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The Concept of Spin

Goudsmit en Uhlenbeck 1925: Electrons have an
intrinsic magnetic moment caused by the rotation of
the electron

Goudsmit -
Pauli — Stern
C ol meed 1 1926: nuclear
([ spin =
““‘-i-MM ‘ ! | I Goudsmit Pavilion for NMR Research

T Zeeman effect



Nuclear Spin Hamiltonian

Quantum state of the entire sample is fully described by a wave
function |¢,>

%‘wfull (t)> = —iH |/ (t)>

Effects of rapidly moving electrons is blurred out, their “average”
effect is contained in the spin Hamiltonian: Magnetic

%‘wspm(t)> = _”:l\spin wspin(t)> /f// / [/ /i/“f MfffMag”eﬂc

Field

Study Malcolm H. Levitt d hl
Spin Dynamics, Wiley, 2001K !'la,;, 'cs‘ //
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Nuclear Zeeman Interaction

Spin interacts with external magnetic field:
H. :_ﬂj [E:_yjll\jémuwz_’ HAZjeeman:_yjIAj,zBO

€

AE = h(ﬂg = -"/hBO
B>
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Transverse RF field
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Precession in the Magnetic Field

. AN T e = L A e

Larmor
precession
frequency

== MM
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The basic NMR experiment
as viewed from the rotating frame

The magnetization is tipped over by a rf-pulse. The precession of
the magnetization in the field induces a voltage in the receiver coill.




From Free Induction Decay
to Spectrum
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Chemical Shift

diamagnetism

L Nijmegen
éj,loc =B, + I-S’j,induced
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seculampproximaion : H (":S O-y,By9; ,(6) IAJ.,Z
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Ethanol: CH,CH,OH

Packard, Stanford 1951

S S

C—-H O-=H
In isotropicliqguids motionally

average@hemicakhift:
H!  O-yByd, ol
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""CH:;
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WM ‘
“‘J\MM Purcell: “Indeed certain branches of this work are now being pursued
heiraiion in chemical laboratories.”



Anisotropic Interactions

Liquid: rotational and / "
translational motions 0/"”\ y
Bo X
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= IMM Peaks

WMV W
A %\ % 1\
Institute for Molecules and Materials



What Information Can NMR Give

Site Identification

Chemical Shift
< |dentification of structural building blocks (*H,13C).
& Coordination of ¢7Al, 92.71Ga, 2°Si etc).
& Hydrogen bonding (*H,°N,1’0O)
<-Majority of periodic table is accessible

*Knight shifts, Fermi-contact shifts etc (Lecture Berthier).
<-LI-lons In paramagnetic battery materials



Anisotropic

FIGURE 5.21 Model compound ‘universal' line shapes
for the four typical types of carbons as indicated.
(Reproduced by permission of The Royal Scciety,
London, from referance 60).
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FIGURE 5.48 '°C cross-polarizetion spectrs of
linear poiyethylene. (A) The upper spectrum is
characteristic of an unotiented melt-crystailized|
specimen; (B) the fower spectrum Is of 3 drawn
(x15) material, (Adspted from reference 141 and
reproduced by permission of The American Chemical!
Society).
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13C interactions

Molecular motions
(o) (v) (c}
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Fig. 6.5 Some chemical shift anisotropy lineshapes under conditions of molecular motion. Three dif-
ferent models of molecular motion are considered: (a) two-site hopping, chemical shift tensor principal
z-axis reorientates by 109.5°, (b) two-site hopping, chemical shift tensor principal z-axis reorientates by
120° and (c) three-site hopping about a rotation axis orientated at 70.5° to the chemical shift tensor princi-
pal z-axis in each site. In all cases, the chemical shift tensor is axially symmetric and the populations of each
site are equal. The 17" (Q) for each case are given with the spectra. The II matrices used in the calculations



