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Magic Angle SpinningMagic Angle Spinning (MAS)(MAS)
Andrew

Truly MA (Truly MA (ΔθΔθ<0.001<0.001oo))

Sasa Antonijevic and Geoffrey Bodenhausen, Angew. Chem. Intl. Ed. 
44,2935(2005)
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Truly MATruly MA

C. Huguenard, F. Taulelle, Z.H. Gan, J. Magn. Reson, 156, 131, 2002.

J.P. Amoureux, L. Delevoye, G. Fink, F. Taulelle, A. Flambard, L. Montagne, 
J. Magn. Reson, 175, 285, 2005.

Truly Stable SpinningTruly Stable Spinning
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Truly (?) High SpeedTruly (?) High Speed

1H MAS of camphor

A. Samoson, Encyclopedia of NMR, 2ndedition,J. Wiley & Sons, 142,2002.

JORGEN SKIBSTED, NIELS CHR. NIELSEN, 
HENRIK BILDME, HANS J. JAKOBSEN, JMR, 
95, 88(1991)

Jakobsen LabSpin-3/2

Low speeds are still useful
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27AI ( 104.2 1 MHz) MAS NMR spectra of the 
central and satellite transitions for α-Al2O3. The
ppm scale is referenced to an external sample of 
1 .0 M AlCl3, in H2O. (a) Experimental spectrum 
showing the relative intensities of the central and 
satellite transitions and observed using a Varian 
VXR-400 S wideline spectrometer; ωr= 7525 Hz, 
spectral width SW = 1 .0 MHz, pulse width pw = 1 .0 
μs (π /4 solid pulse), and number of transients 
nt= 5 12. (b) Spectrum in (a) with the vertical scale 
expanded by a factor of ten; the inset shows 
expansion of a region where the second-order 
quadrupolar shift between the (±5/2, ±3/2) and the 
(±3/2, ±1/2) satellite transitions is clearly observed 
(see text). (c) Simulated MAS spectrum for the 
satellite transitions in (b) obtained using QCC = 
2.38 MHz, η = 0.00, ωr= 7525 Hz, and Gaussian 
linewidths of 900 and I 175 Hz for the (±3/2, ±1/2) 
and (±5/2, ±3/2) transitions. respectively.

HANS J. JAKOBSEN, JORGEN SKIBSTED, 
HENRIK BILDSBE, ANDNIELS 
CHR .NIELSEN,JMR 85,173(1989)

Spin-5/2 Jakobsen LabSpin-5/2

5151V MAS (HV MAS (HQQ+H+HCSACSA)) Jakobsen Lab

Ulla Gro Nielsen, Hans J. Jakobsen, 
and Jørgen Skibsted, J Phys Chem B 
105,420(2001)
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McDowell Lab

Cross polarization (CP) and CPMASCross polarization (CP) and CPMAS
Pines

Schaefer
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Ramp CP, Adiabatic CP etcRamp CP, Adiabatic CP etc
(Matching Condition Satisfied at High Speeds)(Matching Condition Satisfied at High Speeds)

2
π

CPCP decouplingdecoupling
11HH

XX
AcquisitionAcquisition

Metz, G., X. Wu, and S.O. Smith. J. Magn. Reson. 1994, 110,219

Hediger, S., B.H. Meier, N.D. Kurur, G. Bodenhausen, and R.R.
Ernst, Chem Phys Lett, 1994, 223, 283.

2
π

CPCP decouplingdecoupling
11HH

XX
AcquisitionAcquisition

CP

Comparison of standard and rampComparison of standard and ramp--CPCP

10 11 12 13 14 15 16 17 18 19 pl2 in dB

CarbonylCarbonyl--signalsignal ofof glycineglycine ((natnat. . abundance),abundance), ννrotrot = 20 kHz= 20 kHz,,
asas functionfunction ofof 11HH--powerpower

rectanglerectangle

rampramp

1I 1S Rnω ω ω±＝
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DoubleDouble--CPCP

XX
AcquisitionAcquisition

2
π CP 1CP 1 DecouplingDecoupling

11HH

CP 2CP 2

YY

Avoid CPAvoid CP

Schaefer, J., Stejskal, E. O., Garbow, J. R., McKay, R. A. J. Magn. Reson. 59, 150 (1984).

