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Single crystals of H,Te,Os have been prepared by hydrothermal synthesis. The space group is Pbn2, and
the cell dimensions are a= 8037, b=12-070, c=4-735 A, and Z =4. The structure was solved from three-
dimensional Patterson and electron density calculations and the structure parameters, excluding those
of the hydrogen atoms, were refined to an R value of 0-036 using 2480 independent refiexions. The
structure contains Te(VI)Os octahedra and four-coordinated Te(IV) units with Te(V1)-O and Te(IV)-O
bond distances in the ranges 1-864-1-952 A and 1-861-2-107 A, respectively. The Te(V1) octahedra are

NS
linked through corners to form chains, which are connected via -Te(IV)-O-Te(1V)-O- chains to form

infinite sheets. These sheets are held together by hydrogen bonds and van der Waals forces only, resulting
in cleavage planes in the crystals. The H,Te,Os structure is closely related to that of Te,Os, the three-
dimensional structure of which can be regarded as a condensation of H,Te,0 layers.

Introduction

Phases of composition Te,Os have been known for
some years to exist as microcrystalline powders (Ro-
sicky, Loub & Pavel, 1965; Moret & Maurin, 1968).
Recently, single crystals of Te,Os have been prepared
and the crystal structure determined by X-ray
methods (Lindqvist & Moret, 1973). The Te,0s single
crystals were obtained in a hydrothermal investiga-
tion of the TeO,-TeO;-H,0 system. In the same series
of experiments it was also possible to isolate a new
compound of composition H,Te,04 and to determine
the conditions required for the growth of single crystals.
Formally, H,Te,O, ought to be obtained by the reac-

tion of Te,Os with water, and the present investiga-
tion was undertaken to examine the structural rela-
tionship between Te,0s and H,Te,0,.

Experimental

The hydrothermal synthesis of crystals of H,Te,O4 and
the analysis of the compound have been described
elsewhere (Moret, 1972). Cell dimensions, as obtained
from measurements with a calibrated Siemens powder
diffractometer, and possible space groups have been
given previously (Moret & Lindqvist, 1972) and a
summary of the crystallographic data is given in
Table 1.
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Table 1. Crystallographic data for H,Te,O¢

Unit cell Orthorhombic with
8037 (5) A
12070 (5)
4-735 (5)

60-0 (0-5) A®

S

[ T [ T

INES

F.W.
Density

[=2)
[ve}

=51gem™?

=5107 gcm™?

0kl when k=2n+1

hO! when h+1=2n+1

Pb”21

Aa): x,y,2; 3 +x,3—y,5+2;
f’};»)i—*_z; Ji_xv%—*_yyz
Colourless, rod-shaped with
cleavage along (010).

1304 cm ™1,

PR RNTO &

Systematic absences

Space group
General point positions

Crystal habit

u(Mo Ka)

A crystal of the dimensions given in Table 2 was
mounted along the ¢ axis on a Philips PAILRED dif-
fractometer. Using graphite monochromated, Mo
Ko radiation, the intensities of the hk0-hk9 re-
flexions (4, k >0) with sin 8/4 up to approximately 1-5
were measured. The w-scan technique with a scan speed
of 2-5° per min was used and the background was
measured for 40 sec at both ends of the scan interval.

Table 2. Limiting surfaces of the crystal used for data
collection and distances to these surfaces from an
internal origin

=

4 d (mm)
0 0-016
0 0-016
0 0-050
0
0
1

—1

0-044
0-048
0-125
0125

[
OO

OCOm=—=O O

Crystal volume: 8:13 x 1072 mm?.

Counting statistics and Lp corrections were cal-
culated with the program DATAPI, written by O.
Lindgren, Géteborg. 223 reflexions with I/a(I)<2-5
were regarded as unobserved, and the number of in-
dependent reflexions to be used in the calculations was
2480.

The intensity data were corrected for absorption
effects using the program DATAP2 (Coppens, Leise-
rowitz & Rabinovich, 1965), the crystal being divided
into a 6 x 6 x 8 Gaussian grid. The transmission ratios
varied from 0-28 to 0-66.

