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The crystal structures of [PPh;Me],[CuBr,], [PPh;Me],[CuBr,]Br, and [PPh,Me],[Agl,] have been
determined by single-crystal X-ray diffraction methods at 295 K. The salt [PPh,Me],[CuBr,] contains
a planar, almost perfectly trigonal tribromocuprate (1) ion [CuBr,]?>". The exact symmetry of the ion

in the crystal is C,,, with Cu-Br bond lengths of 2.353(3) (twice) and 2.358(6) A and

Br—Cu-Br angles of 118.9(1) (twice) and 122.2(2)°. The salt [PPh;Me],[CuBr,]Br contains

[CuBr,]~ ions and separate Br~ ions at distances greater than 6.8 A

from the nearest copper atom.

The structure of the [CuBr,] ion is almost linear, with Cu—Br bond lengths of 2.228(1) and
2.233(1) A and a Br—Cu-Br angle of 175.29(4)°. The salt [PPh,Me],[Agl,] contains a planar tri-
iodoargentate(1) ion [Agl,]~ with approximate trigonal symmetry. The Ag-| bond lengths are
2.742(1), 2.746(1), and 2.755(1) A and the |-Ag-I angles are 115.90(3), 119.38(4), and
124.67(3)°. This appears to be one of very few examples of a mononuclear, trigonally co-ordinated
silver(1) complex. The possible relevance of this structure to the mechanism of conductivity in

iodoargentate(1) solid-state electrolytes is discussed.

In the solid state the stereochemistry of copper(l) and silver(r)
complexes is dominated by four-co-ordination.!*> However, a
significant number of two- and three-co-ordinate complexes of
copper(1) are known,' the simplest of which are the homoleptic,
mononuclear halogenocuprates(i) [CuX,] and [CuX,]* which
have been characterized in the solid state by vibrational
spectroscopy>* and X-ray crystallography.*® In contrast to
this, very few solids containing simple two- or three-co-ordinate
mononuclear silver(1) complexes have been reported. The two-
co-ordinate [AgX,]™ species have been characterized by vibr-
ational spectroscopy in tri-n-butyl phosphate solution,” but
only one solid compound containing such an ion, [Au(Bu®,-
NCS,),][AgBr,], has been reported to date.® However, in
this compound the anion lies near to the sulphur atoms of the
cation, with a relatively short Ag -« - S distance of 3.16 A. It has
recently been shown that discrete [Ag,X,]>" species, with three-
co-ordinate silver(1), exist in [PPh,},[Ag,X,] (X = Clor Br).?
In all other known compounds with [AgX,]" stoicheiometry
the anions are present as infinite chains of distorted AgX,
tetrahedra which are linked by sharing edges.!® Several
compounds of the general composition M,AgX; are known,
but in all cases where crystal structures have been reported these
compounds contain infinite chains of distorted Agl, tetrahedra
which are linked by sharing corners.''!*

We have previously shown that several compounds with the
general formula [PPh;Me],[MX3] (M = Cu or Ag) can be
prepared and that their far-ir. spectra suggest the presence
of discrete, trigonal-planar, three-co-ordinate [MX;]* ions.
This was verified by X-ray crystallography in the case of the
compound [PPh;Me],[Cul,], which was shown to contain a
slightly distorted planar [Cul;]*" ion with Cu-I bond lengths
of 2.537(2), 2.559(2), and 2.566(2) A and I-Cu-1 bond angles
of 116.55(7), 120.54(6), and 122.90(7)°.* The structure of the
corresponding silver compound [PPh;Me],[Agl;] has not yet
been reported. In view of the fact that very few mononuclear

three-co-ordinate silver(l) complexes have been fully char-
acterized structurally to date, we have determined the structure
of this compound in the present study. The structure of the
corresponding bromocuprate(i) complex [PPh;Me],[CuBr;]
has also not been reported, although the existence of the
[CuBr,]* ion in the solid state has since been established by the
determination of the crystal structure of [PMe,],[CuBr,],
which contains a [CuBr;}*~ ion with exact D;, symmetry.®
However, the compound [PPh;Me],[CuBr;] shows an addi-
tional interesting feature, namely that it can be prepared in two
distinct crystalline forms, the far-i.r. spectra of which suggest
that one contains a trigonal [CuBr;]%" unit, while the other
contains separate [CuBr,]~and Br~ units. The crystal structures
of both these compounds have been determined in this work in
order to verify the above conclusions and to determine whether
there is any interaction between the [CuBr,]” and Br™ ions in
the second compound.