HH--NN--C DoubleC Double-- CPMAS: CPMAS: 
Spectral SimplificationSpectral Simplification

(A) CP-MAS 13C NMR spectrum and (B) 15N-13C double-
CP/MAS NMR data of the [13C6,15N3]-His labeled LH2 complex,
measured at 220 K by using a wide-bore 750 NMR spectrometer. The
spinning rate around the magic angle was kept at 12 kHz. Each spectrum
represents about 156 000 scans collected with an acquisition time of 8
ms and a recycle time of 2 s. The spectra are normalized at the α’ peaks.

de Groot et al., JACS 123,4203(2001).

de Groot Lab
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1111BB--{{2727Al} CPAl} CP--HETCOR NMR spectrumHETCOR NMR spectrum

BO4BO3

AlO6

AlO4

AlO5

40 20 0 -20  ppm

-80

0

80

Jenny Lab

CP and HETCOR between Quadrupolar Spins

Decoupling SequencesDecoupling Sequences
‧‧ HeteronuclearHeteronuclear decoupling:decoupling:

CWCW
TPPMTPPM
XiXXiX
CM CM 
COMOROCOMORO
SPINAL SPINAL 
SDROOPY,eDROOPY,DUMBOSDROOPY,eDROOPY,DUMBO, , eDUMBOeDUMBO, , eDUMBOeDUMBOlklk

‧‧ HomonuclearHomonuclear decouplingdecoupling
WAHUHA WAHUHA 
LeeLee--GoldburgGoldburg (LG and variants: FSLG, (LG and variants: FSLG, PMLG,wPMLGPMLG,wPMLG))
MREVMREV--8 8 
BRBR--2424
BLEWBLEW--1212
CORYCORY--2424
TREVTREV--8 8 
MSHOTMSHOT--33
DUMBO, DUMBO, eDUMBOeDUMBO, , eDUMBOeDUMBOlklk,,
CNnCNnvv, , RNnRNnvv
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Decoupling sequences:Decoupling sequences: TPPMTPPM

TPPM = TPPM = TTwo wo PPulse ulse PPhase hase MModulationodulation

( )
0pτ ( )

ϕ
τ p ( )

0pτ ( )
ϕ

τ p

Pulse length:Pulse length: ττpp ≈≈ ττππ -- εε: : εε ≈≈ 0 0 –– 0.6 0.6 μμs, s, optimize!optimize!

Phaseshift:Phaseshift: ϕϕ ≈≈ 1515°°, , evt. optimize!evt. optimize!

Griffin Lab

TPPMTPPM-- decouplingdecoupling, , optimizeoptimize ttpp

optimumoptimum pulse length:pulse length: ττpp = 2.9 = 2.9 μμs, (s, (ττπ π = 3.2 μ= 3.2 μs)s)

CCαα--signalsignal inin GlycineGlycine--22--1313CC--1515N, N, ννrotrot= 30 kHz, = 30 kHz, ϕϕ = 15= 15°°

2.0 2.5 3.0 3.5 4.0 4.5 τp/μs

ννdecdec = 150 kHz= 150 kHz

Griffin Lab
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XiX XiX -- decouplingdecoupling

XiXXiX= = XX IInverse nverse XX

Pulse length:Pulse length: ττpp = = xx ··ττRR,  ,  xx ≈≈ nn, , butbut xx ≠≠ nn, ... , ... 
((recouplingrecoupling atat ((nn/4)/4)ττRR )) ooptimize!ptimize!

( )
0pτ ( )

°180pτ ( )
0pτ ( )

°180pτ

nnττRR tt

Meier Lab

XiXXiX-- decoupling,decoupling, optimizeoptimize ττpp

CCαα--signalsignal ofof glycineglycine--22--1313CC--1515N, N, ννrotrot= 30 kHz,  = 30 kHz,  

9090 9595 100100 105105 110110 115115 ττpp//μμss120120

Rτ
4
32 Rτ3

Rτ
4
13 Rτ

2
13

ννdecdec = 150 kHz= 150 kHz

Meier Lab
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Comparison of decoupling methodsComparison of decoupling methods
CCαα--signalsignal ofof glycineglycine--22--1313CC--1515N, N, ννdecdec = 150 kHz = 150 kHz 

TPPM (15°) CW XiX

10 kHz

30 kHz

Meier Lab

Decoupling methods:Decoupling methods: ππ--pulse decouplingpulse decoupling

Rotorsynchronised trainRotorsynchronised train ofof 180180°°--pulsespulses
xyxy--1616--phase cyclephase cycle forfor large band widthlarge band width

ττRR tt

( )0π ( )90π ( )90π ( )0π ( )0π ( )90π ( )90π

xyxy--1616--phase cycle:phase cycle: 00––9090––9090––00––00––9090––9090––00––180180––270270––270270––180180––
180180––270270––270270––180180

Meier Lab
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ππ--pulse decouplingpulse decoupling for for 1919FF
1919F: DipolF: Dipol--DipolDipol--coupling spun outcoupling spun out at fast rotationat fast rotation

but:but: large chemical shift anisotropylarge chemical shift anisotropy
⇒⇒ large band widthlarge band width importantimportant

