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Figurel The sturcture of adiabatic calorimeter. A, high vacuum valve;
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chamber; F, outer adiabatic shield; G, inner adiabatic shield; H, sample
cell; 1, thermometer and thermocouples
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Figure 2 (Color online) The specific heat measurement process based
on the adiabatic pulse method
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L ow temperature calorimetry and its application in material
resear ch

SHI Quan, TAN ZhiCheng & YIN Nan

Thermochemistry Laboratory, Liaoning Province Key Laboratory of Thermochemistry for Energy and Materials, Dalian National Laboratory for
Clean Energy, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China

Low temperature calorimetry is an experimental method of specific-heat measurement of condensed matters, and the
specific heat is one of the most important and fundamental thermodynamic properties. There are mainly four methods of
specific heat measurement, including adiabatic, relaxation, AC and continuing heating calorimetry. The adiabatic
calorimetry is the most accurate and reliable in the specific heat measurement, since it is a static method that the sample
can reach a therma equilibrium during the measurement. However, there is no commercia adiabatic calorimeter yet
because of complicated instrumentation, time consuming experimental procedures, and large sample amount
requirements. The other three are dynamic specific heat measurement method, in which the sample is measured in a
heating manner, and consequently a good thermal conductivity is required for a sample to obtain a reliable measurement.
The specific heat is a bulk property of substance, and it can provide an average measure of the thermal properties of a
sample. It is well known that the condensed states of matters are mainly controlled by the molecular motions,
intermolecular interactions, and interplay among molecular structures. The physical property reflected in a material may
be closely related to the energy changes in these three factors, which can be directly observed in a specific heat curve.
Therefore, specific-heat measurements have been used not only to obtain entropy, enthalpy and Gibbs free energy, but
also to investigate and understand lattice vibrations, metals, superconductivity, electronic and nuclear magnetism, dilute
magnetic systems and structura transitions.

In this paper, we have presented the concept and cal orimetric methods of specific heat, and presented the application
of low temperature calorimetry in the related field of materia research, such as nanomaterials, magnetic materials,
ferroelectric materials, phase change materials and bio-systems. Based on these aspects, it can be seen that the low
temperature calorimetry play a crucia role in understanding the macroscopic property of materials closely related to the
microscopic energy schemes of molecular freedom degreesin a thermodynamic view.

low temperature calorimetry, specific heat, thermodynamic functions, materials
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