Experimental
Preparation of Compounds—These were prepared according
to previously described methods.*

Structure Determinations—Unique data sets were measured
at ca. 295 K within the limit 20,,, = 50° using four-circle
diffractometers (26—6 scan mode; monochromatic Mo-K,
radiation, A = 0.71069 A). N Independent reflections were
measured, N, with / > 3c(/) being considered ‘observed’ and
used in the full-matrix least-squares refinement after absorption

t Bis(methyltriphenylphosphonium) tribromocuprate(1), bis(methyl-
triphenylphosphonium) dibromocuprate(r) bromide, and bis(methyl-
triphenylphosphonium) tri-iodoargentate().

Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1990, Issue 1, pp. xix—xxii.
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Figure 1. Unit-cell contents of [PPh;Me],[CuBr,], projection axis c,
arbitrary thermal ellipsoid envelopes. The anion is projected down
Br(2)-Cu, coincident with a two-fold axis normal to the plane of the

paper

Figure 2. Unit-cell contents of [PPh;Me],[CuBr,]Br, projection axis a.
20% Probability amplitude thermal ellipsoids are shown for the non-
hydrogen atoms

correction. For the compound [PPh;Me],[CuBr;], data were
limited and the heavy atoms only were refined with anisotropic
thermal parameters, the isotropic form being refined for carbon;
for the other two compounds, all non-hydrogen thermal
parameters were refined with the anisotropic form. Values of (x,
¥, 2, Uso)u for all three structures were constrained at estimated
values. Conventional R, R’ on F at convergence are quoted;
statistical weights derivative of 62(7) = 62(Dgic + 1,0”* (Daigs
were used. Neutral atom complex scattering factors were
employed,!® computation using the XTAL 2.4 program system
implemented by S. R. Hall.'® Atom co-ordinates are given in the
Tables; Figures 1-—3 display the unit-cell contents of the three
compounds, while Figure 4 gives the anion geometries.
Additional material available from the Cambridge Crys-

J. CHEM. SOC. DALTON TRANS. 1990

Figure 3. Unit-cell contents of [PPh;Me],[Agl,], projection axis c. 20%,
Probability amplitude thermal ellipsoids are shown for the non-
hydrogen atoms

tallographic Data Centre comprises H-atom co-ordinates,
thermal parameters, and remaining bond lengths and angles.

Crystal and refinement data. [PPh;Me],[CuBr;]. C;3H36-
Br;CuP,, M = 857.9, orthorhombic, space group Fdd2 (C,,,"”
no. 43), a = 32.65(2), b =2396(1), ¢ =9.196(3) A, U=
7191(7) A%, Z =8, D, = 1.58 g cm™3, F(000) = 3424, p =
39.4 cm™, specimen, 0.060 x 0.30 x 0.18 mm (capillary),
A* i max.(analytical correction) 1.26, 201, N = 1697, N, =
627, R = 0.044, R" = 0.032 (preferred hand), n,, = 2 x 1074,
Syntex P2, diffractometer.

[PPh3;Me],[CuBr,]Br. C33H;(Br;CuP,, M = 857.9, mono-
clinic, space group P2,/c (C,,° no. 14), a = 11.439(2), b =
14.862(5), ¢ = 21.659(4) A, P = 91.56(1)°, U = 3680.6 A3,
Z=4, D, =155 g cm™3, F(000) = 1712, p = 38.6 cm™!,
specimen, 0.32 x 0.23 x 0.25 mm (capillary), 4* in. max.(Gaus-
sian correction) 1.77, 2.25, N = 6 456, N, = 3 965, R = 0.039,
R =0038, n, =5 x 10*, Enraf-Nonius CAD-4 diffracto-
meter.

