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Basic theory

* |nversion elements, supercycles
Imperfections

Overview of common schemes
Modifying setup

BUSS

Hardware / heating limitations

2H decoupling



https://en.wikipedia.org/wiki/Spin_echo
e Spin echo:




 We can remove the effect of heteronuclear coupling over a period, by
Inserting 180 degree (inversion) pulse in the centre:

. <:')_ 3/2 <:'/ +J/2 —

/+J/2 '}_ /2



* Apply 180 degree pulse half way between each sampling point:
obs . .
AR EERREREER

« Or: just apply a continuous sequence of 180 degree pulses...
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Power
handling

Hardware
limits

Sidebands

Bandwidth

Residual
coupling




Secale : l6.00 Decoupling I10EE 30 1 E:‘data\service nm:l:_

140 120 100 80 €0 40 20  [ppm]



 When do we need to apply decoupling?
Power-gated decoupling

Reduced power during D1; Decoupled and NOE =
zgpg | | L

Ll
Inverse-gated decoupling D o i s
During D1 only; No NOE but decoupled

Zgig

zggd
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145 140 136 130 126 120



13C methanol

181 ppm / 614819 Hz
e = 7334 - 7343
ae =-0.03542 rel

Peak[ppu]=  4&.9354, Width[Hz/ppm]s= .16z 0.0013,

[




 10% EB: If we set the decoupler offset on res for methyl protons for example:

~ SHz triplet

37 Hztripllt ____WWM«WJQMW :

1.5Hz triplet

el |

DecoupLong 106B 31 1 Et\datalgenvicey
Decoupling_ 10EB 0




« Amplitude / RF field strength / B1/B2
« Voltage
* RF field strength = 1/360

 Eg 10us 90 = 40us 360 = 25kHz



e Power: PLW/PLdB

 Wattage — o« to square of voltage

 Pulse length *2 == Power /4

 dB — Attenuation on Bruker systems
« dBl1-dB2 =10 log(PLW2/PLW1)

 +6.02dB means factor 2 longer pulse

“.dBW” = -10 log (PLW)

Decoupling limits: integral power / time

P1 [p=sec) 11.210 F1 channel - high power pulse

FPLW1 W, dB] B.2 -9.14 F1 channel - power level for pulse [default)



pPW/2 M
Amplitude x2 |
(Power x4)

- mz..f.&mﬁm‘” T

i
Bandwidth x2
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* For a given shape (inc adiabatic!), to double the bandwidth:
* Double the RF field strength
* |le 4x the RF power. -6.02dB attenuation
« Half the pulse length
» For adiabatic shapes:
 Make a new shape with double the sweep
 Keep same length
* Need only double the RF power

* (you can sort of do this for arbitrary shapes)



. Bruker: “CPD program” “EE

pcpd*2.864:0
pepd*2.981: 1380

CPDPRG2 >
pcpd®0.770:0
pepd*0.691: 180

Composite pulse decoupling program (cpd)

T o s W M

CPDPRG2 | garpd | E

400 pepd*0.593: 180

v 0K X Cancel .
a0l Jjump ta 1

* Bruker: pulse program: z am de:z

10 pl13:£2

dll

DELTA

du do:fd

10u pli2:£2

100m

rl phl

go=2 phil

J0m do:f£2 pl13:£2 nc #0 to 2 FO(=zd)



 Power corrupts!
* Limitation is something like average input power over each scan

» Cryoprobes: typical pulses (assumes 1s D1)

5 mm 600 MHz TCI H&F-C/N-D CryoProbe™
T
H
hard pulse ¥ (max. length 1ms) [ 8.0 us
hard pulse for lossy samples Power level corresponding to 8.0 us pulse for non-lossy sample
trim pulse p28 1ms @ 8ps
2ms @ 10 ps
TOCSY spin lock ™ 200 ms @ 25 ps
400 ms & 35 ps
ROESY spin lock Up to CW for power level corresponding to a 80 ps pulse
WALTZ65 decoupling during °C- | Up to CW for power level corresponding to a 80 ps pulse — 3 1 2 5 H Z
detection
DIP5I2-decoupling in triple 400 ms & 35 us —
resonance — 7 143 H V4
13(:

i GARP4 decoupling 7 I 250 ms & 55 .“5 {:I» 165 ppm bandwidth) ::4545 H Z




Much less robust the He-cooled
No comparable method of monitoring coill

=> stick to published limits!



e Much less well documented...

 However: CW limit (5mm rt probes): 5W (pref. 1W)

13C

i
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In cryoprobes coil is thermally insulated from sample
E-field of pulse interacts with conductive samples
Increased pulse length

Absorption of energy by sample=> heating

=> small diameter tubes

=> lower power decoupling?



eImor.

Error during interpretation of line O (intnnsic):

empiy FIFQO: try longer relaxation delay.

