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Choosing an experiment
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lcon-NMR Codes

Using a 30 degree flip angle Acquisition for phase-sensitive spectra
PR With presaturation LR Optimized for long-range coupling
GP Using gradient pulses ED With multiplicity-editing

Acquisition for phase-sensitive spectra

Ho Usiing Jouy [pover CHD gloeplivg =l using echo/antiecho-TPPI method
PG Using power-gated decoupling Sl With sensitivity-improvement
GD Using gated-decoupling ADIA Using adiabatic pulses
IG Using inverse-gated decoupling LP With low-pass J-filter
SP Using shaped pulses L3 With three-fold low-pass J-filter
PP Using purge pulses ND With no decoupling during acquisition
A wg . = 2 2
oF Acquisition for magnitude mode (gf) LOCK USIng H lock channel (for “H
Spectra acquisition)
DE Using a double-quantum filter X{Y) X-observed experiment with Y-decoupling

during acquisition

https://nmrfacilities.chem.kuleuven.be/bruker_abbreviations KU LEUVEN




lcon-NMR Codes — examples

1D 1H (30) 1D 'H exp. with a 30 degree flip angle [zg30]

1D 'H exp. with gradient pulses, presaturation and low-power CPD

1D 1H (GPPRLD) decoupling [noesygpprld]

1D 1H-decoupled 13C exp. with power-gated decoupling and a 30

1D 13C{1H} (PG30) degree flip angle [zgpg30]

1D H-decoupled °F exp. with inverse-gated decoupling
[zgfhiggn.2]

2D 'H-'H COSY exp. with gradient pulses and purge pulses, which
acquires data for magnitude mode (gf) spectra [cosygpppdf]

2D H-13C HSQC-DEPT exp. with multiplicity-editing, phase-
sensitive acquisition using echo/antiecho-TPPI method, gradient
pulses, sensitivity improvement, shaped pulses and adiabatic
pulses [hsqcedetgpsisp2.2]

S KU LEUVEN

1D 19F{1H} (IG)

2D 1H-1H COSY (GPPPQF)

2D 1H-13C HSQC-DEPT (EDETGPSISP2.2ADIA)



lcon-NMR Codes
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1D experiments



1D experiments

1D experiment times per nucleus (h)

600
500
400
300
200

0

1H 2H 7Li 11B 13C 19F 295i 31P 51V

On the Bruker Avance Ill HD 400 over the past 75 days.




13C experiments

 Available 1D 13C-detected experiments

« Regular experiments
« 1D 13C{1H} (PG30) [zgpg30]
« 1D 13C (GD30) [zggd30]
« 1D 13C{1H} (IG30) [zgig30]
« Multiplicity-edited experiments due to 180° phase shifts (“peaks are up or down”)
« 1D 13C{1H} DEPT135 (SP) [deptsp135]
1D 13C{1H} DEPT90 (SP) [deptsp90]
1D 13C{1H} DEPT45 (SP) [deptsp45]
1D 13C{1H} DEPTQ135 (GPSP) [deptqgpsp]
1D 13C{1H} APT [jmod]



13C experiments — Decoupling

4 )
d1 AQ
13C ‘
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 Saturating *H during acquisition time (AQ) of 13C experiment causes C-H
multiplets to collapse into singlets

= Spectrum becomes simplified
= Higher SINO, as singlet area should remain equal to multiplet area

KU LEUVEN



13C experiments — Decoupling

( N
NOE
H H
dl AQ He : )/ H (:C AN
- ¢ NoE
NOE NOE —
CPD

N H \\ ) (a) °C is boosted by 3 *H'’s. (b) 13C is boosted by 1 *H.

[

 Saturating 'H during relaxation delay (d1) of 13C experiment causes NOE to build up.
This NOE will enhance 13C signals according to number of 'H nuclei close to
(attached to) the 13C’s.

— 13C intensity is boosted according to number of 'H’s close to (~ attached to)
the 13C atom

= NOE-enhanced spectra must NOT be integrated (= no quantification!!)