Structure determination and refinement

Using those reflexions with sin §/A<06, a three-
dimensional Patterson summation was performed. The
most prominent peaks showed that the structure is
acentric, and the tellurium atoms were found to occupy

AC29B-3

957

two positions 4(a) in space group Pbn2, (cf. Table 1).
The oxygen atoms were located after two successive
difference electron density calculations. The Fourier
summations were performed with the fast Fourier
transform program, FFT, originally written by G.
Sande (Gentleman & Sande, 1966), expanded to three-
dimensional crystallographic problems by Ten Eyck
(1973).

The initial least-squares refinement of the structure
was based on the low-order reflexions only, the block-
diagonal approximation program BLOCK, written by
O. Lindgren, being used. The final isotropic and the
anisotropic refinement were based on all observed
reflexions, and were carried out with the program
LINUS (Busing, Martin & Levy, 1962; Coppens &
Hamilton, 1970). The last isotropic cycles also included
the variation of separate scale factors for the ten layer
lines and a secondary isotropic extinction parameter,
g (Coppens & Hamilton, 1970). The F, scale factors
for the hk0 and hkl layers deviated significantly from
the others by —7 %, as a result of a necessary replace-
ment of the X-ray tube after the collection of these two
zones, while the others were the same within +1%.
The R value in the isotropic refinement converged to
0-040 and the corresponding B values are given in
Table 3.

In the final cycles of refinement, anisotropic temper-
ature factors for all atoms were introduced, the inter-
layer scale factors being kept constant. The R value
converged to 0-036, and the resulting parameters are
given in Table 3. The observed and calculated structure
factors are compared in Table 4. Weights for each
reflexion were calculated according to a modification
of Cruickshank’s (1970) formula, w=(a+F,+c . F2+
d. F¥)™1 with a=100-0, ¢c=0-005 and d=0-0008. The
corresponding weight analysis is given in Table 5.
Scattering factors due to Cromer & Waber (1965) were
used for Te and those given by Doyle & Turner (1968)
for O. The tellurium contribution to the calculated
structure factors was corrected for anomalous disper-
sioni (Cromer, 1965).

Interatomic distances and angles were calculated
with program DISTAN, written by A. Zalkin, Berke-
ley, California, and are given in Tables 6 and 7.

Table 3. Final atomic parameters
Positional parameters are expressed as fractions of the cell
edges, and the anisotropic temperature factor is of the form
exXp [— 27'[2(/12(1*2(]” + klb*l Uzz +12C*2 U_)3
+ 2hka*b* Uy, + 2hla*c* Uys + 2kib*c* Uys) x 1074] .

x y z B(AY
Te(VD) 0-03361 (4) 010960 (2) O 0-447 (5)
Te(1V) 0-14154 (4) 0-44092 (2) 0-13714 (11) 0-555 (5)
o(1) 0-2346 (5) 0:0765 (4) 0-1975 (11) 0-67 (4)
0o2) 0-0899 (6) 0-9847 (4) 0-7609 (11)  0-74 (5)
0(3) 0-1661 (7) 0-2066 (4) 0-7765 (12) 091 (5)
0o4) 0-1628 (5) 0-8543 (4) 0-3126 (11) 0-68 (5)
O(5) 0-0470 (6) 0-4516 (4) 0-4946 (14) 0:87 (5)
0O(6) 0-0033 (6) 0-2305 (4) 0-2640 (11)  0-80 (5)
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Table 3 (cont.)

