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1. 1H, 13C
Pulse Sequence
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1H NMR with C13 decoupling TEL ursT

ULSAN
SC|ENCE AND TECHNO DG

?Jesi(TMS) = 6.6 Hz
, JCsil

}i« 3Jeu(TMS) = 1.9 Hz

J' Yeu(TMS) =118 Hz

T e S
60 40 20 [} .20 -40 [Hz)

J11c (1H-13C one-bond coupling)

'y
v

Normal purpose
PROTON = Non-decoupled 13C

Recommendation
H1 DEC _C13 = Decoupled 13C

Special purpose

H1 DISPEL_4stage

= Distruction of Interfering Satllites
——— - by Perfect Echo Low-pass filtration
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CPMG (Suppress background) o urfsT

Borosilicate
w2 Background: B11, 017, Si29

V N

CPMG(Spin echo) Effect

1. Suppress magnetic field inhomogeneous
2. Background signal decay

D2=2~3ms
9n°° iﬂ}‘ e,“; (Teflon decay time < 1 ms)
e e ol S
PTFE (Teflon)
New vs Old '*F 1D Parameters F FID - First Few Points Background: C13, F19
NEW: *°F signal of interest = large signal from teflon
o e i
teflon signal decays within ~1 millisecond
flat baseline! no background!
OLD: F signal of interes
“FLUORINES0” g i i signals of interest persist il
from Telﬁ’m (PTFE)
tilted, curved baseline A’

T T T T T T T T T T T T T T T T T T T T
0ppm -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 1.0 msec 2.0 3.0 4.0

https://voices.uchicago.edu/chemnmr/2020/05/21/background-free-19f-experiments/
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C13 with or without 1H Decoupling

2g (-NOE, -DEC)

f1 (obs) H—»

zgegd (+NOE, -DEC)

f1 (obs) D >»
ec I

f2 (dec) f2 (dec) | d

zgdc (+NOE, +DEC) zgcw (-NOE, +DEC_CW)

f1 (obs) D » f1 (obs) D >‘
f2 (dec) | dec | f2 (dec) cw
C13CPD C13IG

zgpg (+NOE, +DEC_Intensity)

f1 (obs) D >»

f2 (dec) [ower power dec | dec |

zgig (-NOE, +DEC, Integration)

f1 (obs) D »»
| dec |

f2 (dec)
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C13 with or without 1H Decoupling

ULSAN NATIONAL INSTITUTE OF
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zg (-NOE, -DEC)

H|‘- .
Ch2(obs): €13 —I— """ .

Chl(dec): H1

zgdc (+NOE, +DEC)

H\I
Ch2(obs): C13 —I_ """ b

Chi(dec): H1

C13CPD (Varian/Agilent = DEC + NOE)
zgpg (+NOE, +DEC_Intensity)

- I N S
Ch2(obs): C13 M """ "

S,
chafdec): Ha

NOE

(Signal enhancement)

zggd (+NOE, -DEC)

i
Ch2(obs): C13 —I_ ------ .

Chl(dec): H1

zgcw (-NOE, +DEC_CW)

H|w
Ch2(obs): C13 —I_ """ I

Chi(dec): H1

C13IG (Varian/Agilent = DEC - NOE)
zgig (-NOE, +DEC, Integration)

\I\'
Ch2(obs): €13 —I- """ !

Chi(dec): H1

NOE =

(Signal enhancement)

X E=FREHuUSAIR | 6



NOE (Nuclear Overhauser Effect)

Dipolar coupling N/4 - 5 - NOE

N/4 - NOE
CaHp
11 < N/4 + NOE
% e CBHOL
Q
2% i1
> %
60

N/4 + A + NOE

Hetero NOE (1H-13C)
Cross-relaxation rate
1 w,—-w r
NOE = 14— 2 0 ul
2 2witw,+w, r¢

1 ry
NOE =1+ <% (—)
2 1,

NOE =1+ 1.998

Total longitudinal dipolar relaxation rate
NOE = 3 (Maximum enhancement)

e

rfsT

ULSAN NATIONAL INSTIT
SCIENCE AND TECHNOLOGY

LI |

Ca Ha
CB HP
11

W (Transition Probability)