KU LEUVEN




13C experiments — PG, GD and IG

Power-gated decoupling Power-Gated decoupling (1D 13C{1H} (PG30))
d1 AQ - Singlets (decoupling during AQ)
X v" Highest SINO (NOE enhancement + decoupling during AQ)
x Not quantifiable (NOE enhancement)
CPD CPD
r v’ Fast
Gated decoupling Gated Decoupling (1D 13C (GD30))
di AQ - Multiplets (no decoupling during AQ)
X x Lowest SINO (only NOE enhancement)
- x Not quantifiable (NOE enhancement)
' x Slow
Inverse gated decoupling Inverse-Gated decoupling (1D 13C{1H} (1G30))

di AQ - Singlets
X W x Lower SINO (only decoupling during AQ)

- v Quantifiable (no NOE enhancement)

KU LEUVEN




13C experiments

 Available 1D 13C-detected experiments

« Regular experiments
« 1D 13C{1H} (PG30) [zgpg30]
« 1D 13C (GD30) [zggd30]
« 1D 13C{1H} (IG30) [zgig30]
« Multiplicity-edited experiments due to 180° phase shifts (“peaks are up or down”)
« 1D 13C{1H} DEPT135 (SP) [deptsp135]
1D 13C{1H} DEPT90 (SP) [deptsp90]
1D 13C{1H} DEPT45 (SP) [deptsp45]
1D 13C{1H} DEPTQ135 (GPSP) [deptqgpsp]
1D 13C{1H} APT [jmod]

KU LEUVEN




13C experiments — DEPT

 DEPT experiments

« More sensitive than regular **C{tH} (zgpg30) experiment for protonated
carbons

« Automation
« 1D 13C{1H} DEPT135 (SP) [deptspl35]
* CH & CH; positive, CH, negative, no C,
1D 13C{1H} DEPT90 (SP) [deptsp90]
« CHonly

« 1D 13C{1H} DEPTA45 (SP) [deptsp45]
* CH, CH, & CHj; positive, no C,

KU LEUVEN




13C experiments — DEPTQ and APT

- DEPTQ

* More / less sensitive than regular 3C{*H} (zgpg30) experiment for
protonated / quaternary carbons, resp.
« Automation
1D 13C{1H} DEPTQ135 (GPSP) [deptggpsp]
* CH & CH; positive, CH, & C, negative
« APT
* Less sensitive than regular $*C{1H} (zgpg30) experiment

« Automation
« 1D 13C{1H} APT [jmod]
* CH & CH; positive, CH, & C, negative

KU LEUVEN
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13C experl ments Sample: 4.7 mg galanthamine in CDCI; (33 mM) O
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Reminder

 SINO increases with YNS!
* To double the SINO, four times more scans need to be recorded

I Leuven 3 Avance 111 1D 400 MR
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40
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Rem | nder Sample: 5.6 mg aconitine in CDCl, (17 mM) ol
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2D experiments



2D acquisition

evolution detection

. e

preparation mixing

""'Vvv,v

| e t, =,
e L=0
— | FTVV—-—
Y —— F1 (indirect)
1 F2 (direct)
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F1 (indirect)

F2 (direct)
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Parameters in 2D

« Most important parameters in 2D experiments include
* NS: the number of scans per slice
* TD: number of data points recorded (in both dimensions)
« AQ: acquisition time (in both dimensions, sec)
« SW: spectral width (in both dimensions, ppm)

* O1P: carrier frequency = middle of the spectrum (in both dimensions, ppm)
1 1

 As for 1D spectra,
 Resolution is determined by TD (or AQ) =
* SINO is determined by NS* g

uoisuswip (10aa1pul) T4

F2 (direct) dimension

And also by the resolution, see further. KU LEUVEN




Obtaining better 2D data — more NS?

* Need for high NS in 1D (for indirect nucleus) does not presuppose need for
high NS in 2D!

 As for 1D, recording NS more scans, increases SINO with VNS
 Increasing number of slices in 2D (= TD(F1) = 1TD) increases resolution in F1
(vertical) dimension, but also

« More resolution = narrower lines = higher signal (narrower signal with
same integration area = higher signal) = higher SINO*

« Amount of overall signal in 2D matrix increases = higher SINO

« Optimal values for most applications are already set in Icon-NMR for each
experiment! Don't just start adjusting parameters at random!

Providing that still enough signal is present at higher evolution times. If not, increasing TD(F1) will add more noise = decrease SINO! KU LEUVEN



NS 2 4 8
TD(F1) 256 128 64
Expt 19:55 19:49 19:45

T

Optimal combination of NS and TD(F1)
are already pre-set in Icon-NMR!