[PPh;Me],[Agl;]. CisHicAgl;P,, M = 10432, mono-
clinic, space group P2, (C,? no. 4), a = 16.469(5), b =
12.514(2), ¢ = 9.673(2) A, B = 103.64(3)°, U = 1937(1) A3,
Z=2, D, =179 g cm™, F(000) = 1000, p = 283 cm™,
specimen, 0.23 x 0.40 x 0.46 mm (capillary), A* .. max.(Gaus-
sian correction) 1.73, 239, N = 3392, N, = 3 261, R = 0.030,
R = 0.037 (preferred hand), n, = 5 x 10*, Enraf-Nonius
CAD-4 diffractometer.

Results and Discussion

Bis(methyltriphenylphosphonium) Tribromocuprate(1), [PPh;-
Me],[CuBr;].—The non-hydrogen atom co-ordinates for this
complex are listed in Table 1, and the structure of the [CuBr;]*
anion is shown in Figure 4(a). The asymmetric unit contains
half a formula unit and the anion lies on a two-fold crystallo-
gaphic axis (Figure 1). The anion is necessarily planar, and so
has alocal symmetry of C,,. However, the distortions from ideal
D, trigonal planar symmetry are small. The mean Cu~Br bond
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Figure 4. Schematic representation, with dimensions (distances in A,
angles in °), of the complex ions (a) [CuBr;]* (lying on a two-fold
crystallographic axis), (») [CuBr,]", and (c) [Agl;]*

length of 2.355(4) A is only slightly less than the value 2.365(3) A
found for the D, [CuBr;]%* ion in [PMe,],[CuBr;].°

Bis(methyltriphenylphosphonium) Dibromocuprate(1) Brom-
ide, [PPh;Me],[CuBr,]Br.—The non-hydrogen atom co-ordi-
nates for this complex are listed in Table 2. The solid contains
well separated [CuBr,]™ and Br ions (Figure 2). The shortest
distance between a copper atom and a non-bonded Br~ ion is
6.811 A. The structure of the [CuBr,] anion is shown in Figure
4(b). This ion has no crystallographically imposed symmetry
and is slightly but significantly non-linear, with a Br—-Cu-Br
angle of 175.29(4)°. The Cu-Br bond lengths [2.228(1) and
2.233(1) A] lie at the high end of the range 2.207—2.232 A found
for the same ion in a range of other dibromocuprate(i)
complexes.’

It has been pointed out that the co-ordination number of
copper(1) in solid bromocuprate(1) complexes is dependent
upon the total bromide concentration in the solid. This
concentration can be altered by changing the size of the counter
ion in the complex and this effect has been investigated for a
number of bromocuprate() complexes with symmetrically
substituted ammonium and phosphonium cations.® It was
found that higher copper co-ordination numbers are associated
with higher bromide concentrations in the solid. The results of
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the present study, together with the previously published results
for [PPh;Me],[Cu,Br,],'” allow further examination of this
effect with a single unsymmetrically substituted cation, [PPh;-
Me] *. The total solid-state bromide concentrations in these
compounds are: [PPh;Me],[CuBr,]Br, 5.41; [PPh;Me],-
[CuBr,], 5.54; and [PPh;Me],[Cu,Br,], 6.75 mol dm™3. The
fact that one Br~ is not co-ordinated to copper in [PPh;-
Me],[CuBr,]Br necessarily increases the molar volume and
therefore reduces the total bromide concentration relative to
that in [PPh;Me],[CuBr;]. However, despite the structural
differences between these two compounds, the total bromide
concentrations in both are quite similar, and the existence of
both compounds suggests that the 1:3 Cu:Br stoicheiometry
results in a situation which is on the borderline between a
preference for two- and three-co-ordination for copper. Thus,
the critical total bromide concentration for the change from two-
to three-co-ordination in the case of the [PPh;Me]Br-CuBr
system appears to be about 5.5 mol dm3. The crystal structure
of [PPh;Me],[Cu,Br,] shows that it contains binuclear
[Cu,Br,]*, rather than the two-co-ordinate [CuBr,]" species
which is the simplest structure which might have been expected
on the basis of the 1:2 Cu:Br stoicheiometry alone. However
it is clear that the bromide concentration in this compound is
well above the value 5.5 mol dm=3 which corresponds to the
transition from two- to three-co-ordination, and so the bi-
nuclear, three-co-ordinate structure of the anion is preferred.