-2e+044e+04 2e+04 0e+00 Hz

1000 0 Hz

1919FF--spectrumspectrum ofof
teflonteflon atat 30 kHz30 kHz

Meier Lab

ππ--pulsepulse--decouplingdecoupling forfor 1919FF
1313C{C{1919F}F}--CP/MASCP/MAS--spectrumspectrum ofof Teflon, Teflon, ννrotrot= 30 = 30 kHzkHz

CWCW TPPM 15TPPM 15°° ππ--pulsepulse

100120140 ppm 100120140 ppm 100120140 ppm

Meier Lab
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Pulsed Pulsed (homonuclear) (homonuclear) decoupling decoupling 

WAHUHA WAHUHA 

LeeLee--GoldburgGoldburg (LG and variants: FSLG, PMLG, (LG and variants: FSLG, PMLG, wPMLGwPMLG))

MREVMREV--8 8 

BRBR--2424

BLEWBLEW--1212

CORYCORY--2424

TREVTREV--88

MSHOTMSHOT--33

DUMBO, DUMBO, eDUMBOeDUMBO, , eDUMBOeDUMBOlklk,,

CNnCNnvv, , RNnRNnvv

LeeLee--GoldburgGoldburg (LG) Series(LG) Series
LG: Magic-angle-spinning in spin space  (Magic Sandwich)

[ ]
n

*
X

Y

Z 54.74o

ωrf

Δω

[ ]
n

* 1 c o s ( )r f ptωω ω ϕ= +

Frequency-Switched LG (windowed) Phase-Modulated LG
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TREVTREV--88

[ ]
n*

Takegoshi & McDowell

MSHOT MSHOT 
((MMagic agic SSandwich andwich HHigh igh OOrder rder TTerms Decoupling)erms Decoupling)

Nielsen Lab



16

MSHOTMSHOT

Malonic Acid

M. Hohwy and N. C. Nielsen, J. Chem. Phys. 106, 7571 (1997).
M. Hohwy, P. V. Bower, H. J. Jakobsen, and N. C. Nielsen, Chem,
Phys. Lett. 273, 297 (1997)
M. Hohwy, J. T. Rasmussen, P. V. Bower, H. J. Jakobsen,  N. C. Nielsen
J. Magn. Reson. 133,374(1998).

KHSO4Ca(OH)2

Nielsen Lab

MSHOTMSHOT--33--CRAMPS (combination of rotation and multiCRAMPS (combination of rotation and multi--
pulse spectroscopy pulse spectroscopy 

Emsley Lab
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PMLG, PMLG, wPMLGwPMLG
Vega Lab

wPMLGwPMLG: Example: Example

The one-dimensional proton spectra of (a) U–15N–DL-alanine, (b) monoethyl fumarate, 
(c) glycine and (d) U–13C –15N–histidineHClH2O, detected during wPMLG-5 at a 
spinning frequency of 14.3 kHz and a Larmor frequency of 300 MHz. The length of the 
detection windows was 3.2μs and that of the PMLG pulses was 1.7 μs.

Vega Lab
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2D proton–proton correlation spectra of U–13C–histidineHClH2O, obtained using the pulse sequence shown at the top,
with mixing times of (a) 200 μs and (b) 500 μs. The F1 (vertical) and F2 (horizontal) proton spectra are skyline projections of the 2D
spectra. These experiments were performed at a spinning frequency of 14.286 kHz and a Larmor frequency of 300 MHz. During the
PMLG-9 and wPMLG-5 irradiation the pulse lengths were 1.1 and 1.7 μs, respectively. The length of the detection windows during
wPMLG-5 was 3.2 μs.

Emsley Lab

2D carbon–proton correlation spectra of U–13C–histidineHClH2O, obtained using the pulse sequence shown at the top,
with Lee–Goldburg CP mixing times of (a) 80 μs and (b) 3 ms. The F1 (vertical) carbon and F2 (horizontal) proton spectra are 
skyline projections of the 2D spectra. These experiments were performed at a spinning frequency of 14.286 kHz and a Larmor
frequency of 300 MHz. During the wPMLG-5 irradiation the pulse lengths were 1.7 μs and the length of the detection windows was 
5.1 μs.

Emsley Lab
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Pulsed Pulsed (homonuclear) (homonuclear) decoupling decoupling 
(WAHUHA(WAHUHA (WHH4)(WHH4), MREV, MREV--8)8)

P. MANSFIELD, M. J. ORCHARD, D. C. STALKER, AND K. H. B. RICHARDS, Phys. Rev. B 7, 90 (1973).
W. K. RHIM, D. D. ELLEMAN, AND R. W. VAUGHAN, .I. Chem. Phys. 59, 3740 (1973).
W. K. RHIM, D. D. ELLEMAN, L. B. SCHREIBER, AND R. W. VAUGHAN, J. Chem. Phys. 60, 4595 ( 1974).