- FIFO: usage = 016385, loaded = 324881 + 2662716w Iin 2781 F-DMAs
- FBUF: usage = 0/1193648, loaded = 26 from /dev/fctri1

Close



On AVIIIHD (and older) spectrometers, waveform memory is a limitation
Exact limitations depend on the exact spectrometer, but 3 cases:

1) shapes with <75ns per time point have to fit into the FIFO buffer.

» This buffer is small and you can't do decoupling in this regime.

2) shapes with ~ <3us/point: everything must fit into waveform memory
« Limit is total number of time slices

» Shorter time slice means shorter max dec period

3) shapes with ~>3us/point : no limit unless complex pulse sequence

 May sometimes need to make the time slices longer



"131=(nsdone+ds)%4+1" Phases needed for P5M4:

dl (360) Means in units of degrees!
1 phl

b= b ph22=(360) 60

ACQ_START(ph30,ph31) ph23=(360) 150

2u DWELL GEN:F1 ph24=(360) 180

ph25=(360) 240

3 (p63*0.5:spl1l4 ph21): 12 ph26=(360) 330

o to 3 times 131
4 (p63:sp3l ph2l):f2
(p63:sp31 ph23):12

o to 4 times 11

ph21=(360) 0



These are done using stdisp/nmrsim

These are approximations — experimental performance perhaps worse
But: useful visualisation.

Trick: to get 360deg pulse simulation to work, set flip angle to zero

Then set power and calculation range manually

M| A simulstion 5PO [ 25000 }-11 power for shaped pulse
Shaped pulse length [s] 160.0 SPOFFS0 0 Hz offset frequency for shaped pulse
Rotation angle [7] 0.0
SPOALOD 0 phase alignment of freq. offset in sh...
yB1(rmax) [Hz] 0.0
M 256.0 number of calculated offsets

Start NMR-SIM

To 40000

Corresp. 90° square pulse [ps] o
From -40000 Hz first RF offset
Hz end of the calculated offset range




» Open a shape file: |

ShapeTool

RCOA

 or Create a new shape:

e Simulate: | Al

« Set length and flip angle:

1

VYAWETOrm

M| User

@‘ #  General parameters

m

Size [pt]

/’9 e

. Simulation

Shaped pulse length [ps]
Rotation angle [7]

yB1({max) [Hz]

Corresp. 90° square pulse [ps]

Start NMR-SIM

+

Import from File...

Basic Shapes

Rectangle

20.0
180.0

25000.0
10,0




Excitation profile

1.0
0.9
Experiment Parameters
A Basics
MO 0 initial magnetization
My 0 0 initial magnetization
Mzl 1 initial magnetization
A Pulses
PO 20,0000 ps pulse length
A Shapes
SPO 25000.0 Hz power for shaped pulse
SPOFFS0 0 Hz offset frequency for shaped pulse
SPOALOD 0 phase alignment of freq. offset in sh...
M 256.0 number of calculated offsets
From -100000.0 Hz first RF offset
To 100000.0 Hz end of the calculated offset range
1.0
100,000 QD,bDD BD,bDD TD,bDD GD,bDD 5D,b00 4D,b00 BD,bDD ED,bUD ‘ID,bDD D -1 D_..DDD —20_..000 —30_..000 —40_..000 —50_..000 —60_..000 —?D_..DDD —80_..000 —QD_..DDD —‘IDD:_.D
Frequency [Hz] .
1x RF field strength



» First problem: simple 180 is poor inversion element.
« Solution: “composite pulse” (Levitt et al 1980)

+ Eg: 90,180,90,

Size [pt]

f Offset [pt]

Sine Modulation

——

Cozine Modulation m R e
Linear Sweep Expand pattern CUSTOM
Const. Adiabatic Sweep Mumber of phases 4
Single Phase Modulation Phases
0.0 g0.0 90.0 0.0

Multiple Phase Modulation

Power of Amplitude
Add constant Phaze

Time Reversal

Expand Shape




s Pulzes
PO
A Shapes

SPO
SPOFFSD
SPOALD
M

From

To

Frequency [Hz]

40.0000 ps  pulse length
25000 Hz power for shaped pulse
0 Hz offset frequency for shaped pulse
] phase alignment of freq. offset in sh...
256.0 numnber of calculated offsets
-40000 Hz first RF offset
40000 Hz end of the calculated offset range
-03
-0.4
-05
-06
-07
-08
09 \/—\/—\/
-1.0
40,000 35,000 30,000 25,000 20,000 15,000 10,000 5,000 0 -30,000 -35,000 -40__:01




e R is the inversion element , R means 180 degree phase shift

 |deally this should act like an exact 360 ie do nothing

Exctation profile

ExaLauon prome

RRRR, R= simple 180

Amplitude

i #  Expand waveform

Expand pattern

CUSTOM
MNurmnber of phases 4
Phases
050 N 0.0 0.0 180.0 180.0 0
20,000 15000 10000 0 -5000 -10,000 -15,000 -20,000 Voszﬁﬁ,uuu 20,000 15000 10,000 5,000 ] -5,000 -10,000 -15000 01 25,00
Frequency [Hz] - e
X—Y—1




o Save the 90x180y90x as a shape and open it

* Apply the MLEV4 expansion

Amplitude

40,000 35,000 30,000 25000 20,000

5,000 a
Frequency [Hz]

