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These differences in bond distances and the devia- 
tions between the angles (cf. Table 7) may be a result of a 
higher degree of geometrical strain in the denser, three- 
dimensional Te205 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 0(3) and 0(6) 
correspond to OH groups in H2Te206, while they 
bridge two Te(VI) atoms in Te2Os. 
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CuTe2Os crystallizes in space group P2Jc, with the following cell dimensions: a= 6.871(2), b = 9-322(2), 
c= 7.602(2) A, fl= 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 ~) and, in addition, one of them has a fourth interaction with an oxygen 
atom (Te-O" 2.402/~), while the other has two weaker bonds (Te-O: 2.607, 2.733/~). 

Introduction 

The structure of some double oxides of type 
MO.xTeO2 where M = Z n  or Cu have been inves- 
tigated, viz. ZnTeOa (Hanke, 1967), CuTeOa (Lind- 

q~ist, 1972) and ZnzTe3Os (Hanke, 1966). The aim of 
this work was to determine the structure of another 
member of this series, CuTezOs, which, like the above- 
mentioned oxides, has been prepared synthetically. 
Among the tellurium-containing minerals whose 
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structures are known, denningite (Walitzi, 1965) has a 
chemical composition closely related to that of 
CuTe2Os. 

X-ray investigations of CuTe205 were commenced 
by Moret, Philippot & Maurin (1969). These authors 
developed a method for preparing single crystals and 
determined the cell dimensions and space group. A 
single-crystal data set, consisting of 572 visually estim- 
ated intensities, was collected by Lindqvist (1971). It 
proved, however, difficult to solve the structure from 
these relatively poor film data, and more accurate and 
extensive diffractometer data were therefore collected 
and used in the investigation described in the present 
paper. 

Experimental 

The preparation of crystalline CuTe205 has been 
described previously (Moret, Philippot & Maurin, 
1969). The synthesis of the crystals used in this study 
was performed independently, by rapid heating of a 
stoichiometric mixture of CuO and TeO2 to a melt, 
followed by slow cooling to a temperature just below 
the melting point. This temperature was maintained for 
three hours making the formation of CuTe205 crystals 
of suitable size for single-crystal X-ray work possible. 

The crystal used for the data collection was mounted 
along the b axis on an automatic Stoe four-circle dif- 
fractometer. The dimensions of the crystal are given in 
Table 1. The radiation used was graphite monochrom- 
ated Mo Ke radiation, and the intensities were meas- 
ured using the o3-20 scanning procedure, with a scan 
speed of 0.6 ° per min in 20. The background intensity 
was measured for 30 sec at each end of the scanning 
interval. A standard reflexion, 008, was measured every 
50 reflexions. It appeared that there was no time de- 
pendent variation in the intensity of this standard re- 
flexion, and only 10 of the 85 recorded values deviated 
more than + 2% from its mean intensity (maximum 
deviation: 5 %). The data were collected out to 20~ 90 °, 
3900 independent reflexions being measured in all. 

for Lorentz and polarization effects were performed 
with a program written by Sfisse (1969). Those 3556 
reflexions with •(I)/I<0.3 were defined as observed, 
and the Fo values were subdivided into two groups, one 
more [~(I)/I< O. 1] and one less significant, according to 
a(F)sig,=½, cr(l)/[cr(1). Lp-1] l/z and o'(F)unsign = 
½. [o'(I) • Lp-1] 1/2 respectively. The absorption correc- 
tion, including pre-calculations for the refinement of 
a secondary extinction parameter, was performed with 
a version of the program DA TA PH (Coppens, Leisero- 
witz & Rabinovich, 1965). The transmission factors, 
which were in the range 0.47-0.55, were not applied to 
the structure factors until the final stages of the refine- 
ment of the structure. 

The space group reported earlier is P21/e (Moret, 
Philippot & Maurin, 1969; Lindqvist, 1971), and this 
was checked by diffractometer measurements of re- 
flexions hOl with l=  2;7 + 1 and 0k0 with k = 2;7 + 1. The 
cell dimensions were determined by means of a least- 
squares refinement based on the setting angles of seven 
high-angle reflexions, and were found to be identical, 
within the standard deviations, with those determined 
by Moret et al. (1969). Cell dimensions and other 
crystallographic data are given in Table 2. 

Table 2. Crystallographic data for CuTe205 

Unit  cell a = 6.871 (2) A 
b = 9.322 (2) 
c = 7.602 (2) 
fl = 109"08 (1) ° 
V= 460-1 ~3 
Z = 4  

F.W. 398.76 
Density,  20°C (Moret  et al., 

1969) 0°=5"75 g cm -a 
0c=5"75 g c m  -3 

Systematic absences hOI when l =  2n + 1 
0k0 when k = 2n + 1 

Space group P2~/c 
Equivalent  positions + (x,  y, z);  +_ (x,  ½ - y,  ½ + z). 
/ t (Mo K~) 177-3 cm -3 

Table 1. Crystal dimensions 
Boundary planes and their distances from an internal origin. 

h k l 

0 1 0 
0 - 1  0 
1 0 0 

- 1  0 0 
- 1  0 2 

1 0 - 2  

d (mm) 

0.085 
0.085 
0.020 
0.020 
0.020 
0.020 

Crystal  volume:  0.28 x 10 -3 mm 3. 

The measured intensity peaks were corrected for 
background, and assigned standard deviations a(1)= 
K. co. [Ipe,k + t2" lbackgr + O'm' (Ip2eak + t 2" I2.~¢kgr)] '/z, 
with t = tp~ak/tbackgr, K= linear constant, co = radial velo- 
city, and with am=0"025 (assumed statistical error of 
each measurement). These calculations and correction 

Structure determination and refinement 

A three-dimensional Patterson summation was cal- 
culated with the program FURIE (Matzat, 1971). It 
was evident that at least the tellurium and copper 
atoms must occupy general positions, 4(e), in space 
group P21/c. There were, however, a number of in- 
dependent ways in which the two tellurium positions 
could be chosen so as to give Te-Te vectors in ac- 
cordance with the dominating peaks in the Patterson 
function. One such set of Te coordinates has been given 
previously (Lindqvist, 1971), but this set was subse- 
quently found not to give a correct description of the 
structure. At this stage it was considered most efficient 
to solve the structure by means of direct methods. 

