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ABSTRACT

Iv

Two mo]ybdateS'MIV(Moo4)2 (with M*" = Hf or Zr) were synthesized by solid state
IV

reaction between M 02 and M003. Zirconium molybdate undergoes a reversible
phase transition at 952K.

Hf(MoO4)2 and H.T. Zr(MoO4)2, obtained as single crystal, are trigonal, space
group P3lc with Z=6 ; the cell dimensions are respectively a = 10.1005(3),

c = 11.7230(5)A 5 V = 1035.76(11)A° ; D _(298K) = 4.78(4), D, = 4.792 Mg m3
and a = 10.1409(3), ¢ = 11.7097(5)A ; V = 1042.88(11)A° ; b, (298K) = 3.91(4),
D, = 3.926 Mg m3.

L.T. Zr(MoO4)2, indexed by Visser automatic indexation program (1969) was found
monoclinic, possible space group P2, P2; or Pm with Z=4 ; the cell dimensions

are a = 9.7557(5), b = 7.9373(5), ¢ = 7.4631(4)A, B = 97.959°(5) ; V = 572.3(5)A°
Dm(298K) = 4,74(5), Dx = 4.770 Mg m-3. Powder diffraction data were obtained

at 293K on a counter diffractometer with Ni-filtered copper radiation
(X = 1.5418 A).



INTRODUCTION

The two molybdates Hf(MoO4)2 and Zr(MoO4)2, synthesized by several
authors,were found to be isotypic. However, in the structure of

Hf(M004)2, reported by Rimsky, Thoret and Freundlich (1968) the bond
distances do not match the atomic coordinates and a twelvefold coordi-
nation for HfIV is most unlikely. Therefore, it commands a redetermination
of the compound structure which is at the present time in progress.

Furthermore, when Zr(MoO4)2 was synthesized, we evidenced a lTow temperature
polymorph of this compound, which has been characterized by X-ray diffrac-
tometry and vibrational spectroscopy.

This work presents the crystal chemistry of the 2 compounds Hf(MoO4)2

and Zr(MoO4)2 (H.T. and L.T. forms).

ORIGIN OF SPECIMENS

The powder samples were obtained by solid state reaction. The initial
oxides MIVO2 and M003, well mixed in stoichiometric amounts, were heated

in platinum crucibles.

Single crystals of Hf(MoO4)2 and H.T. Zr‘(M004)2 were prepared by heating

some of the powder sample (MO2 : 2M003) with a very large excess of M003.
The mixture was quenched after 3 hours at 1123K.

The low temperature form of Zr(MoO4)2 is obtained, either by direct
synthesis at 873k, or by tempering the H.T. form at the same temperature.

The low to high temperature phase transition was investigated by DTA, it
appeared as an endothermic peak at 952k for a heating rate of 60°/hr.
The reverse transition to the low temperature form could not be observed

by DTA. This transition is of the reconstructive type since H.T. Zr(M004)2
crystals reduce to powder.



No low temperature form was obtained for the isomorphous compound
Hf(Mo0,),. However, solid solutions Zrl_fox(M004)2 can be converted
into the low temperature form at least for x < 0.4. Their study by DTA
shows that the transition temperature decreases with increasing values s
of x : 952K for x = 0 to 913K for x = 0.4.

CRYSTAL GEOMETRY

Hf(MoO4)2 and H.T. Zr(MoO4)2 single crystals appear as colourless hexa-
gonal based prisms flattened along [001]. Distances along a, b and ¢
axes were roughly 0.30; 0.40 and 0.07 mm.

Precession photographs indicated Laue symmetry 3m and existence conditions
(hh2h1 for 1 = 2n) were consistent with space group P3lc.

Pycnometric densities were measured in toluene (D = 0.867).

POWDER DATA

Experimental conditions, identical for the three forms are presented in

Table 4. Hf(M004)2, HEVT. Zr(M004)2 and L.T. Zr(MoO4)2 powder patterns are
given in Tables 5,6 and 7 respectively.

Hf(MoO4)2 and H.T. Zr(MoO4)2 were inddxed by Freundlich & Thoret (1967)
and Trunov & Kovba (1967), but some indices are questionable.