Check excitation profile parameters

L\

PO 160.000 ps  pulse length -
# Shapes
5P0 25000 Hz power for shaped pulse
SPOFFS0 0 Hz offset frequency for shaped pulse
SPOALD 0 phase alignment of freq. offset in sh...
N 256.0 number of calculated offsets
From -40000 Hz first RF offset
To 40000 Hz end of the calculated offset range |«
4 4
v OK X Cancel
-10,000 -15,000 -20,000 -25,000 -30,000 -35,000 -40.00



* We can take an inversion element off the end of the cycle and add to
beginning, repeat this and concatenate.

« MLEV-16: RRRR RRRR RRRR RRRR

Amplitude




* Replace 90x180y90x

pr—

(I #  Expand waveform

Expand pattern CUSTOM hd

Mumber of phases -+

o Better: 90x180-x270x !

¢ 123

e WALTZ

Amplitude

090
085
050
ovs

045
040
.35
30
025
020
o015
010

o o

-00s5
-010
-01s
-020
-025
-0.30
-035
-040
-045
-0.50
-055
-060
-065
-070
-075
-080
-085
-090
-095
-1.00
-105

Phaszes

0.0 180.0 180.0 0.0 0.0 0.0

40,000

pe572.480
35,000 30,000 25,000 20,000 15,000 10,000 5.000 0 -5,000 -10,000 -15,000 -20,000 -25,000 -30,000 -35,000 -40,0¢
Frequency [Hz]




———

Y
S
Do
IIll
- I
. [
S . — 5
Check ters for izati Iuti *
PO £0.0000 ps  pulse length s
A Shapes
SPO Hz power for shaped pulse
SPOFFS0 I:I Hz offset frequency for shaped pulse
SPOALO |0 | phasealignment of freq. offsetin sh..
M number of calculated offsets
o
Step 0 Hz offset increment
v
4 |— | > |

[ v OK H X Cancel ]




e 123123123123 - WALTZ-4 this should be better than MLEV-4

o 24231242312423124231 - WALTZ-8 KKKK

e 342312423 342312423 342312423 342312423 = QQQQ = WALTZ-16



* To really check the results we need to measure spectra
* | have used POPT here; we can save the data as pseudo-2D
 Need to have FT params set correctly

« FT_MOD = FQC

« PH_MOD= PK

« WDW = whatever you want



col @ 48.8755 ppm / £147.5042 Hz Index = 7353 -
row : 0.001004 s Index = 11 '
Value = -1223 Q L S L.
Use left and middle mouse button for scaling s . .

I L] L] ‘ L] L] I L] L]
48.8755 4885 F2 [ppm]

Fow : 0 s [11 'of 32]
L] L] I L] L] L] L] L]
49.00 48.95 48.90




Increasing

T T T T T T T T T T T T T T T T T T = I
i5 48.98 48.96 48.94 48.92 48.90 48.88 Offs et



M.48.9467
M 48.9241

FO

" SHIFT: 48.9351 ppm

——

I I E ] ] |

48.984

I | | | | I | | | | I | |
48.9 48.8 [ppm]

Offset = 50Hz
Nominal RF field 2200Hz

Actual coupling 140Hz
Scaling factor = offset/RF field
140*50/2200 = 3.18Hz

Working backwards:
RF field = 140*50/2.28 = 2482Hz



+/- 1X RF field strength

J326.8 Hertz

MLEV-16

Decoupling 106 999 "C:uflzeratptgz0yOnelriwve - Uniwversity -of Cambridgesmmrdatasglenfairn’la

..Il..'\.l o L L.
J T I |. T T I T T T T I . T T T T I T T I T . T T I T T T
-1326.76 0 1000 2000 3000 4000 [Hertz



+/- 1X RF field strength
ALTZ-65

ec-:-upllng 1ol 999 o wT=sexras pthD “ OneDr 11:'& - nitrers 1:5;' of Ca.mbr:l_dge'\.nm dat..a'\.?glenfairn"I:

WALTZ 64

....................................................................

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
- 1000 I Q 1000 2000 3000 I 4000 [Hertz]




WALTZ-16: on res linewidth ~ 0.16Hz

* Not a real sample!

