autosampler

!

CAUTION

Improper adjustment leads to no detectable signals or
breaking the NMR tube inside the detector.

/@

;

3

Depth gauge

NMR tube

Sample height
~4.cm




Insertion of NMR sample (with spinner) to the magnet:

1. Press “LIFT” button on the keypad (see description

SPIN  below).

LIFT SWEEP 2. A standby sample, if any, will slowly rise up to the top

rocg ©Of the magnet.

3. Replace the sample with yours. Before releasing it,
ensure the tube & spinner are supported by the
compressed air from the magnet entry port.

4. Press the “LIFT” button again to lower your sample

Shims into the magnet

*By pressing a specific button, a certain function can be
EEEENEN

modified by turning the wheel-knob.

The Keypad: Located next to the console

Computer. The layout consists of a matrix
of buttons *The value of adjustment is shown on the center LED bar.

*The LED flashes if a selected function fails.

Three major groups:

1. Mechanical control on NMR sample.
2. Field controls (lock, sweep).
3. Shim gradient adjustments



Lock: for automatic locking

Select solvent

Locking the Sample

Main | Lock/Level | Shim | Autoshim | Service | Log | Melp
AUTO

Phase ‘ Power Can Lock ‘ Shim
LOCK

On-Off Drift DC
Tif-'h.ase }7 Power Cain |.7 Shift
LOOP

GCain ‘ Time Fiiter
SWEEP

On~Off Ampl Rate
HELIUM LEVEL

Last read ‘ Read Measure

The lock signal can be controlled manually
by adjusting Phase, Power, Gain, and Field
(with lock off). The Field parameter is ZO0.

Note: If lock has been achieved, the signal should be of the form of a
horizontal line with some associated noise or ripples (see figure below).
The height of this line is called the lock level.



Create a DATA file:
Create new experiment

Click or type edc

a. Name: Define the name to identify your sample. e.g.

sample813

NAME
EXPNO
PROCMO

b. EXPNO: “experiment number”.... Any integer [1 ..... 999]. oIk

c. PROCNO: 1

d. Dir: C:\Bruker\Topspin 1.3\data\username

e. USER: Mandatory format “Your-name-month”. where

month is when the data sets are created.

Frepare for a new experiment by creating a new data set and
initializing its MMR parameters according to the selected experiment type.

filenarne

1

1

chbrukertopspint . 3(2.0)

f. Solvent: click and select the solvent in your sample.

wrpa: Copy a data set, raw and processed data
Re: Read data of specified name or expno

rpar: Load experiment parameters

USER usernamel
Solvent CDCI3 v
Experiment 1_Proton v
TITLE
Put title here 3
w
| ox || cancel || moreinto.. || Hep |
Parameter Sets: rpar [
File Options Help Saurce = /opt/topspin3.0/exp/stan/nmr/parfuser |+
Find file names Jenter any string, =, 2
Class =[any_ [=] Dim = [Any[~]| [CIshow Recommen ded
Mype SubType T Dir of the standard parameter set51
bil C13APTp218n153 C13DEPT135p218n18 c13p18 fopt/tepspin3.0/stan/nmr/patiuser 1]
cpmgpr_marc cpmapr_marc_2 dosyld dosy2d
F13CPD gp_COSY gp_COSYDQF gp _HMBC gp _HMBCET
lap_Hsac ap_HSQCED ap_HSQCED_ND ap_NOSYPH ap-HSQCETGPS|
NOESYPR1D_JvA PROTONp11nl PROTONp16En4 PROTONpSn1 PROTONPH2
ROESYPHSW-user tl-fosfor thomask-ew thomasb-gd Tirme dep PROTON
230 2930_patricia Zapa30_patricia 20pg30_patricia

NOTE: Must do getprosol before probe tuning

getprsol: Get probe and solvent dependent parameters



Shimming

Shimming is a process in which minor adjustments are made to the magnetic field until the field homogeneity
(uniformity) is optimized. Improving the homogeneity will result in better spectral resolution. It will be necessary
to reshim each time a sample is changed, especially when the sample solvent changes. The system manager has
stored appropriate shim values (in so called shim files) that are frequently updated and will greatly reduce the
shimming time required whenever shimming is needed.

