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Mechanism Analysis and Frontier Research Progress of Thermochromic Materials

in Temperature Monitoring

PANG Zhiyuan, HE Mingnan*
(Engineering Physics Department of Tsinghua University, Beijing 100084, China)

Abstract: Thermochromic materials have demonstrated broad application prospects in the field of temperature
monitoring due to their high sensitivity to temperature changes and unique color response characteristics. These materials
intuitively reflect temperature changes through color variations, offering significant advantages such as rapid response, no
need for power supply, and visual monitoring. Based on their chemical properties, thermochromic materials can be
classified into organic material, inorganic material, and composites. Organic materials are characterized by a wide color-
changing temperature range and rich color variations, making them suitable for flexible displays and smart packaging.
Inorganic materials, with their excellent thermal and chemical stability, are widely used for high-temperature monitoring.
Composites combine the advantages of both organic and inorganic materials, possessing good processability and
designability. Their color-changing mechanisms include molecular structural changes, crystal phase transitions, electronic
state transitions, and dynamic equilibrium of chemical bonds. These microscopic mechanisms collectively endow the
materials with high sensitivity to temperature changes. Thermochromic materials have shown extensive application
potential in areas such as food packaging, medical health, smart windows, and industrial safety monitoring, providing
revolutionary solutions for temperature monitoring. Future research will focus on the development of new material
systems to enhance the sensitivity, stability, and response speed of the materials, further expanding their application field.
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of triphenylamine derivative under white light and 365 nm light
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