Bis(methyltriphenylphosphonium) Tri-iodoargentate(1), [PPh,-
Me],[Agl;]—The non-hydrogen atom co-ordinates for this
complex are listed in Table 3, and the structure of the [Agl;]*
anion is shown in Figure 4(¢). The asymmetric unit contains one
formula unit and the anion has no crystallographically imposed
symmetry. However, the anion is almost exactly planar, with the
silver atom lying only 0.036 A out of the plane of the three co-
ordinated iodine atoms. The distortion of the anion from ideal
D3, symmetry is only slightly greater than that found previously
for the corresponding iodocuprate(r) complex [PPh;Me],-

Table 1. Non-hydrogen atom co-ordinates for [PPhy;Me],[CuBr,]

Atom X y z
Cation

P 0.1332(2) 0.083 4(2) 0.605 2(6)
C(0) 0.091 5(6) 0.038 2(7) 0.645(2)
C(11) 0.172 0(4) 0.044 8(6) 0.512(2)
C(12) 0.181 7(5) —0.010 4(7) 0.560(2)
C(13) 0.211 7(5) —0.038 2(7) 0.482(2)
C(14) 0.232 2(5) —0.0157(8) 0.376(2)
C(15) 0.224 8(6) 0.038 1(8) 0.331(2)
C(16) 0.194 5(6) 0.066 8(7) 0.399(2)
C(21) 0.155 6(5) 0.111 0(6) 0.770(2)
C(22) 0.131 3(6) 0.111 7(7) 0.896(2)
C(23) 0.146 7(5) 0.132 5(7) 1.023(2)
C(24) 0.186 3(5) 0.154 0(6) 1.023(2)
C(25) 0.210 1(5) 0.152 4(7) 0.900(2)
C(26) 0.195 3(5) 0.131 1(6) 0.773(2)
C(31) 0.1159(5) 0.137 9(6) 0.492(2)
C(32) 0.080 9(5) 0.130 7(7) 0.399(2)
C(33) 0.068 2(5) 0.173 1(8) 0.312(2)
C(34) 0.090 0(6) 0.221 5(7) 0.308(2)
C(@35) 0.124 9(6) 0.2310(7) 0.393(2)
C(36) 0.135 6(5) 0.188 5(7) 0.486(2)
Anion

Cu 0 0 0.123 6(5)
Br(1) 0.028 50(6) 0.076 72(8) 0

Br(2) 0 0 0.3800(4)
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Table 2. Non-hydrogen atom co-ordinates for [PPh;Me],[CuBr,]Br