J. S. WAUGH, L. HUBER, AND U. HAEBERLEN, Phys. Rev. Lett. 20, 180 (1968).

[ ]
n

*

Waugh Lab

BRBR--(24,48,52)(24,48,52)

D. P. BURUM AND W. K. RHIM, J. Chem. Phys. 71, 944 (1979).

[ ]
n*

Burum Lab
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BLEWBLEW--(12,48)(12,48)

D. P. BURUM,* M. LINDER, AND R. R. ERNST, J. MAGN. RESON. 4, 173-188 (1981)

[ ]
n*

Ernst Lab

CORYCORY--2424

[ ]
n*

Cory Lab
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eDUMBO (experimental Decoupling 
Using Mind-Boggling Optimization)

Hrf =ω1[Ixcosψ(t)+Iysinψ(t)]

MAS rate = 22 kHz

Emsley Lab

DUMBO and DUMBO and eDUMBOeDUMBO

Flow diagrams illustrating (a) the DUMBO and (b) the eDUMBO approaches to developing 
improved decoupling schemes.

Emsley Lab



22

Symmetry Based Decoupling Pulse SequencesSymmetry Based Decoupling Pulse Sequences

[ ]
n

*

Levitt Lab

From Decoupling to From Decoupling to RecouplingRecoupling

•• High resolution achieved with MAS sacrifices High resolution achieved with MAS sacrifices 
information on anisotropy.information on anisotropy.

•• Anisotropy can be recovered with Anisotropy can be recovered with recouplingrecoupling
•• Selective and broadband Selective and broadband recouplingrecoupling
•• CSA CSA recouplingrecoupling
•• Dipolar Dipolar recouplingrecoupling
•• QuadrupolarQuadrupolar couplingcoupling
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CSA CSA RecouplingRecoupling

•• Off magic angle spinningOff magic angle spinning
•• Stop and go (STAG)Stop and go (STAG)
•• MagicMagic--angleangle--hopping (MAH)hopping (MAH)
•• SwitchingSwitching--angleangle--spinning (SAS) or spinning (SAS) or 

DynamicDynamic--angleangle--spinning (DAS)spinning (DAS)
•• MagicMagic--angleangle--turning (MAT)turning (MAT)
•• SPEED etc.SPEED etc.

Grant and Pugmire

Bax & Maciel

Pines, Terao

Grant, Hu

Grant

Maciel, Wind

Dipolar Dipolar RecouplingRecoupling

C7 etc

REAPDORREAPDOR
DRAMADRAMA

SEDORSEDOR

REDORREDOR

Rotational ResonanceRotational Resonance

TRAPDORTRAPDOR

Griffin & Levitt

Guillion

Grey & Veeman

Levitt

Schaefer & Guillion

Hahn

Tycko

Nielson

Vega & Schaefer
TEDDORTEDDOR

HORRORHORROR
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Separation of Local FieldsSeparation of Local Fields
Chemical shift correlation

Chemical shift -dipolar correlation

Chemical shift-quadrupolar correlation

t1 tm t2I

S

Interaction A Interactions B(+A)Mixing

Homonuclear correlation : Homonuclear correlation : 
establishing connectivitiesestablishing connectivities

Multi-quantum correlation

Frydman

Ernst Group

Rammamoorthy

Opella

Nielsen

Opella

Fujiwara

Griffin

Nielsen

Hong



25

Multiple Multiple QQuantum uantum Magic Angle SpinningMagic Angle Spinning
Frydman Lab

Frydman Lab
Amoureux Lab

Pines Lab

3D CSA3D CSA--D Correlation (with One D Correlation (with One QuadrupolarQuadrupolar Spin)Spin)

J. Grinshtein, C. V. Grant, L. Frydman,
J Am Chem Soc 124,13344(2002).

Six nonequivalent Na sites are resolved.



26

How Many Magnetically Nonequivalent How Many Magnetically Nonequivalent 
Sites in Sites in DisodiumDisodium ATP?ATP?