Higher resolution ] hﬂ | Lower resolution | |
Lower SINO \ \ ﬂ Higher SINO | [ '\|
le | le f \ /\

B I \ \ ] J‘\ | \p o

‘P | H l V T ﬂ Ty . ' W ﬂ\[ ' |J'i AN M L

I ,_n_:"IUUIJ ‘r\ | I ﬁ,;/”__ ] ILJN{\,%—_}"\\JH \/ J | UI S uﬁl fﬂL_ 7 ’,"’ \\JJ kn\_)__;"‘-.;‘f I V\V/ V \L J/ k_}’ i
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Finding your way In the 2D space

« Most common 2D experiments

« HSQC !
« 1H-13C 1J, heteronuclear bond correlations 0 |é\ of
« “IH and 13C that are directly attached” N

- HMBC

« 1H-13C 23], heteronuclear bond correlations o HcijH
« “IH and 13C that are 2 to 3 bonds separated” *H‘g 7
« COSY
« 1H-1H homonuclear bond correlations H L on
“Two (or more) H’s that couple with each other” I jﬁj
« NOESY
« 1H-1H correlations through space (< 5 A) and 'H-H exchange (chemical or rotational) ;\ Ij
« “IH’s that are close in space or exchange with one another”

KU LEUVEN




HSQC

2D 1H-13C HSQC-DEPT
(EDETGPSISP2.2ADIA) 2D 1H-13C HSQC (ETGPSP.3)*

* Very sensitive experiment (here even e Less sensitive
sensitivity-improved!!) _

» Typical NS = 1-4 (1*n) * Typical NS = 2-8 (1*n)

+ Typical TD(F1) = 128 * Typical TD(F1) = 128

- Multiplicity-edited = also DEPT Not multiplicity-edited

Information in cross peaks
(positive/negative)

13C-decoupled (no multiplicities visible in
o Cross peaks)
« 13C-decoupled (no multiplicities visible in

cross peaks) For 13C-labeled molecules!

 Use this for routine experiments

Do not use this for routine experiments

This experiment will not be considered further. KU LEUVEN



H SQC Sample: 4.7 mg galanthamine in CDCl, (33 mM)

Admin-Galantamine-4.7mg-DO_NOT_REMOVE 49 1 "C:\Usersiu0110721'Box Sync\NMR\Avance Il HD 400'NMRs" o L E o
[=] —
[+ [+
LE[LT
=} i
o -
=== £ L L
= = L
- =
<] &
o = o Expt: 14:38 .
& = ~8l +
1TD | 128 size of fid (F1)
2TD | 1024 size of fid (F2)
DS | 32 Number of dummy scans
NS | 4 Number of scans
& 1sW | 165 [ppm] Spectral width (F1)
2SW | 16.0188 [ppm] Spectral width (F2)
AQ | 0.079872 [sec] Acquisition time
o1pP | 4.700 [ppm] Transmitter frequency offset
D1 | 1.5 [sec] DelayforT1 (1-5*T1)
D D6 | 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2)))
D8 | 0 Mixing time
= FNTYPE | 0 nD acquisition mode (= 0 for traditional; = 2 for NUS)
= NUSAMOUNT | 50 Amount of sparse sampling (%)
D | T T T T I T T T T | T T T T | T T T T | OK
7 5 5 4 3
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HSQC

"

Sample: 5.6 mg aconitine in CDCI; (17 mM)

L LL|_|L UL Ui L |

T OV P N

NS =4 (standard)

Expt: 14:37

Experiment: HSQC (EDETGPSISP2.2ADIA).

_§ ] dbUll;tjllt_E
L & [
ﬁ — ¢ _
-8 ] . -8
= ] o -9
- _:- D -
i B ] i
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I [ I
- .
f I 0 e -
- o g -
- 0 a
— ]
-8 -8
[ NS = 1 (smallest) e
- Expt: 4:19 -
ﬁ 9 a
T T O T T 01 T T T T T T T T T T
F2 [ppm] 8 6 4 2 F2 [ppm]
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HSQC

* Important!

« The acquisition time in the direct dimension (AQ) must NEVER be higher
than 0.2 sec, so be very careful when changing AQ (or TD)!!

* Due to 13C-decoupling during the acquisition time (AQ), the probe would
overheat and be destroyed after a few scans!

