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Homonuclear decoupling and Proton MAS NMR

 

 

65kHz

a pulse sequence for
homonuclear decoupling 

at ultra fast MAS a pulse sequence for
SQ-TQ auto-correlation

20 15 10 5 0 -5

10kHz
at ultra-fast MAS

CPL (2008) 466, 95
JMR (2009) JCP (2009) 130, 124506

ppm (kHz)

Ref: Ref:Ref:



What happens when 

t  /2
cr >

cct  /2

t  /2 rrt  /2
Rotor vs RF characteristic times



The homonuclear dipole-dipole interaction:
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MP – CRAMPS History

LG Lee,Goldburg
WHH4 Haeberlen Huber Waugh; Mehring

’65          ’70          ’75          ’80          ’85          ’90          ’95

WHH4 Haeberlen,Huber,Waugh; Mehring
MREV8 Vaughan et al.,Mansfield

CRAMPS Gerstein et al**
BR24 Burum,RhimBR24 Burum,Rhim

BLEW12 Burum,Linder,Ernst 
FSLG Bieleski,Kolbert,Levitt

CORY24 Cory            CO Cory            

WHH4 Demco Hafner Spiess

’95          ’00          ‘05

WHH4 Demco,Hafner,Spiess
MSHOT-3 Nielsen et al.

PMLG Vinogradov, Madhu
DUMBO Emsley et al.m y

R-symmetry Levitt et al.
w-PMLG5 Vinogradov,Madhu

w-eDUMBO Elena et al.
w-PMLG3 Leskes,Madhu

SAM Amoureux



The basic sequences
WAHUHA (1967) Lee-Godburg (1965)

x  -x    y -y
( ) g ( )

Iz“Iz” 

- or     -

Iy 

z  
in the RF interaction frame

Truncation of

Ix 1
Iz

  II







 


33
1)0( yxz

CS
III

H  






 


2
cos)0( xz

mCS
II

H 

090
x

t tt

....)()( )2(
0

)2(
00

)2(
00

)2()2(
00

)2(
0  TDdTDd mmmm  0)0( DDH



Homonuclear proton decoupling
Bielecki,Kolbert,Levitt
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wP M L G5
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wP M L G5 m
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Rotating frame
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(e)DUMBO
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optimized 7 Fourier components in 64 pulses 

A L D S k ll i S H di B ElA. Lesage, D. Sakellariou, S. Hedier, B. Elena,
P. Charmont, S. Steuerngel, L. Emsley, 
J. Magn. Reson. 163 (2003) 105.
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wP M L G5
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kHz

MAS 5xx
mmwPMLG wDUMBO SAM

Glycine 600 MHz

35kHz

Glycine, 600 MHz
45kHz

DUMBO:
D. Sakellariou, A. Lesage,
P H d ki L E l

55kHz

65kH
SAM:

J P A B H J T b

P. Hodgkinson, L. Emsley, 
Chem. Phys. Lett. 319
(2000) 253.

65kHz J.P. Amoureux, B. Hu, J. Trebosc, 
J. Magn. Reson. 193 (2008) 305.



The effective dipolar Hamiltonian
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kHThe Bimodal Floquet Hamiltonian
and the van Vleck transformation
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A measure for the linewidth of a 
five-proton spin system wP M L G5
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r=65 kHzc=50kHz
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Fast MAS+wPMLG5 

Tyrosine.HCl

600 MH600 MHz

MAS at 65 kHz c/r=0.63, nut=216 kHz

MAS at 10 kHz c/r=2.75, nut=96 kHz

20 15 10 5 0 -5
ppm



A pulse sequence for: i
k

A pulse sequence for:
SQ‐TQ auto‐correlation

experiments

i

j

By considering the first order off diagonal BMF term of the dipolar interaction
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wP M L G5
xx

wP M L G5
mm
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Some earlier examples of DQ :  BABA  HORROR  C7  DRAWS : “SQ  to  TQ”Some earlier examples of DQ :  BABA, HORROR, C7, DRAWS : SQ  to  TQ

Eden suggested to use higher order Average Hamiltonian Theory
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AB,CD,EFGH

Michal Leskes’
assignment:

9

)

8

BFG

BHH

HHH

DFGtyrosine
 tq

 (k
H

z)

6

7

ABH
ADH

BCH
BEG

BFG
EDF

tyrosine


5

6

ABC
ABE

ABF
ADF
ABH

4

sq
 (kHz)

1.522.53



F

D

E
A

A
H

A
CG

A

C

D

F

B H

B F

G

E



Thanks for listening


