
1

Structure of multicomponent 
polymer systems:

1H-1H correlation experiments and spin diffusion

((33))

2D 1H-1H CRAMPS
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Transfer of magnetization through 
bonding electrons
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L:ecture on Summer School, Basko Polje, Yugoslavi, 1971

Twodimensional NMR, COSY

Aue W.P., Bartholdi E., Ernst R.R.
2D Spectroscopy. Application to NMR, J. Chem. Phys. (1976); 64: 229.

2D correlation experiments in solid state – 1985

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

Morphology of polymer blends
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Relayed coherence transfer
1H-1H correlation of chemical shifts
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2D 1H MAS NMR pulse sequence

1H-1H spin exchange (diffusion)
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Relations of spin-diffusion coefficients and segmen tal dynamics: 

Spin diffusion:

Size of dispersed component A 
in matrix B :
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Relations of spin-diffusion coefficients and segmen tal dynamics: 

Spin diffusion:

Size of dispersed component A 
in matrix B :

1H-1H spin exchange (diffusion)
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2D 1H MAS NMR pulse sequence
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Solid-state NMR – 2D spin-diffusion experiments

A general two-component system in 1D spectra

A general two-component system in 2D 
spectra

Spatially separated Well mixed
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2D 1H MAS NMR pulse sequence
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Brus J. et al., 
Order and mobility in polycarbonate-poly(ethylene oxide) 
blends, Macromolecules (2000); 33: 6448.
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1H spin diffusion
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Polymer blends

Polycarbonate – Polyethyleneoxide (PC-PEO)

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

Polymer networks

Complex epoxy-siloxane networks
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Self-organization, structure, dynamic properties, and surface morphology of silica/epoxy films as 
seen by solid-state NMR, SAXS, and AFM , Macromolecules (2004); 37: 1346.
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Nano-heterogeneous polymer networks
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Surface hydroxyls on amorphous silica

0 1 2 3 4 5
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

d
n-HB

 = 0.70 nm     
d

s-HB
 = 0.71 nm       

d
i
 = 0.03 nm     

d
w-HB

 = 2.20 nm     
d

s-HB
 = 0.66 nm       

d
i
 = 0.0 nm     

d
n-HB

 = 0.45 nm    
d

w-HB
 = 0.60 nm       

d
i
 = 0.0 nm     

TE-D
2
O  

I/I
0

t1/2, ms1/2

Mixing period

In
te

ns
ity
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w-HB OH   1.5-2.0 nm
s-HB OH < 1.0 nm
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Velikost klastrů:

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

4.81 ppm
0.195 nm

2.98 ppm
0.216 nm5.95 ppm

0.186 nm

5.14 ppm
0.191 nm

1.07 
ppm

4.81 ppm
0.195 nm

2.98 ppm
0.216 nm5.95 ppm

0.186 nm

5.14 ppm
0.191 nm

1.07 
ppm

Siloxane network
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Surface hydroxyls on amorphous silica

Modified siloxane
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Evolution of correlation 
signals

Structure and dynamics in polymer nanocomposites

POSS-reinforced DGEBA-epoxy networks
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Brus J, Urbanova M, Strachota A, Macromolecules 41  (2), 372-386   (2008). 
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Structure and dynamics in polymer nanocomposites

Structural variability of the networks …

 

PPO
chain

POSS
unit

… and idealized structure

Brus J, Urbanova M, Strachota A, Macromolecules 41  (2), 372-386   (2008). 
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Segmental dynamics in nanocomposites

Global architecture of polymer networks2D experiments  and spin diffusion

Miscibility of polymer blends Morphology of copolymers

diagonal

A

b+a

a+b

B

diagonal

A

b+a

a+b

A

b+a

a+b

B

0.1

1

10

0.01 0.1 1 10
q , nm-1

I