Site ldentification

2TAl NMR of oxides d. Tetrahedral Al-O-Si

In aluminosilicates

4-fold coordinated Al 3
80 - 40 ppm .
8 = -0500+132
5-fold coordinated Al: 5 “
40 - 20 ppm (ppm)
6-fold coordinated Al: .
20 - -10 ppm Harkerite
o

0 (degr.)
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Anisotropic Interactions

@ Broad lines

© Structural
Information

© study dynamics

© Manipulation in
ordinary and spin
space

< use adequate
tools

31P powder spectra
Na;PO,

Na,P,0,

1 1 1 1 1 1 1 1
150 100 50 0 -50 -100 -150 -200
5, [ppm]



Tool: Magic-Angle Spinning

Averaging of anisotropic interactions in
ordinary coordinate space. 12000 Hz ? °
0N,
A ®
870 Hz
M
0 5 ' 5 10

w/2mn ([)kHz]




Direct dipole-dipole interactions

. IMM
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N N

H[j;E) = bjk 3('] @jk)(lk @jk) - Ij Dk)
e, Is theunit vecta connectingspin jandk

seculamlapproximaibn:
homonuclea: H X 6,)= bjk(3c052(<9jk) —1)(3|A,-Z|AkZ - |A,- DIAk)
heteronuaar: H X (0,) =by (300§(ij) —1)(2|Ajz|Akz)



Anisotropic Dipolar Interaction

Pake doublet

= IMM For abundant spins MAS is only effective if spinning
memmae speed significantly exceeds the line width



What Information Can NMR Give

Intersite correlations

*Dipolar Interactions (through space)
& Spatial proximity of nuclei (~1/r3) r
*Homonuclear ‘
& Heteronuclear

«J-couplings (mediated through chemical bonds)
< Existence of chemical bonds. Yo f\

Ny

. ~|’-\|,Werfine Interactions (coupling to electron spin > Lecture Berthier).



Tool: Radio Frequency lrradiation

@ Heteronuclear decoupling of nuclei by CW-irradiation
with resonant RF waves. Pulsed alternatives TPPI, XiX

etc.

& Homonuclear decoupling by CW irradiation at the
magic angle (Lee-Goldburg decoupling). Pulsed
alternatives: WAHUHA, MREV-8, FSLG, Dumbo etc.

CW-decoupling %} LG-decoupling
- <3l -1.I,>=0
<|.>= j,2'k,z 'j'k
=0 Vi < >=1N3 |,
= MM

Tewwuw Manipulation of interactions in spin space.
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Combining Tools

>Combined Rotational and Multiple Pulse Decoupling

>Recoupling of dipolar interactions using radio-frequency
sequences synchronized with sample spinning and
matched rf-field strength.

wy(t)

D

MAS:F 54.74° 9 ﬁ \ {\ A A t

B, ol \Hz\lx‘ ‘L/u,“
ﬁ US{(&L\() .

RF
Pulses op(t)

(L), SN,

o, (t) =s o,

>Transfer of coherence of coupled nuclei



1H Spectroscopy

CH,
FSLG

12.5 kHz MAS
N RF

CH Alanine

NH;*

o 30 kHz MAS

MAS
T T S | T T 1 T T
w 4 r/,ﬂ,f/}
static
T T — 1 — T — T ~— T T T 1
o 100 80 60 40 20 0 -20 -40 -60 -80
== IMM proton chemical shift (ppm)
WMVAVA VW
e A. Lesage, L. Duma, D. Sakellariou, and L. Emsley, J. Am. Chem. Soc. 123, 5747 (2001)



Combining Tools

Adamantane Natural Rubber

13C Single Pulse Excitation /\
+ 'H CW Decoupling J

+ Magic Angle Spinning JU\
p— V.
+ MAS + 'H LG decoupling JJUL ! |l
—

+ MAS + 'H CW decoupling

Y T T —3 T T T T T T T T — v T T T T
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Two-dimensional NMR