Un, Us.,
Te(V]) 63 (1) 53 (1)
Te(IV) 67 (1) 72 (1)
o) 73 (12) 73 (10)
0Q) 108 (13) 75 (11)
0@3) 139 (16) 109 (13)
0o(4) 78 (12) 76 (11)
Q(5) 142 (15) 116 (12)
o(6) 104 (13) 95 (12)

Uss U, Ui Uss
55(1) =5(1) -2 =1(1
72 (1) —1() 4 (1) -9
114 (13) 16 (9) —-13 (10) -16 (10)
109 (14) 14 (10) -12(1D —40 (11)
107 (15) —41 (12) —-13 (13) 35(12)
114 (14) —-6(9) 22 (10) —20 (10)
94 (14) 44 (11) 53 (14) 26 (14)
106 (14) =31 19 (12) —-41 (12)

Isotropic extinction parameter (Coppens & Hamilton, 1970), £.10~4=0-70 (4).

Discussion

The H,Te,0 structure contains equal numbers of 4-
valent and 6-valent tellurium atoms. This is evident
from the oxygen environment of the two independent
Te positions: Te(VI) has the usual octahedral con-
figuration, while Te(IV) has a well known four-
coordination as a trigonal bipyramid with the Te(1V)
free electron pair in an equatorial position. The
Te(VI) octahedra are connected through the O(2)

corner to form chains of composition [TeO3(OH),]>"~
(the hydrogen positions are discussed below) in the
crystallographic c-axis direction. This type of Te(VI)
chain resulting from the sharing of corners has pre-
viously only been found in KTeO,(OH), (Lammers &
Zemann, 1965), in which the chains have the composi-
tion [TeO,(OH);)i~. The Te(VI) chains in H,Te,Oq are
connected by [Te(IV)OJ2** chains via the O(l) and
O(4) octahedral corners, resulting in infinite covalent
sheets perpendicular to the 4 axis. One such layer con-

Table 4. Observed and calculated structure factors

The columns are A, 10F,, 10|F,| and ¢ (in radians).

ars -2z

1960 1333 .03
11 t1e %ol

° 9
1232 117
264 zee ¢

I N

2 L
I3 ¢
6 03¢ 113 3 . 1osl Cuve
¢ sa1 39 H i
1€ 10102 11es T 2
12325 sel s H
1o 389 aos v -
10 1 B 5
no1 o n o
1oaee sce 12 " ?
PRI R s 2 w1z wes 0ut0 °
3 1823 2000 15 L2y a8 on v
. are 2 19
s a1s 3 u
¢ ats v < 12
7 938 1 H 5 13
] oy 2z 3 ° e
10 3%) 3 . 7 13
1 s 5 u a
13 s 5 10
it o H a
7 s °
s s 1
° 3 10 . 2
1 0 1l ¢ 3
2 1 12 3 I
> 12 13 . >
. 13 it o o
3 1s h T
Y 13 "o . .
? 1o 0 9y 219 -3.00 10 ass a0 -1 b3
s 17 1 51 - 10
H 2 " 3 ey
1 3 o Y]
1 o s I 1
12 I s 2 15
13 2 7 3 to
I 3 [ . 17 310 e81 -1.08
13 . 9 3
16 by 1e .
It ° i ' °
3 1 v '
s 1 z
s 1 3
1 1 1 .
1 2 s
1e 3 1
13 1 . 7
1 z 3 ¥
1 4 e s
s 4 w0
IS . 1n
v 1 ]
H 1 o I
3 9 0 ey ess -3.08 18
I 1 1253 ge1 0.0 10
5 ey 2 255 &80 -300v 0
° 3 &3 ats ol
7 & 11w ouuk
a ° 5 ace 129 0.0y i
s 4 o <ot 1> <33 H
1 2 7 39 L 00 5
2 3 .
I - n2s o s
n s Loz oas °
o & 91 s os 3
1 3oede 3> sl 8
1 s o 30 3 one v
2 ° 10
» 10 " <o u
. 1 ° 70 -2.90 12
> 1 1 9 2.9 5
. 7] 2z <37 01e i~
] te 3 9 ol 1> 391 %0
s 1o 223 e 2w
v LIRS Moot 11 208 v <027
1w 2 202 4ve 0.07 1 kad 1lee 2.0
n 3 1013 1618 0,09 3 oat Live 1lis Hoe L
12 o w3 el v.08 5 0 2009 1925 -L.lo
1 5 3e> sel 0w B 1 981 was -0l
\ i 4 anioaa ol 2
2 15 7 a9 a13 30w
3 ™ ¢ 4lc 407 010
. 10 201 25% 0.1
s 1oy 20e 0ul
K i 122l 199 ol
T 2 1 jov ey 3002
s 3
< .
10 s ©
i © 1
1 [ <
1 ] 3
It N A
16 10 >
It 1 3
2 ® "
ie 9 11237 el - Ts
10 211 Lite cws
" 0 12 ser w1 -3 31538 Lews -1oel
9 o9 oes 207 s 300 3% w.il IR TTOEY R)