After a Wilson plot (Wilson, 1942), normalized 
structure factors (Karle & Karle, 1966) were calculated 
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for all reflexions with 20 < 60 °. ( IEI)  2 was standardized 
to 1.00, and the signs of those 223 reflexions having 
IEI > 1.55 were determined using the ~2 relationship 
(program REL, written by R. E. Long). The basic set 
giving the correct sign determination is shown in 
Table 3. 

Table 3. Statistics for  the normalized structure factors 
and basic set used in the structure solution 

Experimental Theoretical 

Cent. 
(IEI) 0.821 0.798 
(I El" - 1 ) 0.902 0-968 
(IEI 2) 1"000 1.000 

IE[>I 36"55% 31.73% 
IEI > 2 4.02 4.55 
IEI > 3 0-00 0-27 

Non-cent. 
0.886 
0.736 
1.000 

36.79 % 
1.83 
0-01 

Basic set 
h k l  E 
0 1 4 2 .54]  

- 5  0 6 2-74 ~ origin fixing 
5 5 3 2"63 J 

- 1 0 6 -2.36 
1 4 3 -2-50 
4 0 0 2.80 

A Fourier  summat ion  of  the 223 E values gave E 
maps with clearly resolved tel lurium and copper posi- 
tions (R value=0.23) .  A subsequent electron density 
calculation using all reflexions with 20<  60 ° revealed 
the oxygen atoms. A prel iminary isotropic refinement 
yielded an R value of  0.073 which showed that the 
correct model had been found. 

Correction was then made for absorption, and the 
final cycles of  refinement were performed with the 
full-matrix least-squares program LINUS.  This pro- 
gram was originally written by Busing, Mart in  & Levy 
(1962) and extended for refinement of  secondary ex- 
tinction parameters by Coppens & Hamil ton (1970). 

Table 4. Agreement analysis after the last cycle o f  
refinement 

The quantities wAZ ale normalized sums, g n o r m "  (~w[Fo- 
tEA I'), and N is the number of reflexions within each Fo interval. 

Fo interval N wA s 
0.0-12.0 334 0.56 

12.0-17.5 400 1.11 
17.5-23-0 377 0.92 
23.0-28-5 350 0.67 
28.5-37-0 480 0.58 
37.0-45.5 385 0.66 
45.5-54.5 273 0.63 
54"5-69.0 360 0.90 
69.0-85.0 250 1.21 
85"0- 347 2.91 

R =~.lFo--Ifcll/~.Fo =0"048 
2 2 1/2 Rw=(Y.wlFo-lFcll /7. wFo) =0.037 

The observations were weighted using the previously 
described estimates of  a(F),  with w =  1/crZ(F). The 
resulting weight analysis is given in Table 4, and the 
conventional  R value converged to 0.048. (The struc- 
ture was also refined after removal of  557 of  the weak, 
less significant reflexions. The resulting parameters did 
not differ significantly from the previous values, and, 
al though the R value dropped to 0.038, higher e.s.d.'s 
were obtained.) 

The final parameter  list is given in Table 5, and 
observed and calculated structure factors are compared 
in Table 6. The final value of the isosotropic extinction 
parameter,  g (Coppens & Hamilton,  1970), was 
0.574 (14) × 104. 

Discussion 

Atomic scattering factors due to Cromer  & Waber  
(1965) were used for the tel lurium atoms, and those 
given by Doyle & Turner  (1968) for the copper and 
oxygen atoms. The tel lurium and copper values were 
corrected for the real part of  the anomalous  scattering 
effect (Cromer, 1965). 

Interatomic distances and bond angles (Tables 7 
and 8) were calculated with the program D I S T A N ,  
written by A. Zalkin,  Berkeley, California,  and the 
drawings (Figs. 1 and 2) were obtained with the pro- 
gram O R T E P  (Johnson, 1965). The calculation with 
these programs and with D A T A P H  and L I N U S  were 
performed on an IBM 360/65 computer  in G6teborg,  
while the programs F U R I E  and R E L  were run on an 
Univac 1108 computer  of  the 'Gesellschaft ffir Wissen- 
schaftliche Datenverarbei tung'  in G6tt ingen,  as was 
the initial refinement with a version of the Busing, 
Mart in & Levy least-squares program (1962), modified 
by S. Durovic. 
The CuTezO5 structure is a rather complicated three- 
dimensional  net of  Cu -O  and Te-O bonds. This is 
illustrated in Figs. 1 and 2, in which it can also be seen 
that the Cu(II) a tom is strongly bonded to four 
oxygen atoms, while each of  the two crystallographic- 
ally independent  Te(IV) atoms has three strong oxygen 
bonds. Addit ional  weak M - O  interactions (cf. 
Table 7) also occur, and each oxygen atom has two 

Table 5. Final atomic parameters in CuTe205 

The anisotropic temperature factor is exp [-2z~'(hZa*ZU~+ 
k2b *' U,~ + l' c* U33 + 2hka* b* U12 + 2hla* c* U13 + 2klb* c* U23)]. 
The numbers in parentheses are the e.s.d.'s calculated by the 
least-squares program and refer to the least significant figures 
in each value. 

x y z 
Cu 0"34117 (8) 0.48715 (5) 0.29408 (7) 
Te(1) 0-13182 (4) 0.19969 (3) 0.08684 (3) 
Te(2) 0.65120 (4) 0'32349 (3) 0.05685 (3) 
O(1) 0-5015 (5) 0.1056 (2) 0.3232 (4) 
O(2) 0-8956 (5) 0-1818 (3) 0.4649 (4) 
0(3) 0.3185 (5) 0.3483 (3) 0.0931 (4) 
0(4) 0.1327 (5) 0.3732 (4) 0.3560 (5) 
0(5) 0.6150 (5) 0.3726 (3) 0.5067 (4) 
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Table 5 (cont.) 