(Tf/2)(pl ("/2)@2

— >
Fourier Transform

t, and t,

Institute for Molecules and Materials



Case Study: Environment-Friendly
Condensed Phase Flame Retardants

NH,

Py o
)\ )\ /|\ » (MP), (Pyrophosphate) \Polymerization

M Polyphosphate

Melamine Phosphates:

Melamine Phosphoric Acid Conversion ~200 °C - 260°C
M P Above 260 °C decomposition

combustion products

Crystal structures unknown
Polymerization process unknown s ¥
. heat sink ® ®
FR Mechanism unknown

[ J
= MM A. Brinkmann, E.R.H van Eck & A.P.M. Kentgens
mewww Magnetic Resonance in Chemistry, 2007 submitted Melamine Phosphates
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Site ID
with added anisotropic information

31P Spectra
w, /21 = 12 kHz
B,=7.1T

64 ppm
-8 ppm

-91 ppm

MPpoly (PO,), %=~ i4pem
. A JLJ ' L O3 = -168 ppm
“:‘IMM 160 5'0 6 —5'0 —160 —1;30 —260

S S L L L N 82 [epm]
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1D1H Spectra at 188 T

1H Spectra
MAS

w, /21T = 49 kHz
B,=18.8T

w, /21T = 12 kHz
B,=7.1T




Heteronuclear Correlation 1H-31P

E (em)ﬂ 0m+z -
G el —
| { FSLG LG-CP TPPM w, /21 = 12 kHz

3, [ppm]




Heteronuclear Correlation 1H-13C

13C

°C w, /21T = 12 kHz
By=7.1T
1H | e

1H

1 N ' ®

T ; i { |
1H Spectrum : @7_14
B,=18.8 T q {16
5 (T . | 118

170 165 160 155 150

mumuwn 82 [ppm]
‘‘‘‘‘




Homonuclear: 1°N-°N in MP

H17

0
N
X,

=4
]
g -2

== IMM
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w, /21 = 12 kHz
Bo=7.1T

S P sc14/ sc14/ ;
POST-C7 POST-C7

" NG/NJ ‘\ "

N11

L

N9/N10

N8

/ W

-1.5

1

-0.5 0 0.5

®,/2n [kHz]



I3N-1H distance measurements

Dipolar recoupling

H CP | R18) Uy

o
pzd
A
b
B
=
—

H17
:m
-290.
13

m
8
{0

‘H23
Ry KT
&

15N chemical shift [ppm]

-300

=260+

-240

_&0 L

Echo: refocus 1°N chemical shift,
keep °N-'H dipolar interaction

i - 2\
‘‘‘‘‘‘‘

m_IIEJrL [kHz]




MP: Assignment

H23: 13.2 ppm
H22: 11.1 ppm
N8: -258.0 ppm
P1:.-0.2 ppm
H16: 9.1 ppm
H21: 13.7 ppm
N6: -290.5 ppm
C13: 156 ppm
H15: 5.6 ppm
H17: 6.2/8.0 ppm
C12: 156 ppm
N7:-291.3 ppm
N9: -213.3 ppm
H18: 8.0/6.2 ppm
C14: 164 ppm
N10: -215.6 ppm
H20: 8.7 ppm
H19: 6.8 ppm
N11:-280.0 ppm

. IMM
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Hydrogen Bonding & 11t Stacking

Combined NMR
and X-ray Powder
Diffraction

V. Brodski, R.Peschar
and H. Schenk

Univ. Of Amsterdam

MM
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Hydrogen bonding
in biological molecules

[ N-H-O | | oH-0 |

Proteins and Peptides Polysaccharides

170 is a quadrupolar 1=5/2 nucleus

Institute for Molecules and Materials



Quadrupolar Interaction

seculampproximaion : HJ(8) = w (Bffz ~

.80 .
800
g 1OC(DQ
1
H Hq H

e e

[, 0

)



First order quadrupolar interaction

23Na (1=3/2) in NaNO,

memmm H, HG

iR g

AR

112

e 1 {TTTRTTISTH NTTI N
b 3/2
N— —
. a /21
=M == ——
A\ N Vi
W W W 200000 100000 0 -100000 -200000




Second order quadrupolar interaction

o “As NMR @ 18.8T
; l Aly 457G, 53AS
H Hg HE .5:
¢S S &f t ¢0 0 &0 - &bk S &%
sHM
= MM As Coordinations in

W VAW W
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What Information Can NMR Give

Site Identification

eQuadrupolar Interaction
< Determination of local symmetry (distortions).
=170 NMR parameters are sensitive to H-bond formation.

