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the objective is 
to eliminate the influence of the strong dipole-dipole interactions

on the linewidths of the protons in a solid

?



Principle Axis System
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Rotation of a coordinate system
A rotation of a coordinate system is defined 
by three Euler angles:

(i)    a   γ° rotation around the z-axis with 0≤γ<360°

(ii)   a   β° rotation around the y-axis with 0≤β≤180°

(iii)  a   α° rotation around the z-axis with 0≤α<360° . 

or the same

(i)   a   α° rotation around z resulting in (x₁,y₁,z₁) with z₁=z

(ii)  a   β° rotation around y₁ resulting in (x₂,y₂,z₂) with y₂=y₁

(iii) a   γ° rotation around z₂ resulting in (x′,y′,z′) with z′=z₂

Euler angles for frame transformations
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Irreducible second rank tensor componentsy
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Irreducible second rank tensor components
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Abragam’s definitions
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The truncation of the dipolar Hamiltonian 
at high fields:
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Pulse sequences
and

the RF interaction frame
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Pulse sequences
and

the interaction frame
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A zero order 
decoupling conditions
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The Floquet
representation
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The Floquet
representation
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The Floquet
representation
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Each (“non-degenerate”) off-diagonal block can be transformed
by the van Vleck transformation to diagonal and off-diagonal blocks
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LG Lee,Goldburg
WHH4 Haeberlen,Huber,Waugh; Mehring

MREV8 Vaughan et al.,Mansfield
CRAMPS Gerstein et al**

BR24 Burum,Rhim
BLEW12 Burum,Linder,Ernst 

FSLG Bieleski,Kolbert,Levitt
CORY24 Cory            

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

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

PMLG Vinogradov, Madhu
DUMBO Emsley et al.

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

w-eDUMBO Elena et al.
w-PMLG superc. Leskes,Madhu

SAM Amoureux
RN Madhu

’95          ’00          ’05        ‘10

Multiple-Pulse– CRAMPS History
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

/2
BLEW-12 DUMBO

optimized 7 Fourier components
64 pulses 

Emsley et al., (2000)Burum,Linder, Ernst (1981)

Examples of pulse sequences

00 1200 2400

900 9003600 3600

* ** *
900 9003600 3600 900 9003600 3600

2tt 2t t
y x x y y x x y y x x y

MSHOT-3
Nielsen et al. (1998) 
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The basic sequence of
Lee-Godburg (1965)

“Iz in the RF interaction frame “?
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1972’s field switching, Mehring
1991’s frequency switching, Bielecki, Kolbert,Levitt
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1972’s field switching, Mehring
1991’s frequency switching, Bielecki, Kolbert,Levitt

scale factor?
direction of CS Hamiltonian in the interaction frame? 
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Ingo Scholz, Jacco van Beek, and Matthias Ernst
“Operator-Based Floquet Theory”
in: Solid-State NMR (2010) in press.

Micahl Leskes, P. K. Madhu, Shimon Vega, 
“Floquet Theory in Solid-State Nuclear Magnetic Resonance”
In: Progress in NMR Spectr. (2010) in press.

Elena Vinogradov, P. K. Madhu, Shimon Vega, 
“Strategies for high-resolution proton spectroscopy in solid state NMR”, 
in: New Techniques in Solid-State NMR, Vol. 246 of Topics in Current Chemistry,  2004 

Some reviews:

wPMLG by Michal Leskes and P.K. Madhu
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optimized 7 Fourier components in 64 pulses 

(e)DUMBO

A. Lesage, D. Sakellariou, S. Hedier, B. Elena,
P. Charmont, S. Steuerngel, L. Emsley, 

J. Magn. Reson. 163 (2003) 105.
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in the rotating frame



! Two-Dimensional 1H-1H Double-
Quantum CRAMPS NMR Spectroscopy

Steven P. Brown, Anne Lesage, 
Benedicte Elena, and Lyndon Emsley

J. AM. CHEM. SOC. 2004, 126, 13230-13231

AspAla

BABA BABA

t1 t2

For BABA see: Schnell, I.; Spiess, H. W. J. Magn. Reson. 2001, 151, 153.





on the scope:

for simulations:

0 1 2 3 4

time (s)

in phase

out of phase

A.J. Vega, JMR (2005)
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imperfections

Z-rotation
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 imperfect wPMLG5

A simulated comparison between PMLG5, wPMLG5, imp-w-PMLG5

wPMLGimp-wPMLG5

H2-H spin system

PMLG5

wPMLG5

z-rotation of wPMLG
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Rotating frame

begin

end
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end
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wP M L G5
x
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Supercycle
M. Leskes,P.K. Madhu, SV, JCP (2008), 128(5)

xx
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x
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http://dx.doi.org/10.1063/1.2834730
http://dx.doi.org/10.1063/1.2834730
http://dx.doi.org/10.1063/1.2834730
http://dx.doi.org/10.1063/1.2834730
http://dx.doi.org/10.1063/1.2834730
http://dx.doi.org/10.1063/1.2834730
http://dx.doi.org/10.1063/1.2834730
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Example of accidental degeneracy

An example 
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Accidental degeneracy

An example 
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offset 6kHz 
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Example of accidental degeneracy

An example 
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RRF lines



Glycine
600 MHz

MAS 5xx

mmwPMLG wDUMBO
wSAM

35kHz

45kHz

55kHz

65kHz

SAM:
J.P. Amoureux, B. Hu,
J. Trebosc, 
J. Magn. Reson. 193 

(2008) 305.

DUMBO:
D. Sakellariou, A. Lesage,
P. Hodgkinson, L. Emsley, 
Chem. Phys. Lett. 319
(2000) 253.

CRAMPS at high spinning frequencies
M. Leskes, S. Steuernagel, D. Schneider, P.K. Madhu, SV, CPL (2008)
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Avoid  the degenerate resonance case
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wPMLG at high spinning frequencies
M. Leskes, P.K. Madhu, SV , JMR (2009),  
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MAS at 10 kHz

MAS at 65 kHz

Fast MAS Experiments: Tyrosine.HCl at 600 MHz

c/r=2.75, nnut=96 kHz

c/r=0.63, nnut=216 kHz
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R-symmetry derived  pulse sequences
S. Paul, D. Schneider, P.K Madhu,  JMP  in press

2D-RN versus 2D-wPMLG
at high spinning frequencies

RN:

wPMLG:

1,32

4,65

x

y



900 9090 900 90-90 90-180 90-90

Ix

Iy

Iz

-

+

-

+

0

+

- -

-

0 0

0

+ +

+

- 0

)(
2

)0int(

yxCS II
s

H  

Exercise :
What is the interaction CS-Hamiltonian
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R-symmetry derived  pulse sequences
S. Paul, D. Schneider, P.K. Paul,  JMP  in press
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U-13C-L-Histidine.HCl.H2O

In the 2D mode