Teosovinvn

1
¢

3
M
o
1

1
I
N
N
' o
¢ g
3 M
i >
3 7 n
. s 2
N ) M 3
1 v ™ .
& 1204 1138 glcy u s
10 ree 18C Lo 12 e
1o2ey 215 20se It 1
1 oo u
Is 113 tes olte
le 3an i olrr o
1 c
p i
< 3 2
' - 3
z > .
3 4 N
. " .
s M 7
Iy o
1 n
s 2
9 '
e I

ranmvsonad

fo=

7

'
s
'

P

0 ate sie w.se
v



OLIVER LINDQVIST AND JACQUES MORET

959

Table 4 (cont.)
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tains all the crystallographically independent atoms,
and thus corresponds to the stoichiometric formula
H,Te,06. A stereoscopic projection of a single layer,
prepared with the program ORTEP (Johnson, 1965), is
shown in Fig. 1, and a schematic projection in the
direction of the Te(VI) chains is given in Fig 2.

The hydrogen atoms, whose positions could not be
located in the presence of the heavy tellurium atoms,
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may be assumed to be attached to O(3) and O(6), since
these are the only oxygen atoms with only one strong
bond to tellurium. Furthermore, there are two indepen-
dent distances between O(3) and O(6) of 2:773 A and
2:818 A, which are likely to correspond to hydrogen
bonds (¢f. Table 6). On this assumption, the only bonds
between the sheets apart from van der Waals forces
are hydrogen bonds corresponding to the O(3)-O(6)

Fig. 1. Stereoscopic projection of one of the layers in the structure. The angle between the projection direction and the 4 axis is
~20°.
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distance of 2-818 A. The other O(3)-O(6) hydrogen
bonds are situated within the same layer.

That H,Te,O¢ has this pronounced layer structure,
with only weak links between the sheets, has the result
that cleavage planes occur parallel to the (010) plane.
These cleavage planes are readily visible in Fig. 3,
which shows an electron microscope photograph of a
broken surface of a small H,Te,O¢ single crystal.

Table 5. Weight analysis after the last cycle of refinement

The quantities w4? are normalized sums, Kyorm . (SW|Fo—
[F.|[), and N is the number of reflexions within each F, interval.
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R =leo_ch”/an =0-036
R.=Qw|F,—|F}}/ZwF3)'*=0-055.
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Another interesting feature of the structure is its
resemblance to the structure of Te,Os (Lindqvist &
Moret, 1973). A comparison of the cell dimensions
shows that the a (=8-046 A) and the ¢(=4-735 A) axes
in H,Te,04 have values very close to the ¢ (=7-955 A)
and the b (=4-696 A) axes in Te,Os. If the atomic x
and z coordinates of all the non-hydrogen atoms in
plane 4, Fig. 2, are transformed as y’=z and z/ =% —x,

B

Fig. 2. Schematic projection along the ¢ axis showing three

layeys i.n the structure. The interlayer hydrogen bonds are
are indicated as dotted lines.
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Fig. 3. Electron microscope photograph (magnification: 4500 x ) showing the cleavage planes in an H,Te,0; single crystal.
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it is found that y'. ¢ and z’. @ do not differ from the
y.band z. c values for corresponding atoms in Te,Os

Table 6. Oxygen—oxygen distances less than 3-67 A
and hydrogen bond angles

When both atoms are bonded to the same Te atom, this is
indicated as =Te= or —Te=, where — corresponds to a weak
interaction (c¢f. Fig. 5). For the other distances the position of
atom 2 with respect to the position given in Table 3 is stated.