Linewidth at +2300Hz = 0.26Hz

Still ~insignificant broadening

Better magnet, spinning:

Width[Hz /ppm = 0. 074y

LB S B S e e B S e e e B e L B e i e e e e e e e
0.825 06 0.4 0.2 -0.0 -0.2 -0.4 -086 [Hz]



 Most decoupling schemes evaluated for I-S pair

* What if coupling between the nuclei that are being decoupled?

 Example: ethyl iodide
 DIPSI-2 vs WALTZ-16:

WALTZ-16 DIP5I-2

W= f2T
ILL IHHOOHZ L
—_’J& |460Hz JL
J 1930 Hz
N—

——20H; ——— - P OH ————




« WALTZ-16/64 is only enough for proton decoupling

« GARP-1 (Globally optimised Alternating-phase Rectangular Pulses))

* Add MLEV-4 to make GARP-4

......




e Bestcase: 0.17Hz ~WALTZ |uuss=
 Worst (GARP) 0.38Hz

e Worst (GARP4) 0.29Hz

T T T I T T T T I T T T T I
4407 48.940 48.935 48.930



e Broadband inversion? Adiabatic pulses 21 * RF*

S \ o E B SweepRate
Crp32,1.5,20.2

32kHz sweep ~

1.5ms length 20% smoothed
/,.

4120.2581349 Hz power for shaped pulse
A

Amplitude

Q0=5

8] -2,000 -4,000 -E.,000 -2.,000 -10,000 -12,000

14,000 12,000 10,000 2,000 8,000 4,000 2,000
Frequency [Hz]

K—Y—L



+

Import from File...

Basic Shapes b

Classical Shapes b

Adiabatic Shapes 4 HyperbolicSecant
Solids Application P Sing/Cozine
Imaging Applicaticn P SmoothedChirp
Decoupling Shapes b

ation

5.

0.01003
-39.97304
0.09317

CompositeSmoothedChirp
TanhTan

Wurst
ca-pow-hsec
ca-wurst
ca-smoothedchirp
Ca-gauss

ca-lorentz

WURST

#  Waveform parameters

Sweepwidth [Hz]
Pulse length [ps]
Power index

Low to high field

R-factor

vB1({max)/ 2w/ Q [Hz]

 (for middle of shape)
yB1({max)/2m [Hz]

Smoothed Chirp

% to be smoothed

40000.0
1500.0
20.0

60.0
2060.12903

5.0
4606.59

20.0



Ampliude|

3639.3 poig

s’/ Value ="17.51

mplitude

8. & points / Value = 1.203

19,403.833

0000 1800 1eo00 1400 12000 10000 000 000 4000 2000 o 2000 4000 000

" [ \U\ h

8000 000 12000 14000 oo asoo 200

’ //4'/' 20 kHz
/ shown

|
\{\ gp

\
|

o0 1soo0 18000 a0 12000 10,000 5000 8000 000 2000 o 2000 4000 5000 5000

HH

VARG

000 1zo00 1400 -1e000 18000 2000

HypSec, Blmax=10kHz

2000 ieo0 e

o0 14pe0 1200 10000 5000 6000 4000 2000 o 2000 4000 000 8000 10000 2000 14000 8000 s0o0 2000



a0 ##55HAPE INTEGFAC= 1.0444279E-01

 Q=5is fine for normal inversion
» Unnecessarily high for decoupling with supercycle

 Change integral factor in shape file

Length of hard pulse of same flip angle and RF field

Length of shaped pulse

e Qo RF?

 To change Q by a factor, change SHAPE INTEGFAC by square root of
that eg Q=5 -> Q=3 increase SHAPE_INTEGFAC by factor SQRT(5/3)



. “P5M4” = RRRR where R = 180, 180,, 1804, 180,<, 180,

RF=3190Hz (Q=3)

RMS RF 2854Hz

| Bandwidth > 25kHz >250ppm 13C @400MHz
"WFactor 8.76 .j‘

21

I1 ¢ Shapes
SPO 3150
Power of Amplitude PS4 J’Ex SPOFFS0 0
Add constant Phase e 0
M 256.0
Tirme Reversal
From -16000.3278392
Expand Shape - - To 16000

14,000 12,000 10,000 8,000 6,000 4,000 2,000 0 -2,000 -4,000 -6,000 -8.,000 -10,000  -12,000 -14,000

rrrrrrrrrrrrrr






« Waltz, Adiabatic | o %

L T T . 1 T ] )
[ [l [ppm]

T= I
52 48.9085 48.90 48.8938




* Indirect dimension is decoupler offset

e 1D proton (13C labelled MeOH) vs HSQC, p5m4sp180 2

col : 3.721 pgilii! 1488 996 Rz rjdex & TAREE --4'.-."-"
row DUUQ'JS : i ak by &

T T T T T T
F2 [ppm] 5 2 F2 [ppm]




Crp32, P5M4, offset -11kHz

Gcale @ Z.000 Decoupling 61999

oC, STUD+’ 0

999 "CiwUserswptgzZlyOnelriwe - rsity o

'Fﬁse.t 11kHz _____




» Sidebands are still there, just usually less obvious

* 1scan GARP-1 1.29
* pcpd2=128us M

Decoupler on resonance "

WALTZ-16 0.