The low temperature form of Zr‘(M004)2 was indexed by Visser (1969) automa-
tic indexation program, it leads to a monoclinic cell ; the figure of
merit is good and all the observed diffraction lines, down to d = 1.56 R,
are indexed. Coincidence of some frequencies in the IR and Raman spectra

leads to a non centrosymmetric space group. Consequently, the possible
space groups are P2, P2, and Pm.

No isotypic compound was found for L.T. Zr(MoO4)2 in the JCPDS data file.
Its IR spectrum, very similar to the MoO5 one with the strongest band at

612 cm—l, suggests the presence of MoO6 octahedra.
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Table 1. Unit-cell data of Hf(MoO4)2

Method of cell detn. : X-ray diffraction study of single crystal

Cell refinement method : Least-squares. See Williams(1964)

Cell dimensions . a = 10.1005(3)A ; c = 11.7230(5)A 5 V = 1035.8(1)A°
Formula weight ;M = 498.37 ; 7=6 ; D =4.78(4)Mg m3, D,=4.792 Mg m™>
Crystal system : Trigonal

Space group : P31c [163]

Figure of merit : Fy- See Smith & Synder‘(1979).F30 = 36(0.008,102).

Table 2. Unit-cell data of H.T. Zr(MoO4)2

Method of cell detn. : X-ray diffraction study of single crystal

Cell refinement method : Least-squares. See Williams(1964)

Cell dimensions . a = 10.1409(3)A 5 ¢ = 11.7097(5)A 5 ¥ = 1042.9(1)A°
Formula weight : Mr =411.10 ; Z=6 ; Dm=3.91(4)Mg m’3,DX=3.926 Mg m-3
Crystal system : Trigonal

Space group : P31c [163]

Figure of merit : Fye See Smith & Snyder(1979).F30 = 44(0.006,114).



Table 3. Unit cell data of L.T. Zr(MoO4)2

Method of cell detn.

Cell refinement method

Cell dimensions

Formula weight
Crystal system
Space group

Figure of merit

¢ a

|

: X-ray diffraction study of powder specimen and automatic

indexation program. See Visser (1969).

: Least-squares. See Williams(1964)

9.7557(5)A ;3 b = 7.9373(5)A ; c = 7.4631(4)A ;
97.959(5) 3 V = 572.3(5)A°
411.10 ; Z=4 ; D =4.74(5) Mg m"

1}

B

3 3

, D,=4.770 Mg m

: Monoclinic

sup2as3e, P2, 4] ‘or Pm [6]
2k

N- See Smith & Snyder(1979).F30 = 49(0.005,113).
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Table 4

Radiation type, source

X value used

A discriminator

A detector

Instrument description
Divergence angle
Receiving-s1id width

Soller slits

Instrumental profile breadth
Temperature

Specimen form

Particle size

Range of 26

Specimen motion

Internal 26 standard

26 error correction procedure
Intensity mesuring technique

. X-ray powder technique

: X-rays, Cu

: 1.5418 R (ka)

: Diffracted beam, Ni filter

: Proportional counter (Xe)

. 17 cm vertical diffractometer Philips PW1050/25
H]i2

: 0.1 mm

. 2 sets (in inc. and diff. beam), aperture q = 1.8
: 0.15° (26)

: 20°C

. Vertically packed powder into a diffractometer holde:
: < 10um

: From 4° to 60° minimum

: None

. Si (ao = 5.43075 R)

: Linear interpolation from nearest 28's of standard
: Graphic registration, peak heights (error 3%)
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Table 5