< Majority of periodic table has [>1/2

Spin 12 32 52 72 82 B3 5 b

|, 0
HID & A WA WA WIA WIA | He
Li|Li Be EB C MM O F Ne
Na (Mg WIBE VB vB VIE WIB W B IE Al Si P S CICl Ar
KK Ca Sc TiTivV C [Mn Fe Co NiCuCu Zn GaGa Ge As 3e Brbr Kr
RbRb St Y Zr Nb MoMo Tc RuBu Rh PdAgAgCdCdln In SnSnShShTeTe | XeXe
‘-}IMM Cs BaBalalaHfHf Ta ‘W ReReOsOslir Ir Pt Au HgHg Tl TI Ph Bi
- -

ot vt Www.pascal-man.com



Quadrupolar Interaction:
Site Symmetry

55 T . . r .

451

coordination number

Cyec (MHZ)

3.5
61'55000315675
cale | MHz L
: o K
Cs
2.5 : : : : :
0 0.25 0.52 0.72 21 1.25 1.5
1/r- (107 pm )
= IMM O e Nachtogaa) and Kentaone, Solid State Nudl. Maan. Reson. & (1595) 166,
Sewwwn ’ ’ ' ' ' '
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Tool: Magic Angle Spinning

averaged

Spin-%2

®/21=870 Hz

[=C]-glycine w/21=12 kHz
(13C)

A

10

u)2/2n0[l<Hz]
. fast magic-angle spinning
MM

A %\ % 1\
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84.7°
L
\"

spin>%2

static

P,

W, < Ayeas

A'.MS{ mm[ < Aslalic

not averaged

A

—~ 1/B,
N

Use high fields !



Tools: Double Rotation (DOR)
Dynamic Angle Spinning (DAS)

30.56° 54.74° 70.12°

0.5 P4(cos(0)) | ’
0
P2(cos(0))
05 N N . " N N \
0 10 20 30 40 0 50 60 70 80 90

Un-m = Co(1,m) Wy + C,(1,m) W,(a, B) R, (cos@)) + C,(I,m) [,(a, B) [F,(cosp))

m,—m

Mechanically
involved
Dedicated
Hardware needed 1
R DO R DAS 1 2 3 4 5
== MM k = t2/t1
Sewwwn Samoson, Lippmaa and Pines, Mol. Phys. 65 (1988) 1013. / Llor and Virlet, Chem.Phys.Lett. 152 (1988) 248.

i Mueller, Baltisberger, Wooten and Pines, J. Phys. Chem. 96 (1992) 7001.



Multiple-Quantum MAS

Um,—m = Co(l ’m) |]}0 + CZ(I ’m) |]jz(a,’ /8) EPZ%(Q)) + C4(I ’m) |]}4(0,! /8) |:P4(COS(0))
MAS Rb.SO,

H, Ho H02 ¢1 (1)2 ¢r

T I t I ty /\

Sensitivity issue (multiple-quantum
excitation and conversion)

= MM
A _%
WY
W VAW W
A% % % %\
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Dehydrated H-ZSM5

27TAl MQMAS

e
MHigh Field : 1o
(14.1T) | g =
T =55ppm
MFast MAS [ :z C.. =164MHz
(27 kHz) ) l 17=01
MMQ — 1Q \ 100
DFS conversion ™~ ’
100 E;D ESIG 40 EIC! D -ElO -4I0 -6;3 —SIO -100 (L
\““\Si’/ 4
= iMM AR

ot vt Kentgens, luga, Kalwei and Koller, J.Am.Chem.Soc. 123 (2001) 2925.



