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Question : Which NMR ?



Which NMR is the best for my sample?
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QA1: Which Probe could provide information I need?

Probe Type Regular Cryoprobe
Sensitivity* (organic solvent) 1 ~4
(aqueous solution) 1 ~2.5
Probe Coil Observe Inverse
(ex:TBO,BBO, Dual) (ex: TXI, TCI)
X-nuclei observed 1H-detected
Experiment Experiments
(1D 13¢C, 1D 31P) (1D 1H,

2D COSY/TOCSY
2D HSQC/HMBC )

“Observe"”

)))

X
HES | H/ZD
gradient gradient




NMRs in HFNMRC

: Note
NMRs Location Probes *current installed probe
TXI_regular
AVIII850 IBMS B2 TCI_Cryo* 1H/13C/15N
TXI_regular 1H/13C/15N;
with SampleJet
AV800 IBMS B2 . -3 position for regular
TXI_Cryo -96 positions for spinner-free
-5 positons for rack (96 well-plate)
AVIII600 IBMS B2 TCIL_Cryo* 1H/13C/15N
* 1H/13C/15N;
NEO600 IBMS B2 TCl_Cryo with SampleCase (24 samples)
TXI/QXI_regular
AV600_CHEM CHEM B1 TBO_regular* 1H/19F/BB (ex: 13C,15N, 31P)
BBO_regular

QNP_Cryo*

with SampleXpress (60samples)




QA2: Do I need high field for better resolution ?

NMR field <= BOOMHz >= 600 MHz

chemical shift(ppm) the same
coupling constant(J, Hz) the same

Sensitivity* lower higher

Resolution™* lower better

B Spin-1/2 SN N*/._,,WT;(Y‘,.;BO )" Ins

e o SIN signal to noise ratio
Spin 1/2 N number of spins in the system (sample concentration)

gyromagnetic ratio of the excited nucleus
gyromagnetic ratio of the detected nucleus
number of scans

Yexc
Ydet

Ng/N, = exp(-AE/KT) = exp[(yhB,)/(2nkT)] ns

i a uunun nunu

Bo external magnetic field
T2 transverse relaxation time (determines the line width)
T sample temperature

* Higher Sensitivity is needed for low concentration sample
** Better resolution is needed for overlap peaks



1D 1H Spectrum in ppm

J Spectrum ‘ ProcParslAcunars | Title | PulseProg | Peaks | Integrals | Sample | Slruclurel Plotl Fid‘

1D 1HZG (500MHz NMR) ; | 500W\Hz (11.7T) NMR C e
G.I'GDGMQSE.@ZQBK ............................... ........................................ ........................................ ............... - __ g
; " e

: | ©

e

: | ©

: :_ o

| ©

T | T T T T | T T T T | T T T T | T T T T B
5.0 45 4.0 35 [ppm]

| £ PPESLUOZULULIS L L LTI [1] Eliﬁ

J Spectrum

ProcPars | AcquPars | Title | PuiseProg | Peaks | Integrals | sample | structure | Plot | Fid

{0THZG (SEOMHZ NWIR)
G.fo.bo.mose.@QQBK ............... |
4.045 ppm / 3438253 Hr

Index = 16135 - 16147 ..., .
Yalue = 0.002619 rel

I Higher the field, better the sensitivity and resolution I




NMR Probes S/N ratio in HFNMRC

Regular Probe* | 1H (EB) Others NMR & Probe |Topspin |1H (EB)| Others
500MHz_TXI 450
1,000 (13C)
600MHz_TXI 1,218
= AVS00_IBMS TP2.x| 2,000| 988 (31P)
600MHz_BBO 465| 465 (13C) (Cryo QNP) 1,000 (19F)
600MHz_QXI 1,193 85(31P)
600MHz_TBO AVIII600_IBMS TP2.x
= ~ 5,700 710(13C)
NEOGOO_IBMS TP4.x| 6,530 950(13C)
(Cryo TCI_121)
CRYO Probe* 1H (EB) Others
500MHz_TXI 4,196 377(13C)
= 1,000 (130) @\égg?&CTHBEON)' TP2.X 406 241(31P)
500MHz_QNP 2,000 | “go0 (31P) 342(19F)
600MHz_TCI_005 5,700 | 710(13C) AV800_IBMS 2% | 6200 N/A
600MHz_TCI_121 6,530| 950(13C) (Cryo TXI)
800MHz_TXI 6,200 AVII850 IBMS TP2.x
~ 1 8,500| 1,600(13C
850MHz_TCl 8,500 | 1,600(13C) (Cryo TCI) TP3x| = ,600(13C)