Broad lines, asymmetric lines, and a loss of resolution are indications that a magnet needs to be shimmed. The
shape of an NMR line is a good indication of which shim is misadjusted. Consider a single narrow NMR line. If
we zoom in on this line we might see the following shape. The following series of spectra depict the appearance
of this spectral line in the presence of various inhomogeneities.

rsh: read a recent shimfile
wsh: write shims

Shimming -errors

i z? 74 First-Order SSB Y, ZX, & ZY
I\ JL J\ |
You can check the line shape with a quick single scan to
obtain a 1H spectrum after any shimming

Control

Second-OrderSSB XY & X2-Y?




Manual Shim

Take note of the lock level in the lock display as the initial reference
level.

Start with the functions Z and 72, 73

Readjust Z and Z2

For the first sample that you do, adjust also functions X and Y then
XZ and YZ (if there is a large change return to X and Y), then XZ2 and
YZ? (if there is a large change return to X, Y, XZ and YZ) and then XY
and X2-Y?2

Then you may adjust Z3 and return to adjust Z and 72

Finally, collect a quick one scan proton spectrum and review for

sharp and symmetrical line shape
For best resolution, adjust the X, Y and XY shims
to obtain the maximum lock level.

For most simple samples, steps 1-3 will be
sufficient to obtain a good spectrum

- [ofx]




Tuning and Matching the Probe

Tuning involves adjusting the probe circuitry so that the frequency at which it is most
sensitive is the relevant transmission frequency (SFO1, SFO2 etc.) Each coil in the probe
will be tuned (and matched) separately. If the probe has been changed or the
transmission frequency altered significantly, it may be necessary to retune the probe. For
routine work in organic solvents with selective probes, the value of the transmitted
frequencies are unlikely to vary greatly

Matching

involves ensuring that the maximum amount of the power arriving at the probe base is
transmitted up to the coil which lies towards the top of the probe. This ensures that the
minimum amount of the power arriving at the probe base is reflected back towards the

amplifiers (and consequently wasted).

Note: Bruker offers two different types of tuning and matching
adjustments

atma: for probe with automatic tuning THIS is used on the 300 MHz

atmm: Tune/match ATM probe manually

atma exact: will determine the optimum tuning and matching more
precisely than atma without an argument and will therefore be
slower




Examples of Wobble Curves with Different Tuning and Matching
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1. Bad matching and tuning. 3. Good matching, bad tuning.
2 Bad matching, good tuning. 4. Good matching and tuning.




Receiver Gain

The receiver gain is a very important parameter that is used to match the
amplitude of the FID to the dynamic range of the digitizer. The gain is set by
clicking rg and providing a suitable value

Voltage, mV 1 Voltage, mV

Af\/\(\unuf\ = /\[\/\/\f\f\r\vnvf\
N S

The NMR-signal received from the resonant circuit in the probehead
needs to be amplified to a certain level before it can be handled by the
computer.

The detected NMR-signals vary over a great range due to differences in
the inherent sensitivity of the nucleus and the concentration of the
sample.

Rg values: 0-200

Rga: automatic receiver gain optimization

In all cases, the automatic receiver gain command should be used on the 300 MHz



Acquisition parameters

d1 — relaxation delay for proper integration.

td —the number of points to be sampled and digitized to form the FID.
Final number of accumulated scans = NS +DS

L 3

P bDw :
A h
Excitation pulseé‘f | fll I:q FID
Typically TD is set to 16, 32 or 64K for standard 1D ' " f \ ]f \ ;’\\ NoA
FID’s. Although increasing the size of TD will improve e | i \ - ’_f | | '-.\ L AN |
i f . [ PR WA
the FID resolution, it does so at the expense of a \ | \ IRV VoY T Time
. ey . | l\ W o
longer acquisition time. U\ .J/ / -
AN =