W, = Zero quantum
W, = Single quantum
W, = Double quantum

W, = 1H transition
W s = 13C transition

N = Total Nucleus
A = Population

HPRIAES B uSKE
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2. 2D NMR
Pulse Sequence
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Quadrature Detector IR UriisT

Real signal

Single detector Quadrature ° . Correct
Frequency error detector 90° phase shift
(X, Y dual detector)

(only Y axis) Frequency

Imaginary signal

Detection center (01) Detection center (0O1)

l l

e Spectrum Center?| SH& 0| X| XM A S e Spectrum Center?}| & 0f| =Y

HPRAEE BUUSKIE | 9
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<Interpretation for 2D NMR pulse sequence>
1. Rotating frame

2. Product operator formalism

3. Density matrix (Quantum mechanics)

Preparation Detection

D1

MB
St
rir
0%
k3
=2
rr
0z
N
w
=
A

¢ 2D NMR2] pulse sequence S 0|3l /5l A H
o =& Evolution time or Mixing time 7|7t St 0L X|2| ME U EH 45 EHE2| F&0| 0| F0{H

<Pulse sequence of 2D NMR>

<— Preparation =»<¢— Evolution =»¢—— Mixing —» <= Acquisition &

x| E=EEHuSAE | 10
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<Pulse sequence of COSY>

/2 /2 (90°)
p1 ty I_|' ‘‘‘‘‘‘‘ Ly
<= Preparation P < Evolution ><IU Acquisition ==

<Vector of 2D NMR>
MO
/2 /
‘/
M X /
/‘ i M=Mge~ t1/12 Msin2nvt, I Mcos2nvt,

t, t
2
N A i . { Contour

F2 F2
ot, 2 B7IM7IH 2 o2 72| Spectrum= Contour(S 11

) MA
ot, 2 B7IE Sl MHH O R cOSY(J2 or J3) peak (HZEHE )Tt FES| U = AS Gimx|olE s IexE | 11
i =T o |



CYCLOPS = = UrfeT

(CYCLically Ordered Phase Sequence) )

CYCLOPS
(CYCLically Ordered Phase Sequence)

Remove Axial noise

<Number of scans for 2D NMR>
Phase cycling . Phase cycling Phase cycling
(CYCLOPS) Remove axial (CYCLOPS) Remove t1 Phase (CYCLOPS)
noise noise sensitive
NS=4*n NS=8*n NS=16*n
<At best condition>
Phase cycling .
(CYCLOPS) Remove axial
Bea0 noise

* Phase cycling(CYCLOPS)S 0|-9-'6'|-0=| Axial noiseS M| & £ Q!
2} Cp2 X0k x| A o] A7 A7} Tl Q &
* Pulse sequenceOfl [L}2} CF2X| 2k X[ 4 NS=4 or Ns=82| 271 =7} L ¥} mxigma sunens | 1o




CYCLOPS LrfsT

(CYCLically Ordered Phase Sequence) D

<Phase cycling for Quadrature detector>

M, My(1-e ™)
/2 t, 1~ /2 ; y
Y 4! — 7 +
‘ - h ‘ Axial noise y
X X XM unnnd R\ae 2nvt, z Signa

t -7 /2 Axial noise / y

v g

y pa——
—) f/ K ——) /7 -y
Xrnnnd Do x Signal

Axialnoi

7/
Signal

ty "7 y /2 Axial noise

y
—) / g —) / +Xx
X innnd BN 7 Signal

t 1 y /2 Axial noise / y
~ ‘ -X

/
Signal

e Phase cycling(CYCLOPS)= O] & Bt Axial noise ZH2
HX|YE R EH|wsXlE | 13



COSY (Correlation SpectroscopY)

<COSY>
/2 /2
I tl I||-. 0 tZ
<= Preparation =P e . olution P; =P Acquisition

<DQF(Double Quantum Filtered)-COSY>
/2 /2

/2
I ty I 8 I_| L
>

<= Preparation =p<€= Evolution =P ¢

P Acquisition
DQF
10~ 25 ns

4

1) Suppress Singlet

2) Diagonal dispersion

But, Low S/N ratio

DQF-COSY = Phase sensitive mode
COSY = Magnitude mode

e DQF-COSY2| A2 Phase modeO| B2 cOSY(Magnitude mode)0ll H|8f MACHE O 2 1/29] s/N ratioS 7}
(a2l Ns 2 Q)

| ﬁ/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

HPRIAES B uSKE
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Pulsed Field Gradients (PFG)