rDFS 170 MAS NMR

Experiments: 0
Siso= 87 ppm 3 B |
Cocc™ 8:52 MHz e g, OH
n=0.74 v

®
' H170”% s NH3

S
€ cl®

L-tyrosine-phenol-[35% 17O]*HCI

150 100 50 O -50 -100 -150 150 100 50 O -50 -100 -150 150 100 50 O -50 -100 -150
"0 chemical shift, 5, [ppm]

7O challenging because of low y and large C,
~4.3 S/IN Enhancement for biologically relevant material

170 MAS (25 kHz) @ 14.1T

p=d
1968 transients @3 )
g — weighted sum
g [
3 - = sum
% 2F o
< O O individual
o or u}
o
1F ul
WmwW
Wmw IMM L E o o o O
w v . .
w - , : A A ol . . . . . . . . .
WMEWmWm W 0 5 10 15 1 2 3 4 5 6 7 8 9 10
Institute for Molecules and Materials

t, [ms] No. DFS Repetitions



Heteronuclear Recoupling:
170-1H distance measurement

heteronuclear recoupling
—TF_

SRN,Y decoupling

. [eccomemens | ron distance 104 pm is within
sl R aow: . 5% of the distance determined
g e : by neutron diffraction (99 pm).
§-0.4'
s Q-H I|br.at|on sI!ghtIy averages
. LT e dipolar interaction.
““iMM 0 100 200 »53[32] 400 500 600
aewuw A. Brinkmann & A.P.M. Kentgens

i J. Phys. Chem. B 110 (2006) 16089



Heteronuclear Recoupling:
170-1H distance measurement

e Gaussian .
pulse
H— RN, RNV | decoupling | 1 :
. o o o experiments
08¢ —— simulations
0 6 | bi"r2TC = 14420 HZ i
DFS  90Zntral 1802entral 0 i
\ 0.4
] d\/wm“ 0.2
no_nH
T2t ——T/2——+ ty—» 0t

0 01 02 03 04 05 06

14 :
©o o o gxperiments
08} —— simulations
0.6} biia’21t = 3230 Hz
04 ¢
0.2}
n 1]
ol O-H
0 0.5 1 15 2

T [ms]

14 12 10 8 6 4 2 0
"H chemical shift [ppm]

. lo.- distance 161 pm
= IMM

aewuw A. Brinkmann & A.P.M. Kentgens

WMuWmumuu J. Am. Chem. Soc. 128 (2006) 14758

Institute for Molecules and Materials



Summary of Internal Hamiltonians

MAGNETIC
(all spins)

ELECTRIC
(spin >1/2 only)

ONE-SPIN TWO-SPIN

HEMICA SPIN- DIPOLE- QUADRUPOLE
SHIFT ROTATION|| DIPOLE OUPLIN COUPLING

Malcolm H. Levitt, Spin Dynamics, Wlley, 2001




Conclusions

Solid state NMR Is a powerful analysis technique
Probes microscopic interactions (1-100A)
Study structure and dynamics

Works in crystalline, partly disordered and
amorphous compounds

Non-destructive technigue needing no special
sample preparation

Novel methodological developments will open new
applications in advanced materials science

A %\ % 1\
Institute ules and Materials



Sensitivity enhancement is driving
methodological developments

Options for signal enhancement: Potential gain
e Double B, 3
» Cryo-cooled rf coils 3
« Population transfer in coupled or

guadrupolar spin systems 2-5
e Low temperature MAS 10
« Microcoll detection 100
 Dynamic Nuclear Polarization (DNP) 103
 Optical polarization (ODMR / OPMR) 104
* Hyper polarized Xe, He, Kr 104
e Para-Hydrogen 104
 Force detection 103-106

== MM



SSNMR Beyond__l GHz

1018 mm

= IMM 800 MHZ

Institute for Molecules and Materials



. IMM
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Opportunities and Problems

Opportunities
Sensitivity (~B74)
Resolution (~B - B?)