Lok Lo _J" -
T
total no. of sample
points = TD

ns: number of scans. Increasing the number of scans increases signal-to-noise ratio, but also
increases overall experiment time.

ds-number of dummy scans. Several sets of pulses which are identical to those used for acquisition
are sometimes transmitted to the sample before any signals emitted by the sample are allowed to
enter the receiver. This is to allow the sample to reach a steady state or equilibrium. The number
of such dummy scans depends on the sample relaxation time and susceptibility to heating. Typical
values for standard experiments are 4 or 8. The pulse program can be consulted in other cases.

ol: Transmitter Frequency Offset for Channel F1 in Hz. This is the frequency used to excite the

observe nucleus (logical channel F1) and will be at the center of the spectrum. It may be thought of
as the central frequency in the window through which the spectrum is observed

olp: Transmitter frequency offset for channel F1 in ppm



Check your acquisition parameters

ased- check and optimize experimental setup (Display important parameters)

Modify acquisition parameters if desired.

Pulse Program. zg30 means 30° hard
pulse, and acquire

11 Reubine Exparimants 1 1 CBrukar TopSgind 2\ dets\nmifac
wA DN Ec v R Number of points collected. Usually
Geners . | mrE 32k or 64k
Channel T
PULPROG 2pal E | Pubse program for acquisti
L] 32768 Time domain siEe . . \
SWHEe ppm] 1198070 130482 swcepuin A SWeep Width, in Hz and in ppm
AL [sec] 1 46&0064 ACquIsEion time
AG 25.4 Receiar gan
oW [usa] 24,800 Ewelltime Relaxation Delay, usually 2 seconds for
DE [psec] 16.00 lay
DA [sex] 2 00000000 Relaaton delay; 1-5* T1
] 2 UMD O DM S
NS ] -e— 1" M 1013l number of SCan Nlln]ber Of sCans
TOO 1 Dimersion of accumulation
<) channei f Carrier Frequency in ppm. Center of
SFO1 MHZ 800.1541008 1 your spectrum
1 [He. ppmi 4000 75 5000 ueney ofch. 1 :
MG 1H Edil Tgaieus 107 channe| 1 o .
Pre - . Sy —— 90° pulse length and power. The
PLUA [, W] |9.7040 a8 F4 channel - power level i getprosol command will populate these

values for you.

You can also use the command pulsecal,
which will find the accurate 90° pulse

eda - To access all of the acquisition parameters

Note: The disadvantage of eda is that it shows many parameters, most of which
do not have to be changed for a standard experiment. Generally, it is more
convenient to use ased to set the acquisition parameters. This command only
shows the parameters which are actually used for the current experiment



Click the AcquPars tab to display the acquisition parameters

protona 1 1 ChHIo guest

| Spectrum Prucpars| AcquPars | Title | PulzeProg | Peaks | Integrals | Sample | Structure || Fid | Acou Il show the pU|Se program parameters Only
w S WE2RY &
E:::m"’* ¥ Experiment “'| | button to read the prosol parameters.
Receiver PULPROG = g (.. J[ €] current pusepn
Mucleus AQ_mod = DGD v Acguistion mode
Durations D= B5536 Size of fid
Povwver NS = 16 Mumber of scan:
Asren DS = 4 Nurnber of durnre
- D0 = 1 Loop count for t
Lists
\Wiobble ]
Lock ¥ Receiver
;!"‘mr:lamn Rz = | 32 Receiver gain
ISCElaneDUs
Ueer DAY [ps] = | 83.200 Dwell time
_ FAARAS B sl — B Proass sl A
et < Ed FID: protona 1 1 C:bio guest

Title | PulseProg | Peaks | Integrals | Sample | Structure Fid| Acqu 4| |
To start the acquisition: B v b om Q
— Click P in the upper toolbar or enter zg on the command 311 Cyciosponn
line. r

The data window toolbar will automatically switch to the Acqu
tab and the FID display window will appear:

-05 00

1 2 3 4 [s]