Section 1 Section 2

— A ™ r A Al
Atom x y z x y z
Cation
C(@) —00121(4) 0.641 8(3) 0.073 6(2) 0.488 3(4) 0.355 5(3) —0.0339(2)
P 0.009 13(10) 0.598 94(8) 0.149 65(5) 0.507 80(10) 0.285 75(8) 0.032 00(6)
Ccy 0.136 2(4) 0.652 0(3) 0.184 1(2) 0.5102(4) 0.352 8(3) 0.101 1(2)
C(12) 0.246 8(4) 0.622 6(3) 0.170 5Q2) 0.605 3(4) 0.408 5(3) 0.112 2(2)
C(13) 0.343 3(5) 0.668 1(4) 0.194 0(3) 0.610 7(5) 0.459 8(3) 0.1650(2)
C(14) 0.328 6(5) 0.743 6(4) 0.229 6(3) 0.523 34) 0.4551(3) 0.207 6(2)
C(15) 0.220 0(5) 0.773 4(4) 0.243 5(3) 0.429 2(4) 0.400 1(3) 0.196 5(2)
C(16) 0.122 1(4) 0.727 7(4) 0.220 4(3) 0.422 0(4) 0.348 8(3) 0.143 2(2)
C(21) 0.026 9(4) 0479 1(3) 0.147 7(2) 0.644 2(4) 0.227 7(3) 0.030 0(2)
C(22) —0.036 3(4) 0431 5(3) 0.103 1(2) 0.700 8(5) 0.217 2(3) —0.025 3(3)
C(23) —0.028 3(5) 0.338 9(3) 0.102 3(2) 0.805 8(5) 0.168 5(4) —0.0259(3)
C(24) 0.040 5(5) 0.294 6(3) 0.144 6(2) 0.849 2(5) 0.1302(4) 0.026 7(4)
C(25) 0.101 0{4) 0.351 5(3) 0.189 7(2) 0.792 9(5) 0.139 9(4) 0.081 7(4)
C(26) 0.095 3(4) 0.434 8(3) 0.191 8(2) 0.690 9(4) 0.189 0(3) 0.083 4(3)
C(@31) —0.117 0(4) 0.622 1(3) 0.1951(2) 0.390 8(4) 0.2059Q3) 0.034 7(2)
C(32) —0.204 9(4) 0.678 8(3) 0.174 4(2) 0.277 2(4) 0.2353(3) 0.023 8(2)
C(33) —0.301 8(4) 0.692 0(3) 0.211 2(3} 0.185 8(4) 0.174 5(3) 0.026 0(2)
C(34) —0.3104(5) 0.649 2(4) 0.266 4(3) 0.207 3(4) 0.085 7(3) 0.037 2(2)
C(35) —0.223 9(5) 0.593 7(4) 0.286 8(3) 0.319 3(4) 0.055 6(4) 0.049 0(2)
C(36) —0.126 0(4) 0.579 8(4) 0.251 4(2) 0.412 5(4) 0.1154(3) 0.047 2(2)
Anions
Br(0) 0.241 37(4) 0.493 74(3) 0.021 65(2)
Cu 0.758 38(7) 0.912 25(5) 0.124 23(3)
Br 0.564 21(6) 0.901 61(6) 0.125 86(3) 0.953 44(5) 0917 77(4) 0.130 31(3)
Table 3. Non-hydrogen atom co-ordinates for [PPh,Me],[Agl,]

Cation 1 Cation 2

r A N r A Al
Atom x y z X y z
P 0.564 5(1) 0.137 2(2) 0.060 2(2) 0.974 4(1) 0.873 4(1) 0.057 2(2)
C(0) 0.643 3(5) 0.053 6(7) 0.017 2(8) 0.8859(5) 0.960 7(7) 0.011 7(9)
C(11) 0.611 1(5) 0.254 2(6) 0.149 0(7) 1.000 1(5) 0.823 8(6) —0.101 5(7)
C(12) 0.682 7(6) 0.2959(8) 0.119 3(10) 0.942 9(6) 0.827 509) —0.232309)
C(13) 0.714 2(7) 0.392 2(10) 0.179 7(14) 0.963 4(8) 0.7820(11) —0.349 2(10)
C(14) 0.677 2(8) 0.445 4(8) 0.269 3(11) 1.037 6(8) 0.734 909) —0.340 5(10)
C(15) 0.604 4(8) 0.407 8(9) 0.293 0(10) 1.095 1(7) 0.729 0(8) —0.210 8(10)
C(16) 0.570 9(6) 0.314 0(7) 0.234 1(9) 1.076 9(6) 0.774 8(8) —0.0910(9)
C(21) 0.5127(5) 0.065 4(6) 0.173 7(7) 1.061 9(5) 0.944 6(6) 0.158 9(9)
C(22) 0.439 2(7) 0.013 109) 0.119 6(9) 1.109 3(7) 1.906 1(9) 0.094 4(10)
C(23) 0.404 0(8) —0.051 3(10) 0.206 8(11) 1.1757(8) 1.063 8(10) 0.1719(13)
C(29) 0.445 6(8) —0.063 7(8) 0.348 7(10) 1.195 2(8) 1.060 7(11) 0.314 3(13)
C(25) 0.517 2(6) —0.012 9(10) 0.402 3(9) 1.148 2(11) 0.995 4(15) 0.380 0(13)
C(26) 0.552 3(6) 0.054 1(8) 0.317 4(9) 1.082 5(9) 0.9370(13) 0.307 8(11)
C(31) 0.489 8(5) 0.177 0(6) —0.098 4(7) 0.950 6(5) 0.760 7(6) 0.155 8(8)
C(32) 0.502 4(6) 0.155 8(7) —0.230 8(8) 0.870 7(6) 0.737 1(8) 0.159 0(12)
C(33) 0.443 7(7) 0.190 9(9) —0.3529(9) 0.854 7(8) 0.644 6(11) 0.226 0(16)
C(34) 0.373 8(7) 0.248 6(8) —0.336 6(10) 0.917 6(9) 0.580 9(10) 0.292 5(13)
C(35) 0.364 1(6) 0.270 1(8) —0.206 4(10) 0.998 9(8) 0.604 3(9) 0.293 2(10)
C(36) 0.420 0(6) 0.234 3(7) —0.085 0(9) 1.015 O(5) 0.693 0(8) 0.223 3(9)
Anion
Ag 0.739 73(4) 0* 0.619 56(6)
1(1) 0.678 06(3) —0.166 86(7) 0.750 08(5)
1(2) 0.81041(4) —0.021 04(8) 0.390 70(5)
1(3) 0.738 43(4) 0.202 57(8) 0.726 93(7)