« HSQC experiments with AQ > 0.2 sec will automatically be aborted

17D | 128 Size of fid (F1)
2TD | 1024 Size of fid (F2)
DS | 32 Number of dummy scans
NS | 4 Number of scans
1SW | 165 [ppm] Spectral width (F1)
25w | 16.0188 [ppm] Spectral width (F2)
— AQ | 0.079872 [sec] Acquisition time
01P 4.700 [ppm] Transmitter frequency offset
D1 1.5/[sec] DelayforT1 (1-5*T1)
D6 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2)))
D8 | 0 Mixing time
FNTYPE | 0 nD acquisition mode (= 0 for traditional; = 2 for NUS)
NUSAMOUNT | 50 Amount of sparse sampling (%)
oK |

KU LEUVEN




HMBC

2D 1H-13C HMBC (GPLPNDQF) 2D 1H-13C HMBC (ETGPL3ND)
* More sensitive « Somewhat less sensitive

« Magnitude mode * Phase sensitive

* Typical NS = 2-4 (2*n) * Typical NS = 2-8 (2*n)

e Typical TD(F1) = 128 * Typical TD(F1) = 128-256

* Not decoupled * Not decoupled

1-fold J-filter: more HSQC residuals  3-fold J-filter: less to no HSQC residuals
Meant to obtain high SINO spectra « Meant to obtain high-res spectra

KU LEUVEN



H M BC Sample: 4.7 mg galanthamine in CDCl, (33 mM)

galanthamine

2D 1H-13C HMBC (ETGPL3ND)

2D 1H-13C HMBC (GPLPNDQF)
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A ] [ + Pt L 1 S 1 1 ' L gr
L o L R
. e . | = |
L ] =} — [
v Higher sensitivity s I - L 11 v No HSQC residuals
—— n, q | i . —— « m ) I . .
' [ Lol T High lut
el [ ! sl [« ¥ Higher resolution
E 0 1 = n ' «o o
— 1] - L1} 3
L Mo 1 o
L s ! L
L 1 -
L I | L Ll
— g L 1 | 8 __ o
I -
L L | (S -
] L [ L2 [} -
-1 a [ F =
L r | L L
. 15: S RE Expt: 21:50
Expt: 15:30 ol [ PRk xpt: 21
- -
|
F 1 | L
1TD 128 Size of fid (F1) F = ! 1TD 128 Size of fid (F1)
2TD 2048 Size of fid (F2) o ! 2TD 4096 Size of fid (F2)
DS 16 Number of dummy scans | o L[ ! Ds 16 Number of dummy scans
NS 4 Number of scans @ B FET ! - NS 4 Number of scans
1sw 220 [ppm] Spectral width (F1) L r | 1sw 220 [ppm] Spectral width (F1)
25w 12.9882|[ppm] Spectral width (F2) ’ + 1 — i “ M 25W 12.9882|[ppm] Spectral width (F2)
AQ 0.197018 [sec] Acquisition time E . [ =] I AQ 0.394035 [sec] Acquisition time
o1p 6.300 [ppm] Ti offset L I 3 a 1 N o1p 5.500 [ppm] Transmitter frequency offset
D1 1.5[sec] DelayforT1(1-5*T1) | 8 1 D1 2|[sec] DelayforT1 (1-5*T1)
D6 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2))) - _’ I ' ' D6 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2]))
, D8 0 Mixing time { F F 1 ., D8 0 Mixing time
FNTYPE 0 nD acquisition mode (= 0 for traditional; = 2 for NUS) L g 1 FNTYPE 0 nD acquisition mode (= 0 for traditional; = 2 for NUS)
NUSAMOUNT 50 Amount of sparse sampling (%) L] 1 D NUSAMOUNT 50 Amount of sparse sampling (%)
T [ Tt T T 1 [ r T 1 1 [ Tt T T T [ T T T T [ T T T T] | e L Sy B B B B B B B B B B B B E e O L
oK 6 5 4 3 2 F2 [ppm] | 7 [] 5 4 3 i ok
1
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Experiment: HMBC (GPLPNDQF).
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COSY

2D 1H-1H COSY (GPPPQF)

 Regular COSY

* Magnitude mode

« Highly sensitive

* Typical NS = 1-2 (1*n)
* Typical TD(F1) = 128

* Lot of overlap with
diagonal

« Meant to obtain high
SINO spectra

2D 1H-1H DQF-COSY (GPDFPHPP)