Acquire data

zg-record a spectrum

multizg.-(for # experiments) It will ask you for the number of experiments to be performed. If this
number is higher than the number of experiments you have set up, it will repeat the last one for

the remaining experiments.

expt: display the experiment time

FID: protona 1 1 C:hio guest

The buttons in the toolbar have the following functions:

Title | PulseProg | Peaks | Integrals | Sample | Structure | Fid | Acqu 4 [T
Show FID in shuffled mode.
U EEALX
g iH C‘_‘y'ﬁ'."C'.S'ﬁ'C'.r.".r? - Show FID in unshufiled mode, horizontally amranged.
T 3

Show FID in unshufled mode, vertically arranged.

* Show FID in unshuffled mode, interleaved.

!
D

Switch between FID and spectrum.

-085 0.0

Stop the acquisition [ stop].

(] —
1 2 3 4 Is] Halt the acquisition [ halt].

tr- optional step. to preview an on-going experiment (such as a C-13), before its completion

halt: To halt the measurement before it completes the NS scans

DO NOT TYPE STOP! Stop command stops the acquisition immediately without writing the
data to disk

Kill: kill a specific process



Processing 1D data

Fourter transform _

Time since excitation pulse
>

Frequency and chemical shift
<

Action Command | Comment
exponential multiply em Ib is linebroadening in Hz
fourier transform 1D ft fourier transform only
fp ft+pk
ef em+ft
efp em+ft+pk
Automated phase correction apk Not always sufficient
Baseline correction abs Automatic  baseline correction
and integration on a 1D-spectrum
absn Add the letter 'n' after the
command to avoid the automatic
setting of integral limits.
Automatically calibrate the sref calibrates the TMS peak to O ppm

spectrum




Browser | | ast50 | Groups
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C\Bruker\NMR DATA  ~
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examid 1H
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1D Interactive Window Multiplication Procedure

J\ Proc. Spectrum+ || 7% Adjust Phase

4
14

Structure

No structure available.

Window Multiplication (wm)

Fourier Transform (ft)

Configure Standard Processing (procid)

Fourier Transform Options _ (ftf)

Start Automation AU Program (xaup)

1 exam1d_1H 1 1 C\Bruker\TopSpin3.1\examdata

A Lo N

BH J

Interactive Window Multiplication
v | WDW (Window function type)

exponential
031
0
0
® SSB =1
()SSB=2
01

no A

Line broadening LB

~ Gaussian max. position 0<GB<1

Sine bell shift 356

delta
PH_mod

You can perform interactive window manipulation as
follows:
1. Select the window function (parameter WDW).

2. Set the corresponding parameter(s), e.g.
— LB for exponential.

— LB and GB for Gaussian.

— SSB for sine bell and squared sine.

The displayed spectrum and/or FID will be
automatically adjusted as you change the window
function and parameters.

3. Click the Save button to store the window settings
and return. Now you can perform further processing
steps like Fourier transform, phase correction etc.



Exponential multiplication (em): can improve S/N. The default Ib is 0.3 Hz;
employing a higher line broadening value can vyield better S/N, but at the

expense of resolution.

Gaussian multiplication (gm): used for resolution enhancement using Ib as a
negative value e.g. -1, -2 Hz and gb (Gaussian broadening; 0 to 1); typically 0.2-

0.3.

This reduces linewidths, making multiplets clearer, but at the expense of S/N

and may also lead to peak-shape artifacts

examples

(iv)Ib=-2;gb=0.3

Jw

ol

T T T T T
6.7 66 65 64 63 62 6.1

)

(i) b==1;gb=0.1

T
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How to use the Toolbar (1D)

The lower toolbar contains buttons for display functions.
#ha pick I wegrate + | 7 Mubplets -+ | Line-Shapes + | Quanity = | SiNo + =
Buttons for vertical scaling (intensity) D2 ORMOR kAT

o
ol Il OML «sw 2l | A

som|® B &
=

e EE

% Increase the intensity by a factor of 2 [ *2].