S. Ding, C.A. McDowell, Chem. Phys. S. Ding, C.A. McDowell, Chem. Phys. LettLett. 2000, 320, 316. 2000, 320, 316--322322

The Sodium Ions Inside a 
Lipophilic G-Quadruplex Channel

Alan Wong, James C. Fettinger, Scott L. Forman, Jeffery T. Davis, and Gang Wu*,
J. Am. Chem. Soc. 2002,124,742.
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Amoureux Lab
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MQMAS Spin Diffusion/Exchange Pulse MQMAS Spin Diffusion/Exchange Pulse 
SequenceSequence

PP1 1 tt11 PP22 ttmm PP33 tt22

MQC of Spin A(B)MQC of Spin A(B) SQC of Spin B(A)SQC of Spin B(A)

A(3/2,A(3/2,--3/2)3/2) B(1/2,B(1/2,--1/2) 1/2) SchemeScheme

Wimperis Lab

Ding Lab
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Ding Lab

Two SpinTwo Spin--3/2 MQMAS3/2 MQMAS--Spin Diffusion SpectrumSpin Diffusion Spectrum

MQMAS PeaksMQMAS PeaksCross PeaksCross Peaks

(3/2,-3/2) (1/2,-1/2)(3/2,(3/2,--3/2)3/2) (1/2,(1/2,--1/2)1/2)

)45,0,90(),,(

.1.0,4.1

,5.0,5.2

0

22,

11,

oo

q

q

MHzC

MHzC

=ΔΔΔ

==

==

γβα

η

η

)45,0,90(),,(

.1.0,4.1

,5.0,5.2

0

22,

11,

oo

q

q

MHzC

MHzC

=ΔΔΔ

==

==

γβα

η

η

)45,0,90(),,(

.1.0,4.1

,5.0,5.2

0

22,

11,

oo

q

q

MHzC

MHzC

=ΔΔΔ

==

==

γβα

η

η

Ding Lab



30

Exchange Enhancement Exchange Enhancement 

PP1 1 tt11 PP22 ttmm PP33 tt22

A(3/2,A(3/2,--3/2)3/2) B(1/2,B(1/2,--1/2) 1/2) SchemeScheme

SS

II

Ding Lab

Diffusion EnhancementDiffusion Enhancement

NaNa22MoOMoO44‧‧2H2H22O, mixing time=100 ms O, mixing time=100 ms 
Ding Lab
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Stereochemical issue in substituted polymersStereochemical issue in substituted polymers

H H

linear polyethylene

isotactic polypropylene

syndiotactic polypropylene

atactic polypropylene

Sodium silicate glassesSodium silicate glasses

BO
NBO

Na2Si2O5

Na2Si3O7

Na2Si4O9

600 0 -600 ppm

Static 17O NMR spectra

bridging (BO) and
non-bridging (NBO)
oxygens

Jenny Lab
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2929Si NMR spectra for sodium silicate glassesSi NMR spectra for sodium silicate glasses

static MAS
Q4

Q3 + Q2

0 -100 -200   ppm -60 -80 -100

mole %
Na2O

34

37

41

Q2
Q3

O Si

O
O

O
Si O

O O

Si OO

O

Si

Si

Si

O

Si O

O

O

O

O
O

O
O

O

Na

Na

Na

Na
Si

BO

NBO

Q4
Q2

Q1Q3

O Si

HO
O

O
Si O

O O

Si OHHO

HO

Si

Si

Si

O

Si
O

HO

HO

HO

O
O

O
O

O

Q2

Q3

Q4

Jenny Lab
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Pictorial description of the preferred connectivities in sodium aluminoborate glasses.

Marko Bertmer, Lars Zu1chner, Jerry C. C. Chan, and Hellmut Eckert,
J Phys Chem B104, 6541(2000)

Chem. Mater. 2005, 17, 4493-4501

Chan LabMechanistic Study of Apatite 
Formation on Bioactive Glass Surface
Using 31P Solid-State NMR 
Spectroscopy
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1717O 3QMAS NMR spectrum for a O 3QMAS NMR spectrum for a 
borosilicateborosilicate

Si-O-Si

Si-O-B

B-O-B
M

A
S 

di
m

en
si

on
 (p

pm
)

Isotropic dimension (ppm)
-25 -50 -75         -100

-100

-50

0

50

100

Jenny Lab

Porous materialsPorous materials

Sodalite Zeolite A

Faujasite CancriniteZeolite ZK-5 Zeolite Rho

AlPO4-5
along [001]

AlPO4-11
along [100]

VPI-5
along [001]
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HighHigh--resolution resolution 2929Si MASSi MAS
NMR spectra of syntheticNMR spectra of synthetic
NaNa--X and NaX and Na--Y zeolitesY zeolites

-80  -90  -100 -110 -80  -90  -100 -11

(Si/Al) = 1.03

1.19

1.35

1.59

1.67

1.87

2.00

2.35

2.56

2.61

2.75

4
3

2
1 0

4
3

2

1
0

n =Si(nAl) lines

Si

Al

Fyfe Lab

1313C MAS NMR spectrum of HC MAS NMR spectrum of H--ZSMZSM--5 with 5 with 
50 torr of adsorbed MeOH heated to 300 50 torr of adsorbed MeOH heated to 300 
°°C for 35 minsC for 35 mins

