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Phonon properties and structural phase transition of negative thermal expansion material,

ZrW,0g, were investigated from a thermodynamic point of view. Calorimetric investigation revealed

that the phase transition involved the correlated orientational disordering of WO4 units. In the

ZrW;,0g-based solid solutions, the substitution effects on the phase transition were classified into

two types. Spectrum analysis of heat capacity provided the phonon density of states of ZrW,Os

and HfW,Og, showing characteristic features of negative thermal expansion materials.
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Fig.1 Crystal structure of a-ZrW»Og and temperature
dependences of lattice parameters of ZrW,Og and
HfW,05.13 Solid circles and broken line in the

inset mean the terminal oxygen atoms and a [111]
direction of the unit cell, respectively.
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Fig.2 Heat capacities of ZrW,03!!-30 (circle) and

HfW;,0s3D (square). The inset shows excess heat
capacity of ZrW,0g.!D
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Fig.3 Phase transition temperatures of Zr(Hf)W,Os-

based solid solutions.23
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Fig.4 Normalized order-disorder phase transition

temperatures of Zr(Hf); - .M.W20g-, (M —Sc, In,

Y, Lu) plotted against their saturated order

parameters, 17;.2%
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Fig.5 Schematic drawing of the local region with
orientational disorder of WQ4.22
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Fig.6 Basic mechanism of negative thermal expansion
of ZrWzOg.

TFFO, ZrW,05 DEFIREN I RN 2 I A L F— 7 #
JVE=RDPFEL, TOyPATHAL T EERPITIRL
72D7H Ramirez & Kowach?® Th b, ST FEE, T
INABKETA a4 YBERCTHEIL, 74/
YOIRRERIE AT R AAED 5 2 LT, BOBERICHED S
74/ VE— KA meV BT A )V F — S AT
b EERRLIce WO ETHEC LD 7+ 2 YOIk
BB 5 D MEDOHIREZH/ TN L, TNHDE-TF
ZZ DT AN F— LAV h 5 LRI E & FEEHRE) L H
KT HHDEHEEND, ZrW,05 DR THETEDRB L L
T, ()& —MRETEOmWEE &, (i) TaEREED
22D 7L — AT — ZES ST O NS, SR TR
FT-OMFEE D720, Zr-0-W 7' v IV OBFHEF T3
FEGHh R 2 T ICIREN A 5 2 & CAE TR o fiE
WHEE D) B O % B L EZ HNTWS (Fig.6), =
DIRENHZ RO T AV F — Ot - FFDHRE) AT
5o

EH 5 TADORIEWE \IEEO 7 + ) VEEIZOWT
SO bR EELTD, ZrW,05 & HfW,08 DA &
(Fig.2) DWEZIT 57263030 ZrW,0g & HEW,0g 13551
R EDH, MTER, BRRESE TR S5, Tt
R A A v 0 IcHED LD TH L EEZOND, Zr
(m=91) LHf (m=178) DFETEILIZ2MIL H 57,
AF 0T 8 A FIUCIRIZRLETH Y, #T
Hf4+DJAVNE W (85 pm (HF*+)< 86 pm (Zr*+))o ZHL

hv | meV
0 5 100 150
L
. 11 &) El ™ 14
= P E2 . N2
= ) ! - 7
= '| '| ,\‘ L ”‘»/ —
< v ¢ﬂ RI | |
< ! _
8 Rl \\ I/r\\‘ 7
Q \\“ ‘,*’\\v/\,\\/ . R27
R A S AN
500 1000 1500
0/ K
Fig.7 Effective phonon densities of state of ZrW»0s.3!
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Fig.8 Comparison of the effective phonon densities of state3! (a, b) and Raman spectra’!) (c, d) between ZrW,Og

and HszOs.
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