" Decrease the intensity by a factor of 2 [ /2],

Change the intensity smoaothly.

v ‘ ) . LJ L

Buttons for horizontal shifting

- H 4

Buttons for interactive functions * shift to the left, half of the displayed region [ .sl].

AoV 4T |ﬁ | " * smoothly shift to the left or to the right.

The functions of the individual buttons are: ™ Shiftto the right, half of the displayed region [ .sr].

4 .
Enter phase cofrection mode. ™ Shift to the extreme left edge of the spectrum [ .s10].

i
“* Enter calibration mode.
A

™ Shift to the extreme right edge of the spectrum [ .sr0].

Enter baseline correction mode. Buttons for vertical shifting
i Enter peak picking mode. LI
o Enter integration mode. ¥ Shift the spectrum baseline to the middie of the data field [ .su].
= Enter multiple display mode. . Smoothly shift the spectrum baseline up or down.

! shift the spectrum baseline to the bottom of the data field [ .sd].



Phase correction

pk: apply phase correction (apply phc0 and phcl to spectrum)

apk: automated phase correction

Manual phase correction

I

Apalyse  Publisn  View  Manage - (7]
'+ Adjust Phase = | F. Cald. Agis= | "1t Pick Pasks= | [ Integrate = | Advanced =
B 30 ¥ .

il s 4 LE S BEET L R

_._m__r oS B
TH

Right click on the most upfield or
most downfield peak, and select
Set Pivot Point.

:[ 1 2015029 3-baptone L 1 €8 Brube\ TopSpind T datasinmefac

/#u 1 R[90-9080 = | BE Y

To phase, click and hold

Beferal
the 0 or the 1 order phase,
DATE = THLS/04/30
and mowve up or down. e - 1021
When you are done, TEbTEIN - wpect
Use the 0 order for the ) POl FEn = mgio
i . . hit the save and close
peaks near the pivot point, butt F1 m
utton. B
and use the 1 order for the P
. HE|+ B0 15
remainder of the peaks. sy - e10s.een
i -
[ A —
T T T T T T T T T T T T T
25 2.0 15 [ppm]




Peak picking

pp- Perform peak picking

Or select the Peak Picking button under the Process tab } The peak picking
window will open.

[Peak Picking |
foemose 1t wE D EE | Draw a box around the peaks you
é\ 5| wish to pick. Make sure your box
Save and close =| captures above the tallest peak of
interest.
7.375 ppa / 5901.241 Hz -
- =
Toggle on and off your manual boue Delete all peaks /
peak picking. Yellow means you /
are in peak-picking mode, grey I
IMeans you can zoom into a
region of interest. =
L camphon & 3 CoBmuRer TS T B _ o] x|
- 1 =/l nd x|t J M
[~ = e
l E {irows
P SEEPEFECRRRIARQUEAGRTAROREAARAAE E¥ i
] e — Lot ) s ]
— Y |30 o i i
Petine new peg on
— T T T —T T T —— T |Frag Wi betr mouse puton
7.0 6.5 6.0 5.5 5.0 [ppm]
|
e
&&  cancels the selected peaks
- . . . . 1. -
., allows individual peak picking
|
' lJ | I J | o
e i o, iy | |
o Lt P L NN "N O T L T b UL

T T T T T T 7
3 e i% ig fppm]




How to Perform Interactive S/N Calculation

The current signal region (parameters SIGF1-SIGF2) and noise region (parameters
MOISF1-MOISF2) are displayed.

NOIREREG = 1.94 ppm /4 551.90 H=

L. I o
| | | | | I | | | | | | | |

10.0 5.0 0.0
Data window in S/N measurement mode.

_ _ Quit
2. Move the mouse into the data window. Clear NOISEREG
3. Left-click-hold and drag the mouse from one edge Clear SIGREG
of the signal region to the other edge. Edit Regions ...
A horizontal double-headed arrow will indicate the Change Region Widths ..
Signal region. Start 5/M Calculation
4. Left-click-hold and drag the mouse from one edge ST 22T
of the noise region to the other edge.
A horizontal double-headed arrow will indicate the
noise region. Choose Start S/N calculation.
5. Right-click any position in the data window. The The other entries allow you to redefine or clear the
popup menu as shown will appear regions. After the S/N calculation has finished, the

result will appear on the screen.



