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CuTeO, crystallizes in space group Pmcn with the cell dimensions
a=1.604, b=5.837, and ¢=12.705 A and with Z=8. Its structure
has been determined by means of three-dimensional Patterson and
electron density summations, a final R value of 0.084 being obtained
after full matrix least squares refinement.

The copper and tellurium atoms are linked together by oxygen
atoms to form a three-dimensional network. There are two chemi-
cally different tellurium atoms in the structure, both of which are
stroniy bonded to three oxygen atoms at Te—O distances of 1.86 —
1.96 A, while one of them has in addition a fourth oxygen neighbour,
at a longer Te—O distance of 2.32 A. The copper atom does not
exhibit a regular coordination and is surrounded by four nearly
equi-distant oxygen atoms (Cu—O distances of 1.94—1.98 A) and
a fifth at 2.38 A.

n a recent investigation of the CuO —TeO, system, Moret, Philippot and

Maurin! succeeded in preparing single crystals of two new phases with
the compositions TeO,-CuO and 2Te0,-CuO, for which they also determined
cell dimensions and possible space groups. The present study deals with the
crystal structure determination of the first of these two phases, CuTeO;.
Crystals of both phases, suitable for single crystal X-ray work, have kindly
been provided by Dr. Philippot, and a corresponding investigation of CuTe,O;
is in progress.?

Compounds similar to CuTeO3 have been studied by Hanke, who deter-
mined the structure of ZnTeO,, and by Zemann and Zemann,* who showed
that the mineral teinite had the formula CuTe03.2H,0 and a structure iso-
morphous with that of chalcomenite, CuSe04.2H,0.5 It therefore seemed
interesting to determine in which respects the structure of the anhydrous
CuTeO, phase differed from that of teinite, and also to investigate those
structural differences which might arise from the presence of the zine and
copper ions in ZnTeO3; and CuTeO,, respectively.
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EXPERIMENTAL

A single crystal with the dimensions given in Table 1 was mounted along the ¢ axis,
and intensities corresponding to hk0— hkll were registered using Weissenberg multiple
film techniques and CuK« radiation.

Table 1. Crystal dimensions. d is the distance to each face from an arbitrary origin inside
the crystal.

Boundary face d (mm)

0.062
0.062
0.050
0.040
0.045
0.045
0.040
0.040
0.050
0.045
0.035
0.045
0.048

Crystal volume: 6.0 x 10™* mm?
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A total of 546 independent reflections were estimated visually by comparison with
an intensity strip, prepared by timed exposures of & suitable reflection from the crystal.
The differently exposed films for each layer line were brought on to a common scale by
means of a least squares scaling procedure,® using the weighting function

(RI) A 1<k

w= szI—s/aI >k
where I; is the intensity on the j:th film and k was assigned a value within that part of
the mtensnty strip where the most sensitive estimations could be made. The scale factors

Table 2. Crystallographic data for CuTeO,.

Unit cell:! a =17.604(6) A
b =5.837(4) A
¢ =12.705(6) A
U =564 Ae
Z =8
Formula weight: M =239.14
Density (20°C):! m="5.62 g cm™3
D, =5.637Tg cm™
Systematic absences: hOl when l=2n+1
hk0 when h+k=2n+1
Space group: Pmen
Equivalent positions: 8(d) j: (zy.2); +(3+2 %+ Y3 —2);

(%+x7 y,_z)a - x% y’%’}'z);
4(6) + (hy.2); + (13 —y.d+2);
4(b) (0,0,3); (3,3,0); (4,0,4); (0,4,0);
4(a) (0,0,0); (4,4,3); (3,0,0); (0,4,3);

Linear absorption coefficient:?  u=940cm™ (CuK« radlatlon)
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between the layer lines were initially assigned values in accordance with the exposure
times.
Crystallographic data for CuTeO, are given in Table 2.

STRUCTURE DETERMINATION AND REFINEMENT

From a three-dimensional Patterson calculation, the eight tellurium atoms
in the unit cell were found to occupy two positions 4(c) in space group Pmcn
(¢f. Table 2). The coordinates of the copper and oxygen atoms were then
deduced from successive electron density calculations, in agreement with
the centric space group. The acentric space group, P2,cn, was not therefore
considered any further.