DQF-COSY
Phase-sensitive
Somewhat less sensitive
Typical NS = 2-4 (1*n)
Typical TD(F1) = 128-256
Less overlap with diagonal

Meant to obtain high-res
spectra

2D 1H-1H LR-COSY (GPLRPPQF)

 LR-COSY

« Magnitude mode

* Less sensitive

» Typical NS = 2-8 (1*n)
* Typical TD(F1) = 128

« Meant to visualize long-
range tH-'H couplings
viad6 = 2—1] (0.1-0.4 sec)
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COSY Sample: 5.6 mg aconitine in CDCl, (17 mM) £

—=H
|H OH

aconitine

2D 1H-1H COSY (GPPPQF) | 2D 1H-1H DQF-COSY (GPDFPHPP)

(]

I
I
I
I
I
I
I
I
I
I
I
I
I
— I S
TTE[ Tz 13
2 = 1 o v
= | &
= = 1 - =
{ Fe I wor
- = I
I
Higher sensitivity Le " [af T, Igher resolution
= o™ |l
A ! F
v' Faster [ | P
i I -
I
[ e . ¥ L al [ =
CHE | o I
3
I
| (-
I
W - g 1 @ - g =
Expt: 10:12 ! ot Expt: 19:47
pt: 10: L : 19:
| [
A i
1TD 128 Size of fid (F1) ! g G 11D 128 Size of fid (F1)
2TD 2048 Size of fid (F2) w| | ! m 2TD 2048 Size of fid (F2)
DS 16 Number of dummy scans Mo ! g Ds 16 Number of dummy scans
NS 2 Number of scans ! NS 4 Number of scans
1sw 12.9882 [ppm] Spectral width (F1) 1 m m .} mﬂ 1sw 12.9882 [ppm] Spectral width (F1)
25W 12.9882 [ppm] Spectral width (F2) L I 25W 12.9882|[ppm] Spectral width (F2)
L d&d) . i N & il
AQ 0.197018|[sec] Acquisition time I m AQ 0.197018 [sec] Acquisition time
o1P 6.000 [ppm] Ti itter frequency offset o | o 1 m o1p 5.500 [ppm] Ti itter frequency offset
D1 2|[sec] DelayforT1(1-5*T1) ! =+ 1 Dl 2|[sec] DelayforT1(1-5*T1)
D6 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2J)) h | I m D6 0 Delay for evelution of long-range coupling (LR-COSY, 1/(2)))
D8 0 Mixing time i 1 | . D8 0 Mixing time
FNTYPE 0 nD acquisition mode (= 0 for traditional; = 2 for NUS) I FNTYPE 0 nD acquisition mode (= 0 for traditional; = 2 for NUS)
NUSAMOUNT 50 Amount of sparse sampling (%) = I D . " NUSAMOUNT 50 Amount of sparse sampling (%)
T T T T T T T T T T T T T T T T — | T T T T T T T T T T T
oKk 4 3 2 F2 [ppm] 1 4 3 2 oK
1
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Sample: 5.6 mg aconitine in CDCI; (17 mM)

COSY

2D 1H-1H COSY (GPPPQF)

O

I
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I
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I
I
I
I
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af L& | af L&
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. m = 1 e -
il ; I ! '0‘ i E
@m : | |
L | @ L L
L X |
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; I [ v° Long-range
L | 1 - )
. |
Ll | : ) L e couplings
+ L 1 i F ]
I o
f Lo L [ L
1 L
g i e ! i
; i . # -l e
I @ m
ol T 1 el F
| L 1 @ [ 0 i L L
I
Expt: 10:12 { L be @ S Expt: 12:01
Xp . . | o | a 7 e X . .
L —~ L
! 0% r
1TD 128 Size of fid (F1) | [ | : @ E] 1m0 128 Size of fid (F1)
2TD 2048 Size of fid (F2) i = | g 2TD 2048 Size of fid (F2)
DS 16 Number of dummy scans + | DS 16 Number of dummy scans
NS 2 Number of scans r — NS 2 Number of scans
15W 12.9882 [ppm] Spectral width (F1) L ! u] 1SW 12.9882|[ppm] Spectral width (F1)
25w 12.9882 [ppm] Spectral width (F2) - ! I 25w 12.9882 [ppm] Spectral width (F2)
AQ 0.197018|[sec] Acquisition time r L | AQ 0.197018 [sec] Acquisition time
o1pP 6.000 [ppm] Tt itter frequency offset N | o1p 6.000/[ppm] Ti i q y offset
D1 2|lsec] Delayfor T1 (15 +T1) @ F ! i D1 2|[sec] Delay for T1(1-5 *T1)
D6 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2))) o L I D6 0.2 Delay for evolution of long-range coupling (LR-COSY, 1/(2)))
D8 0 Mixing time | 1 D8 0 Mixing time
FNTYPE [} nD acquisition mode (= 0 for traditional; = 2 for NUS) [ o 1 FNTYPE 0 nD isition mode (= 0 for traditi = 2 for NUS)
NUSAMOUNT 50 Amount of sparse sampling (%) = I — — . NUSAMOUNT 50 Amount of sparse sampling (%)
T T T T T | T T T
ok 4 3 1 F2[ppm] 1 4 3 2 oK
1