Integration

4 Pick Peaks

T integrate +

&% Mudiplets »

D2 5|0
e IlE

Zoma | B BY

searn
G \BrukenTopSpind.0.

Auto-Integrate (int auto) 3
Show Auto-Integration Parameters
Integrate Regions File intmg )

Snow more options

Manuakintegrate ( int) F|

4, Line Shapes =

PARS ACQUPARS TITLE

Quantify » | SiNo -

it

PULSEPROG PEAKS INTEGRALS SAMPLE

STRUCTURE PLOT FID

(nty

# exam1d_1H
#examia_13C
@ exam2q_CH
¥-exam2d_HC
# examad_HH
¥ examad
exam_CMCse_1
#1129 - Alpna lonone
#-2 - cosygpmial
¥ 3 - hsqedelgpsp.
#-4.- nmbeetgpiana
&5 - 29pg30
#exam_CHCse_2
#exam_ ¥
# exam_DNMR_Me2NCOMe:
i exam_DNMR_pprasic
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T Integrate +

D2 3| 0Q O]
ol Q89 HME

Soama |® BT A b

CriBrukerTopspind 0.6\examdata

£ Mutiplets +

s F| AL
R

2% Line Shapes v

Quantify »  SiNo ~

PN

& B
“ Saves integral(s)

A= AR #las u[22 % x| =

2 F 8B

]

You can
selecting manual
Analyse tab/integrate

searcn
CBruKenTopSpind 0 Gieramdata
¥ exam1a_1H
# exam10_13C
4 exam20_CH
# exam2a_HC
+ exam20_HH
# exam3q
exam_CMCse_1

.
b Temsam e |

43 - hsqeedetgpsp 3
4 - hmbcetgpiand

Find

4 exam_CMCse_3
4 exam_
4 exam_DNMR_ipr2sic
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click
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se_1 11 ClBrukenTopspind.0.6\examdata

“can"add "an inte
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mouse

k that you Wwant to

To select an existing integrals use
the button. The selected
regions are yellow.

F&

. )
WL W
i i &
| g - ‘
7 H 4 tppm)

| exam_CMCse 1 1 1 C\BrukerTopSpind 0 Glexamdata

integrate 1D spectra by
integrate  from

From here you can see all
your integrals

& Bruker TopSpin 406 on USER-FC a5 user [Acsdernic License]
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Incorrect Integration

Correct phase .1
and baseline

T8 T3 T T3 T T .0 6.3 6.

Incorrect baseline L S ———————
[SI 0 pi ng) 748 ?TH‘ T4 7!3 T2 T .0 H!B L]

Incorrect phasing I

T8 7.3 T T3 T2 T 7.0 i8] 6.8




For COSY

Process

Analyse

[Academic License]

Applications

Processing 2D data

J\ Proc Spectrum - /\‘/Adiust Phase » /A Baseline = = IB -| @ g
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| exam_CMCse_1 2 1 C!\Bruker... xfb: 2D processing finished

xfb: process data including FT in both
directions F1 and F2

or xf1: process data including FT in F1 and
xf2: process data including FT in F2

(auto-commands)
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Processing 2D data
(auto-commands)

For HSQC & HMBC
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xfb: process data including FT in

directions F1 and F2

or xf1: process data including FT in F1 and
xf2: process data including FT in F2

both

abs

1: automatic baseline correction in F1

abs2: automatic baseline correction in F2
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Processing 2D data

Advanced 2D NMR data processing with TOPSPIN
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Manual phase correction



Manual phase correction

Select manual phase correction from
process tab/adjust phase

Place mouse to one of the major
signals, right click and “add”

Repeat the same procedure to
select another signal far away from
the previous one, right click and
“add”

Click |I in the new window
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2d phase correction on rows
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Repeat same phasing procedure
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