*Signal to Noise (S/N )value @ installed date




Which NMR?

The best NMR
for your samplel!



Question : How to collect NMR data?

Simple Operation Guide for HFNMRC Users

by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)




Simple Operation Guide for HFNMRC Users

by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)

PART I: Preparation (Software & Hardware)

“ <Lock> The 2H signal is collected by “lock channel” that operates in parallel with
the principle channels. “Lock” maintain the center of 2H resonance at a constant
frequency.

1

« Deuterated solvents are used to generate the signal to be detected and monitored by
the lock system. The frequency and strength of this signal will depend on the solvent
used.

The lock system uses a receiver to monitor this deuterium frequency and makes
adjustments to the magnetic field strength accordingly.

The deuterium frequency is measured several thousand times per second. Hence, as
long as the system is locked, the user can be confident that the field is maintained at a
constant strength during acquisition.

*Important: you must lock the correct solvent, otherwise, the spectrum
chemical shift might be incorrect.

—— e m e — ==



Simple Operation Guide for HFNMRC Users

by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)

PART I: Preparation (Software & Hardware)

-’
-~ <Wobble> Wobble is to carry out “tuning” and “matching” simultaneously.
Type “wobb” for old probe, “atma” or “atmm” for probe with ATM

« Tuning involves adjusting the probe circuitry so that the frequency at which
it is most sensitive is the relevant transmission frequency (SFO1, SFO2 etc.)

« 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.

specrum | rrotrars | mequrars | e | ruiserrog | Feaxs | imegrais | sampie | ucture | o | Ao |
/qgg‘@| Tune
=4 Wobble
“l [ Match
: E e <3 11 A A A
T TUNEFREQ = 600.142
0% !
|
Absorption |
|
100%
Frequency
[MHz‘]

*Important: for QNP or BBO probe, you should wobble for the X-nuclei



Simple Operation Guide for HFNMRC Users

by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)

PART I: Preparation (Software & Hardware)

.~ =~ <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.

1

« Shimming is to adjust the shim coil circuits (ex: Z, Z2, Z3..X,Y....) which are
designed to create small magnetic fields that will cancel out inhomogeneity in
the Bo magnetic field.

B0

U eeeoa |

I
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Better shimming >

—— e m e — ==

«  Type “topshim” for automation, manually shim might be needed



Simple Operation Guide for HFNMRC Users

by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)

PART Il: Experiment Set up & Data Collection

,__—_—_—_—_—_—_—_—_—_—_—_—_-

~ ~ <getprosol> getprosol is to read in pulse parameters saved in the “prosol” |
|
« prosol is a file (table) containing Probe/Solvent parameters (calibrated |
r using standard sample, ex: Urea/Methanol ) for the probehead installed |
I on a specific NMR system. |
I file Edit View Help — —— I
I Probe: 244856 0121 CP TC1a0053 H-C/N-D-0% 2 W] Tt Solent: |generic - I
I Observe Decouple
I .‘;Dneg.wulses —1;-1 Squajﬁ:;.,ses HR shape Pulses  Others - . — i I
I Nucleus “.br.ﬂ?dibt;l:t ALt Ld[dB] Set  Pulse Widthlus] ;Ltt:duilj;l Set  Mucleus I
IECI | g.00) 732 2 | a.00 EER N D |
I 2H &8.00] -1-‘-.813 66.00 -14 BL& 2H I
I 13C 12,00 19.55) Q] 12 ::. 19!:!'.: Q 13C I
) 15N - : ?500 —1?‘23@ - 35.00 -18 23._3. 1’hM
I Nucleus  Pulse Widthips] Al Ll[d8] Set  Pulse widthlps]  Atf. Li[dB] Set  Nucleus I
I * ° " ” I
| *“Important: the pulse parameters in "HFNMRC standard parameter set |
| won't be the same for current probe. Thus, you must "getprosol” to read
| _in the correct parameters for current probe you are using. |