o(1)—0(3) 2:598 (1) A =Te(VI)=
o(1)~-0(2) 2:619 (7) =Te(VI)=
O(1)-0(6) 2:649 (7) =Te(VI)=
0(3)-0(6) 2:670 (8) =Te(VI)=
0'(2)-0{6) 2:704 (6) =Te(VI)=
0'(2)-0(4) 2:707 (7) =Te(VI)=
O(1)—0(5) 2:709 (7) =Te(IV)=
o(1)-0’(5) 2713 (7) =Te(IV)=
0(4)-0(6) 2:721 (7) =Te(VI)=
o(1)-0(2) 2:730 (6) =Te(V1)=
0(5)-07(5) 2746 (5) 2%) =Te(IV)=
0(2)—-0(@3) 2:748 (7) =Te(VI)=
0(3)-0(4) 2751 (7) =Te(VI)=
0(4)—0(5) 2:753 (7) =Te(IV)=
0(3)-0(6") 2:773 (8) X0, Z
0o(1)—0(4) 2:797 (6) =Te(IV)=
0(2)-0’(2) 2:801 (5) (2x) =Te(VD)=
0(3)-0(6%) 2:818 (1) P+xi-»2
0(2)-0(4) 2:825 (6) =Te(VI)=
0(5)-0(6) 2:905 (7) =Te(IlV)-
0(4)—0(6) 3083 (7) =Te(IV)-
0(3)-0(6) 3-096 (7) X 1—y,z—%
0(2)-0(4) 3-107 (7) —Te(IV)=
O(1)—0(2) 3114 (D) x,y—1,z
0(3)-0(4 3-146 (7) 1 x,y—4,z
0(2)-0(5) 3-206 (7) f-x3+y.z
0(1)-0(@3) 3207 (7) X, ),Z
0(3)-0(5 3384 (7) X,V,Z
0(3)-0(4) 3395 (D) I—x,y—41+z
0(1)-0(4) 3:496 (6) I—x,y—4,z

Te(VI)-0(6')-0(3) 1153 (2)°
Te(VI)-O(3)—-0(6") 106:6 (2)
Te(VI)-0(6')—0(3) 109-7 (2)
Te(V1)-0(3)-O(6™) 1357 (3)

by more than 0-2 A for the tellurium and 0-8 A for
the oxygen atoms. This means that if the hydrogen
atoms are disregarded, the H,Te,O4 sheets (sheet B
after 180° rotation around b) represent part of the
three-dimensional Te,Os structure. This is illustrated
in Fig. 4. These close structural relationships between
H,Te,O¢ and Te,O5 clearly indicate that Te,Os is
a true condensate of H,Te,04 according to the formal
reaction H,Te,O¢=Te, 05+ H,0. However, since every
second H,Te,Oq sheet is rotated in Te,Os, the conden-
sation process cannot take place as a direct transforma-
tion of an H,Te,0 crystal, and the growth of crystals
of either Te,O, or H,Te,04 must be the result of the
particular equilibrium state under the relevant hydro-
thermal conditions.

The similarities of the two structures are further
emphasized when the coordination polyhedra of the
tellurium atoms are compared (cf. Table 7). The bond
distances agree very well, and the qualitative discus-
sion in the Te,O5 paper (Lindqvist & Moret, 1973) as
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to what influence the different types of ‘axial’ and
‘equatorial’ Te(IV)-O bonds might have on the bonds
in the Te(VI) octahedron, is therefore also relevant for
H,Te, 0. In Te,O5 the Te(IV)-O(2) distance of
2:706 A was considered to correspond to a weak bond
resulting in a significant difference between the
Te(VI)-0(2) and Te(VI)-O(3) bonds. Such a difference
is also present in H,Te,Og, but might here as well be
considered to be an effect of the different roles of O(2)
(bridge atom) and O(3) (hydroxyl group). It is thus
difficult to come to any conclusion concerning the
strength of the Te(IV)-O(2) interaction. That it is weaker
than in Te,0; is indicated not only by the longer
distance (2-850 A), but also by the fact that Te(IV) in
H,Te,0¢ has another oxygen neighbour, O(6), at a
distance of 2-837 A. The position of O(6) (cf. Table 7)
would seem to be more favourable for interaction with
Te(IV) than that of O(2) [¢f. discussion of CuTe,0s,
Hanke, Kupéik & Lindqvist (1973)].