A preliminary isotropic refinement of the structure, including scale factors
for the 12 layer lines, (R=J||F,|—I|F.||/>|F,|=0.145) showed clearly that
the data suffered from considerable errors due to absorption and possibly
also to extinction. An absorption correction was applied using the Gaussian
integration method, the crystal being divided into 4 x 6 x 4 grid points (cf.
Table 1). This coarse division was considered sufficient in view of the precision
level of the visually estimated film data. The resulting transmission factors
varied between 0.010 and 0.10. When the isotropic refinement was repeated
with data corrected for absorption, the results improved (E=0.128), but
there were still large errors due to extinction. To correct for these, Zachariasen’s
formula 8° for isotropic secondary extinction, as applied by Asbrink and
Werner,'® was used. The C coefficient required in this formula was chosen
after comparison of the results of several refinements using different C values
close to a preliminary value estimated from the errors in a number of the
strongest reflections. The best agreement was obtained for C=1.4x1073,
giving an R value of 0.108.

Table 3. Final atomic parameters. The anisotropic temperature factor is
oxp { — 2n?(h*a*2U |, + k0¥ U4y + 12c*2U 33 + hka*b* U 1, + hla*c* U 15 + klb*c* U ,,)}.
Standard deviations, referring to the least significant figures, are given in parentheses.

Atom z/a y/b z/c

Te, 1/4 0.1702(3) 0.1141(2)

Te, 3/4 0.1040(3) 0.1630(2)

Cu 0.5454(4) 0.1607(5) 0.4105(3)

0, 0.430(2) 0.338(2) 0.046(1)

0, 0.447(3) 0.411(3) 0.325(2)

0, 3/4 0.110(3) 0.317(2)

0O, 3/4 0.428(3) 0.481(2)

Ull Ulﬁ U33 Ulﬁ U:s Uza

Te, 0.007(1) 0.015(1) 0.013(2) 0 0 0.000(1)
Te, 0.006(1) 0.015(1) 0.011(2) 0 0 0.000(1)
Cu 0.018(2) 0.020(2) 0.011(2) 0.008(2) 0.008(2)  0.004(2)
0, 0.014(6) 0.018(7) 0.034(11) —0.007(11) 0.003(13) 0.008(13)
0, 0.037(10)  0.041(10)  0.023(12)  0.051(17)  0.027(16) 0.049(16)
0, 0.007(10)  0.021(10)  0.007(14) 0 0 —0.019(16)
0, 0.022(10)  0.017(9) 0.002(13) 0 0 —0.039(15)
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Table 4. Observed and calculated structure factors. The columns are k, |F,|
respectively. * indicates reflections excluded from the refinement.
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In the subsequent cycles of anisotropic refinement, some reflections were
seen to still suffer from errors which appeared to be greater than those in the
data measurement and could be due to low precision in the absorption correc-
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tion, to anisotropy in the secondary extinction or to primary extinction.
For this reason 11 reflections were excluded from the final refinement. The
R value converged to 0.084 (0.096 including all observed reflections).

The final positional and thermal parameters are given in Table 3 and the
observed and calculated structure factors in Table 4. The calculated structure
factors are based on atomic scattering factors given by Cromer and Waber 11
for tellurium and by Doyle and Turner 12 for copper and oxygen, the tellurium
and copper values having been corrected for the real part of the anomalous
scattering.’® In the final cycles of refinement weights according to the formula
w=(20.0+|F,| +0.01|F 2+ 0.0001|F |*)! were used.

Intensity corrections, Fourier summations and least squares refinements
were performed with the programs DATAP2 4 (modified for extinction correc-
tion), DRF 15 and LALS,'® respectively. Interatomic distances and angles
were obtained with the program DISTAN.1?

DISCUSSION

Bond distances and angles for the oxygen coordination of the tellurium
and oxygen atoms in CuTeO, are given in Table 5 (¢f. also Figs. 1 and 2).
Te, exhibits a pure three-fold pyramidal oxygen coordination, while Te,
has in addition a fourth oxygen neighbour, about 0.4 A more distant from Te,
than the other three. This fourth oxygen atom is a member of the Te; oxygen
pyramid, and Te,Oq units are thus formed. These units are connected by the
copper atoms to form a three-dimensional network. Due to the strongly directed
Te— O bonds, a rather open structure is formed, containing distinct tunnels
visible in Fig. 3.