CPD - asynchronous

ns=256 : !
CPDS - synchronous

0.17% of main peak

O 6% of main peak




« Controlled cancellation of decoupling sidebands?




1l #=zetphase

2 bilev "l3l=[nadone+ds)&d+l"
3 1 p63%0.5:3pld:0 pl=3pld

4 lo to 1 times 131

3 p63:3p3l:0 pl=3p3l
B 2 p63:ap3l:ls0
7 pe3:ap3l:60

SPMNAM 14 Crp32,0.75.20.2 -1 E
SPOAL14 0.500

SPOFFS14 [Hz] 0

SPWA4 [W, -dBW) 1.2921 -1

SPHAM 31 Crp321520.2 E
SPCALI 0.500

SPOFFS31 [Hz 0

SPW31 [W, -dBwW] 0.64603 1.90

Bilev statement forces synchronous CPD
Number of loops to do set by nsdone
SP31 for main part

SP14 for bilevel part

P63 for length of main pulse

Flle name for SP14

Phase alignment of freq. offset in SP14
Offset frequency for SP14

Shaped pulse power SPW14

File name for SP31

Phase alignment of freq. offsetin SP31
Offs et frequency for SP31

Shaped pulse power SPW31



» Historically we just used the same shape for both parts

« But running the same shape in half time doubles the sweep =. 4x power

 Make new shape => only twice power

12 | adiabatic decoupling Crp32,1.5,.20.2 [ 3191.54 ] 1500.00 0.64603

13| adiab. decoupling (bilev part) Crp32,0.75.20.2 4513.52 750.00 1.2921

o Shapes adjusted for low Q — need to do this if making your own



e 1 scan, 2 scans, 4 scans

e Lowest contour 0.5% of highest point |







o Start decoupling before excitation pulse
F1phi=]0.2..]

b bilev “131l=(nsdone+ds) 3128+1"
2| 1 pcpd*3.68133:0

100m 3 10 to 1 times 131

4 2 pcpd*®3:0 &5
S pcpd®4: 180

pcpd®*2:0

6
7 pcpd*3: 180

 CW decoupling period in this 100ms

« Start point of CPD sequence varies in
controlled manner



------------------------------------------

hs=8. waltz65 ......... o o “ .............

ns= 8’ b|_Wa|t265_128 - ......... ........ ......
ns= 32, bi_waltz65 128 - ' '




e Can’t use this trick as is — v bad decoupling in CW part

* PL switching: cpdprg2=bi_waltz16 32pl

1 bilev "131l=(nsdone+ds) $32+1"
1 pcpd*1.500:0pl=pl3l

lo to 1 times 131
pcpd*3:180 pl=pl30
2 pcpd*4:0

-
on = ) [

0 cpd 277778

6 Dbilevcpd (cw part) 5555.56

90.00 0.14578
45.00 0.58311



SR
AR |

Use shaped pulses for bilev part — eg BIP720,0.5,20.1

Supercycle the shapes eg P5M4

P—

1l bilev "131=(n3sdonetds)%126+1"
2

1 p634pp15 ph2l* plespls Pulse has to have a certain length,
il La “eotl miacsidal related to CPD supercycle length
4 2 pcpd¥3:0 plspll2 P R

5 pecpd*4: 150

L48 popd 0
L49 Jump to 2
L50 ph2l=(360) O 150 60 150 O 0O 150 &0 150 O 180 330 240 330 180 180 330 240 330 180



Next-Generation Heteronuclear Decoupling for High-Field
Biomolecular NMR Spectroscopy’

Dr. Franz Schilling. Dr. Lisa R. Warner, Dr. Maum I. Gershenzon, Prof. Dr. Thomas E. Skinner B4
Prof. Dr. Michael Sattler B Prof. Dr. Steffen |. Glaser B%&

» Single optimal control generated shape, 123.2ms long

?ppm!iSSU??Hzlndex Bir- ?U
627 s Index = 130
0.000

.............................
.............................