* Defines origin.

[Cul,;],* and the compound can be considered to contain bond length is opposite the smallest I-Ag—I bond angle, and vice
essentially trigonal planar [Agl;]?" units, as deduced previously versa. It is not clear whether this is a requirement of the
from the far-ir. spectra.* The nature of the distortion of these intramolecular bonding in the complex, but it can be noted that
units from ideal D,, symmetry is such that the longest Ag—I the same kind of relationship is observed in the slightly distorted
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[Cul;]1* in [PPh;Me],[Cul;],* as well as in species such as
CO3% and NO;~. The mean Ag-I bond length in [Agl;]? is
2.748(1) A, which is significantly shorter than the values found
fi)r K,Agl;!3 and Rb,Agl,,'* which lie in the range 2.81—2.88

A number of other compounds of [cation],[Agl;] stoi-
cheiometry have been reported.*'® However the low-wave-
number vibrational spectra of these indicate that they do not
contain discrete [Agl;]* species.* Thus the present compound
appears to be the only one examined to date which contains
such a species. There appear to be very few other examples of
mononuclear silver() complexes with trigonal-planar co-
ordination. One compound which appears to be in this category
is tris(3,5-dimethyl-1-phenylpyrazole)silver(t) nitrate. The
crystal structure of this compound shows that it contains a
silver atom trigonally co-ordinated to three pyrazole nitrogen
atoms.'® The nitrate anions in this structure lie between the
silver ions, but the minimum silver(l)-nitrate oxygen atom
separation of 5.46 A is unusually large, so that the nitrate ion
should not be co-ordinated to the silver.? However, the nitrate
ion in this structure is severely distorted from Dj;, symmetry,
suggesting that there is at least some interaction with the silver
atom.!®

A number of iodoargentates(1) exhibit very high Ag* con-
ductivity in the solid state. A typical example is RbAg,Is,
which contains a three-dimensional array of Rb* and I- ions
with Ag™ ions statistically occupying a proportion of tetra-
hedral sites surrounded by four I~ ions.?° It has been postulated
that part of the reason for the high silver ion mobility in these
compounds is the relatively small resistance to movement of the
silver atom away from the centre of the Agl, tetrahedron to an
essentially three-co-ordinate site at the centre of one of the faces
of the tetrahedron.?! This is supported by the observation of a
very low frequency Raman band in RbAg,I at 20 cm™! which is
assigned to the asymmetric Ag-I stretching mode of the Agl,
units in the structure.?? This mode corresponds essentially
to movement of the Ag® ions away from the centre of the
tetrahedra towards the triangular faces. The results of the
present study show that the three-co-ordinate state is relatively
stable, and should not present a large energy barrier to
movement of the Ag* ion.