Ull U 2 2  U 3 3  U 1 2  U I 3  U 2 3  

Cu 0"0106 (2) 0"0063 (2) 0"0088 (2) -0"0016 (I) 0"0052 (1) -0"0009 ( 1 )  

Te(1) 0"00799 (8) 0"00737 (8) 0"00833 (8) -0"00093 (6) 0"00415 (7) - 0 - 0 0 0 7 3  (6) 
Te(2) 0.00892 (8) 0.00670 (8) 0.00663 (8) 0.00025 (6) 0.00256 (6) - 0 . 0 0 0 0 5  (6) 
O(1) 0.0099 (10) 0.0106 (11) 0.0106 (11) 0.0010 (8) 0.0025 (9) - 0 - 0 0 3 3  (9) 
0 (2 )  0.0085 (9) 0.0155 (11) 0.0111 (11) - 0 - 0 0 2 5  (9) 0.0053 (9) - 0 . 0 0 2 6  (9) 
0 (3 )  0.0113 (11) 0.0108 (11) 0-0111 (11) - 0 . 0 0 4 4  (8) 0.0060 (9) - 0 . 0 0 3 4  (9) 
0 (4 )  0.0146 (12) 0.0127 (12) 0.0116 (13) - 0 . 0 0 3 0  (9) 0.0068 (10) 0-0037 (9) 
0 (5 )  0-0191 (13) 0.0062 (10) 0.0112 (11) 0.0014 (9) 0-0057 (10) - 0 . 0 0 1 7  (8) 

short and one long M bond. The angles around the of the latter (Lindqvist, 1972). However, it is useful to 
oxygen atoms and oxygen-oxygen contacts are given regard the Te(IV) lone pair, with its specific direction 
in Table 8. and its space requirements, as occupying approx- 

The covalent character of both the copper and the imately the same volume as an anion in the particular 
tellurium bonds results in an open structure. The structure (Astr6m, 1972). In this case the average anion 
average oxygen volume, defined as V~u/(number of volume would be 16.4 and 17.6 A ~ for CuTe20~ and 
oxygen atoms in the cell), is approximately the same CuTeO~, respectively, which is closer to the corre- 
in CuTe2Os (23.0 A ~) as in CuTeO~ (23.5 A3), there sponding value 15.6 A ~ in hexagonal close-packed 
being distinct tunnels running through the structure TiO~. 

Table 6. Observed and calculated structure factors 

The columns are h ,  Fo and F~. Unobserved reflexions are marked with an asterisk. 
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Table 6 (cont.) 

. . . . . . . . . . . . .  - - " ~ . .  :̀ , +." " .  ,o" ,, , ,  .: ,,'" . . . .  "'.o i . . . .  '~ "° i ¢: : :  . . . . . . . . . . . .  -+ ,`,+ -.¢" -¢'-' .t,'° -"+, :, . . . . . . . . . . .  ,." -,,-' ' ,  '",o+ ,-.7"' -,:~ `,:. ':',. 10 

I L  zz  1~ 'J a i 1 .  11 : , t  , '~ ,r', '*:, l o  -~.3 - 3  l o p  - l o t ,  - '~  . 7  - i , ,  a I , ,  16  o i,.~, - i ~ ' ~  - i  , ,4 - , .+  - I I  I 6 
. b 3 -io ~ j1 t i,, ,,o +o -~. -z t,̀ , 6,~ -2 so -,,'~ +7 +,. 

s,i -.. 

. . . . . . .  ,o, 1;~" , / . . . . .  
i t , '~ 

| 7 o  -1o 1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  ai I1~', . . . . . . . . . . . . . . . . . .  
- Q  - I O  - I I  4 1  -Iq~, _m 7~  _ , q  _5 1' 

_, . . . . . . . .  , `, 7 , , .  . . . . . .  , , ,  ~'1 ,.h ~ -,,L' -,-" . . . . . . . . . . . . . . . . . . .  ,o" -,,+" .,+ ."  .,o_.. _, ,`, , ,  ~ '~ - '~ ~ ,+ . . . .  ~,o , . . . . . . . . . . . . . . .  o . ,1 - , ,  +1 o - . " , ~ "  

. . . . . . .  o . . . .  . . . . . . . . . .  , . , o ,  :: . . . . . .  _¢', ,: t,,:'o . . . . . . . . . . . . . . . . . . .  : '  -1 . . . . . . . . . . .  " " .+ ,o , o  :: oo,: . . . . .  ,+.,:. :, .1' .1: :::"" :I "-~-_,, :::" ~1:: . . . . .  °:" ',' . . . . . . . .  `,~,1 ii ?}i_+ . . . . . . . . . . .  ,,+: -o1_, . . . . . . . . . . .  -11_o +' " 

l l  h |  

. z :  -, .  s,. ,,s -t, ,~ ~ 

- l f l  i~`, -112 - i  fib t,', - ?  27 77 i i  ~; 
I~  166 ]~  . . . . . . . . . . . . . .  z z  2 1  - 2  ¢'.. 50  ~ 7,1 ~ .  ~ ? 1  - ; ;  - i i  H ~ :  t . i ,  91 2~ -10"Z' ~1 . . . . . . . .  : I-I - I  0 &9 . . . . .  _1;,  I 0 ~1 - t?l  m 

. . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . .  g IZ - f S  ° . . . . . . .  - . . . . . . . . . . . . . . . . .  H ? --1 &,~ s ?  o q-~ _ q t  |1  ~ .)o - 2  q t ,  ~b  _I) ¢'o - t , o  ;) -~q . 1 ~  

- 1 1  Z5  - Z 7  - 5  f12 - ~ 1  x 1 a 

t, 

- t  58  st~ - I  t l  ~, 112 - I o  A .s - 1 1  ? - ~ "  - I  ?t. ? s  - 3  12 - I  ~, h 
0 $ $¢" s t ,  - s ` ,  - ~  ~ ~s - ; ,  s ,  - ~  - t ,  .~o .~l H 1 [  i - ~  l -110 

-+ s l  so  

- 1  ~ - ~  s ~t, - .  - , ,  6+. -6 ` ,  - s  *` ,  ,,,. "~ t ,~ ~s  1o ~ ) 
o ) z  - ~  ~, ~ -~¢" i ~  - ~  i ~  - 1 ~  -~  i ~ .  1 ~  ~ ~ . - 1 o  z - ~  ~o `,1~ 

. . . .  ? . 'o'. -, ,1 +1 -+ 11+-1.. t . ...... I-'.~ .: .1 . . . . . . . . . . . .  -1.-" '° " 1° 1' " 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! . . . . .  :to' ' I - , I .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ~  ,,~ ,.~ - , ,  a,.  - ~  