Simple Operation Guide for HFNMRC Users

by Dr. Chi-Fon Chang for small molecules (2022.03.10 updated)

PART Il: Experiment Set up & Data Collection

<z

I > /ﬁ*’w 90° Pulse 2 /f;.v---z@js
| / " /

I * Write down the power level (dB) and corresponding pulse-length(us)

: » Instead of “getprosol” only, you should type

I “getprosol 1H <90° pulselength> < corresponding power level> *

|

: *With optimized 90 degree pulse, the spectrum quality could be better.
: Especially for multi-dimensional experiments or experiments with

specific pulse angles (ex: dept90, dept135, cosy45 )



90° vs. 30° Pulse
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Hands-on
Let's try Some Experiments

* 1D 1H zggppr

e 1D 13C deptq

1D Selected TOCSY/NOESY

« 2D 1H-13C HSQC using NUS

e Diffusion Experiments (DOSY)



1 D 1H/13C Experiments

GRC Parameter Set

Experiment Details

1GRC_1D_1H-ZG-sol_zggppr

1H NMR with
solvent suppression

1GRC_1D_13C-DEPTQ_deptqgpsp.2

Similar to DEPT135 but quaternary

carbons are present

Expt C CH CH2 CH3
DEPT45 NA Positive Positive Positive
DEPT90 NA Positive NA NA

DEPT135 NA Positive Negative Positive
DEPTQ Negative Positive Negative Positive




Train2022 28 1 D:idata Seale o 1414 Teain2022 30 1 ]]:\u:lata._?
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1D Selected Excitation Experiments
Use button NMR

‘ Bruker TopSpin (Student License) el _J
File Edit View Processing Analysis Options Window Help
(0 GO @EB2d3d 4 A L TN be Bl & [E S/ El
2/2*0/8 2 ZWARQAE - Gl ¢ & >  H|T $ L
/@ 1erRC.09092014 15 1 DN E@@]
Spectrum | ProcParslAcunars |Title | PulseProg |Peak5| Integra\slSampIe | Slructurel Plotl Fid| M Sselective NMR Experiments
New | Lock| Tune| Auto

Match| Shim

Step 1: collect 1D i
Step 2: intergrade peak to be selected B --

& saveto g’ I

Step 3: type “bnmr”
Step 4: click on the experiment you like

T T T
4.0 35 3.0 2.5 2.0 15 [ppm]




Bruker TOPSPIN 2.1 on AVIII6G00 as cfchang
File Edit View 5S5pectrometer Processing Analysis Options Window Help
1QHR S8 EHB2d3d A AL Tl Nbpbh LE > 1 @\ 7 FH§ S8 N
/2% /8 ¢+ 2 PEEACQE o G« & 3 T 2 &
E..Train_Sucruse.20191121 1 1 fopt/topspin2.1 cfchang :
égl/Spectrum ProcPars | AcquPars | Title | PulseProg | Peaks | Integrals | ° / Basic NMR Experiments
: E_IHZ'Q : : 5 : _ Close ‘ Selective — | ® Tips
— | (IDU,IISE'C&D QEIDFDSDIIH 7.?93.1 B e szitch i Celmaii Experiment5|
i : MNew Lock Tune Auto . “ . ”
| | | | | Mach | _Shim Click “Selective
AR | |
3_ ..........................................................................................
1D 2D Plot
7 : : || processing| processing
L iil‘n
| T T T | T T T | T T T | T T T | T T T | T T T | T
12 10 8 o 4 2 [ppml]
nmr