What is Gradient?

| I'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Use Gradient coil -> Make field gradient
-> Force Dephasing / Refocusing for Nuclear spin
-> Save time, Correct good data

Gradient coil& 0]  5}0{ Magnetic field gradient 4 & 5+ A Z, 0| E
Nuclear spin2| Dephasing / Refocusing= & + U S > & HA| ZFEH=,

ZH o=
S NEEERS

/\Z

v

HPRIAES B uSKE
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Gradient vs Phase cycling il urfsT

o e ULSAN NATIONAL INSTITUTE OF
; .o . SCIENCE AND TECHNOLOGY

<COSY>
/2 /2
! L II tZ Phase cycling
W NS=4o0r8
<= Preparation =P @ £y o|ytion > < Acquisition =% ( )
<gCOSsY, Gradient COSY>
/2 /2 Save Time!!
t
! ! I T— _tz Non phase cycling
4= Preparation =P G Evolution }i Acquisition —] (NS = 1: POSSible)

N

>

Gradient
Gradient

e gCOSY(Gradient COSY)2| A% Phase cycling= O| 85}X| Y2 D2 Ns=-1 2L &M 75
+ 5L} s/Nratio?t E2 H|O|E| & 5 75

SR PHlusxts | 17



4. Correlation in 2D
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Correlation in 2D NMR

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Space
Dipolar coupling

NOESY = Small, Large molecules (along T1)
ROESY = Middle molecules (along T2)

Small < 700 Da < Middle < 1.2 kDa < Large

Distance=3~5A

Y\

H H 1H-1H NOESY
| | 1H-1H ROESY
X=X
H H
| \ | 2D HOESY
X=X
Motion

Bonding
Scalar coupling (J Coupling)

H H bun ™ Jaun 1H-1H

| | CoSY

X—X

T T TT T Lyw~Jsw  1H-IHTOCSY

X X

H H ) 1H-X HSQC

n | 1HX 1H-X HMQC

X X X->1H HETCOR

H H Lux ™ Jaux 1H-X HMBC

X—X

X-X COSY

H H ) X-X INADEQUATE

| | 1xx H-X-X-H

X — X AQDEQUATE
2D NMR< Scalar coupling, Dipolar coupling, Motion = O| 2%t A5 %82

Protein dynamics elucidated by NMR technigue, 2013

Self-Diffusion DOSY (Diffusion)

Tumbling 12 (CPMG)

T1 (Inversion recovery)

S =2 L0 Y

HPRIAES B uSKE

| 19
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. - o°
Correlation in 2D NMR ST WUriST

Exchange (EXSY)

NOE (NOESY/ROESY)

Diffusion (DOSY)

Q NOE 9 T1, T2 (Inversion recovery, CPMG)

> c

T1, T2 relaxation
Exchange (Molecular tumbling rate)

' BondBresk ' ' 40 chain Rotation

g Dond Bresk_ Ligand Binding, Allostery, Catalysis
- — b | { | ———
Self diffusion § e Transfer H Transfer} Rotational Folding/Unfolding
@] I N 1 Diffusion
Vibration H Bond
| COM—
I | I I
fs ps ns us ms S hr
® I { ) i
= PRE CPMG
) F 1 } il {
E R, R, NOE Lineshape  NH Exchange
o L 11 1 | ]
3 'Diffusion  geoHARD, = CEST,
(urj E-CPMG, ZZ-exchange
s R,,RD
< | ' i