High speed (proton) MAS
Quadrupolar nuclei

—erro-shims

V V V

> Follow-B

High speed MAS
Reference deconvolution

Problems
Intrinsic homogeneity (~10-3/cm)

Temporal stability (~10-)
power supply

temperature and flux
changes

Operation time




Field profile of a uniformly
magnetized cylinder

0.02]
-30 -20 -1 10 20

20 -0 ) 10 20

Field profile Magnet field
Ferroshim profile before and
after Ferroshim

Shifting the shim off-axis allows reduction of radial gradients
e Magic Angle Spinning averages residual gradients

lllllllllllllllllllllllllllllllll



Field map with ferroshim

field map

angle [a.u.]

-200 -100 0 100 200
kHz
== IMM Field map D,0O, after x-y optimization ferroshim

bbb Field x-y gradient < 5 kHz (drift dominated) <25 ppm/cm



Reference Deconvolution

y :e[l)istorted spectrum
21 _
t) = S|deal—ref(t)xW(t) Vs : l
o) =| =5
exp—ref() 40 30 20 10 0 10 20 30 40

b
| Reference signal of

SC (Cb) — FT[S (t) X C(t)] :different nucleus

exp

20 15 10 05 O 05 10 15 20 25 3.0
kHz

Morris, Barjat and Horne, PNMRS 31 (1997) 197-257. C
Metz, Lam and Webb, Concepts Magn. Reson. 12 (2000) 21-42. | Deconvoluted spectrum

== IMM l I
wmee
uuuuwuun 40 -30 20 -10 0 10 20 30 40

itute for Molecules and Materials kHZ



Reference Deconvolution

| ae— —

~ Discrete field steps
~ MAS: resolution is stability limited
~ Fourier spectrum distorted (chirp)
~ Length of FID determines resolution



Triple-tuned MAS probe
2D reference channel

Jan van Bentum « 10° D
Ernst van Eck ’ ; :
Jan van Os ‘ ‘

ORI PR N A ]
\IIHI i “HHMI‘M e
\ﬂi\ (1

| |
I ) e
H | IH WA ' Lo Lbd | ‘
| |
|

77777777777777777777777777777777777777777777777777777777 —

Probe technology:

Ago Samoson

= IMM ND,ClI reference signal lasts 30 - 50 msec,

mmmmee l.e. intrinsic homogeneity of about 0.15 ppm.



Field Stabillty

P———

= iMM Field stability 10-50 ppm okC

A
A Y
AN\ \ \ \ \
Institute for



°Follow B option

Blockdiagram Follow-B 1D

synthesizer settings

2H-FID
—Im l 1
Scrap heap settin Follow B setting EH
FOIHIK/IV\II?B b heap lash Tables a
— 7 and =
(ﬁg;ap;;_ Spectrometer settin CD- adders spectrometer sefting 1H
Spectrometer settin spectrometer setting X
I
AN
v 2H-FID address
T —>Re
E'I Analog/TTL Counter
Converter 10 periods
s
T2
=

Infinity-plus NMR-spectrometer

Use first 200 psec of reference FID to determine field
Reset spectrometer frequencies

“=!MM Use remaining part of ref-FID for deconvolution

W W
A %\ % 1\
Institute for Molecules and Materials



Follow B + reference
~ deconvolution




Bruker News and Events
AVANCE 900, first results

MA! i SO, at2Ll T
:’f \
r’j 11,7 T e,
e ) | L "
JI Q_J R :
( \ . . A st
g 21 T ™ ‘ N
=, o ’ SO SO, Ve l -
L
o oy - - -

At 21.1 T separation of the two Sc sites is neaclyieved...

