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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
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Rotation of a coordinate system
A rotation of a coordinate system is defined X’
by three Euler angles:

<

() a vy° rotation around the z-axis with O<y<360°

(i) a P° rotation around the y-axis with O<p<180°

(iii) a a° rotation around the z-axis with 0<a<360° .
or the same
(i) a a° rotation around z resulting in (x1,y1,21) with z,=2
(ii) a P° rotation around y; resulting in (xz,y2,z,) with y,=y,

(iii) a y° rotation around z, resulting in (x',y',z') with z'=z,
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III The truncation of the dipolar Hamiltonian II
B

at high fields:
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The Floquet
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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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The effective
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Homonuclear proton decoupling
Bielecki Kolbert Levitt

Rotating frame

Vet = (V12 +0 V2)1/2

v, lvg =cosé, =~1/3
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Some reviews:

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

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

Ingo Scholz, Jacco van Beek, and Matthias Ernst
“Operator-Based Floquet Theory”
in: Solid-State NMR (2010) in press.
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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
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Powder Crystallography by Proton Solid-State NMR
Spectroscopy
pondll

J. AM. CHEM. 50C. 2005, 127, 51409146
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IERRRRCHD NNNNNNRARRAR OD W NOURRRRARCND NRRRRNOENNRD NN

Flgure 4. FRaepressztatioz of the NMR observed dipolar contacts corre-
spondizg to 2 single NEI—CHAM corrslation peak from 2D spiz-daffusion
spectrz. A singls molecule (blue) i3 depicted in its crystalling envircement
(yellow). Mixed intra- 2=d i=termoolecular comtacts (dasked) are relovant
for interpratation of 'H—'E spz-&ffusion comrslation peaks.
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Figure 1. (a) Pulse segeszce for the TH—1H spdn-diffosion CRAMPE

detected sxpsriment. The pulse program is aveilable fom ous wab sis®™
or upe= requast. (&) 300 MEHz XD 'H-'H spiz-diffxion spectrun of (1)
acquired with a MAS Foequency of 12 kHz a mixing dme 7, = 220 us,
and 2 radio freguency fald apsplitnde vy o« 100 kEz. 16 cansiazts wore
added witk a 2.5 5 repedition dalay for sach of the 120 complax 1y poizts
(96 s ¢; imcrement], poquined using a States guadrature detection schamse
on the secomd 307 pulss. Tha sotal nrpn:nnnnlzl. tize was 2 k. For pmdun.

DUMEBD-1 decoupling schemas E!I]Jl._“ dofimed h_l Fouriar coafficiemts
[oe= & by = Q1E b= 021, by = 003, by = OLIL, by = =008, by =
0125} was Eu]:hu;ﬂn'.;d r;i # = 147 ws. Dumnizg fp 6.3 s windows
wars insarted for detection of a point every thres cycles of the original
DUMBO-]1 decospling scheme. ™ a5 well as shost & pulses (0.5 us) io
sepprass quadraiore moagss oy The tofal dwell tme wes 103.3 us. In
both dimensions. e deconpling cycles wers defined with 64 phase steps
of 300 ns sach
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Ultrahigh Resolution in Proton Solid-State NMR
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Nanochannels of Two Distinct Cross-Sections in a Porous [l
Al-Based Coordination Polymer
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Figure 3. (a) Structural motif of the nanoporous ANOH)N1,4-NDC) compound showing the Al-OH-Al chains interconnected by the 1,4-naphthalenedi-
carboxylate groups. The hydrogens of OH groups are modeled according to the geometry of the Al-OH-AIl chains. The areas, highlighted blue, show the
interaction sphere of hydrogens with the neighboring carbons at mixing times of 50 s, 500 s, | ms, and 5 ms of 2D NMR experiments. (b) 2D 'H—'3C
Lee-Goldhurg heterocorrelated NMRE spectra of the nanoporous compound at different mixing times.
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High-resolution 'H homonuclear dipolar recoupling NMR spectra

_ of biological solids at MAS rates up to 67 kHz - _
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Fig. 4. 2D 'H-"H DQ-SQ spectra of GSH using the R12; symmetry acquired (a and c)
with DUMBO decoupling during t; and t; according to Fig. 1 (DUMBO shape pulse
length =16 and 15 ps; decoupling power =150 and 198 kHz for (a and c),
respectively) and (b and d) without CRAMPS decoupling. 2D spectra were recorded
at MAS rates of 35 kHz using vy =105 kHz and Larmor frequency of 800 MHz
(Bp=18.8 T, Bruker standard-bore NMR spectrometer) for (a and d) and at MAS
rates of 67 kHz using v, =201 kHz and Larmor frequency of 600 MHz (By=14.1T,
Bruker wide-bore NMR spectrometer) for (¢ and d).
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Powder NMR crystallography of thymol
Elodie Salager.” Robin S. Stein.® Chris J. Pickard.? Bénédicte Elena®

and Lyndon Emsley =4

. _ Rﬂ-ﬂ'wJ 2Ath Wovember 2008, Accepred 25t Jamwary 2009 _

p.nr.b.l'u.h'.nf ay an Advance Arficle on the web 230k Febroagry 2009

II I Illllrulll EN EEREEENEEEERN l: cml C(G).C(!)!(A.}.l.. [ ]| .!W.)!:(gl)....lll II I II
. ' eeN e c®)
e T RN

I

C(9)
H(8-10)

C(10)
H(11-13)

C(7)H(4) -

C@4) C(5) c(8)
H(2) H(3) H(5-7)