Residual Dipolar Coupling
Chemical Shift

Protein dynamics elucidated by NMR technique, 2013 HITX|QlEE ZH| ISR | 20
= =T S



5. Parameter
Calibration
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One pulse i WFNST

Basic 1D NMR o

1=-12 A Excitation
0 : pulse width(us) e
0 ¢ : pulse phase - -
(p .
G d stat Excited stat
Lowggtu ;ergyast:te High)fezi eenerzyasteate
. Delay
° time -
NMR
V.Im
: : : I‘ ‘ \ hu'“wl‘w nN:
1 |
| P =]W " | Parameter
1 1 1 1
1 1 1 1

D1 (Relaxation delay time)

Fourier Transformation P1 (Pulse width)
PLW1 (Power level)

FT e e e .
G(tl) — g(fl) | AQ (Acquisition time)

A

V(Hz)

G2 R PHusE | 22
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Parameter calibration s HWPNST
1. Find P1 1-1. Find P1 (with pulsecal)
1) Type edc — create experiment room 1) Type edc — create experiment room
2) Change PULPROG zg30 to zg 2) Progress Lock, ATM, (Non-spin), Shim,
3) Set D1=10, P1=3, DS=0, NS=1 Prosol, RGA
4) Type rga; zg 3) Type pulsecal -> Find P1
5) ProcPars -> Change pHmod no to pk
6) Type efp
7) Correct phase and save
8) Set P1=20 (About 180 °) or P1=40 (About 360 °)

9) Type efp -> Check peak phase (negative or positive)

10) Change P1 (negative -> decrease P1, positive -> increase P1)
and find symmetry peak intensity (Exact 180 °)

11) Set P1/2 = 90 degree pulse (=Highest intensity)

I U N N T
7] = i i :
£ T T
© 90° 180° i 270°
E,‘ n/2 T 3n/2
[Z]

flip angle

G2 R PHusAtE | 23



Parameter calibration it WIS

ULSAN NATIONAL INSTITUTE
SCIENCE AND TECHNOLOGY

2. Find 2-1. Find

1) Type wrpa (ex. exp# 900) 1) Type wrpa (ex. Exp# 901)
2) Change PULPROG t1lir 2) Change PULPROG t1lirld
3) Click AcquPars and change 1D to 2D 3) Type ased

4) Set F1 domain TD=10 and set vdlist (ex, T1=20s)  4) Set D7null=0.002(or 2m)
5) Type ased 5) Type zg and efp

6) Set DS=0, NS=1 or 2 6) Check negative peak.

7) Type rga; zg 7) Find D7null value

8) Type xf2; abs2 (zero intensity)

9) Type rser 1 and correct phase and then save 2d

10) Type xf2; abs2 *1In(2) = D7null

11) Click Analyse -> Dynamics -> T1/T2 = D7null * 1.443

12) Click Spectrum and put 1 at Slice number

13) Click Peak/Range and click manual integration . . 63%

14) Export Regions o relaxation module and .ret o

15) Click Relaxation and click fitting I.: I'm I T - !

35 4 45 50

Or

2
t(s)

1) Run ‘T1 short experiment’ in Automation(lcon NMR)!! |

X E=R B uSAR | 24
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Key parameter in 2D NMR i UPNST

Bonding
125~ 250 35-80
Scalar coupling (J Couplin
pling (J Coupling) ), 20~0  -10~12 <20
J3 0~16 1~10 o~7

H H Joun ™ Jaum 1H-1H
I I COSY J3+n 0~5 <1 <1
X—X
H H Louw ™ Jsnm 1H-1H TOCSY Key parameter = D9 (Mixing time, Spin lock)
IT TI T T I Common =20 ~ 30 ms, 120 ms (long range)
X X X Key parameter = J,,,,

Common = 145 Hz
H H Jinx 1H-XHSQC Aliphatic, CHn = 125 - 135 Hz
It I 1H-X HMQC Aliphatic, CHnX = 135 — 155 Hz

_ Alkene = 155 - 170 Hz

X — X X-1H HETCOR Alkyne 240 — 250 Hz

Aromatic 155 - 165 Hz
H H oux ™ Janx 1H-X HMBC Key parameter = J,,, ., J3.x (cnst13)
X—X

X-X COSY Key parameter = J,,, (1 bond coupling constant)