LR-COSY is less sensitive than a ‘regular COSY’, but this is — of course — very logical, as we are looking for very small couplings!
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COSY

Sample: 5.6 mg aconitine in CDCI; (17 mM)

il

T T
F1[ppm]

a°
«® Sam %4
g 0 &m @0 ]
a v =% ®
. ﬁ a 0
& L.
— ae- s
3 2
a a
P . m NS = 2 (standard)
Expt: 10:12
- -] a@
D T T T T v T
8 ] 4 2 F2 [ppm]

Experiment: COSY (GPPPQF).
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il

--s
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.é‘“’ o -
& a

s s NS = 1 (smallest)
Expt: 5:24
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: T 3 iy
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NOESY

2D 1H-1H NOESY (GPPHPP)
Phase-sensitive

Somewhat less sensitive

Typical NS = 2-8 (2*n)

Typical TD(F1) = 128

Two types of information in one spectrum*

» Cross peaks with opposite phase (= color) of diagonal peaks
« 1H’s that are close in space (< 5 A)

» Cross peaks with same phase (= color) as diagonal peaks
* Chemical exchange
» Rotational exchange

For molecules with small correlation times, i.e. small molecules in non-viscous solvents. KU LEUVEN




N O ESY Sample: 4.7 mg galanthamine in CDCI; (33 mM)

L1

WDE-GS-Aconitine-pulseprogram-tests-TXI5_800 38 1 "C:Usersw0110721'\Desktop'Random NMRs"
—— o
) o
é 0
¢ {u— ———) o
¢ C— 0 A0
co (E— @“ﬁ% e
@ ‘ é L
. : Cross peaks with opposite phase (=
color) of diagonal peaks = NOE peaks '
- 1) ———) c o ol [
O | 1 = Q T T 1 T T T ‘ T T ‘ T T T 0. T T T T | ; ‘ ; L]
7 1 5 4 3 2 1 F2 [ppm]
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N O ESY Sample: 4.7 mg galanthamine in CDCI; (33 mM)

Hydroxyl OH
m MI '\ ll M MJL\JU a galanthamme
H,O in sample x
WDE-GS-Aconitine-pulseprogram-tests-TXI5_800 38 1 "C:Usersw0110721'\Desktop'Random NMRs" _—Egg
g 9 29
. .
é 0
o ) _ -
8 e 40
e a'ie e
— . Q _
] , Cross peaks with same phase (= color) | [ | [¢
as diagonal peaks = exchange peaks ol
— g % | (here chemical exchange) A
a | 1 '& Q T T 1 T T T i 1 T i T T 1 0' T T T 1 T T T 1 1 T i T —
7 [ 5 4 3 2 1 F2 [ppm]
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- ' - I : g ST
g T S
‘aé‘ i c. @ . ,ﬁr ) - -

%
Ly
%

] - NS = 8 (standard) _ . NS = 2 (smallest)
’ Expt: 57:16 " Expt: 14:58
- T T T T T T T T T T T T T T T T T . T T T T T T T T T T T T T T T T T T
8 [ 4 2 F2 [ppm] 8 3 4 2 F2 [ppm]

Experiment: NOESY (GPPHPP). KU LEUVEN




Time-optimization in 2D: NUS

 Traditional acquisition (uniform sampling): collect all TD(F1) slices in indirect
dimension, FT in both dimensions

W HI

FFT 0,

Raw data with 32 slices recorded. Obtained 2D spectrum using 32 slices.