I '9  - a l  - i ~  z - ~ .  - z  1~ ~ - s .  1 ~o - ~ q  t , i  t , i  - v  `,s `,7 -lo_q s~ls - +  +~ - 1 ~  - z  z l  -~  s~ s~  -~  1 ,  - 1 ,  

lO 36 3S -b 6 a *  r 2q  1'q 

H 8 _1 . . . .  ~ ? ;  : . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . .  
- l e  l e  1,. - )  s )  - 1 1  i - ~ -,, , . •  - ~ .  
-ii 11' -18 -? `,& oe -ll 7 II ?q II IS -10 io 61 6 1 . . )  tl - 5 7  -I 2++ -~I0 .~ Sg 60 X I`, ,̀ Z I', -If /" t~l ~? ~ -~, , ,.~ .~ 

- 5  33 - ) 2  - ` ,  17 l ?  - 1 o  i 1  11 - ~  I t ,  i s  ~g ~ 19 i i  a¢" a ,  
- 4  70 - 6 9  -& 11 -`, - 9  110 kt l  ~o - ? '  - l f l  17  H l (I 5 o q q 8 " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; , .  . . . . . . . . . . .  . . . . . . . .  :g . . . . . . . . . . . .  
-~ 16 -le ? ]l -]b -2 20/+ l ell, -7 |o 2 -i~ lOt~ irl? • 8 18 -17 -I0 /,b ¢'8 1 21 I *11 +*& -41, 

0 81 66 O 1'0 -2 tl -`, I0~ -I0[ -t. ~*II l? lO lb -is. -8 ¢'I -t'1 3 l*b ;,6 -i I 3 l -11 
i .~ is .+ ~ ~ i ~i-~1'0 -+ s~ `,~ -~ +i -~a . ~ ~ 6`, ~ ~ `,i s~ -i~ ~ -~ ~o -so 
z 16 - t  ~' - 9  ) s  - i< .  ? 171, -11' t ,  -i t.~ t ,s  - ?  i~'+ - l r 4  +l i I  ,. - l J  2 i .  . t, s _+ l ~  - ) g  - I i  
l I I  - 1 1  - a  Z - ` , "  3 5Q Sm - Z  1¢" - 1 l  - I  61 67  " q  l a  " l ~  - 1 2  +@ I t ,  - I Z  ~+ 3q  - ` ,  3b  -+` ,  N I b  `, - I O  ?S ;)1 -&  ~+ +6 

`, i t  - l +  - +  +1 +o s +1 +a i o  10 10 - 1 ,  t,o - + o  - i °  + ,  - s ~  - )  +~ -++  
qP gR ;' -.~ 11 -ii -~. 7p 6T  - T  11 - ' ~  -I f,q - h e  6 1' 12+ 121 - S  t, 10 . . . . . . . . . . . . . .  ~t 

-~ to -~ 1' i~ -~ 2 1'a sP ~ -, -e z~ -z+ 
- ."  `,z - s ~  t o  - + o  

19 I# 

i o  I1' - i s  - 1  ~o -~1  i o  , , i  -'s,~ ,, ,s`, `,~ .,9 - ` ,~  - 2  .w, . ~  _ , .  ,, ,,,~ ",1 o ,,e, . ` , : ,  - ~  ~1 ~1 

- 1 1  )1  )1 z 34 )` ,  ~ 14 17 2 9  ~t, ) 7 o ,  o i` ,  17 

. . . . . . . . . . . . . . .  " . . . . . . .  ! '-" ° , . . . . . . . . .  + . . . . . .  , , , , +  ~ . . . . .  3 . . . .  - q  | $  - L 8  4 15 - 1 1  - 1 7  21 ?~. i o  IR - 1 7  14 t, q +  .O'~ 5 7  i 2 .  .~, ?o  ?~, - I ¢ ,  

. . . . . .  I I~ - , i  . . . . . . . . . . . . . . . .  - i o  s+l 3 ,  ~ 2 . . . . . . . . . . . . . . .  ; t  ?`, -~ ~ - . ,  3 ~ ~ 1 I :  / :  

-+ + : - + +  ~ ,~ ; :  . . . . . . . .  : :+ . . . . . . . . . . . . . .  ,:+ . . . . . . . . .  , ,  . . . .  s .  s~ - i f . .  
- +  z ?  - z t ,  - ?  i +  , o  - i i  ? ~* - ?  i , .  i+  + ) $  - I t .  `, Z l  - 2 0  - g  t.fl 4+ Q ++. +& • + - P  H ~ 

- Z  71 73 - q  1 1 '  - 5  I 1~  116  -q  ,s3 ? )  - 5  6~ - h  ~ - q  1 ~*e ? 5P - 5 0  - ;  17  - i q  q i ?  - I ~  - 1 1  17 - s R  

. . . . . . . . . . . . . . . .  ~ I i ; "  IX ~'$ ~ ]11 ) ~ *  - s  s . . . . . . . .  ° 6 , v  H ~ 6 - "  
6 -1  e l  - ~ t  - 0  ~.~ 4b +7 5O ~ -5 ~I  _~a 1o 1~ i ~, - 4  3'~ "~1 - i ?  i z  -¢" - i ~  

- 1 1  q`, q~ - 1 2  - 5  11' - + i  - i  71 SI ~'~ 

. . . . .  ;? ~+ ~," "+ , I' ~': + "  . . . . . . . .  
i -+ a,, z+ 

-, ,o 
- '` ,  : I '  + ' ~ - d  ° " . . . . . . . .  

i , .  - a  zo 
6 4,+ ¢,5 - L  36  +`, t 3 7  I I A  - I  1 o .  + ++ -5+,  I I  - I .  7 - + )  TP - T )  - 7  gg  -q.q - 8  18 - 1 8  - 3  - ; ,  

, ,3  ~., . ~  ~1 , . i  s,~ , , i  , .~ ,.1 

- "  ' . . . .  ~ . . . . .  '-:. J . . . . . . . . . . . .  I~ ~ . . . .  _ ,  %' . . . .  ,.o o'2 : "  q IL i o  i 

