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Negative thermal expansion (NTE) materials
contract with increases in temperature. However,
existing NTE materials are limited by tunability
of the NTE and compatibility with PTE matrix.
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Thermal expansion in materials can result in
materials fracturing. Understanding the
structure-property relationship of NTE MOFs
can allow us to tune and apply these MOFs in
materials to compensate for positive thermal
expansion (PTE) and reduce strain leading to
fracture.

The structure-property relationship is explored by varying 2D ligands,
pillar ligands, metals, and topology.

The NTE coefficient is determined using X-Ray Diffraction (XRD). Lattice 
parameters are calculated from the diffraction patterns, which can be used 
to find the coefficient of thermal expansion.

Metal-organic frameworks (MOFs) are crystalline, nanoporous materials
with exceptionally high surface areas and chemically tunable structures.

Various MOFs have been
synthesized. Before measuring
XRD, the MOFs are activated by
removing any guest molecules
from the pores, and BET
(Brunauer–Emmett–Teller)
surface areas are determined by
nitrogen adsorption/desorption.
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The next step is to collect XRD patterns for each variation over a
temperature range and determine the thermal expansion coefficient.

Isotherm for IRMOF-1.
BET Surface Area: ~3460 cm3/g

Based on the proposed mechanism for NTE, the thermal expansion can be
tuned by changing the ligand functionality. Ligands with high steric
hindrance are expected to have PTE while those with low steric hindrance
would have NTE.
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