In this case, TD(F1) = 32. KU LEUVEN




Time-optimization in 2D: NUS

 NUS = Non-Uniform Sampling acquisition: collect random fraction of TD(F1)
slices in indirect dimension, reconstruct the missing slices and FT in both

dimensions
-Aconitine 5.6mg-01052021 200 1 "C:\l 10721\0neDrive - KU L HIHD | A
[l ; .
| | M‘Nﬂ x K o
ot 1. Reconstruction T WW’" :
1 h | (Al A y [ Wﬁlm l‘MW1M 7§
WWMW%WWW»WMW»J f esistengutyn & i OV PSP
e Mwﬂmvmﬁ” | ‘ & W'*' ik
WWWWW WMWMWWMW | ]
” B Ww%ﬂ!@“ 5.
| y Y | I
| [ i \/MMWNWWWVWW
l W | WWM :
T g e S\ :
PRI W) WOVRPTPIPOE 1T WO ¥ 10 I W PO N OO TPRR = R ek v ) o e o o
Raw data with 8 slices recorded. Reconstructed raw data with 32 slices (8 recorded, 24 calculated).

In this case, TD(F1) = 32, NUS = 25%. KU LEUVEN




Time-optimization in 2D: NUS

 NUS = Non-Uniform Sampling acquisition: collect random fraction of TD(F1)

slices in indirect dimension, reconstruct the missing slices and FT in both

dimensions

el -
ww&ﬁ‘imﬂ {

i A o s o e

U ] ST A
Wﬁ,ﬁm“ a4
USRI - M"‘"W”‘ w
oot WMMWWMW

mmwwwlu 1

Reconstructed raw data with 32 slices (8 recorded, 24 calculated).

In this case, TD(F1) = 32, NUS = 25%.

2. FFT

W HI

Obtained 2D spectrum using 32 slices.
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Time-optimization in 2D: NUS

« Advantages of NUS
« Higher resolution in F1 in same amount of time, or
« Same resolution in F1 in much less time

« Example

 TD(F1) = 1024 with 25 % NUS: only 256 slices (25 %) will really be
recorded and 768 additional slices will be calculated during reconstruction.
The reconstructed raw data contain 1024 data points.

KU LEUVEN



TD(F1) 128, regular ~15 min Example 1
TD(F1) 256, 50% NUS ~15 min
TD(F1) 512, 25% NUS ~15 min

TD(F1) 1024, 12.5% NUS ~15 min OT_REMOVE §0 1 "C:Usersiu0110721Box SynciNMR\Avance il HD 400\NMRs"

R 4 &

LN

A s = . a5 I _E
"ﬁjﬁ\j \_A’f.lj U \_"*“——hw, ) -1

e-4.Tmg-DO_NOT_REMOVE 50 1 “CiL

r& [ =]

o 0o — o

&y L] ‘N
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p #
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7 6 5 4 3 2 F2[ppm]

HMBC (hmbcgplpndgf) of 4.7 mg galanthamine in CDCl, (33 mM) KU LEUVEN




¥l s - -8 |
i N 137 -3
o With NUS = drastic o |
- increase in resolution in -9
= = F1 in same amount of time! - N |
AL I R B B fﬂ L T T ] _8ETT] _i=%| L LA B R — L T T ] _8_‘
45 4.0 35 3.0 2.5 F2 [ppm] 45 4.0 35 3.0 2.5 F2 [ppm]

Regular HSQC
TD(F1) 512 ~ 56 min

HSQC (hsqcedetgpsisp2.2) of 5.6 mg aconitine in CDCl; (17 mM).

HSQC with NUS
TD(F1) 4k, 12.5% NUS ~ 57 min

KU LEUVEN
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TD(F1) 1024, regular ~ 2 hours Example 3

TD(F1) 1024, 25% NUS ~ 31 min
TD(F1) 1024, 12.5% NUS ~ 15 min A

TD(F1) 1024, 6.25% NUS ~ 8 min | 12 1 "c:uUserswo110721\0neDrive - KU LeuvemNMR\Avance Il HD 400\NMRs" 'E [ §
L& |
LT :
_g ™ el
[ —— - .
. - -8
— -
r n
-
gv\—j \w D _s |
AAAAA -Galantamine4.7mg-01052021 12 1 1072 KU L 1l HD 400\NMRs" _E_ ?
&[5
e o Sy S aaw B S e o e r _§ _3
K
I - N = o s TS ay = o :R
S = o e T o = - e T, T T Fl _g_
_! i, S,
F - w
- - =]
Elml - ——
% = ol _g
| - L]
0 &
F2 [ppm] 1
0 | ]
| T T T T | T T T T | T T T T | T T T T |
6 5 4 3 F2 [ppm]