H H ] X-X INADEQUATE
| | XX H-X-X-H
X e X AQDEQUATE

iR E2 20 2 (HE7t E2) 1HE S5O0 xAT | &2 %S w4 (HETCORS| B2 X
HPXIAEE BHUSKE | 25



Key parameter in

Space

Dipolar coupling

Distance=3~5A

Y\

H H 1H-1H NOESY
| | 1H-1H ROESY
X—X

H H

| \ | 1H-X HOESY
X—X

Small < 700Da < Middle < 1.2 kDa < Large

Small

Positive (Diagonal 1D, EXSY, Indirect NOE)
Negative (NOE)

Positive (Diagonal 1D, EXSY or TOCSY, Indirect NOE)
Negative (ROE)

Key parameter = D8 (Mixing time)
Common =500 ms

Small: 500 ms ~ 1000 ms
Middle: 100 ~ 500 ms
Large: 50 ~ 200 ms

D8 =T1*2/3

Large
Positive (Diagonal 1D, EXSY, Indirect NOE)
Positive (NOE)

Positive (Diagonal 1D, EXSY or TOCSY, Indirect NOE)
Negative (ROE)

https://nmr.chem.columbia.edu/sites/default/files/content/NOESY%20and%20ROESY%20experiments.pdf

urisT

ULSANVNAVTIONAL lNSYﬁUTE OF 5

SCIENCE AND TECHNOLOGY

HPRIAES B uSKE
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6. Quick guide
(lcon NMR)
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How to run 2D NMR (Quick)

Directly Summit

0. Open Holder list (Double click holder number or click Add)

1. Type sample name, Select NMR solvent

2. Choice 2D NMR in Experiment list (COSY, NOESYPHSW, HSQCEDETGPSISP, etc..)
3. We must have 1H NMR DATA!

4. Change NS or directly run (check exp. time)

[ ————

Holder Type Status Name No. Solvent Experiment

v1 Eé- 2 Available
< Available | TEST v 30| : N chloroform-d ¥ N PROTON 1H (30degree) Y
igmsp Available |TEST v|s2 % coos | Both list must have Same Name & No. ¥
Ny L, 2 TEST v |30 B / (Do not change No.)

1D 1H data will automatically use
to select 2D NMR spectrum width
(Ignore Poor S/N ratio peak)

PROTON =F2 &, =

If you have old 1H 1D NMR data, you could use it.

= |t is not optimal parameter, but It should show middle quality data.
Aqx|elE | NSxlR | 28
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How to run 2D NMR (Optimized)

1. Find P1 (with pulsecal) 2 NAE r
1) Type edc — create experiment room ™ 204 Szeoia
DE 6.5 [usec] Pre-scan delay
2) Progress Lock, ATM, (Non-spin), Shim, Prosol, RGA 020 0 Dems
P30 0 Pulse
3) Type pulsecal -> Find P1 = LR
P1 10 [usec] Pulse
2. Find T1 P3 0 [usec] Pulse
D24 0 Delays
Experiment Par Relaxation delay in ZD NMR o1pP 4.700 [ppm] Transmitter frequency offset
- D1=T1*13(Maximum$/Nratio) . (7 (00 T
N 1H_T1_relaxation_5min 1H_T1_Short v § i | & =T1*5 (Quantitative 2D NMR) AQ 0.256 [sec]  Acquisition time
1SW 9.99446 [ppm] Spectral width (F1)
1) Just Change P1 r2\‘_‘;W 9.9944i [ppm] rS\‘pectlx;alv.lifdth (F2)
2) Run T1 relaxation_5min 1H_T1_Short B E. e
3) Analyse > Dynamics > T1/T2 B o e
o1 1881.03 [Hz] Transmitter frequency offset "’l«
3. Open Holder list (Double click holder number or click AdD) ok
4. Type sample name, Select NMR solvent TitiefO- Reparis
5. Choice 2D NMR in Experiment list (COSY, NOESYPHSW, HSQCEDETGPSISP, etc..)
6. We must have 1H NMR DATA!
7.Set D1, P1, 8. Set TD2(TD) = 1024 or 2048 (1H Dimension, F2)
9.Set TD1(1TD) =128 ~ 512 (t1 increment, F1)