Some of the differences in the coordination bond
distances between H,Te, O and Te,Os, given in
Table 7, may be regarded as being significant, i.e.
Te(V)-0(1), Te(VD-0'(2), Te(VI)-O(4), Te(IV)-O(1),

4 IY:
‘n\\\\\\\\“
W

Fig. 4. Comparison between the H,Te,0¢ and the Te,Os struc-
tures. In the upper part of the figure, plane B has been
rotated 180° around the b axis (¢f. Fig. 2) and translated
along the a axis. The lower patt of the figure shows a pro-
jection of the Te,Os structure.
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Te(IV)-O(5) and Te(IV)-O’(5). That these deviations
are in fact significant is supported by the fact that there
is a rational correspondence in all cases: The
shortening of the Te(VI)-O(1) bond is accompanied
by an elongation of the Te(IV)-O(l) bond; the
weakened Te(IV)-O(1) bond is accompanied by a
stronger Te(IV)-O(5), bond, which is to be expected,
considering the Te(IV) ‘equatorial’ bonds to involve

THE CRYSTAL STRUCTURE OF A TELLURIUM(V,VI) OXYHYDROXIDE

Te(IV) sp? hybrid orbitals (Lindqvist, 1967). The
Te(V)-O(4) bond is longer in H,Te,O4, which corre-
sponds to a shorter, though not significantly so,
Te(IV)-O(4) bond, and, in turn, to a longer
Te(IV)-O’(5) bond, since both are ‘axial’. The
Te(VI)-0’(2) bond is shorter, and the assumed Te(IV)-
O’(2) interaction corresponds to a longer distance. (¢f.
Fig. 5 in discussion of Te,0s).

Table 7. Distances (A) and angles (°) within the tellurium-oxygen polyhedra

The notation is in accordance with Fig. 5. Corresponding values for Te,Os are given in parentheses.

Te(VI)-O(1) 1911 (4) (1-929)
Te(VD)-0(2) 14940 (5) (1:933)
Te(VD-0'(2) 1952 (5) (1-972)
Te(VD-O(3) (OH) 1904 (5) (1-907)
Te(VD-O(4) 1-864 (5) (1-848)
Te(VD)-0(6) (OH) 1937 (5) (1-927)
0(1)-Te(VI)-O(2) 857(2) (82:6)
O(1)~Te(V)-0'(2) 900 (2) (87-2)
O(1)~Te(VD)-0O(3) 858 (2) (86'4)
O(1)~Te(VD)-O(4) 1784 (2) (175-9)
O(1)~Te(VI)-0(6) 87-0 (2) (889)
0(2)~Te(VD-0"(2) 92:1 (1) (91-5)
0(2)~Te(VI)-O(3) 913 (2) (888)
O(2)~Te(V)-O(4) 959 (2) (98-8)
0(2)=Te(VD-0(6) 17277 (2) (171-4)
0'(2)-Te(VI)-O(3) 174-4 (2) (173-5)
0’(2)-Te(VD)-0(4) 90-3 (2) (889)
0’(2)-Te(VI)-0(6) 881 (2) (87:0)
0(3)—Te(VD)-O(4) 934 (2) (97'5)
O(3)—Te(VD)-0O(6) 881 (2) (91-8)
O(4)—Te(VI)-0(6) 914 () (89-6)
Te(VI)-O(1)-Te(IV) 1227 (2) (121-7)
Te(VD)-O(2)-Te(VI) 1347 (3) (133-8)
Te(VD)-O(2)-Te(IV) 1327 (3) (131-2)
Te(VD-0(2)-Te(IV) 87:5(2) (91-1)
Te(VD)-O(4)-Te(IV) 136:0 (2) (136+4)
Te(IV)-O(5)-Te(IV) 1290 (3) (1287
Te(VD)-0(6)-Te(IV) 119:2 (2)

(04)

o)
(@)

Fig. 5. Coordination of (@) the 6-valent and (b) the 4-valent tellurium atoms (probability level of the atomic ellipsoids: 50 %).