Bruker TOPSPIN 2.1 on AVIII6E00 as cfchang

File Edit View Spectrometer Processing Analysis Options Window Help

/2% /8 ¢+ @A EAQE|- G« & » - 4T $ &

Groups | Alias ¢| M) Train_Sucrose.20191121 1 1 /opt/topspin2.1 cichang

Browser Last50 AT

b

¢ [ /opt/topspin2.1 :

¢ [Jaccapt

= [Jandyhsul

= [JAnka

&= [Japrinoia

o 3 camykung

o ] CBME

= [ cfchang

& T chhsieh

=T chingyu

&[T chinpan

&= chkua

&= [Jchungke

&= chunhung

&= T chyan

o I CHDY

o JCYCU-Jia

&= eylin

&= Jdefault

Selective NMR Experiments

‘ Close H Basic ‘@Tips

Lock Auto

Shim

Tune
Match

INew

Selective TOCSY using gradient echo and 180 sel. pulse

o= Cddeli

& ddharma

& [ddrhuangwe
e Jellan

o [Jesther

o Ifinal

@ Fecord a proton spectrum

# Start this experiment

Fun this experiment only on probes with a gradient coil!
Command=xau butselau selgrocsy

# Select the desired regions interactively in the integration menu and store them as a 'reg’ file

(If no shape accessory is available, a selective 180 degpulse is applied as a low power rectangle pulse.)

e [dgrc

& [ guest

& helin

& [Jhjwang

&= [Jingjye

& [djierongh
& [Jjuneyaren
& [Jklem

=

(1)Follow Step by Step
(2) Click “Experiment you need ”

queue_init: finished




1D Selected TOCSY

Spectrum ‘ ProcPars | AcquPars | Title | PulseProg | Peaks | Inlegralsl Sample | Structurel Ploll Fid‘

10 5EL-TOCSY selnign 2 2— g
g0ms ERGL-Ha =L
402 pon / 2201 473 He =
Index = 16997 - 17002 ;— o
Malue = -0.004847 rel f_ ™
T T | T T | T T | T | | | T T |_
4.0 35 3.0 25 20 1.5 [ppm]
Spectrum | ProcPars | AcquPars | Title | PulseProg | Peaks | Integralsl Sample | Structurel Plotl Fid|
10 SHL-TOCSY selmign.2 - 2
B0ms| Lys-Ha C
3.21 ppn |/ 1605.533 He -
Index < 19434 - 19440 N
0.001574  rel C o
L o
T T T T | T T T | T T T | T T T T | T T | T T T T | T T T |
4.0 3.5 3.0 2.5 2.0 15 [ppm]
Lys o Glu |C|J
o “ N— CH— G—
Spectrum Acg| —— N— CH—C— | cture | Plot | Fid
| f CHz h L =
1H2930 f CHa I =
402 ppm /2201 473 He | i_
Endex 8499 - 8502 ¥ GHa E
alu*_oﬁmﬁ el | E 0
o THE E -
£ THE i_ Ig
T T T | £ NH3+ T T T | T T T T | T T | T T T T | T T T I__
40 35 3.0 25 2.0 15 [ppm]




2 D 1H/13C HSQC

GRC Parameter Set

Experiment Details

1GRC_2D_HSQC_hsqcetgpsisp2.2

Routinely used

1GRC_2D_HSQC-editing_hsqcedetgpsisp2.2

Similar to DEPT135

Spectrum ProcPars AcquPars Title PulseProg Peaks Integrals Sample Structure Plot Fid

s g =; 7 Cae

Experiment
Width
Receiver
Nucleus
Durations
Power
Program
Probe
Lists

MNUS
Wobble
Lock
Automation

Mizralanennz

) Experiment

PULPROG
AQ_mod
FnTYPE
FAMODE
TD

DS

NS

TDO
TDav

F2 F1
hsqcedetgpsisp2 2
DabD
traditional(planes)
Echo-Antiecho

2048
16

256

Frequency axis

Current pulse program
Acquisition mode

nD acquisition mode for 3D etc.
Acquisition mode for 2D, 3D efc.
Size of fid

Mumber of dummy scans
Mumber of scans

Loop count for 'td0"