. X-ray diffraction data of Hf(MoO

4)2

fgzggées) I/Io (§§p h k1 A20= 20,0 - 29,1c.
(degrees)
15.12 5.86 002 0.005
17.56 5.05 110 - 0.001
21.72 4.09 201 0.033
23.26 100 3.824 | 112 0.012
24.96 1 3.567 | 103 0.004
28.04 1 3.182 | 211 - 0.001
30.65 36 2.917 [ 300 - 0.011
34.34 2 2.611 | 302 - 0.010
35.4Q 22 2.536 | 114 - 0.010
38.83 il 2.319 | 222 - 0.001
39.81 1 2.264 [ 105 0.007
43.93 1 2.061 | 313 0.003
46 .50 2 1.953 | 006 0.023
47.54 el o [1° = 4 0L
215 - 0.002
50.01 5 1.8222 | 116 0.
50.23 16 1.8148 | 41 2 0.007
54.46 5 1.6834 | 330 0.002
55.85 1 1.6447 | 107 0.004
56.64 8 1.6236 | 306 - 0.020
34 14 0.005
57.58 8 1.5994
405 - 0.006
59.80 1 1.5452 | 2 2 6 0.004
62.08 1 1.4938 | 217 0.009
63.44 1 1.4650 | 0 0 8 0.018
(6 00 0.004
63.79 5 1.4578 %5 13 06
65.98 i 1.4146 | 6 0 2 0.009
66.36 2 1.4074 |11 8 - 0.006
67.96 1 1.3781 |31 7 0.017
60 3 - 0.014
68.67 2 1.3656 34 16 0.001
68.86 5 1.3623 |5 2 2 - 0.010

(see following sheet)



Table 5. (continued)
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Table 6

. X-ray diffraction data

of HLT, Zr‘(MoO4)2

20xp. 1/, Aoy h k1 apelaReer L =28 4ot
(degrees) 9 (k) (degrees)
15.14 2 5.85 002 0.008
21.62 1 4.11 2H0RT 0.007
23.20 100 3.834 Ll 7 - 0.006
24.96 1 3.567 103 - 0.004
27.94 1 3.193 2 101 0.003
300 0.014
30.55 41 2.926 %0 04 0.014
220 0.005
35.41 19 2.535 31 14 0.005
38.70 10 2.327 2.9 2 - 0.003
313 0.001
43.81 1 2.066 %2 o 5. ot
45.69 1 1.9856 | 321 0.0
46.53 1 1.9517 | 006 - 0.002
410 - 0.008
47.53 14 1.9168 3 gy Eires
41 2 - 0.005
50.03 23 1.8215 % e o
54.24 7 1.6897 | 330 0.016
\ 306 0.018
56.65 9 1.6234 % s e
50 3 0.004
57 .49 8 1.6016 3 405 0.004
63.50 8 1.4638 | 6 00 - 0.002
31 18 - 0.001
66.42 2 1.4063 )z 5 o = o
35 2 2 - 0.008
68.56 8 1.3675 {1416 0 008
36 04 0.001
72.08 1 1.3092 )39 8 0.001
3oy - 0.001
73.52 1 1.2870 31 09 - 0.001
74.15 2 1.2777 | 336 - 0.001
440 - 0.008
74.83 5 1.2677 |{5 2 4 - 0.008
%2 28 - 0.008




Table 7 . X-Ray diffraction data of L.T. Zr(MoO4~)2

ZGexp. I/I d Xp h k1 A20 = 2@ =12@exp. - ZGC31C-
{degrees) P (i) (degrees)
14 .44 55 6.13 110 - 0.002
16.38 v 5.41 011 - 0.007
18.38 13 4.83 200 0.015
22.40 12 3.969 020 - 0.001
24 .08 8 3.696 002 - 0.001
25.94 35 3.435 211 - 0.003
26.53 15 3.360 101 - 0.006
27 .06 8 3.295 1512 0.008

{300 0.002
27.70 4 3.220 |11 51 0.005
28.29 47 3.155 202 - 0.010
29.11 100 3.067 220 - 0.010
29.95 13 2.983 310 ©0.009
32.48 10 2.756 202 0.003
33.11 32 2.705 022 - 0.012
222 0.018
36.37 6 2.470 103 0.008
36.68 2.450 321 0.003
37.22 2.416 400 - 0.004
38.25 283593 0Fls.3 0.001
38.98 13 2.311 410 0.004
41.74 i 2.164 402 - 0.004
42 .50 9 2.127 411 - 0.005
44 31 3 2.044 330 0.003
45.03 14 2.013 213 0.0
45.72 7 1.9844 040 - 0.002
47 .88 29 1.8998 4272 - 0.002
48.78 7 1.8668 141 0.007
49.02 9 1.8583 403 - 0.001
49 .31 7 1.8480 004 - 0.006
50.26 4 1.8137 114 0.003
51.50 3 1.7730 Suie? 0.001
53.00 8 1.7263 332 - 0.015

T e

(see following sheet)
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Tabﬁe 7. (continued)
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