40           30          20           10            0           -10  ppm

0      -5     -10    -15

Methane

Ethane

Propane

Cyclopropane

n-Butane

Isobutane

(n-Pentane)

Isopentane

n-Hexane

n-Heptane

Jenny Lab



36

Methylated aromatic productsMethylated aromatic products

190 185 180 140 135 130 125     ppm

CO

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

H3C

CH3
CH3

CH3

CH3

CH3

CH3

H3C CH3

CH3

CH3H3C

CH3

CH3

CH3

CH3

CH3

CH3

CH3

*

* * * *

Jenny Lab

J. Phys Chem B, 2005, 109, 681-684

Liu Lab

Probing the Alkyl Ligands on Silylated
Mesoporous MCM-41 Using 
Hyperpolarized 129Xe NMR 
Spectroscopy
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Static 2D exchange spectrum for Static 2D exchange spectrum for 
polyethyleneoxide (PEO)polyethyleneoxide (PEO)

Experiment Simulation

Spiess/Schmidt-Rohr
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3D static 3D static 1313C exchange spectra of C exchange spectra of 
polyethyleneoxide polyvinylacetatepolyethyleneoxide polyvinylacetate

Spiess/Schmidt-Rohr
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Liquid crystalline (dichotic) behaviour ofLiquid crystalline (dichotic) behaviour of alkyl substituted HBCalkyl substituted HBC‘‘ss

R = C12H25

Hexadodecyl-hexa-peri-hexabenzocoronene (HBC-C12)

CD2

CD2

CD2

D2C

D2C

D2C

H
H H

H

H
H

H
H

H
H

H
H

H
H

0.180 nm

0.196 nm

H
H H

H

H

H

H
HH

H

H

H

H
H H

H

H

H

H
HH

H

H

H

Jenny Lab

Baldus Lab
Biological solid State NMR Is Being Taking Over…...
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Schaefer Lab
Biological solid State NMR Is Being Taking Over…...

Biological solid State NMR Is Being Taking Over…...
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Schaefer Lab

Biological solid State NMR Is Being Taking Over…...

Tycko Lab
Biological solid State NMR Is Being Taking Over…...



42

Jerry C. C. Chan, Nathan A. Oyler, Wai-Ming Yau, 
and Robert Tycko, Biochemistry 44, 10669(2005)

Griffin Lab
Biological solid State NMR Is Being Taking Over…...
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Cross Lab
Biological solid State NMR Is Being Taking Over…...
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Acct Chem Res 2006

T. Jovanovic,  A. E. McDermott, JACS 2005

Ligand Binding Studied by SSNMR
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Single Cell ImagingSingle Cell Imaging
Blackband Lab

Wind lab

Webb lab
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Imaging Gene Expression

Meade Lab

AA--Z Applications of NMR ImagingZ Applications of NMR Imaging
•• AAuto industry:uto industry: alternative fuel, new materials, ...alternative fuel, new materials, ...

•• BBiologic science:iologic science: growth activities, metabolic mapping, ...growth activities, metabolic mapping, ...

•• CChemistry:hemistry: chemical shift selected imaging, ...chemical shift selected imaging, ...

•• DDrug design:rug design:animal's response to new drugs, ...animal's response to new drugs, ...

•• EEngineeringngineering :: artificial joint, polymer flow, artificial joint, polymer flow, ‘‘mousemouse’’, ..., ...

•• FFood industry:ood industry: processing, packaging, storage, ...processing, packaging, storage, ...

•• GGeology:eology: fossil characterization, ...fossil characterization, ...

•• HHealth science:ealth science: osteoarthritis, stroke, cataracts, ...osteoarthritis, stroke, cataracts, ...

•• IImage process:mage process: pattern recognition, ...pattern recognition, ...

•• JJ--coupling:coupling: structure of molecules, ...structure of molecules, ...

•• KK--space:space: new algorithm of image reconstruction, ...new algorithm of image reconstruction, ...

•• LLocalization:ocalization: localized spectroscopy, zoom imaging, ...localized spectroscopy, zoom imaging, ...

•• MMathematics:athematics: maximum entropy postmaximum entropy post--processing, ...processing, ...

