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Research progress of phonon-driven negative thermal expansion materials
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Abstract : Negative thermal expansion ( NTE) materials, which are opposite to positive thermal expansion materials, have significant
application value in aerospace, microelectronics, precision instruments and other fields. According to the current research status of NTE
materials, this paper takes phonon-driven negative thermal expansion materials as the research target, classifying them into two types:
optical and acoustic phonon-driven negative thermal expansion materials. Based on this, the working mechanisms of optical and acoustic
phonon-driven NTE materials are clarified. The research progress of optical and acoustic phonon-driven NTE materials is reviewed. The
reasons for the differences in thermal contraction capabilities between optical and acoustic phonon-driven NTE materials are analyzed, and
the future development direction of NTE materials is prospected.
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Fig. 1 Optical phonon vibration mode diagram
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Fig. 2 Acoustic phonon vibration mode diagram''®
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Fig. 6 (a) The changes of lattice parameters and negative thermal expansion coefficient of CaZrF with temperature
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(b) diagram of vibration comparison between CaZrF, and ScF,!*’
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Fig.7 Schematic diagram of vibration modes of double atoms bridge linking structure
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Fig. 8 (a) The changes of unit cell volume and negative thermal expansion coefficient with temperature ;

(b) diagram of transverse vibration modes "’
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(a) Diagram of the crystal structures of IRMOF-10, —16; (b) the changes of negative thermal
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expansion coefficient of IRMOF-10, —16 with temperature ™"

2.2 FEEETFIREE GHGE MR R

B T bR TR R AR IR A R R B
SECE AR ARG, DT 2200 2 Bh T B K AT
FH P 275 32 AUk 3 BUR T SRR ), (15 R+
e 2R AT, 20 RERS PR AR, X AL
BB Bk KRR E e A ok
FEMREE

2021 4F, Wang % X} 8 U2 £ ( B-CuSCN) #Y
TIIZKAT RIS, AR X TR AT 5 52
R, TE 353~653 K I I, B-CuSCN & A= 1 #4

K et AR HE AR = (1/0) x(0l/0T) ,,, Horh
I FmmRe EH7 10 (i= ab.c fl) 315 HF
ARIEIK R 0, == 1. 17x107° K™, — 2RI SE
0 RS B KRB R 55, #E57 T B-CuSCN B 4544
B AN 11 (a) Frn, X587 & B, B-CuSCN &
55 S-C-N-Cu J& V88 J5 I DL Cu-S HEZ 45m
B, o S-C-N-Cu TEIZ A5 Y ¢ Bl )7 1a) b 88 £f ok
180°, ™A% YR 4 . BT, 38 2 434 5256
AR S OGS & B, 7 22 em™ MR AL, fT A R
FHATHNA IR BN, MTE 24 em™ F1 21 em™ SRAL, fiF

11 (a) B-CuSCN HUSALEHIRER; (b) A TR R Z R

Fig. 11

(a) Diagram of the crystal structure of B-CuSCN; (b) diagram of acoustic phonon modes
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Fig. 14 (a) The variation of lattice parameter of single layer hexagonal boron nitride with temperature ;
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