...........................
.
L L R e LT




8 ##5°5HAPE PARAMETERS= Type: 123.2m3 RFmax=14.043kHz RFrms=4.4kHz EBW=47kHz miscal=0

CPDPRG 2 bi_sp180pl.p63 ..1E File name for cpd2
SPNAM 63 Buss_dec e b - File name for SPG3
SPW6E3 [W, -dBW] [ 11.641 -10.66 ] Shaped pulse power SPW63

 Power corresponding to 14.043kHz == 17.8us 90

e Shape is amplitude modulated — rms power 4.4kHz



Integral/percent of on resonance

-4000

Offset dependence of integrals with WALTZ decoupling

104
103 ®

o 08 102 s °®

[ ]
o o %101
[} [ J
8

[ J
° 100 ® ®

99

® 08

97

96

95

94

-3000 -2000 -1000 0 1000 2000 3000

Decoupler offset from resonance

O WALTZ-16 ®WALTZ-64

4000



Integral/percent of max value

100.05

100

99.95

99.9

99.85

99.8

Stability of integrals with WALTZ decoupling

5 10

15
repeat number

® Seriesl

20

25 30

SINO ~ 10000:1
STDEV=0.04%



» Adiabatic 1H decoupling scheme for very accurate intensity
measurements in 13C NMR, Eve Tenailleau, Serge Akoka

* https://doi.org/10.1016/j.jmr.2006.11.007

a 30 TA (%)
=
3 --. -
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- 10 ".'\- -
/ Pty * . . ,_.//
I.... | T T i ' - -'_.
280 /* 1500 -500 500 1500
-10 + '

4 -
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— 28 P
- . J.\\ - LN / .
\.\ ,/ .-‘"
. " o .
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- .
L] 04 L

-2500 -1500 -500 500 1500 2500

Decoupling offset (Hz)



P63 [usec] 400 000

PLWZ [W, dB] 0 1000.00
PLW12 [W, dB] 0.12503 9.03
SPNAM 31 CaWwurst2 28kHz 400us_12kHzB1 E
SPOAL 31 0.200
SPOFFS31 [H) 0
SPW31 [W, -dBW] |2.4492 -3.69
Offset dependence of integrals with adiabatic decoupling Range 0.595
100.4
StdDev 0.12%
100.3
[ ]
100.2 o .
([ ]
(]
* o o 1.00.1
P ° o b
[ 100 o °
3 M T .
®
® 999 .
. 99.8
([ ]
99.7
99.6
-3000 -2000 -1000 0 1000 2000 3000

® Seriesl



Cryopanel

Can set the plot scale for
iIndividual parameters

Here colil heat drops from 50%
to 45 percent with the pulse
used on previous page

This is absolutely fine

If coil heater reaches zero, coil
temp will increase and then
warmup probe...

Main Timer Graph Settings Logfile Service Login

T3 =y 00 th 1d 2w - + |1

NMRDev MMRHeat Pre

value -0.02 45 0.0
idiv | e 2 2.00
offset |-6.00 40 -10.01
I
|
|
I
................... [ :
M : 1

St Lﬂ:‘r.bﬁmﬁajam_oﬂ- g
h




2777.78

90.00 0.14578 | |

0 | cpd
HR Shape Pulses

Decouple
Nucleus 13C v
) 12| adiabatic decoupling 3215202 | || 319154 | 150000 | 064603 | D)
1112 adiab. decoupling (bilevpart) | Crp32,0.75.20.2 451352 | 75000 | 12921 |
) |34 low power adiatatic decoupling | Cp252525.4 78412 | 250000 | 020188 [
Y 135/ low power adiab. decoupling (bi | Crp25,1.25,25.4 252313 | 125000 | 040377 [
Decouple
Nucleus 15F bl
12| adiabatic decoupling | cp12015304 || 618039 [  1500.00 | 1.0451
113/ adiab_decoupling (bilevpar) | Crp1200.75304 || 874038 | 75000 | 20902



 These are set from the files in <topspin>\exp\stan\nmrn\lists\prosol
* Obs and dec files for H/C/N/F/P for different fields
o Care: default CPD pulse for carbon is too long at >=500MHz

o <165ppm bandwidth with GARP4

« But you should probably use adiabatic decoupling at this point!



Decouple
] HFR Shape Pulses
Mucleus 13C -
Decouple
12| adiabatic decoupling Buss_dec | 1404300 | 12320000 12508 | B

Make a cpdprg:

1l #§setphase
2| bilew "131=1"
3 1 p63:isp3l:0 ple=sp3l

f 4 jump to 1



 Wavemaker: automated shaped pulse setup
« Eg: adiabatic decoupling for f2 channel:

« USERAZ2 = cpd2:wvm:f2dec: cawurst_d(cnst50 ppm, cnst54 us; Q=cnst55,
sucyc=[p7]m4)

e Or:

« WAVEMAKER2 = create_shape(cpd2, cawurst_d, name=f2dec,
bandwidth=%$cnst50 ppm, length=$cnst54 us, Q=%$cnst55,
supercycle=[p7]m4)

