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Zr(WMo),_,»,V,Oq »: Synthesis, Structure and Properties of Thermal
Contracting Solid Solutions Substituted by Multi-elements with
Different Valences in ZrW,0; Type Structure
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Abstract: The tetragonal precursors, Zr(WMo),_,V,0,_»(OH),-2H,0 (x=0.04, 0.08, 0.10, 0.14, 0.20, 0.22, 0.26,
0.32) were synthesized by acidic steam hydrothermal (ASH) method, and then the cubic Zr (WMo),_,V,Os.n (x=
0.04, 0.08, 0.10, 0.14, 0.20, 0.22) was prepared from the precursors by high-temperature dehydration and phase
transition method. The cubic Zr(WMo),_»V,Os_» possesses the space group Pa3 and the average crystal structures
are described stoichiometrically as the superposition of ZrV,0; and B-ZrWMoOg structures with a limited solubility of
ZrV,0; of 11mol% in cubic ZrWMoOg. The cubic Zr(WMo),_,V, 05, also possesses thermal contraction property at
the temperature range of 200~573 K and the linear thermal expansion coefficients are almost the same in the

above temperature range. The phase transition temperature for Zr(WMo),_,V,0g., is lower than 200 K.
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Table 1 Lattice parameters of Zr(WMo),_,V.0._»(OH),-2H,0
x 0 0.04 0.08 0.14 0.20 0.22 0.26 0.32
a/ pm 1 143.51(8) 1 143.35(8) 1 143.24(8) 1 143.02(5) 1 143.30(6) 1 142.91(8) 1 142.79(8) 1 142.91(10)
¢/ pm 1247.17(11)  1247.33(12)  1247.45(11)  1247.75(7) 1246.81(11) 1247.60(12) 1247.71(12) 1 247.22(12)
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Table 2 Structure parameters of 3-Zr(WMo)yeV o079

Atom Occupancy xla ylb zle Uy, / nm®
Zr 1.0 0.000 00 0.000 00 0.000 00 0.006 5(5)
M1 0.45 0.336 59(19) 0.336 59(19) 0.336 59(19) 0.010 1(8)
M2 0.45 0.605 76(14) 0.605 76(14) 0.605 76(14) 0.002 1(8)
\4 0.1 0.605 76(14) 0.605 76(14) 0.605 76(14) 0.002 1(8)
01 1.0 0.209 2(6) 0.424 5(7) 0.449 1(6) 0.031 6(27)
03 1.0 0.5 0.5 0.5 0.033(4)
04 0.45 0.238 2(16) 0.238 2(16) 0.238 2(16) 0.002 0(5)

M shows the site occupied by W and Mo statistically.

R 3 B-Zr(WMo)ys V079 1 B-ZrWMoO 1) B 43 S K FN 48 f
Table 3 Selected bond length (pm) and bond angles (°) of 8-Zr(WMo)ys V20079 and B8-ZrWMoO4*"!

Bond length / pm

Bond angle / (°)

B-Zr(WMo)oo V0200790 B-ZrWMoOg B-Zr(WMo)os V0200790 B-ZrWMoOs
M1-01 174.4(5) 175.36 01-M1-01 115.28(20) 115.528
M2-01 178.1(5) 179.89 01-M1-04 102.73(27) 102.389
M2-03 166.99(22) 163.69 01-M2-01 111.67(22) 111.091
M1-04 155.4(25) 167.02 01-M2-03 107.17(25) 107.798
Zr-01 208.0(5) 207.14 01-Zr-01 88.55(22) 88.447
01-Zr-01 91.45(22) 91.553
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Table 4 Distortion parameters in MO, tetrahedron of 3-Zr(WMo),% V2079 and B-ZrWMoQOy

b -ZI‘(WM())(an(mO7.w

b-ZrWMoOy

M10, M20, M104 M20,
Distortion index (bond length)* / D 0.0420 0.0238 0.0180 0.0345
Bond angle variance** / o 41.975 7.4233 44717 3.980

-

1
BRI

- . 1
coordinating atom, and [, is the average bond length; **u‘eﬁ

angle, and @, is the ideal bond angle for a regular polyhedron.
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, where n is the coordination number of the central atoms, /; is the distance from the central atom to the ith

m )
2 (¢,—¢,) » where m is the number of bond angles, ¢; is the ith bond
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Fig.7 Lattice parameters in B-Zr(WMo),_,»V,Os.» solid
solutions (pm) as a function of V(V) substitution
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