10. Set NS = 4 or 8 (Sequence by sequence) -> gCOSY(Gradient COSY) could set NS =1 (Non-phase cycling)

11. Set Key parameter
(Parameters > Edit all acquisition parameter > Click pulse icon > Change key parameter > Return to icon-nmr)

JconNMR: AUIg Speetaun | ProcPars| AcquPars |1

ol puEeL vco

r—— AATX|UEE K| mSKlE | 29
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7. Processing
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How to process 2D NMR in Mnova oo WENET
Phase mode Magnitude mode
NOESY, HSQC, etc COSY, HMBC, etc
. l
Hotkey Sin: beISI =90 0
i ' =
(E2+=71)  or Sine Square Sine bell = 0
w (for F1,F2) .
or Sine Square=0
S = (for F1,F2)
(*,5;':;’“ Phase correction Hotkey

shift+p  (for F1,F2) \ (Ef?l) ,
Baseline correction M
(for F1, F2) S -

Ex) Polynomial (order 2~3)
Bernstein polynomial (order 2~3)

= Zero Filling and LP (only F1)

» Processing -> Reduce t1 noise (case by case)
» Processing -> COSY like (ex. COSY, NOESY)

F1 dimension

,,,,,,,,,,,

F2 dimension

https://nmr.chem.ucsb.edu/software/2D_processing_Mnova_v4.pdf K| X NSX}E | 31
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How to process 2D NMR i UPRST

1) Make Square

T N B

¥ Properties ? X F

Metadata ~ Geometry  NMA Spectrum

Units: | em -

Position Angle
g
e
Wi 10,55 =
Size
Width: 2000 = O Lock
ocl

Height: 20000 e

0K Cancel Apply

3) Apodization (Hotkey = w)

IS 17 T N 2 Phase mode

o ] otk a fwerage To« = 0,340 s, Line Width = 0,937 He Sine Bell or Sine Square

It A ! Integral-to-noise effect = 2,101 s Feterence
A} | A = 90 (for F1, F2)
" : s " ! ! Basic  Advanced
. " ; ,," ' . [ Exponential | 1,00 s Hz
NG ! » N - 4] Gaussian G8 [Hz]
! ; [ ] Sine Bell 000 5 |e .

% co [ Sine Square 30,00 2| ° MagnltUde mode
1 7 N ~ - . .
| Disketall (005 % [0 % Sine Bell or Sine Square
1 Osine Squars I [00 3| % [60 2 %
i Ol FrstPaint 150 E =90 (for F1, FZ)
{

Interactive
oK Cancel

HPXIAEE BHUSKE | 32



4) Phase correction (Hotkey = Shift + P)

|

20220317-Pu6 ret 11 NOE]

Pivot

Inansatn kol

5 5 4 5 2 T o
2 (opm)

Click F2
Set Pivot (Left or right end)
o= peaks T EFE0 OHE 4

I

F2 - PH1

urisT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Phase Correction n

|f1@|
——

Click here and drag mouse
up or down holding:

left buttan for PHO correction or
B right button for PH1 carrection,
= (haold Ctrl key for fine tune)

' PHO: 102,27 +| [ +180 | PHI1: 11,00 =
Pivot Point

Position:

ﬂ Biest
5 8 7 & 5 m‘:w 5% % I .

Correct Phase to use PHO(O order) / PH1(1 order) .

PHO -> Change Same amount, Correct phase on pivot position PlVOt
(Pivot | X 2| peakOf| CHSF Phase correction)

PH1 -> Near Pivot: Small correct, Far Pivot: Large correct,
Correct phase other side on pivot position
(Pivot X[ 2| BtCHH & peakOfl CHS} Phase correction)

T
F1-PHO

Luaawin bl j

F1-PH1

AL
E
<
o
-+
A

X E=E B[ uSAE | 33
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How to process 2D NMR in Mnova T g WIIET

6) Zero Filling and LP (F1)

M MestReMova - [Document 14]
# File Edit View Processing Analysis Advanced Stack Mass Analysis  Predict  Scripts  Documents

# Baseline Correction along 2 7 s N-OIE-B-aBBe@iye € @ &) Ol
GSAICNFT O i BB K-S SR

5) Baseline correction (Hotkey = b)
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