AA--Z Applications of Solid State NMRZ Applications of Solid State NMR

Xia Lab
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AA--Z Applications of NMR ImagingZ Applications of NMR Imaging
•• NNeuroscience:euroscience: neuron activity (functional MRI), ...neuron activity (functional MRI), ...
•• OOil industry:il industry: oil/water separation in porous media, ...oil/water separation in porous media, ...
•• PPhysics:hysics: polymer dynamics, solid state physics, ...polymer dynamics, solid state physics, ...
•• QQuality control:uality control: onon--line process control, ...line process control, ...
•• RRheologyheology:: fluid flow in complex geometries, ...fluid flow in complex geometries, ...
•• SSport health:port health: sport injuries of knee and spinal cord, ...sport injuries of knee and spinal cord, ...
•• TTumor surgery:umor surgery: MRMR--guided brain surgery, ...guided brain surgery, ...
•• UUltrafastltrafast imaging:imaging: FLASH, EPI, snapFLASH, EPI, snap--shot, ...shot, ...
•• VVeterinary:eterinary: pet care and surgery, ...pet care and surgery, ...
•• WWood industry:ood industry: forest research, lignin characterization, ...forest research, lignin characterization, ...
•• XXenon imaging:enon imaging: hyperpolarized 129Xe imaging, ...hyperpolarized 129Xe imaging, ...
•• YYields in crop: ields in crop: transportation of water and nutrients, ...transportation of water and nutrients, ...
•• ZZoology:oology: nonnon--invasive anatomic structure, ...invasive anatomic structure, ...

Xia Lab

AA--Z Applications of Solid State NMRZ Applications of Solid State NMR

Some microimages obtained at this lab

Unknown flower

Sesame seed Fuel cell electrode

Cartilage of fishOnion epidermis
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The Structure of DMFC (DMFC： Direct Methanol Fuel Cell).

The microimages of a fuel cell material with spatial resolutions of 6 (left) , 
15 (center) and 9 micrometers, the highest resolution achieved on this system.

Images of Fuel Cell

Wasylishen Lab

Chu and Ding Labs
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orientation：cor orientation：trans

orientation：sag

CSSI images

09501, Offset frequency: 1261.4 Hz. FOV：0.7cm×0.7cm,

np：128,nv：128，resolution: 55μm×55μm,TE：20ms,
Slice thickness：2mm

Chu and Ding Labs
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09501, Offset frequency: 1993 Hz. FOV：0.7cm×0.7cm,

np：128,nv：128，resolution: 55μm×55μm,TE：20ms,
Slice thickness：2mm

CSSI images
Chu and Ding Labs

T2 weighted images

09501, SEMS,FOV：0.7cm×0.7cm,

np：128,nv：128，resolution: 55μm×55μm,TE：10ms,
Slice thickness：2mm.
Bright regions correspond to short T2. Porous regions 
correspond to where electrode cracks.

Chu and Ding Labs
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09501, SEMS,FOV：0.7cm×0.7cm,

np：128,nv：128，resolution: 55μm×55μm,TE：30ms,
Slice thickness：2mm.
Bright regions correspond to short T2. Porous regions 
correspond to where electrode cracks.

T2 weighted images Chu and Ding Labs

09501, SEMS, FOV：0.6cm×0.6cm,

np：400,nv：400，resolution: 12μm×12μm,TE：15ms,
Slice thickness： 0.15 mm, PSS=0.03 mm.

Diffusion weighted images Chu and Ding Labs
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Same as the previous image. 
09501, SEMS, FOV：0.6cm×0.6cm,

np：400,nv：400，resolution: 12μm×12μm,TE：15ms,
Slice thickness： 0.15 mm, PSS=0.03 mm.

Diffusion weighted images Chu and Ding Labs

Diffusion Tensor ImagingDiffusion Tensor Imaging

Diffusion field constructed by showing the z-axis of the 
diffusion tensor in the “moving” principal axis system. 

Ding Lab
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Sample: Sesame
Height: 3 ㎜
Width: 1.2 ㎜
Thickness: 0.8 ㎜

3 ㎜

1.2 ㎜

0.8 ㎜

Figure (a), (c), (e) are the slice cut alone the red plan
in figure (b), (d), (e). In the following works, we 
call these kind of orientation sag, trans, cor. 

(a) (b)

(c) (d)

(e) (f)

sag

trans

cor

Ding Lab

1D 1H spectrum for 5 hr.1D 1H spectrum of pure water.

•The sems pulse 
sequence:

short RF pulse, 2 ms.

imaging matrix: 64×64×1

cor transsag

cor transsag •The cssi pulse 
sequence:

chose resto=-1240.0 Hz.

imaging matrix: 64×64×1 

5 hr Ding Lab
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10 hr
★ 1D 1H spectrum for 10 hr:

(a) none to replenish 
the sesame’s water.

(b) to replenish the 
sesame’s water. 