Te(IV)-O(1) 1937 (4) (1913)
Te(IV)-0(2) 2-850 (5) (2-706)
Te(IV)-O(4) 2:065 (5) (2:072)
Te(IV)-O(5) 1861 (6) (1-892)
Te(IV)-O'(5) 2:107 (5) (2:080)
Te(IV)-O(6) (OH) 2:837 (5)

O(1)-Te(IV)-0(2) 630 (2) (64:3)
O(1)=Te(IV)-0(4) 88:6 (2) (860)
O(1)—~Te(IV)-0(5) 91-0 (2) (91-0)
O(1)=Te(1V)-0'(5) 842 (2) (81-8)
0(2)-Te(IV)-O(4) 766 (2) (80-0)

0O(2)—-Te(IV)-O(5)
0O(2)-Te(IV)-0'(5)
O(4)—Te(IV)-O(5)
O(4)—Te(1V)-O'(5)

150-0 (2) (152-2)
103-4 (2) (100-8)

889 (2) (86-0)
171-8 (2) (165-9)

0(5)-Te(IV)-0'(5) 87-4 (1) (87:3)
0(1)=Te(IV)-0(6) 157-9 (2)
0(2)~Te(IV)-0(6) 1266 (1)
0(4)-Te(IV)-0(6) 761 (2)
0(5) —Te(IV)-0(6) 731 (2)
0’(5)-Te(1V)-0(6) 103-7 (2)

0(4) 02)

Te(1V)

0(#6)

0'(5)
%)
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These differences in bond distances and the devia-
tions between the angles (cf. Table 7) may bearesultofa
higher degree of geometrical strain in the denser, three-
dimensional Te,Os structure. However, the differences
are astonishingly small, and it is remarkable that there
is no significant difference in the Te(VI)-O(3) and
Te(VI)-O(6) bond distances, since O(3) and O(6)
correspond to OH groups in H,Te,Og, while they
bridge two Te(VI) atoms in Te,0s.
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CuTe,Os crystallizes in space group P2,/c, with the following cell dimensions: a=6-871(2), b=9-322(2),
c=7-602(2) A, B=109-08(1)°, and with Z=4. The phase problem was solved by direct methods and the
final atomic parameters were obtained by full matrix least-squares refinement based on 3556 independent
reflexions, an R value of 0-048 being obtained. The structure is a three-dimensional net resulting from
copper and tellurium coordination polyhedra sharing oxygen atoms. Each oxygen atom interacts with
three metal atoms, two of the interactions being strong and one weak. The Cu-O polyhedron may be
described as a distorted octahedron with four strong bonds (Cu-O: 1-950-1-969 A) and two weaker
bonds (Cu-O: 2-305, 2-780 A). Both independent tellurium atoms have three strong pyramidal bonds to
oxygen (Te-O: 1-859-2-019 A) and, in addition, one of them has a fourth interaction with an oxygen
atom (Te-O: 2-402 A), while the other has two weaker bonds (Te-O: 2:607, 2-733 A).

Introduction

The structure of some double oxides of type
l\./lO.xTeO2 where M=Zn or Cu have been inves-
tigated, viz. ZnTeO; (Hanke, 1967), CuTeO; (Lind-

qvist, 1972) and Zn,Te;05 (Hanke, 1966). The aim of
this work was to determine the structure of another
member of this series, CuTe,Os, which, like the above-
mentioned oxides, has been prepared synthetically.
Among the tellurium-containing minerals whose