The Cu(II) atom in CuTeOa was found to have an tions were found to be 2.35 and 3.34 A, and 2"27 and 
irregular oxygen coordination (Lindqvist, 1972). In 3.21 A, respectively. 
CuTe205 it has a more ordinary environment, with Since the two independent tellurium atoms are both 
four closest oxygen atoms (Cu-O: 1.950-1.969 A ) i n  connected to O(2), T%O5 units [cf Fig. 2(a) and 
an approximately square-planar configuration and Table 7] may be regarded to be present in the structure. 
with two further oxygen neighbours at distances of Such Te2Os groups have also been found in denningite 
2.303 and 2.780 A in directions completing a distorted (Walitzi, 1965). The threefold Te coordination in these 
octahedron. The coordination of the copper atom is in units is disturbed, since they are connected via copper 
very good agreement with that found in CuO (Asbrink atoms, and, moreover, since there are additional Te-O 
& Norrby, 1970), apart from the fact that both the contacts of 2.402, 2.607 and 2.733 A in the structure. 
weak bonds in CuO are 2.780 A. However, the Cu-O A pure threefold Te(IV) coordination may be 
interactions in the octahedral directions can be described as a trigonal bipyramid with equal Te-O 
considered very weak in comparison with the strong bond distances and with O-Te-O angles near 95 ° 
planar bonds, and the difference in the former interac- (Zemann, 1968), the Te(IV) lone pair being opposite 
tions in the two structures can be regarded as a con- to the basal plane of the pyramid. When fourfold coor- 
sequence of the geometrical arrangement in the partic- dination occurs, it is usually possible to describe the 
ular structure, this having no appreciable effect on Te(IV) oxygen polyhedron as a distorted trig.hal 
the copper-oxygen planar orbital system. In related bipyramid, in which one of the equatorial sites is 
compounds, such as CuTeOa.2H20 (Zemann & :)ccupied by the Te(IV) lone pair. It is also possible to 
Zemann, 1962)and CuSeOa.2H20 (Gattow, 1958), the distinguish between the longer axial bonds and the 
copper coordination is also approximately square shorter equatorial bonds, and the angle between the 
planar, and the Cu-O distances in the octahedral direc- equatorial bonds is significantly greater than the angles 
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t 6 - t + .  13 l ?  - t o  b z  b ?  - 4  4+  - + r  - s  6 o  ~ t  + s  - ' ,  7+ - t ?  - I O  ++ +a  • ?~  - z ~  + t .  - l ,  

t - +  . ~  - + +  
, ~ , ~ 4,,~ -.~ - I  " -~ - , ,  ~ - '~  . . . .  " ~ ~_~ " . . . . .  _ _ . . . . .  

s 6 6 .  - 6  i s .  - l s ~  0 ~ 3s  - t  ~ - 6 ~  . ~ ~ - q  n r  -~'~ - q  1 ~ - .~l  0 ?~  J o  - h  2~ - ?  t~ -t~ 10  - 4 1  - l l  i o 
b Z o  ? 2  i.i I~. 6 | I S  16  o ~.~. ,,e. - 8  ?; '  - I ' ~  - 8  6*, o' ,  I ? ,  t'~ - ~  ~ ,  - ,~a - s  x 6  - ~ t  - l a  ~.? .~.n 

8 5 0  .~8 - ?  16 - 1 o  - ~  t a n  - t ' . ~  - e . ,  - o  ,.~ - 4 q  I .,la - e ,  - a  ~., e.l --~ ? , ,  ,,,; . iq .:.? ;,~, 
=~ ] 7  16 - 7  l l %  l i t  l q  1A _ 5  2~ 7~  - ,  ? t  . . ,  a I t  /, . 2  .~/ .~1 - ?  ~ ; ~  . ?  ;*1 .1¢* 

O ~ I t  o . . . . . . .  , %, ;: %,'; ~ . . . .  ~ . . . . .  , . . . . .  
t t ? , ,  1.,'~ - z  t z  l ,  , ,  ~'~ 

- 6  ~ a  - s o  t - , . ~  . ~  . ,6 ;.., , ~ ~o 

- i  i o ~  1o,,  v ,  - ? ?  -,. ??  - 2 ~  t z  - ~  , , s  - , .* ,  - ,  ~ l  - , 2  ., . 9 -~  ? ,  | ,  ?~ ->~, 

. . . . . .  ;' . . . . . . . . .  I~ . . . . . . . . . . . . . . . .  ~' ; ;  %? 
l 6F  - 1 4  - S  3~ a n  ? l i ~  - l a  

- i o  t ~  * 
i o  o 4 c  lOL %% ,. 1 o .  - , ,  s z  - s t  - t o  ?~  ,~t - z  v .  T,~ a ,.~, -,.,* s " 1'~ 1~ 

5 
6 t o  ".,8 -.~ ~. 6 ~., . , . .  

- t  
6~. -~.~ . . . .  ~ ,  _ ~ ,  _., , ,  .~, 

. . . . . . .  ! ! i  :! 
i - ~  ',.2 - ~ ,  - , "  ~ - )  *~ * .  

'~,. -~1,. . ~  , ~  . , ,  

- z  6 2  - 6 s  - , .  ,, '~. i e,., - o r  ;-: ". ~ - t  . , t  - ? ~  - a  .~ - 1 ~ .  - 1 ,  ~- ~ , *  l ,  - ~  - t  ~1 t . .  :, 1~ - t o  

a 4  a~  
Z6  2 5  l t~ ?Z  - I  "~ - ?  ?'~ 75 - ~  ~? 3 '  b ~ - ' *?  -~. e~? ~? - ?  ?~ - ? '  - 0  ?% - ~ q  ~" 11 - I  q " 

t ?  - l Z  - 5  To To - ~  - I  a a  - ~ ?  - 7  l a  - t o  - ~  ~ ,  - ~ .- t ,  t t *  6 ~'~ - 4 1  - 0  
z g  - 2 1  rl IT 6 q ~6  - 5 6  - 4  ~2 I*. - ~  6 1  61 0 47  - a l  ~ n u - !  a~. 3~ - ,  I t ;  I t "  l ?  

z 10 - 8  - 2  z.~ -z,~ ~ 4,, - , . ,  - ~  o., ~ .  - ~  ,.a , . .  . l -  - ,  . ~  , . i  . . . . . . . ;  ~l 7", 
.~. 6 6  - 1  ~j i -  16 ?11 e 5? is - I  17  I n  - t , s  - ?  i ?  ., ~ ?~ v* ~t - i i  a ~  - 4 ,  

- z  
. . . . . . . . .  ~ ~',~° ? 66 . . . . . . . . . . . .  , ,  o ~. - , ,  ~ ' I  ' : .  " . . . . . . . . . . . . . . . . . . . . . . . ,  . . . , ,  o ,o - ,~ -o o. o~ - z  t ~  - t ~  

l z r  - Z 7  -a ,~ s 6 '  - t o  "s? - ~ o  ., l l ,  | 4  
- ~ s  . ~  

11 6 - 1 o  - ' ,  - a  -6~1 ~, 6,, 66  q z~, -? , ,  - , .  , ,e  - ~ t  -~, aq  ~ • 1 c 
- t o  ~ - ~ r  - ~  z~ - z , ,  - ~  ,~e -s ,~  -:~ ,,u s ~  - s  ? - 6 .  s ~ ~ l  4 12 t ~  I ? "  t '  1o i ~o -zz . t~ , -.~ z 6  -z~,  - a  t , .  - ~ z  - 6  sa  s ,  v~  - ~ z  , ~ .  