CPDPRG 2 f2dec.cpdwvm E
PCPD2 [usec] 21000.00

PLWZ2 [W. dB] 7.6 -8.81

PLW12 [W, dB] 0.24886 .04

SPMNAM 15 f2dec.wym E



USERAZ2: cpds2:wvm: cawurst _d-8(20000Hz, 1 ms, Oppm; Q=1.3,
sucyc=[p7]m4) cawurst_d-2(20000Hz, 1 ms, 100000Hz; L2H, Q=1.3,
sucyc=[p7]m4)

02 {0,140




 NB in TS4, the generated shapes created thus by wavemaker are (only)
stored locally in the dataset (in the lists/wave subdirectory of the expno
directory), not in the global exp/stan/nmr/listswave/user. Likewise the
cpd prog in lists/cpd.

lists
pdata
»
[ ] acqu

%
| | acqus

|: format.ased
; wvm.log
|: WL par

i i
! |
] ]
| |
|=| audita.bd 15/06/2026 12:07
| |
| |
| |
€ vwmPPInfoxml | |



WALTZ-64/65 Bandwidth 2.2x RF field strength

* Mostly only 1H decoupling

GARP-4 . Bandwidth >5x RF field strength

« For large couplings and small bandwidths

* Or where shaped pulses are a problem

Adiabatic decoupling: Bandwidth prop.to (RF field strength)?
« Can be adapted to almost any case

e 13C QNMR

BUSS decoupling: Fixed bandwidth of 47kHz

 Should we use this more regularly?



Waltz16 / waltz64/ waltz65 / Garp / garp4 / dipsi2
Bi_waltz65 128/256 — bilevel waltz for zgpg
Cwp — continuous wave (implemented as a repeated identical pulse)

Bi_p5m4sp_4sp.2 — bilevel shaped pulse dec with p5Sm4 and different
shapes

bi_spl80pl.p63 — single shape repeated p63/sh63, no supercycle
P5m4spl180* - versions of p5m4 supercycle of a shaped pulse

Mlevspl80* - versions of mlev16 supercycle of a shaped pulse



Cpdprg2=bi_p5m4sp 4sp.2
Set shapes in prosol to give eg >200ppm inversion

Crp32 is a bhit tight @500MHz => Crp42 (~same power as 70us CPD)

Or BUSS



. Eg QNMR

‘ PULPROG zgigid

‘ CPODPRG 2

TS4:

34 | low power adiabatic decoupling

33 | low power adiab. decoupling (bil

L e

Pri PLeol

. SHIE0]

SHPWI[34] *

SH[34] *

[

5H[33]

SH[39]
L

bi pamdsp 4sp Ip

Crp38,2.5,25.4

Crp38,1.25,25.4

1 #setphase

2 hilev "131=i{nsdone+ds)%4+1"
4 1 pb0*0.5:sph9:0 pl=sph9

4 lo to 1 times 131

5 pb0:spb0:0 pl=spbl

b 2 pbD:spbD:150
3 pb0:spb0:60

180,00 2199.62 2500.00 0.16257 | [£]

180,00 3110.73 1250.00 0.32514 | [£]

[ TSRy el P EE A NS

1.0 2 # 180 deg adiabatic low power dec., F2, 13C
1.0 2 # adiab. low power dec,, F2, 13C
* 1.0 2 # adiab. bilev low power dec,, FZ, 13C



« Large BW but small J => Long adiabatic pulse OK

 4.5ms, 180kHz sweep, Q=1.3

R

Scale : 2,828 dfa 19 1 mg fpete nmr SO0M-

N . ) L_~A_J 0
Filename +[(] RFF[HZ PuWlps]  PwW]
12 |adiabatic decoupling |Crp180.4.520.1_q| ..| 180.00| 2857.58| 4500.00|  1.0041

13 |adiab. decoupling (bilev par|Crp1E{].E.EE,E[l_1_i

| 18000| 405005 225000 20171



 Bi_waltz65 128/ 256

« CPD + CW:

Channel Routing

Frequency

BF1 161.975593
SFO1 161.967494

OFS1 | -8098.78
BF2 40013
SFO2 400131601
OFS2 | 160052
- cable wiring
— —  possible RF routing
L] - cortab available

MHz
MHz

MHz
MHz

Logical

Channel

NUCA

IR SRR

Ed

X
NUC2 ,/ -
d h | should be added to:
F2 & 5econdary channel shou e adde s

1H -

Amplifier

® [ ju100w

Y —

[F2 |~

v OK || X cancel

-settings
(®) show selected routing show receiver routing
O show receiver wiring
(O show probe wiring

[ show RF routing [0 show power at probe in

Save and Close Switch F1/F2 | Switch F1/F3 Add logical channel R




« CPD + CW on AVIII:

‘ Channel Routing

Frequency

BF1 202.484671
SFO1 202.485683

OFS1 10124

BF2 500.2
SFO2 500.202501

OFS2 2501.0
BF3 500.2
SFO3 500.2
OFS3 0.0

OK

Logical
Channel
NUC1
F1
31P

NUC2
F2

1H

Amplifier

BF1 202.484671
SFO1 202.485683

OFS1 1012.4

BF2 500.2
SFO2 500.202501

OFS2 2501.0

BF3 500.2
SFO3 500.2

OFS3 0.0

NOT OKI!