HMBC (hmbcgplpndgf) of 4.7 mg galanthamine in CDCl, (33 mM) KU LEUVEN




‘ ) CB J -8 | o
- - With NUS = drastic - aiE

- decrease of experiment - "8

time for same resolution!* -
D "'I""I'"'I""I""I""I""I"_HTD<]'"I'"'I'"'I""I""I""I""I"___g

5.0 4.5 4.0 3.5 3.0 2.5 F2 [ppm] 5.0 4.5 4.0 35 3.0 25 F2 [ppm]
Regular HSQC HSQC with NUS
TD(F1) 512 ~ 56 min TD(F1) 512, 25% NUS ~ 15 min

HSQC (hsqgcedetgpsisp2.2) of 5.6 mg aconitine in CDCl; (17 mM). KU LEUVEN

Sometimes some form of resolution enhancement may be observed as well!




Time-optimization in 2D: NUS

« Acquisition in lcon-NMR
« Select appropriate 2D experiment
« Set FNTYPE = 2 (standard O = traditional acquisition, 2 = NUS acquisition)

« Set NUSAMOUNT = <desired percentage of NUS sampling>
« Percentage (0-100)

. 1TD 128 Size of fid (F1)
« Amount of NUS sampling 210 2008 Size offid (2
Ds 16| Number of dummy scans
* Fraction of TD(F1) that will really be e 4 Numberof scans
15w 220|[ppm] Spectral width (F1)
reco rd ed 25W 12.9882|[ppm) Spec!;r-fnll wudf:h (F2)
AQ 0.197018|[sec] Acquisition time
01P 6.300|[ppm] Transmitter frequency offset
D1 1.5|[sec] DelayforT1 (1-5#*T1)
D6 0 Delay for evolution of long-range coupling (LR-COSY, 1/(2]))
D8 o| Mixing time
— FNTYPE 0 nD acquisition mode (= 0 for traditional; = 2 for NUS)
) NUSAMOUNT 50 Amount of sparse sampling
. ox .




Time-optimization in 2D: NUS

* Processing
* Regular processing can be used
* No license needed for basic 2D NUS processing (= TopSpin 3.5pl7)

« TopSpin will display warning, saying you have no license for NUS
processing, so the standard settings will be used (Compressed Sensing
(CS) algorithm via Iterative Soft Thresholding (IST)). Just click OK.

L’ mdd

_.:_l’%\ Mo license available for TOPSPIMN 2D NUS processing
L= processing without appropriate license continues
with parameters Mdd_CsALG = ist, Mdd_CsVE = false




Time-optimization in 2D: NUS

* Processing

* |If spectrum Is phase-sensitive, no phasing
can be performed immediately after
NUS processing, as imaginary parts of
2D processed data (2ir, 2ii) are not saved
after NUS reconstruction.

 To solve this problem: use Hilbert transform
iIn F2 (xht2) to recalculate imaginary data € Spectrum phasing mode 'Hypercompiex’ is selected

But the following spectrum file(s) were not found: 2ir, 2ii!
* Now phasing is possible

Use xfbfxht1/xht2 commands to obtain full hypercomplex data.
 Hilbert transform is necessary before
phasing after Fourier transform

@ Cannot phase rows, imaginary part 2ir is missing

Close Details...

Close

KU LEUVEN




Time-optimization in 2D: NUS

« When can | use NUS?
o Sufficient SINO

« Small to medium dynamic range of peaks
» Large dynamic range can result in artifacts when undersampling
» Don'’t forget to take impurities into consideration!

= HSQC of pure compound: definitely!

= NOESY of mixture: more challenging

 How many FIDs should | record?
NUSAMOUNT* TD(Fl)

* NUSPOINTS = 13 5

« NUSPOINTS should be = number of peaks in the spectrum (again, don’t forget to
take peaks from impurities into consideration!)

KU LEUVEN




Thank you



