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2D Spectroscopy. Application to NMR, J. Chem. Phys. (1976); 64: 229.
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2D korelacni NMR v pevné fazi - 1985

Morfologie polymernich smési

Caravatti P., Neuenschwander P., Erst R.R.
Characterization of Heterogeneous Polymer Blends by 2D 1H Spin Diffusion Spectroscopy,
Macromolecules. (1985); 18: 119.
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Multipulsni homodekaplink - 1968

;/ Efektivni precese pod “Magicka krychle”
magickym Uhlem
B

s

Kontinualni homodekaplink

FSLG dekaplink
' ; ! sl Mimorezonancni podminka AL G(O2) = wl/ﬁ
Yy e e 9 e Doba trvani jednoho pulsu r= (2771] 2
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Pak nasleduje zména faze _
a offsetu ALG(02) = _wl/ﬁ

T odpovida 2m rotaci kolem efektivniho pole.

'H . s [
oy, ¥
H » 3 » »
-0\2 +02
02=zxw/2 |ea] =18]
van Rossum BJ.; Foerster H.; De Groot HIM. e ;.,%.'., ) ab maé:, T

High-Field and High-Speed CP-MAS '3C NMR Heteronuclear Dipolar-Correlation Spectroscopy of Solids with
Frequency-Switched Lee-Goldburg Homonuclear Decoupling, J. Magn. Reson. 124, 516, (1997).




Kontinualni homodekaplink pri vysokych rotacich
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http://dx.doi.org/10.1016/j.cplett.2008.10.029

http://dx.doi.org/10.1016/j.jmr.2008.07.019

Kontinualni homodekaplink

Fazové modulovany
s \ Lee-Goldburglv experiment
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'H-'H Spinova vyména (difuse)

Vybér a prenos magnetizace
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Spinova difuze - koherentni prenos magnetizace

2D "H MAS NMR pulse sequence A general two-component system in 1D spectra
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A general two-component system in 2D
N spectra
Spatially separated Well mixed
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Only diagonal signals are detected -
no polarization transfer occurs

Weak off-diagonal signals are detected
- small portion of polarization was
transferred from A to B

Strong off-diagonal signals are detected
-polarization was completely
transferred from A to B




ss NMR - 2D spin-difuzni experimenty

Polymer blend
3 2D '"H MAS NMR pulse sequence
Polycarbonate - Polyethyleneoxide (PC-PEO)
BR24 s BR24
Mixing
54°  90° 90° 54°
PEO(CH,) . II IIII |lll1|
’ g ( n

Amorphous phase PEO-PC
intimately mixed

Amorphous PE-irside
PEO spherulites

Crystallites

T 0

)Shape and size is not
Brus J. et al., well-defined
Order and mobility in polycarbonate-poly(ethylene

oxide) blends, Macromolecules (2000); 33: 6448.

ss NMR - 2D spin-difuzni experimenty

Blokovy kopolymer
. 2D "H MAS NMR pul
Polyethyleneoxide-Polyethylene puse sequence
lixing
PEO-PE BR24 050ms  BR4
54°  90° 90°  54°
( ( 2n
Crystalline PE Crystalline PEO
6.5 nm 5.5nm
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process
/
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-
1.0-0.5 nm

.0+ T T T T T ] Amorphous interface
1%ms"

Brus J. et al.,
Potential and limitations of 2D H-1-H-1 spil hi CRAMPS experiments to
characterize structures of organic solids, MONATSHEFTE FUR CHEMIE (2002); 133: 1587.




ss NMR - 2D spin-difuzni experimenty

1 cames, uus, 300k, maze

Siloxanova sit’

Vyvoj intenzity korela €nich signal t

0.14 i
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, d,e =220 M I
0.12 d_,, =0.66 nm T T .
. d =0.0 nm
0.10
1o d ., =0.45nm
ﬁ 0.08-| d,.s =0.60 nm .
= " d'=0.0nm Velikost klastrd:
Q = )
b= 0.06 w-HB OH 1.5-2.0nm
= sHBOH <1.0 nm
0.04 n-HBOH 0.5-0.4nm
0.02
0.00

ss NMR - 2D spin-difuzni experimenty

Modifikovana
siloxanova sit’

P . o 10 T T T
o Vyvoj mtenz.lty Eo‘rela €énich - 2.10 nm 10 8 6 4 2 8/ppm
signal G 1.24 nm
.28 nm
derE =070 nm Velikost klast :
d,, =1.09nm W-HBOH ~2.0nm
d,=0.07 nm sHBOH ~1.0 nm
n-HB OH ? (izolované)

Me ~10 nm

d, =220 nm
d.,,=0.61nm
d

=0.08 nm




Méreni meziatomovych vzdalenosti
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Méreni meziatomovych vzdalenosti

TH NMR ZH NMR
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NH,* ND,*

4000 2000 0 2000 S/ppm

Diy [ 8vy,(NH;) [ 9(NHS) 1
Daf AVl/z(CHz) 6Q(CH2) 3

Spinova vyména je ovlivnéna segmentalnim
pohybem, rozsah ovlivnéni lze odhadnout z
kvadrupolovych interakéncih konstant.




Méreni meziatomovych vzdalenosti
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Mezimolekularni
vzdalenosti mohou byt
teoreticky ziskany z
vyvoje spinové difuse.
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NMR krystalografie - 2006...

XRD

Reutzel-Edens S. et al. Crystal Growth & Design 3, 897 (2003)

ss-NMR
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Elena B. et al. J. Am. Chem. Soc. (2006); 128, 9555.




NMR krystalografie - parametry krystalové bunky
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NMR krystalografie

Elena B. et al.

Solid-state 1H NMR crystallography, J. Am. Chem. Soc. (2005); 127(25), 9140.

Elena B. et al.
Molecular Structure Determination in Powders by NMR Crystallography from
Proton Spin Diffusion, J. Am. Chem. Soc. (2006); 128, 9555.
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ss NMR - 2D spin-difuzni experimenty

Slozita epoxy-siloxanova sit

2D "H MAS NMR
) spectrum
A\ £ N

ty Mixing Decoupling
90° FSLG eep  (TPPM) 0.8 ppm (H)
H: MWWM
]
i 3.5 ppm ('H)
Acquisition
13C: tZ 6
t,=800 ms
H
8 T T T T T
80 60 40 20 ppm
Brus J. etal.,

Self-organization, structure, dynamic properties, and surface morphology of s|I|ca/epoxy films as
seen by solid-state NMR, SAXS, and AFM , Macromolecules (2004); 37: 1346,

ss NMR - 2D spin-difuzni experimenty

Slozita epoxy-siloxanova sit
2D 'H MAS NMR

spectrum
W o ) \ P
% i ?; AT

t, Mixing Decoupling
90" FSLG tecp  TPPW)
H:

Acquisition
13C: .i tZ

Brus J. etal.,
Self-organization, structure, dynamic properties, and surface morphology of s|I|ca/epoxy films as
seen by solid-state NMR, SAXS, and AFM , Macromolecules (2004); 37: 1346,
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Stanoveni struktury - 'H-'H vzdalenost

Simvastatin
3D 'H-"H-3C CP/MAS NMR -
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2D 13C-13C korelace - 'H-"H spinova difuse
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2D 13C-13C korelace - 'H-'H spinova difuse
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Souhrn

Homodekaplink: BR24, FSLG, PMLG
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