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Overview

e Negative thermal expansion (NTE)

e EXAFS and local dynamics

e EXAFS studies of NTE materials




Thermal expansion in 2-atomic systems
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Thermal expansion in many-atomic systems
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NTE in tetrahedral semiconductors i oSt
Thermal expansion coefficient
06 —7rIir r r . r r . - 1 r 1, T T : | : : : : :
- Germanium ! : 4 [ ]
0.4 | _ i o °
I ; ] I «0°
o0
g L ) i .----.-‘- ----------- ®----- -
- 02 L / 4 o
X I s ] °
IO ’ _
= 0 °
______ .ﬁ___________/___________________ |
© .~o..o ° °
[ ) .
0.2 L i
: CuCl
-04 I I I I -10 I I , I , I , I
0 20 40 60 80 0 20 40 60 80 100 120
T(K) T(K)

Barron, Birch, White - J. Phys. C 10, 1617 (1977)




Paolo
Fornasini
Univ. Trento

NTE in framework structures

| \ Cuprite structure
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“Global” approach to NTE
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“Local” approach to NTE

Anharmonicity of effective pair potential V(r)

@ o0 Bond-stretching effect

Tension effect
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Bond distances

Bragg diffraction, dilatometry R = ‘<Fl9> - <’7;l>
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Bragg diffraction: MSDs of single atoms
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NTE structures studied by EXAFS (a)

Zincblende Cuprite
Ge, CdTe, CuCl Cu,O, Ag,O
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NTE structures studied by EXAFS (b)

Zincblende Cuprite Delafossite
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Thermal expansion coefficient

Bond expansion
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MSRD: zincblende structure Au’
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Cu-O bond expansion
In delafossite structures
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Cu-O MSRD in delafossite structures 0 %
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Bond expansion

Expansion (A)

In cuprite structures
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M-O MSRDs
In cuprite structures
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EXAFS and NTE
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Bond expansion and asymmetry
of the effective potential
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EXAFS thermal expansion
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Effective potential
dependent on temperature
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Local dynamical properties of NTE materials
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Conclusions

» The NN bond always undergoes positive expansion (PTE).

» For iso-structural crystals, the stronger is the lattice NTE,
the stronger are the bond PTE and the perpendicular
MSRD.

» A correlation can be established between MSRD anisotropy
and NTE strength.

> EXAFS measurements substantiate the local model based

on the competition between stretching and tension effects.

» Bond stretching is due to anharmonicity plus shift of the

effective pair potential.
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