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Magic angle spinning
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Anizotropie chemického posunu
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Kazdy spin individualné prispiva
svou vlastni frekvenci k
vyslednému spektru
prekryv mnoha signald

Anizotropie chemického posunu

Hamiltonian chemického posunu
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Rotace vzorku pod magickym Uhlem - MAS

Hamiltonian chemického posunu
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Rotace vzorku pod magickym uhlem - MAS

ZrO, rotory

1.2 mm (<60kHz)
2.5 mm (<35kHz)
4mm (<20kHz)
7mm (<7kHz)

Pohybova implementace
kubické symetrie
mérenému systému
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Provedeni NMR experimentu (1)

MAS a CSA
13C CP/MAS NMR

0 kHz

glycine 0.5 kHz
._IM !

Rotace vzorku pod magickym uhlem (1970)

NARROWING OF PROTON NMR LINES BY MAGIC ANGLE ROTATION
D. DOSKOCILOVA and B. SCHNEIDER

Institute of Macvomolecular Chemistry,
Czechoslovak Academy of Sciences, Prague, Czechoslovakia

Received 16 June 1970

Narrowing of NMR signals of protons by "magic angle" rotation has been achieved in some solid po- @
lymers, and in liquids sorbed on, or dispersed in solid lattices; in these, resolution equal to that of
pure liquids is obtained.
Danica Doskocilova
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\ ja e Fig. 2. High resolution NMR spectra of othanol sozked
~~J - in diatomaceous oarth (2.5 & BIOH/1 g of solid). 2 Stat- Fig. 3. High resolution spectra of a styrene-divinylben~
1ot retalad sty = Kite, 0 =0%%i, ) v zene cation exchanger in hydrogen form swollen in
tated with vy = 4 kHz, 0= 5L.7%. Spectra a,b, o saw- wator rotated with vy = 4 kHz. 2) 0 = 90% b) 6 = 54.7°.

tooth swoep with 2 kHz modulation; d: slow sweep with
field homogencity controls adjusted to optimum.

2 Siaic samolg: b0 rotated sbout n axls wi
5575 a', = G500, 5000 4nd 9500 s




Provedeni NMR experimentu (2)

MAS a dipolarni interakce
H MAS NMR
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Zahrivani vzorku pri MAS
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Experimentalni optimalizace MAS - KBr, glycin

Optimalizace magického uhlu

FID spektrum
setting the magic angle with KBr (798 detection)
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Provedeni NMR experimentu (2)

Ibuprofen (Ibaigin®)
Zentiva

\lI(IK)H

[ ] Zéakladni jednopulsni experiment s pfimou excitaci
13,
C CP/MAS-NMR 3C jader bez rotace vzorku pod magickym Uhlem a
oo, bez 'H dekaplinku.

H 7 hodin méfeni

[ ] Stejné jako vySe uvedeny pristup + 'H dekaplink.
H 7 hodin méfeni

[ ] Stejné jako vySe uvedeny pristup + 'H dekapling +
(I " rotace vzorku pod magickym Ghlem (10 kHz) .
H 7 hodin méfeni

“J m [ ] Experiment s cross-polarizaci, rotaci vzorku pod
magickym Uhlem (MAS = 10 kHz) a dekaplinkem
H 5 minut méfeni

w{ ‘ [ ] Experiment s cross-polarizaci, rotaci vzorku pod

T T T T T T magickym Uhlem (MAS = 17 kHz) a dekaplinkem
250 200 150 100 50 0 N -
ppm ® 5 minut méfeni




Heteronuklearni dipolarni interakce
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I - jadro izotopicky hojné s vysokym g.
S - jadro izotopicky ridké s nizkym g.

Adamantan

13C CP/MAS NMR
+
dekaplink

1. Umérny gyromagnetickym pomérdm.

2. Neprimo umérny treti mocniné vzdalenosti -
(intramolekularni i intermolekularni pisobeni).
3. Zavisly na orientaci mezijaderného vektoru.
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Heteronuklearni dipolarni interakce

BO
I-up I-down
Spinovy par, g=0° @ ‘
T 1,2 ,“
L, I-down I-up
Spinovy par, g=90° |
(z0s0-12 “
AS=- n& Togg-1pf.8, \ \
AT &S
Spinovy par, g=54,7° L
| - jadro izotopicky hojné s vysokym g. é )
S - jadro izotopicky ridké s nizkym g. I-up I-down
Polykrystalicky systém
1. Umérny gyromagnetickym poméram. @ @ @
2. NepFimo Umérny tfeti mocniné vzdalenosti - [}
(intramolekularni i intermolekularni plsobeni). @ @ e

3. Zavisly na orientaci mezijaderného vektoru.
D -D/2 0 D/2 D




»,Powder averaging*, praskova spektra

| |I'| ‘ \ B=0° Pragkovy vzorek
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Dipolarni dekaplink - ruseni dipolarnich interakci

CW dekaplink

3 ) 13C NMR
Polykrystalicky systém M/M\\’wm

13CMASNMR /\

13C CP/MAS NM
+

dekaplink

60 55 50 45 40 35 30 25 20 15 ppm

A5)=Y s, fz”:ﬂ(fzcoswt +1, sinat)
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Dipolarni cw dekaplink - vykon a offset

CW dekaplink Vykon
akr [kHz] _linewidth [HZ]
100.0 87.2
89.1 921
79.4 94.8
70.7 96.8
63.0 100.1
rZSZ i i —rZSZ 56.1 103.4 T
50.0 106.2 100.69.179.1[!'7&.;?3.66.250.0
Iz offset
offset[Hz] linewidth [Hz]
6000 91.0
] (. 4000 67.1
‘ 2000 54.2
@ R 0 50.5
Iy -2000 60.7
B -4000 79.4
-6000 108.1 P S S i S

([,o) =, cosat + I, sinat

Jiné typy dipolarniho dekaplinku

Two Pulse Phase

Modulated Dekaplink
() ), 1), ), mm \ l

V gec = 150 kHz

‘ ‘ 7,= 2.9 ps, (7,= 3.2 s)

i

|
30 5 0 45 /s
Pulse duration: =T, -& &= 4.0-0.6 s, to be optimised!
phase step: ¢ = 15°, optimise, if nheeded!
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V gec = 150 kHz
XiX Dekaplink
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pulse length: 7,= x-1,, x=n, but x£n, ...
(recoupling at (n/4)1, ) to be optimised!
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Jiné typy dipolarniho dekaplinku - porovnani

C,-signal of glycine-2-13C, vy, = 150 kHz

TPPM (15°) ow XiX

MAS

10 kHz JL L
TPPM (15°)
MAS
30 kHz JL

Typicka ss-NMR spektra

) PE iPP
orthorombic
gauche-trans 2 0 © B¢ ]
all-trans conformation e g
conformation &
o& ! g CH,
amorphous CH,
monoclinic
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Typicka ss-NMR spektra

Elastin

amorphous

Simvastatin

=
2

Tt T T T T T T T T
150 100 50 ppm

Souhrn

Typy dipolarniho dekaplinku
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Dipolarni interakce

anizotropie chemického posunu

CSA - praskova spektra

-
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MAS - zahFivani vzorku