(a) (b)

cor transsag

•The cssi pulse sequence:
chose resto=-1240.0 Hz, imaging matrix: 64×64×1

Sign of water
Sign of sesame

Sign of water

Sign of sesame

resto=-1240.0 Hz

Ding Lab

20 hr
★ 1D 1H spectrum for 20 hr:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(c) spectral signatures of sesame. 

(a) Left

(b) Middle

(c) Right

RR

MM

LL

transtranssagsagcorcor
•The cssi pulse sequence:

imaging matrix: 64×64×1 

for Left line:

chose resto=399.0 Hz

for Middle line:

chose resto=-502.0 Hz

for Right line:

chose resto=-1471.7 Hz

Ding Lab
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30 hr
★ 1D 1H spectrum for 30 hr:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(c) spectral signatures of sesame. 

•The cssi pulse sequence:
imaging matrix: 64×64×1 

for Left line:

chose resto=399.0 Hz

for Middle line:

chose resto=-502.0 Hz

for Right line:

chose resto=-1471.7 Hz

(a) Left

(b) Middle

(c) Right

RR

MM

LL

transtranssagsagcorcor

Ding Lab

40 hr
★ 1D 1H spectrum for 40 hr:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(c) spectral signatures of sesame. 

RR

MM

LL

transtranssagsagcorcor
•The cssi pulse sequence:

imaging matrix: 64×64×1 

for Left line:

chose resto=1587.6 Hz

for Middle line:

chose resto=1287.0 Hz

for Right line:

chose resto=-197.4 Hz

(a) Left
(b) Middle

(c) Right

Ding Lab
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50 hr
★ 1D 1H spectrum for 50 hr:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(c) spectral signatures of sesame. 

RR

MM

LL

transtranssagsagcorcor
•The cssi pulse sequence:

imaging matrix: 64×64×1 

for Left line:

chose resto=1587.6 Hz

for Middle line:

chose resto=1287.0 Hz

for Right line:

chose resto=-197.4 Hz

(a) Left
(b) Middle

(c) Right

Ding Lab

60 hr
★ 1D 1H spectrum for 60 hr:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(c) spectral signatures of sesame. 

•The cssi pulse sequence:
imaging matrix: 64×64×1 

for Left line:

chose resto=1411.6 Hz

for Middle line:

chose resto=1270.0 Hz

for Right line:

chose resto=-514.9 Hz

(a) Left
(b) Middle

(c) Right

RR

MM

LL

transtranssagsagcorcor

Ding Lab
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70 hr
★ 1D 1H spectrum for 70 hr:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(c) spectral signatures of sesame. 

RR

LL

transtranssagsagcorcor

•The cssi pulse sequence:
imaging matrix: 64×64×1  

for Left line: 

chose resto=1365.0 Hz

for Right line: 

chose resto=-330.0 Hz

(a) Left (b) Middle

(c) Right

Ding Lab

4 days
★ 1D 1H spectrum for 4 days:

(a) spectral signatures of water.

(b) spectral signatures of localization.

(b’)   spectral signatures of localization.

(c)   spectral signatures of sesame. 

RR

LL

transtranssagsagcorcor

•The cssi pulse sequence:
imaging matrix: 64×64×1  

for Left line: 

chose resto=1789.0 Hz

for Right line: 

chose resto=-441.9 Hz

(a) Left (b) Middle-1

(b’) Middle-2

(c) Right

Expand

Ding Lab
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Pulse Sequence for MRI under Magic-Angle-Spinning

Ding Lab

Sample：Silica phantom 

SEMS Ding Lab
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np : 256
nv : 128
FOV : 0.8 × 0.8 (㎝)
thk : 4 (㎜)
Spin rate :1800 Hz
Pulse sequence : Spiess
nc1 : 8
nc2 : 8
cge : 0.6

Ding Lab

Concluding RemarksConcluding Remarks
•• Solid state NMR has been a powerful methodology Solid state NMR has been a powerful methodology 

benefiting a large number of disciplines from benefiting a large number of disciplines from 
physics, chemistry, materials science and biology to physics, chemistry, materials science and biology to 
medicine and social sciences. medicine and social sciences. 

•• Solid state NMR is still in fast development,Solid state NMR is still in fast development,
driven by, in particular, advanced materials and driven by, in particular, advanced materials and 
biological systems. New pulse sequences keep biological systems. New pulse sequences keep 
emerging while old ones find new applications.emerging while old ones find new applications.

•• MicroMicro--imaging is relatively underdeveloped, imaging is relatively underdeveloped, 
numerous SSNMR pulse sequences are to be numerous SSNMR pulse sequences are to be 
employed. employed. 

•• VARIAN has played a crucial role and continues to VARIAN has played a crucial role and continues to 
be a major driving force. be a major driving force. 
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