. . . . . . . . . . . . . . . . . . . . . . . .  - o  1 ~ : ~  - e  . . . . . .  ' ~  -~ '~ - t o "  I ~  ' : ' , ,  - t -  . . . . . .  1 o o  1 o ,  - , .~  
- 6  ~ I ~  -,-' Z~: Z4 . . . . . . . . .  - Z  8 '  - 8 l  - I t  10r V - 0  t t :  . . . . . . . . . .  . .  t Z ,  . . . . . .  - Z ,  to ~ " i :  - a e  " , ~  ~ ,  . . . . . . . . . . . . . . .  

a., 4,, 
- a  t o  - t o  o z t  - z l  T,. Ts - ~  ~ •  ~,, ~ •  . l ,  e -,~ l ,  - i z  - , ,  6~, - , ,  ~ ' t ,  - ~ ,  -.~ ~ ,  , 

o 4,7 ¢.6 1 <1 -5 3 7?  7t* - 6  l q  - I t .  - I t  27  - ? ~  - ~  ? t  - 7 1  F 19 - i ~  - ~  . ~  4 5  _ ?  ? t~ - 4  ~1  4~  . k,) ~ n  -¢, 17  aR 
1 z 2  z~  2 ) z  ) ] .  4 l q  ? /  - ~  ~z  -,~1~ - t o  72 ,~  - 4  ~1 ¢~ _ ,  24  -2z - 6  124 l ? a  - 3  1 - a e  6 ?~. 2 ,  .% Zoo  -11 n 
2 2 8  Z9 J .~6 1 8 6 5  14 16 -t* 37 37  -q I t ~  - I I q  - ~  o -,~ - l l  H t q,~ 8be ~ - 5  ? 0  - I I  -% 14 It# -.~ ~4  - % ,  
3 6 0  6 1  4 * l *  ~S - -a  z 2 0  -- I ? - -8  6 q  - ~  -- 2 ~1 - -~  " m~ ]% ) 0  m4 a ~  " a "  - -J  S l  %R 14 ? I n l ~  - '~  ,~a q a  
,. 3o  - ~ .  5 z?  l z  t 6 z  - 6 1  - z  t ?  - I ~  - ~  t o n  t n ~  - 1  t s  ~,. - l ~  .~6 ,~• - i  *. :  - ~  - ~  ?1 t o  - ?  ,.6 -~.~ 

• ~ - 4 6  6 t ~  - z l  
8 2 - ~ *  - 1  **? 6 6  -6 7 4  - ? S  Ol 11 - l l  -~-° 301L -?fl-~ 321 -?-I It?S1 -liP_5 t. 5t]~ -3t~? - I I  5<} ~ ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 3 ~ *  I - I  ° : , :  : :  

? 35  - 3 ~  e z ~,. . 6 t t a?  - ~  - ~  t z 5  l ? ~  ? ~ t  ~ t  o r )  • s  ~ ? ?  - ~  - o  , . .  a .  . s ~  - . ,  
s 1 9 1 i R I  m ~ 

_ •  

. . . . . . . . . .  ~ , ,  - - o  . . . . . . .  3, -.o ~ z~ o , ,  s . . . . . . . . . . . . . . . . . . . .  . .  . ~ , . _ .  l a 4  - !  l a  - l a  6 7  -6" ,  - 1 1 9  

- 1  ~7  -%B - 0  1 |  14 6 14 -% - I t  ? ~e  - '  I l l  I a ~  I~  1% 

- , .  56 -SS - a  6~. 6, .  - , .  * o  - a o  - 1 o  z~  - z s  s ?~ - . , z  - t , ,  ?6  • S~ - s z  - 6  a o  ~ H 6 ~ " l 

- z  ~8 5 1  3Z '.Z - ' .Z  Z t  -Z', .  , ' , . ?o  - t o  l ?  - i t  ~,.~ 6Z - ,  .,," -1,~ - s t  ?o  - z e  -,~ ~.~ ~,,, ;. ~ ,  - , , , ,  - - ,  .~a <., 
- t  tO - s  s,~ ~.~ - t  ~'3 - ? , ,  - : ,  ? o  - 7 6  

. . . . . . . . . . . . . . . . . . . . . . . . .  ~ 'Z~ t z, . . . . .  ? ;  ~ :  . . . . . . .  

x : ~  - , z  . . . .  - z  I ~  - ~ o  ° ~ ~ t  e l  - ,  . . . . . .  , ,  t o  - t ,  i ' s ,  . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 6  ? 6  - , "  . 1 0  e ~ r,~ .... ~ ,  

6 z q .  7 9  TO Z6 - r e  - z  - t , .  - t o  - 1 3  - ~  t ~  - I ?  - a  4; ,  - ~ ,  - 4  ~'~ -*,1 ~, ~ .  - s '~  - t o  ? - 1 ~ .  

. . ,  I ~ , - L  ° . . . .  ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; '  , .  

. . . . . . .  :, . . . . .  I : ;  :1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  ~ - 'o  ~ - I '  " -~;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - , .  3',. ~Z • S ~ - 0 V ,  - ?  '~". - '~0  ", 3'~ - ' ~ /  ~0 - ~ o  - 1 o  '~ - '~ ,. ?~ - . , ,  - ~  ,,.~ - , . i  - . r  , '~ - ; " ,  - ' .  " , t  ~ 