Conclusion

Further examples of the unusual case of mononuclear three-co-
ordination for complexes of the Group 11 metals with the d'°
electron configuration have been characterized in this work.
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While examples of this type of co-ordination are now known
for trihalogenocuprates(1), [CuX;]?, with X = Cl, Br, or L*¢
the tri-iodoargentate(1) ion is the only known example for
silver(t). For the series of bromocuprates(i) [PPh;Me],-
[CuBr,]Br, [PPh3;Me],[CuBr;], and [PPh;Me],[Cu,Br,], it
is shown that the total solid-state bromide concentration, and
not the Cu:Br stoicheiometry, is the important factor in
determining the copper co-ordination number.

References

1 B. J. Hathaway, in ‘Comprehensive Coordination Chemistry,” ed. G.
Wilkinson, Pergamon, Oxford, 1987, vol. 5, p. 533.

2 R.J. Lancashire, in ‘Comprehensive Coordination Chemistry,” ed. G.
Wilkinson, Pergamon, Oxford, 1987, vol. 5, p. 775.

3 G. A. Bowmaker, L. D. Brockliss, and R. Whiting, Aust. J. Chem.,
1973, 26, 29.

4 G. A. Bowmaker, G. R. Clark, D. A. Rogers, A. Camus, and N.
Marsich, J. Chem. Soc., Dalton Trans., 1984, 37.

5 M. Asplund, S. Jagner, and M. Nilsson, Acta Chem. Scand., Ser. A,
1983, 37, 57; 1984, 38, 57; S. Andersson and S. Jagner, ibid., 1985, 39,
297, 515, 577, and 799; 1986, 40, 52, 210.

6 S. Andersson and S. Jagner, Acta Chem. Scand., Ser. A, 1987, 41, 230;
1988, 42, 691.

7 D. N. Waters and B. Basak, J. Chem. Soc. A, 1971, 2733.

8 J. A. Cras, J. H. Noordik, P. T. Beurskens, and A. M. Verhoeven, J.
Cryst. Mol. Struct., 1971, 1, 155.

9 G. Helgesson and S. Jagner, J. Chem. Soc., Dalton Trans., 1988, 2117.

10 R. Stromberg, Acta Chem. Scand., 1969, 23, 3498.

11 C. Brink and C. H. MacGillavry, Acta Crystallogr., 1949, 2, 158.

12 C. Brink and H. A. Stenfert Kroese, Acta Crystallogr., 1952, 5, 433.

13 M. M. Thackeray and J. Coetzer, Acta Crystallogr., Sect. B, 1975, 31,
2339.

14 1. D. Brown, H. E. Howard-Lock, and M. Natarajan, Can. J. Chem.,
1977, 55, 1511.

15 ‘International Tables for X-Ray Crystallography,’ eds. J. A. Ibers and
W. C. Hamilton, Kynoch Press, Birmingham, 1974, vol. 4.

16 S. R. Hall and J. M. Stewart (eds.), ‘The XTAL System, Version 2.4,
Universities of Western Australia and Maryland, 1988.

17 S. Andersson and S. Jagner, Acta Crystallogr., Sect. C, 1987, 43, 1089.

18 L. A. Bustos and J. G. Contreras, J. Inorg. Nucl. Chem., 1980, 42,1293,

19 R. H. P. Francisco, Y. P. Mascarehnas, and J. R. Lechat, Acta
Crystallogr., Sect. B, 1979, 35, 177.

20 S. Geller, Science, 1967, 157, 310.

21 J. I. McOmber, S. Topiol, M. A. Ratner, D. F. Shriver, and J. W.
Moskowitz, J. Phys. Chem. Solids, 1980, 41, 447.

22 D. A. Gallagher and M. V. Klein, Phys. Rev. B, 1979, 19, 4282.

Received 12th May 1989; Paper 9/01996K


http://dx.doi.org/10.1039/DT9900000727



