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OverviewOverview

• Negative thermal expansion (NTE)

• EXAFS and local dynamics

• EXAFS studies of NTE materials



 Thermal expansion in 2-atomic systems
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 “Global” approach to NTE

Born - von Karman power expansion
with respect to atomic displacements
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EXAFS & diffraction: MSRDs

Bragg diffraction: MSDs of single atoms

Fornasini et al., Phys. Rev. B 70, 174301 (2004)
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  NTE structures studied by EXAFS (a)
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 NTE structures studied by EXAFS (b)
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 Bond expansion
 in zincblende structures
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 MSRD: zincblende structure
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 Cu-O bond expansion
 in delafossite structures
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 Cu-O MSRD in delafossite structures

 

 

NTE strength increases
Force constants k|| and k⊥ decrease
Anisotropy k||/ k⊥ increases
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 Bond expansion
 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

 

Thermal expansion due to asymmetry
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 Local dynamical properties of NTE materials

zincblende cuprite
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ConclusionsConclusions

 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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