. . . . . . .  ~z  .~ -or inl I i 1 ~  

- i  s 9  61 - i s  ? o  - z  :16 ~T - 8  , . s  ,.,. 1 . , s  ?T ,t ? s  - z , .  z ~  . . ,  - ~  : ,  . ,z  • t t ~  t . ,  -~  - ,  - , . -  
o 1 . . . . . . . .  -~i . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I G  ~ . . . .  : . . . . .  
i -32 - 1 1  4,~. - 6  30 3Z 3 6 8  - 6 q  ? - 7 .  - , .  a ,  31 - t l  ? 9 2 / - ? t  ~v 3~ 

between one axial and one equatorial bond (cf. review Te-Oax = 2"22 A, Te-Oeq = 1"90/~, Oax-Te-Oax = 159.8 ° 
article by Zemann, 1971). Astr6m, Andersson, Galy & and Oeq-Te-Oeq=99"4 ° (Astr6m et al., 1973). 
Meunier (1973)have  shown that this configuration is Zemann (1971) has pointed out that Te(IV) oxo 
quite natural if one considers the Te(IV) position in a compounds  usually have three nearest neighbours with 
hexagonal close-packed arrangement of  oxygen atoms, relatively constant configuration, while the distance to 
the Te(IV) lone pair taking the place of  an oxygen the fourth closest oxygen atom varies greatly (from 
atom. Along these lines it was possible to calculate 2.08 to 2.98 A), but in a fairly constant direction. A 
expected dimensions for the Te(IV)O4 polyhedron, i.e. simple way of  deciding whether or not the fourth 

Fig. 1. Stereoscopic view of the structure. 
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Table 6 (cont.)  

. i  ~*t, -~5 - 5  ~'1 . I ' )  I .  I ] 7 0  

t ' ,  -~1~ . . . . . . .  ' " | "  " . . . . . .  -6 " , 7  t '  t 
. i  ? ~ - '~ I I  - I "  

t.'.-;', _, ~:. ;: ., , , c o r d a n c e  with Fig. 2. 
- ' ,  ~ t  ~t  

. . . . . . .  ? ~ :: . . . .  Te (1 ) -O(3)  1.877 
. . . . . . .  Te (1) -O(4)  1.883 

~ ~: ;~ !!  !i _!i - ' ° " / ' " ' "  !! ~i ."}. T e ( l ) - O ( 2 )  1.931 -_i ~, .;~ 
_°"I'"- . . . . . . . .  -' 'd _'Y :1 ;~, .;~ Te (1 ) -O ' (4 )  2.607 
ii ',i-~i" :i i!-ii  . . . . . .  '~ b' ;:: T e ( 1 ) - O ' ( l )  2.733 

" , . . . . . . . . . .  Te(2) -O(1)  1.859 
-"" '~ ~ '; ','. Te (2 ) -O(5)  1.866 

~,~ ~* ~ I .  ~ 2 ~ l  - I I  
-~ ? a  ?~ - t o  2 .  - ' ,  

. . . . . . . . . . . . . .  :~ ~: _;: . . . . . . .  Te(2) -O(2)  2.019 
- s  v ,  - ,~t  

-~ , ,z , z  :;., :?~ . . . . . .  Te(2 ) -O ' (3 )  2.402 
- , ,  .,~ - ~ ,  . .  ,, 1~ ~ 1~ 

-+' L" "~ :~ ~'+-[~ . . . . . . . . .  
, . . . . .  ; . . . . . . . . . . . .  -~ :? :: O ' ( 1 ) - T e ( 1 ) - O ( 2 )  162.6 

_,,-, ' , '% ' ..... i ?-;; _~ ,,~ .,° O ' ( 1 ) - T e ( l ) - O ( 3 )  74.9 
. . . . . . .  _o :: I ~, . . . . . . . .  ; , ,  -o' ",~ ' : .  O ' ( l ) - T e ( l ) - O ( 4 )  102.2 

-,a 15 - s  - a  a ~ .  -~, ~ .  . . . . . . . . . . . . . . . . . . . . .  , , ,  ,. O ' ( 1 ) - T e ( 1 ) - O ' ( 4 )  85.4 
. . . . . . . . . . . . . . . . . . . . . . . . . .  O ( 2 ) - T e ( 1 ) - O ( 3 )  92.8 
- ~  i ~  ~ _ ~  ~ a~ _ 

. . . . . . . . . . . . . . . . . . . . . . . .  ,, 0 ( 2 ) - T _ e ( l ) - 0 ( 4 )  91"0 - , ,  i ~  -~  

Table 7. Tel lur ium and  copper coordinat ion dis tances  (]~) 
and  angles (°) 

The  s t a n d a r d  dev ia t ions  a re  0.003 /~ for  all d i s tances  and  lie 
in the  r ange  0 .09-0.14 ° for  all angles.  The  n o t a t i o n  is in ac- 

C u - O ( 5 )  1.950 
C u - O ( l )  1.952 
C u - O ( 4 )  1.961 
C u - O ( 3 )  1.969 
C u - O ' ( 5 )  2.305 
C u - O ( 2 )  2-780 

O ( l ) - C u - O ( 2 )  65.8 
O ( 1 ) - C u - O ( 3 )  86.2 
O ( l ) - C u - O ( 4 )  166-7 
O( 1 ) - C u - O ( 5 )  90.4 
O(1)-Cu-O'(5) 97-8 
O ( 2 ) - C u - O ( 3 )  90.0 
O ( 2 ) - C u - O ( 4 )  102.7 
O ( 2 ) - C u - O ( 5 )  91.0 
O ( 2 ) - C u - O ' ( 5 )  162.7 
O ( 3 ) - C u - O ( 4 )  87.2 
O ( 3 ) - C u - O ( 5 )  175.7 
O ( 3 ) - C u - O ' ( 5 )  94.5 
O ( 4 ) - C u - O ( 5 )  96.7 
O ( 4 ) - C u - O ' ( 5 )  94.2 
O ( 5 ) - C u - O ' ( 5 )  83.3 

o' F, ~". -o' d /°' - i i i  :i! :; :', ~-~ O ( 2 ) - T e ( 1 ) - O ' ( 4 )  79.0 
'~ ~" '¢' ~ . . . . .  ~ '; ",. ~ '~ ". O ( 3 ) - T e ( 1 ) - O ( 4 )  94.6 

. . . . . . . . . . . .  _ , "  ~, '+ .. O ( 3 ) - T e ( l ) - O ' ( 4 )  72-3 
-!! . . . . . . . . . . . . .  -~ ,; _,. O ( 4 ) - T e ( 1 ) - O ' ( 4 )  162.8 

- s  *,,, 66  - ,  qQ - s  

- 5  I n  I 0  - 4  3 t  - ~ l  -~  I n 14 

-~ ; ~ - ; ' ;  -' 2 " :~ ;] i i  ' ; °' O ( 1 ) - T e ( 2 ) - O ( 2 )  86.6 
- , ,  2S 24 ~ "  - ~ "  

. . . .  ~ , ,  y , .  o ; ,  ;,, . , " , ' , ' + , ,  O ( 1 ) - T e ( 2 ) - O ' ( 3 )  80.0 
. . . . . . .  O ( 1 ) - T e ( 2 ) - O ( 5 )  99.0 

~ i i -~  . . . . . . .  O ( 2 ) - T e ( 2 ) - O ' ( 3 )  166.6 
. . . . . . .  ?~ 'i -+ "0-"~' . . . . . .  O ( 2 ) - T e ( 2 ) - O ( 5 )  88-6 

. . . . . . . . . . . . . .  ~;~ . . . .  O ' ( 3 ) - T e ( 2 ) - O ( 5 )  92.8 

- s  a~ 31 
. t i +  . 7 i .  