Average loop counter for nD experiments




Example on different version HSQC

& CH:

g CH:

g WHZ"

Sy

o

& G=—0

1GRC_2D_HSQC_hsqcetgpsisp2.2

o

20 HSQAC-Echo heqeeigosisp2.2 (most routing ussd)

T
F1 [ppm]

30

o
n

T T T T
1  F2[ppm] h

Ly Glu ||
o || o
e L ——N—CH—C—
o (-
f CH. B THE
| Wlf CH2
t CHz :
| § c=—0
3 CHa |
| OH
£ CHz
|
g MHZ"

1GRC_2D_HSQC-editing_hsqcedetgpsisp2.2

D DN

2D HSQC-editing hsgeedelopsisp?.2
XH, XH3 positive, XH2 negalive

d21=1/(2J(YH)): YH, YH3(+), YH2 (-)

&

T T T T T T T T T T
3 2 1 F2 [ppm]

40 30 F1 [ppm]

50



2 D 1H/13C editing HSQC with NUS

(Bruker NUS only available on Topspin3.x or above)

GRC Parameter Set

Experiment Details

1GRC_2D_HSQC-editing_hsqcedetgpsisp2.2

Similar to DEPT135

Spectrum ProcPars AcquPars Title PulseProg Peaks Integrals Sample Structure Plot Fid

o 1S | =3 7 Clad

Experiment
Width
Receiver
Mucleus
Durations
Power
Program
Probe

Lists

MNUS
Wobble
Lock
Automation
Miscellaneous

(~) Experiment
PULPROG
AQ_mod
FnTYPE
FnMODE

TD

D5

MNS

TDO

TDav

F2 F1 Frequency axis

(1) FnTYPE select “non-uniform sampling

hsqcedetgpsisp2.2 E  Current pulse program

nan v Acquisition mode

non-uniform_sampling b I nD acquisition mode for 3D etc.

radinional planes)
full(points)

Acquisition mode for 2D, 3D efc.

Size of fid

non-uniform_samplin
= ping Mumber of dummy scans
projection-spectroscopy

z Mumber of scans
1 Loop count for 'td0’
0 Average loop counter for nD experiments




Spectrum ProcPa£ F\EaUPBI’S }Title PulseProg Peaks Integrals Sample Structure Plot Fid

I
o 1S YE3E v Ca
Experiment — . . . () .
o () NUS (Non Uniform Sampiing) parameters (2) Under AcquPars-NUS option , Type Nus % you like
Recejiver NUS Help Show NUS help
Mucleus INUSAMOUNT [%] 25 Amount of sparse sampling
Durations MusPQOINTS 32 Mumber of hypercomplex points in indirect dimension
Power NUSJSP [Hz] 0 J-coupling
Program

MusT2 [sec] 1 T2 relaxation
Probe
Lists MUsSEED 54321 Random generator seed
|I‘-JUS | MUSLIST automatic Mame of loopcounter list for NUS (Mon Uniform Sampling)

\Wobble 5 Ccalculate Calculate list of sampling points
Lock Show Display NUS point spread
Automation N
Miscellaneous \&) Wobble

(3) zg to collect data

Spectrum| ProcPars lcunars Title PulseProg Peaks Integrals Sample Structure Plot Fid
3
> S M7 & (4) Under ProcPars-NUS
[{} ” S
Reference (~) NUS (Non Uniform Sampling) parameters Mdd_mod select “cs” ( no license needed)
Window -
Phase Mdd_mod MDD mode
Baseline MddCEXP mdd FALSE ~ RMDD/MDD flag
Fourier MddCT_SP FALSE + Constant time
S .
fus - g
Peak
. MddNCOMP 0 Number of components
Automation
Miscellaneous MddPHASE 0 Phase
User MddSRSIZE [ppm] O Sub region size

