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Solid -state NMR spectroscopy
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Magic Angle Spinning (MAS)

Mechanical uniaxial rotation of a sample
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Increasing frequency of MAS

Solid state NMR spectra
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Solid state NMR spectroscopy

NMR — a probe to electronic surrounding of specifi C nucleus
High selectivity

Structure and dynamics (distances 0.1-0.7 nm)

Crystalline, microcrystalline and amorphous subst ances

Complementary to XRD
ﬂH-lH correlation spectrum\
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Solid state NMR spectra
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Solid state NMR spectra
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Solid state NMR spectra

Elastin Simvastatin

amorphous crystalline
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Two-dimensional spectroscopy

A two-component system

/1D 'H MAS NMR pulse sequence \
BR24

/1D 'H MAS NMR spectrum

Spatially separated with
distance larger than 5 A

L

1
/ 2D *H MAS NMR pulse sequence Both components

BR24 BR24 well mixed

Mixing

a b ppm

Only diagonal signals are
detected — no polarization
transfer occurs

A

a b ppm

Weak off-diagonal signals Strong off-diagonal signals are
are detected — small portion detected —polarization was
of polarlzatlon was completely transferred from A




Determination of the Domain Size

Polymer blend
Polycarbonate — Polyethyleneoxide (PC-PEO)

Cross-peak:
PEO-CH, % PC-CH,

-Fast process, nm Slow process, nm
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Determination of the Domain Size

Block copolymer \
Polyethyleneoxide-Polyethylene ~ 2D'H-'H CRAMPS
PEO-PE

ss-peak: PEO -CH, % PE-CH,

Doeuble-component
4
process

%
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Intensity

Siloxane network

Clustering of Surface Hydroxyls

(silica)
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Size of the clusters :

w-HB OH 1.5-2.0 nm
sS-HBOH <1.0 nm
n-HB OH 0.5-0.4 nm

Mixing time

v




Self-organization in Epoxy -Siloxanes
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Correlation signal: C (CH ,-O) x H (CH,-Si)

Self-organization in Epoxy -Siloxanes

Correlation signal: H (CH ;) x C (CH,-O)
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IH-X interatomic distance

At natural isotopic abundance information about int eratomic
distance can be derived from 1H-'H a 'H-13C dipolar couplings
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Refinement of position of hydrogen atoms

Measurement of 1H-1°N dipolar couplings

DFT optimized structure

Selective only for one-bond interaction

Suitable for measurement of N...H distances in hydro  gen
bonds
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3D structure: 1H-13C interatomic distance

Inhibitor of 3-hydroxy-3-methylglutaryl coenzym A (H MG-CoA) reductase
Cholesterol

Cholesteroi is a waxy

Simvastatin

4 slesteral (HOL) is stable and
carres “bad” cholastero! {LDL) away from
the arteries. "Bad® cholesterol (LDL) sticks
to artery walls and contributes 1o plague bulld-up.
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3D structure: 'H-1H interatomic distance

Simvastatin — 3D 1H-1H-133C CP/MAS NMR
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1H-13C dipolar couplings

(motional averaging)
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Amplitudes of segmental reorientations

D Semicrystalline system

2) a-form, g-form and amorphous
phase

8) Segmental dynamics in
amorphous phase

4) Phase-selective experiments
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Amplitudes of segmental reorientations

/ Crystalline a-form \ o ). ' / Crystalline y-form \
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Amplitudes of segmental reorientations
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Determination of
fractions of polymer
chains with variable
motional amplitudes.
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