. . . . . . . . . . . .  _. . ,  ,. quence of the longer distances to the additional oxygen 
i ~i :!. -~ ~; ;~ ?, ;i-;',' ' 'i " atoms O'(1) (2.733A) and 0'(4) (2.607A). Such 
. . . .  -.' . . . . . . . . . . .  , . . . .  distances have, however, been reported to correspond 
. . . . . .  -; . . . .  . . . . .  to significant interatomic interactions, for example in 

Te(C6H402)z (Lindqvist, 1967) and in Te205 (Lind- 

oxygen neighbour has a significant influence on the 
Te(IV) bonding orbitals, and thus a way of qualita- 
tively estimating the strength of the fourth Te-O 
interaction, would be to observe the strong Te-O bond 
on the opposite side of the tellurium atom and the 
angle between the two other short Te-O bonds. If 
this bond is longer than the other two and if the angle 
is significantly larger than the other two angles in the 
Te pyramid, elements of fourfold coordination can be 
regarded as being present. 

,In CuTezO5 the fourth oxygen neighbour of Te(2) is 
O (3) at a distance of 2.402 A. From Table 7 it is 
evident that Te(2) shows fourfold geometry, thus 
indicating that the Te(2)-O'(3) interaction is of con- 
siderable strength. The M-O(3)-M angles (Table 8) 
are all close to 120 ° which is to be expected for an 
oxygen atom with bonds to three metal atoms. Similar 
conditions hold for the coordination of Te in 
denningite (Walitzi, 1965) and of Te(2) in CuTeO3 
(Lindqvist, 1972), where the fourth Te-O bond dis- 
stances are 2"36 A and 2.32 ]k respectively. 

The oxygen arrangement around Te (1) in CuTe205 
is closer to pure threefold coordination, as a conse- 

Table 8. O x y g e n  contac ts  be low 3.6 A and  M - O - M  
angles 

The  last c o l u m n  in the  d i s tance  list r ep resen t s  the  meta l  a t o m s  
to which  the  two  oxygen  a t o m s  are  b o n d e d .  S t r o n g  and  w e a k  
bonds  a re  ind ica ted  as = a n d  - ,  respect ively.  The  s t a n d a r d  de- 
v ia t ions  o f  the  angles  lie in the  r ange  0 .10-0.18 ° . 

O(1 ) -O(2)  2"662 (4) A --Te(2)=, = C u -  
O(1) -O(3)  2.678 (4) =Cu= 
0 ( 3 ) - 0 ( 4 )  2.710 (4) =Cu=, =Te(1 ) -  
0 ( 2 ) - 0 ( 5 )  2-715 (4) =Ye(2)= 
0 ( 2 ) - 0 ( 4 )  2"719 (5) =Te(1)= 
0 ( 2 ) - 0 ( 3 )  2.760 (4) =Te(1)= 
0 ( 3 ) - 0 ( 4 )  2"762 (4) =Te(1 )= 
O(1) -O(5)  2.768 (5) =Cu= 
O(1) -O(3)  2-770 (4) =Te(2 ) -  
O(1) -O(5)  2.834 (4) =Te(2)= 
0 ( 5 ) - 0 ( 5 )  2"839 (6) = C u -  
O(1) -O(3)  2-855 (4) =Te(1 ) -  
0 ( 4 ) - 0 ( 5 )  2-922 (5) =Cu= 
0 ( 2 ) - 0 ( 4 )  2.931 (5) =Te(1 ) -  
0 ( 3 ) - 0 ( 5 )  3.114 (4) =Te(2 ) -  
0 ( 4 ) - 0 ( 5 )  3.132 (5) = C u -  
0 ( 3 ) - 0 ( 5 )  3.146 (5) =Cu- 
O(1 )-0(5) 3.214 (4) =Cu- 
O(1)-O(1) 3"339 (6) 
0 ( 2 ) - 0 ( 3 )  3"407 (4) = C u -  
0 ( 2 ) - 0 ( 5 )  3.424 (5) = C u -  
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Table 8 

Cu=O(l)=Te(2) 115.0 ° 
Cu-~-~O(1)-Te(1) 114.6 
Te(1)-O(1)=Te(2) 128.2 
Te(1)=O(2)=Te(2) 120.8 
Cu--O(2)=Te(1) 156.8 
Cu--O(2)=Te(2) 82.4 
Cu=--O(3)=Te(l) 112.7 
Cu--==O(3)-Te(2) 108.4 
Te( 1 )=O(3)-Te(2) 126.4 
Cu=O(4)=Te(1) 130.1 
Cu~O(4)-Te(1) 87.8 
Te(1)=O(4)-Te(l) 120.5 
Cu~O(5)=Te(2) 121.4 
Cu---O(5)-Cu 96.7 
Cu--O(5)=Te(2) 128.4 

(cont.) 0(4) 

qvist & Moret, 1973). The above criteria for four- 
coordination holds rather well for O'(1), and better for 
O'(1) than for the slightly closer 0'(4). The M-O(1)-  
M angles are also consistent with a Te(1)-O'(1) inter- 
action. These arguments thus suggest that the Te(1)- 
O'(1) force is stronger than that between Te(1) and 
0'(4). This might be feasible, bearing in mind that 
geometrical strains imposed by the stronger M-O 
bonds certainly influences these distances of 2.6-2.8 ,&. 
more than the corresponding weak Te-O interactions. 
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gren for his careful criticism of this paper, and to Dr 
Susan Jagner for revising the English text. Financial 
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Forschungsgemeinschaft and from the Swedish Nat- 
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