(5) xht2 to phase
(6) xfb for 2D processing



1D Diffusion Experiment

GRC Parameter Set Experiment Details

1GRC_1D_DOSY-sol_ledbpgp2s1d

1GRC_1D_DOSY-sol_ledbpgppr2sid IWith presat solvent suppression

1GRC_1D_DOSY-sol_stebpgp1s191d \With 3-9-19 solvent suppression

1D DOSY set up Tips:

(1) 6PZ6=5 --> rga,zg,efp,apk, abs n --> wrp 2
(2) 6PZ6=95 --> adjust d20 and/or p30 to scale ~5%-10% *
(3)Write down d20 and p30 for 2D

« If>10%, increase d20 , after that, p30 can be increased,
but keep p30<2ms (cryoprobes) <3ms (regular probe)
« If<5%, decrease either d20 or p30




2D Diffusion Experiment

GRC Parameter Set Experiment Details

1GRC_2D_DOSY-sol_ledbpgp2s

1GRC_2D_DOSY-sol_ledbpgppr2s IWith presat solvent suppression

1GRC_2D_DOSY-sol_stebpgp1s19 \With 3-9-19 solvent suppression

2D DOSY set up Tips:

(1) Key in optimized d20 and p30 from 1D DOSY

(2) type” dosy” to set up experiment
a. gradient amplitude from 5% -95%
b. set number of points between 7-25 (default is 16)
c. ramp fype : q

(3) Start experiment



2D DOSY Processing Tips

(1) SI[F1]= TD[F1]x2 : TD[F1]= number of gradients, or larger (ex:128)

(2) Check phase

>rser 1

>efp

>abs n

>.ph J[|

>save to nD ; return to 2D data set = | Save for nD spectrum [.52d] |

(3) Transform all FID in 2D

>xf2

>abs2

(4) Start DOSY processing

>setdiffparm ;moves d20 and p30 into processing modules
>eddosy ; you can change PC to larger number (ex: 10 or 40)
>dosy2d setup ; run-through data and estimated D range

>dosy2d ; performs DOSY transform as setup in eddosy



1D DOSY

1D DOSY

DOSYtest 2 1 Didata J: % | [oosvtest 2 1 Dacata J g
Scale - D.0SS04Shift 0063 pon = 22.1325 He  DOSftest 2 2 D:Mdata BB Sosls + 013538hift  0.069 ppn = 221325 Ha  T0S¥test 2 2 D:\data
L o Lo
Witest 2 1 Ddetal] Wsttest 2 1 1oatal]
o Fwo
[ -
Lo e
e Lo
MM JJM [ o e
: : ; : : : ; : : ; : ; : : : ; — T T T T T T T T T T T T T T T T T T T T
38 26 34 32 30 [ppm] 38 36 34 32 30 [ppm]
i
- Multiple Display Mode ‘ 1L, Multiple Display Mode
DOSYtest 2 1 Didata J@ SPECTRUM‘P?OCP-‘«?& ACQUPARS TITLE PULSEPROG PEAKS INTEGRALS SAMPLE STRUCTURE PLOT FID X
Scale : 0.11245hift : 0.0760 ppn = 22.1325 K2 DOSTtest 2 2 D:ldata MR []
o
D0sftest 2 1D \dstaE—
I L IH 1
[ Train2022 32 1 Didata g
Lw Fg
o ledbpgppr2s 1
F sef d20/30 from 10 2
r tvpe dosy to sef up expanment rE
[ -graident ampitue from 5-85 =
523
L -humber of points: 16 (7-25) I L ;
L -ramp type rp '
o e i
L ---q-----L-l“-» [
Le L
L L & N N N N | *
L- Fa
| o r
T T T T T T T T T T T T T T T T L T T T T T T T T T T T T T T T T
38 36 34 3.2 30 [ppm] 6 4 2 F2 [ppm]

1+ Muttiple Display Mode:

‘. Train2022 32 1 D\data [1]