== MM




Systems with large
quadrupolar interactions

| Sc,0, 64 scans

| 45Sc 309.5 MHZ| MAS 38 kHz
| Fixed phase
Averaging
=> followB
=> Ref. dec.

1: G~15.4 MHz n4,=0.61 Intensity ratio
== MM 2: G=23.4 MHz n4=0.10 exp 1:2.995
TR theor 1:3

Institute for Molecules and Materials



Hydrogen storage

Important technical issues are weight, volume,
discharge/recharge rates, reaction heat, safety and cost

IEA (International Energy Agency) targets:
at least 5-10 wt.%
H, recoverable at < 80C /
Loading/unloading at 1 atm absolute pressure. - o L

Solid H,, storage

(Complex) Metal hydrides,
like NaAlH,, NaBH,, LaNisHg.

gasoline Mg ,NiH, LaNigHg H, liquid H , gas (200 bar)
32 MJ/Itr 13 MJ/Itr 10 MJ/Itr 8 MJ/Itr 2.4 MJ/Itr

NaAlH, < Na,AlH, + 2 Al + 3 H,
=IMM Na,AlHg <> 3 NaH + Al + 3/2 H,




Static *H NMR on Ti-doped NaAlH,

Partly release of H, -> NaAlH, and Na,AlH, are
present

Hahn-Solid-Hahn Echo to avoid spectral distortions

Two fractions with different relaxation times T, and
different line widths.

Na,AlH4: Narrowing of the line shape -> proton
moi)ility in the crystal -> fast rotating AlH, clusters

Spectrum

e it

— NaAlH, FWHM =42.0 kHz, T1 ~ 20s
Na,AlH, FWHM =13.3 kHz, T1 ~ 8s
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NaAlH, « Na,AlH, + 2 Al + 3 H,
\__ NagAlH; < 3 NaH + Al + 3/2 H,

Margriet Verkuijlen, Jan van Bentum



1H and ¢’Al high-speed (40 kHz) MAS
of Ti-doped Alanates at 30 T

i Ti-doped NaAlH,: /Al 1.3 GHz, 40 kHz MAS, pd 20 s
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NaAlH, < Na,AlH, + 2 Al + 3 H, 12
Na,AlH; <~ 3 NaH + Al + 3/2 H, "

M. Verkuijlen, E. van Eck, J. van Bentum,
B. Dam (Free University of Amsterdam)
C. Baldé, K. de Jong (Utrecht University) S T
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Broadband homonuclear recoupling
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13C-13C homonuclear correlation
13C labeled L-alanine
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13C-1H heteronuclear correlation
of L-alanme

CP matchv, =70 kHz; le—SOkHz v,=40 kHz
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Conclusion High Field NMR

Using a combination of hardware solutions
and NMR tricks, one- and two-dimensional
solid-state NMR at 30 Tesla iIs feasible.

Quadrupolar systems with either very large or
very small quadrupolar interactions

High resolution proton NMR

A %\ % 1\
ute for Molecules and Materials



Acknowledgements

IMM groups of Universiteit Twente
Physical Chemistry / solid-state NMR Han Gardeniers
Jan van Bentum Jan-Kees Maan Jacob Bart
Ernst van Eck
Rob de Groot KBFI Tallinn
Andreas Brinkmann Gilles de Wijs Ago Samoson
Jorge Villenueva Garibay Tiit Anupold
Floris Rutjes Jan Paast
Paul Knijn" Jan van Hest
Margriet Verkuijlen Alan Rowan Free University of Amsterdam
Sureskumar Vasa Roeland Nolte Bernard Dam
Chandrakala Gowda Ronald Griessen
Anna-Jo de Vries
_ TechnoCentrum University of Utrecht
Gerrit Janssen E Sweers Cees Baldé
Jan van Os B. van den Berg Krijn de Jong
Hans Janssen
L ETH Zrich
——— e : Jeroen van Bokhoven
N o FOM Roel Prins

Mederlandse Organisatie voor Wetenschappelijk Onderzoek