1280

Carbon double quantum chemical shift (ppm)

(d)

H(11-13)
H(5-7)
H(8-10)

Proton single quantum chemical shift (ppm)

Fo 3000 random
e crystal structures
acq | DUMBG-1 10
o =

T T T T T T T T T T T

- 1 0 5 10 15 140 120 100 80 60 40 20
— 1, — — t; —— Proton double quantum chemical shift (opm) Carbon single quantum chemical shift (ppm)
(o)
Y
5-10 1113

300 fitered

h‘* B H M H ﬂ m" i crystal sructures
POOerse- o

RS LILIEITP T ¢ R
El LI k- ValI=S
I W i b
p N0 N 2 e Pt ol

¢ as ¢ 0 14 a5 1 © a8 10 08 + & as
Protan chamical shift (ppm) 'H."H spn Affusion moang time T / ma

g
5
EE
£
o

Proton chemical shift (ppm)

-




.........

n

.........

X

JrCL

upercycling
S

...........




Rotating frame

' ' EN EEN
I supercycle "
mmll OO O R |||||| {1l

Rotating frame




Supercycle
M. Leskes,P.K. Madhu, SV, JCP (2008), 128(5)

T[we v L os [k TR

AR NRERRRODE R ETERRORCEL ORREERONEE EOEREIOEEL R TERRRER R
Ya¥

vA¢
4"">

WPMLG5%

1.0

0.54

0.0 ‘hl‘n]_nﬂﬂlh‘a\ "

au

WPMLG5

054
-1.0 T T T T T T T T T T T 1 T T T T T T T N T
012 3 4656 70123 45¢67 32 1 o 2 3
ms ms AN (kHz)
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detected at every 7 (left) and f (right). Different off-resonance values 20 ' oF 438 top, ag Hf o ;:ITHL putss ;nfgt e b HEs v;m—
were used to emphasize the effect of nonsynchronized detection. w ool 2.3 s, and a rf power of S kHz. optimized for the hest perfor-
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FIG. 10, DQ-5Q correlation spectrum of tyrosine HCl obtained using a one
rotor period of C77 as the D) excitation and reconversion pulse sequence
and a data acquisition at a spinning frequency of 20 kHz using wPMLGS™
in both the time dimensions. DO filter phase cycling and TPPI detection
were used to select the desired DO} pathway and obtain frequency discrimi-

nation in the indirect dimension.
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Accidental degeneracy

An example
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Il cRAWS at high spinning frequencies I

M Leskes, S. Steuernagel, D. Schneider, P.K. Madhu, SV, CPL (2008)
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Table 1 e
Experimental parameters. I "
Pulse scheme e f 2T 35 45

(kHz)
wPMLGS], Trr (ps) 154 11.6 12 9.6

aq f21m (kHz) 131 180 190 216

e f2m (kHz) 2632 34.97 34.01 40.65

s 044 045 043 0.48
wDUMBO#* Trr (ps) 154 12 12 9.6

an f2m (kHz) 196 232 226 254

e 21 (kHz) 2632 34.0 34.01 40.65

s 0.54 055 0.56 0.56
wSAM Trr (ps) 20 222 36.4 15.4

Tm (5] 6.67 741 0.2 5.13

o f21 (kHz) 124 137 183 154

- f2m (kHz) 4237 40.1 25.6 55.3

g 0.88 0.78 0.75 0.73

w(ps) 36 2.7 2.7 2.7
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I“ WPMLG at high spinning frequencies “
o M. Leskes, P.K. Madhu, SV , TMR (2009), s
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IFasT MAS Experiments: Tyrosine.HCl at 600 MHz “
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Directly and indirectly detected through-bond heteronuclear correlation
solid-state NMR spectroscopy under fast MAS

Kanmi Mao, Marek Pruski*
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III R-symmetry derived pulse sequences II II
S Paul, D. Schneider, P.K Madhu, JMP in press

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

m What is the interaction CS-Hamiltonian

180

I

o + + 0 + +
I, - -0
I, + 0 -0+




III R-symmetry derived pulse sequences II II
S Paul, D. Schneider, P.K. Paul, JMP in pr'ess

T |
(A |||||| AN 11M |||||| ARl 0011 LAY
x VX4
d
H 7| RL|----- | Rr| R H‘“\ﬂm
.. TFPPIL
| . " . .

RR}= [20,|90..90, |50, RO |50,

H mt(O) O_l




T rememoer e HINEE 2NN
— DECOUPLING - —
(/ELRRD 1 FRRA) IIII II O —— I O

minimize Stay away from

Z Z Inyo, +k,0, =0

— No, +ka)

1.0'0 T | | |

0.50 | &wx R16;
J

0.00

n,k
waﬂl

0 50 100 150 200 250 300

0.08

> 1A%
b
n,k,m,m’

v.= 65 kHz

0.04 | ,\* R10; R18.
LV T

0 50 100 150 200 250 300

0.00




600 MHz

R o e

\
v, = 65 kHz
Vl - 1(32!.5 l(}IZ

R10,5

8 6 4 2

5 ('"H) / ppm

(-

he 2D mode " I“

ML RN \IIIIII 11 IR wPMLG,, Il IIIIII Il (]

|

v, = 65 kHz

10

AL

20 16 12 8

8 ('H)/ ppm

4 0

U-BC-L-Histidine. HCLH,O

5 (H)/ ppm

Glycine

Vl - 2:12!]<}{Z