The four-coordinated Te, atom has all bonded atoms on the same side
of a plane through itself, a phenomenon which has been found in two modifica-
tions of TeO, 1%!® and in other tellurium(IV) oxocompounds.?® The three-fold

Table 5. Coordination distances (A) and angles (°) in CuTeQ,. Notation in accordance
with Figs. 1 and 2. Standard deviations in parentheses.

Te, -0, 1.86(2) 0,—Te,~0,’ 92.7(9)
Te, ~0, (2x) 1.89(2) 0,-Te,—0, (2x) 95.6(7)
(Te, — Oy 2.71(2))
(Te,~ 0, (2x) 2.86(2)) 0,—~Te,—0,’ 105.7(1.1)
0,~Te,—0, (2x) 86.0(7)
Te,—0, (2x) 1.88(2) 0,~Te,—0, (2x) 91.7(7)
Tey— O, 1.96(2, 0;—Te,— O, 176.3(8)
Te, — 0, 2.32(2) 0,-Cu—0y 78.4(7)
(Te,— 0, (2x) 3.16(2)) 0,-Cu-0, 108.7(7)
0,~Cu—04 153.0(7)
Cu—-0, 1.94(2) 0,-Cu—0, 87.6(7)
Cu—0, 1.97(2) 0,/ —Cu—0, 154.2(8)
Cu—0, 1.97(2) 0,/ —Cu—0, 87.0(8)
Cu—0, 1.98(1) 0,’—Cu-0, 117.4(7)
Cu-0, 2.38(2) 0,—Cu—0, 94.7(8)
(Cu—0y’ 3.33(2)) 0,—Cu-0, 88.2(7)
0,—Cu-0, 79.1(7)
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Fig. 1. Configuration of the Te,0, sub-
unit, drawn with the program ORTEP.*

Fig. 2. The Cu(II) coordination.

pyramidal configuration of Te,, with Te—O bond distances of 1.86—1.89 A,
is quite similar to the arrangement in ZnTeO43 and CuTe0,.2H,0 * in which
there are Te—O distances of 1.86—1.89 A and 1.81-1.89 A, respectively.
The O—-Te—O bond angles are also of the same order of magnitude,
CuTe0,.2H,0 having an average value of 99° which compares reasonably
with the corresponding value of 94° found for Te; in CuTeO,. However, in
spite of the similar chemical composition of ZnTeO,, CuTe0;.2H,0 and
CuTeOg, only CuTeO,; contains the 3+1 coordination, the weaker Te—O
interaction having a bond distance of 2.32 A. This intermediate between three-
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Fig. 3. Stereoscopic view of part of the CuTeO; structure (ORTEP *).
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and four-fold coordination has been found in some other, more condensed
tellurites, for example in Zn,Te;042! and in (Mn,Ca,Zn)Te,0; (denningite) 22
where the corresponding distances are 2.41 and 2.36 A, respectively. In these
two structures, the weak Te— O bonds form links in infinite Te — O chains.20

A tellurium-oxygen arrangement more similar to that in CuTeO, has been
found in a recent investigation of Fe,(Te0,),80,.3H,0 (poughite)2® which
also contains Te,O4 units. The shorter Te — O bonds in this compound, ranging
from 1.85—1.99 A and the intermediate bond of 2.38 A, as well as most of
the O—Te—O angles are of the same orders of magnitude as in CuTeO,.
The most marked difference is that the weakly bonded oxygen atom (O(7)
in Ref. 23) is situated as close as 2.44 A from the nearest oxygen atom (O(3)
in Ref. 23), both coordinated to the same tellurium atom (Te(2)) and the
angle O(3)—Te(2)-0(7) is only 68°, whereas in CuTeO, the corresponding
values are 3.03(5) A and 86°, respectively. These differences are due to the
O(3) position in poughite, indicating appreciable strain in the oxygen coordina-
tion of Te(2). However, O(3) also is a member of both the Fe(l) and Fe(2)
coordination octahedra, which might explain the deviation from the results
in CuTeO,.