1 —— scut & x3o0w
||' .\‘ Ir."

31P L
NUC2 Y 2 H100W

1H




CPD + CW:

PULPROG Zoigf2igi3

#  Channel f2

SFO2 [MHZ) 400.1316005
02 Hz, ppm] 160052 4,000
NUC2 1H Edit
CPDPRG 2 waliz16
PCPD2 [psec] a0.00
PLW2 W, dB] 8.2 -9.14
PLW12 [W, dB] 0.14578 B.36
[ospzrom Lo “ ) Set exactly on res
NUC3 1H Edit
[ CPDPRG 3 CWp E ]
PLW3 W, dB] 8.2 -9.14
[ PLW16 W, dB] 0.14578 B.26 COUId use (mUCh)

less power



90
« Adiabatic spin locking

« Complete elimination of X
decoupling sidebands in the
case of very large
heteronuclear scalar coupling

by spin locking using
adiabatic pulses 90°

Kilka, Spectroscopy Letters

2026 :
spin lock

H ]




* Very challenging due to large bandwidth (>300ppm) and J (~300Hz)

SHIFT: 118.1142 Ppm

L2:

M=4, J=2B6.2156 Hz

:. M=3, J=34.Z833 H=z.

% 0 50 .00 150 20 [ppm)




* “au_getlim3” — WIP, ask Bruker...

13C{19F}

13C, expno 10 = 19F, expno 11 =

 Eg for 13C{19F}: expno 9

=1

2000 wvm

9,10 drange=

 au_getlim3ref

-92.000
8.81
6.04

Edit

-34637 .85
19F

f2dec.cpdwvm

21000.00

7.6

0.24886

f2dec.wvm

[124] rLO H
S s O i

L8r1'80L-
ZPEL'80L- |
LoLL'8oL- —

02 [Hz ppmi]
CPDPRG 2
PCPD2 [used]
PLW2 [W, dE]
PLW12 W, dB]
SPMAaM 15

NUC2

S501°80)-
2960°801- -
€980°80}- |

. 18080l
82,0801 -
Z850°801-

.zesg Lok .
S1.8°L01- -4
5z98°L01-

. BLYELOL- .
£eesLol- |
SbZe'LoL-
2608°L0)- -

66FP SL- —

-90 - 100 [ppm]

-80

[124] zl ol 8 9

BESL JE]

0LLLSE
L836'9E
6290°LE
8P80°LE —
LLBL'LE —

0L0Z L8~
ZLPE'SS
£896'55 —
662991
VD Jo .\.
I, -7 Sl - - S-S
wﬁhm.mo—lx
0zZPF LLL
. PSEESLE——
zieg'stL—
PEEL8zL —
LZSZT 6T |
02562}
LZLS lEL
a0cs’ el
g8LbS IEL
8EIS IEL
.88LL el
98ZZ bE L
eIZZVEL
15105 |
LIZLES)

(ppm]

50

100



BF1 50005 MHz NUCA

SFO1 500.05225 MHz SGUA . X 300w HPLMA 19F1H
OFS1 225022 HZ |1H  ~ 2H
BF2 125737673 MHz NUC2 ’/ Ll = Su
SFO2 125745217  MHz F2 SGU2 13C

OFS2 (754426 e [13c
No 2H decoupling possible
Channel
BF1 500214 X
SFO1 500.218501 SGU Xx3pow  —r - TH LMA,
OFS1 2501.07 10F XBB19F 2HS
2H

BF2 500214 ./ READE W
SGU2

SFO2 500216501 \ 1H
OFS2 2501.07 Hz off v
2H 150 W

2H decoupling is possible!



* |n order to switch between the lock pulsing / decoupling: pp zgig2h

* Lock can be on during D1

 Enforce short AQ: UDEFT?

SFO2 [MHzZ]
02 [Hz, ppm]
NUC2
CPDPRG 2
PCPD2 [psec)
PLW2 [W, dB]
PLW12 [W, dB]

107.4653392
376.20
2H

walz1e
S00.00

0

2.492

Edit

3.500

1000.00
-3.97

Frequency of ch. 2

Frequency of ch. 2

Nucleus for channel 2

File name for cpd2

F2 channel - 90 degree pulse for decoupling sequence
Power PLW2

F2 channel - power level for CPD/BE decoupling
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