The Cu(II) coordination is five-fold (¢f. Fig. 2 and Table 5). The four
closer oxygen atoms (1.94—1.98 A) deviate appreciably from a planar
configuration, and, taking into account the fifth oxygen atom (Cu—0 = 2.38 4),
the coordination figure might be described as a distorted trigonal bipyramid.
A similar arrangement, with one longer Me(1I) — O distance, was found around
Zn(1I) in ZnTeO43 (1.96, 2.00, 2.02, 2.11 and 2.27 A). A 4+1 coordination
was also found in both CuSe0;.2H,0 5 and CuTe0,;.2H,0 4 (Cu— O distances
of 1.94—1.98 and 2.27 A in CuSe0,;.2H,0 and of 1.79—-1.99 and 2.35 A in
CuTe0,.2H,0), but in these two structures the presence of water molecules
permits the copper atom to coordinate its four nearest neighbours in a more
regular way, with a smaller deviation from the expected planarity.

The lengths of the four shorter Cu— O bonds in CuTeO, are in good agree-
ment with the values found in CuO (1.951—1.961 A).2¢ The fifth bond of
2.38 A in CuTeO, also seems reasonable in comparison with CuO where the
two more distant oxygen atoms completing a distorted octahedron are at
distances of 2.78 A.
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Science Council (NFR, Contract No. 2318).

REFERENCES

. Moret, J., Philippot, E. and Maurin, M. Compt. Rend. C 269 (1969) 123.

. Lindqvist, O. Acta Chem. Scand. 25 (1971) 740.

Hanke, K. Naturwiss. 54 (1967) 199.

Zemann, A. and Zemann, J. Acta Cryst. 15 (1962) 698.

. Gattow, G. Acta Cryst. 11 (1958) 377.

. SCALE. Modified and in use at this dept. Originally written by Hamilton, W. C.,
Rollett, J. C. and Sparks, R. A.

O O Lo b0 =

Acta Chem. Scand. 26 (1972) No. 4



1430 OLIVER LINDQVIST

7.

8.

9.
10.
11.
12.
13.
14.

15.
16.

17.
18.
19.
20.
21.
22,
23.
24,
25.

International Tables for X-Ray Crystallography, 2nd Ed., Kynoch Press, Birmingham
1962, Vol. I1I.
Zachariasen, W. H. Acta Cryst. 16 (1963) 1139.
Zachariasen, W. H. Acta Cryst. 18 (1965) 710.
Asbrink, 8. and Werner, P.-E. Acta Cryst. 20 (1966) 407.
Cromer, D. T. and Waber, J. T. Acta Cryst. 18 (1965) 104.
Doyle, P. A. and Turner, P. S. Acta Cryst. A 24 (1968) 390.
Cromer, D. T. Acta Cryst. 18 (1965) 17.
DATAPZ2. Modified and in use at this Dept. Originally written by Coppens, P.,
Leiserowitz, L. and Rabinowich, D.
DRF. Modified and in use at this Dept. Originally written by Zalkin, A.
LALS. Modified and in use at this Dept. Originally written by Gantzel, R., Sparks, K.
and Trueblood, K.
DISTAN. Modified and in use at this Dept. Originally written by Zalkin, A.
Beyer, H. Z. Krist. 124 (1967) 228.
Lindqvist, O. Acta Chem. Scand. 22 (1968) 977.
Zemann, J. Z. Krist. 127 (1968) 319.
Hanke, K. Naturwiss. 53 (1966) 273.
Walitzi, E, M. T'schermaks Min. Petr. Mitt. 10 (1965) 241.
Pertlik, F. T'schermaks Min, Petr. Mit¢. 15 (1971) 279.
Asbrink, S. and Norrby, L.-J. Acta Cryst. B 26 (1970) 8.
Johnson, C. K. 4 Fortran Thermal-Ellipsoid Plot Program for Crystal Structure
Illustration, Oak Ridge National Laboratory, Chemistry Division, Oak Ridge,
Tennessee 1965.
Received August 19, 1971.

Acta Chem. Scand. 26 (1972) No. 4



