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Abstract

Dark red single crystals of Cu,TiS, were prepared by reacting an intimate mixture of Cu,S, Ti and S a1 500°C. Cu,TiS, is

tetragonal. space group F32m with « = 5.438(1) AL ¢ = 10.565(2) A. Z

. The crystal structure is of a new type. 1t was

determined from diffractometer data and refined to a conventional R of 0.024 for 132 s and 17 variables. The crystal structure
is based on a cubic close packing of chalcogen with Cu and Ti in tetrahedral interstices. This results in a three-dimensional
framework of verlex sharing CuS, tetrahedra which are cornecled with the almost regular TiS, tetrahedra through common

edges. The bond lengths are J{Ti-$) =2.273 A and d(Cu-8)
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1. Introduction

Structural information on intermediate phases in the
ternary system Cu-Ti-S is scarce, the only compounds
known so far being the thiospinel CuTi,S, {1] and its
defect vatiant Cu, Ti,5, [2]. CuTi,S, has been shown
to undergo a phasc transition to an NiAs-type struc-
ture at pressures above 50 kbar [3].

Recent investigations of the quatcrnary systems
TI(D~Cu(I}-T(IV)-Q (T=Zr, HE: Q=S8, Se) have
revealed the existence of a number of intermediatc
phases which, in a partial ionic description, are char-
acterized by the formation of layered complex anions,
formed by T'Y centred octahedra and Cu centred
tetrahedra [4.5] with TI* as counter ions scparating
the layers. Interestingly the structural chemistry re-
vealed in these phases finds no correspondence in the
homologous titanium quaternaries. The reason for this
is the unexpected preference for tetrabedral coordina-
tion of the tetravalent titanium observed in the inter-
mediate phases of these systems [6]. This preference
has already become manifest in the new ternary
compound Cu,TiS,, which will be presented below as
a first result of our investigations in this field.
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2. Experimental
2.1. Synthesis

Starting materials: Ti powder 99.9%. Cu powder
99.99%. S 99.99%, TI 99.9% (all supplied by Alfa
Ventron). The following master alloys were prepared:
Cu,S was synthesized by reacting a stoichiometric
mixture of the elements, followed by annealing at
300°C; T1,S was prepared from a melt with stoichio-
metric composition by slow cooling. For their prepara-
tion all samples were sealed into silica tubes under a
vacuum of 10 * Pa.

Single crystals of Cu,TiS, were originally obtained
by slow cooling of a melt of nominal composition
TICu,TiS, from 870°C to ambient temperature. The
major part of the crushed sample consisted of coarse
plate-like crystals which displayed metallic lusire in
the reflected and a deep red colour in the transmitted
tight. This and the absence of metallic conductivity
indicated that this new phase was a valence com-
pound. In the course of the crystal structure analysis it
turned out that this compound was actually a ternary
phase. The proposed composition Cu,TiS, was finally
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corroborated by a scmi-guantitative energy dispersive
X-ray microprobe analysis (Tracor TN2000) operated
on a Jeol 2400 scanning electron microscope. This
resulted in 2 Cu/Ti/S ratio of 3.8:1:4.2. which is close
to the stoichiomeiry expected from the siructurc
determination. In addition. the analysis also confirmed
the absence of any traces of thallium.

The preparation of bulk single phase samples of
Cu,TiS,. however, turned out to be rather difficult
because the compound undergocs decomposition at
temperatures above 645°C through a presumably
peritectoid reaction. Prolonged heating of powdered
mixtures of Cu,S. Ti and S above this temperature fed
to a practically irreversible segregation of agglomera-
tions of elemental Cu which. because of sluggish
diffusion, could not be brought back into equilibrium
at lower temperatures. The powder diagrams of sam-
ples which had becn anncaled al 700°C and then
cooled slowly did not show any diffraction lines due to
Cu,TiS,.

The synthesis of singie phase malerial was finally
accomplished by annealing 3 g of a cold pressed
stoichiometric mixture of Cu. Ti and § for two months
at 500°C, crushing and reannealing for another two
weeks. The Guinier diagram (Cu Ka, radiation, A=
1.54056 A) of this sample was in excellent agreement
with the theoretical powder diffraction pattern of
Cu,TiS, calculated and refined by the finax program
[7]. Attempits to synthesize homologous compounds in
the Cu-Ti-Se and Cu-Ti-Te systems were without
positive results.

2.2, Structure determination

Proli

v oI sgraphical investigations by
Weissenberg techniques revealed a body centred tetra-
gonal unit cell. Laue group 4/mmm. Aparl from
Bravais centring no other systematic extinclions
occurred which led to 1422, J4mm, [3m2, [82m and
14/mmm as possible space groups.

For the collection of intensity data a prismatic
crystal with dimensions (.075 x 0.050 x 0.040 mm” was
mounted on a Kappa-diffractometer (Enraf-Nonius
CAD94). The data collection was performed at ambient
temperature (21°C) with conventional background-
peak-background scans {w-2¢ scan mode, scan width
0.80° + 0.35°tan®, maximum scan time 120 s) over the
angular range 2° < 20 < 56°. Final cell parameters were
determined from a least squares refinement of the
selting angles (36° < 26 = 44°) of 24 reflections careful-
ly centred at four different diffractometer settings.
Crystal data and details of the structure refinement are
given in Table 1.

The crystal structure was solved by direct methods
in the space group /42m {multan 82) [8]. While the
statistics of the normalized structure factors failed to

Table 1

Crysialtographic data for Cu, TiS,

Puarson symbol 13

a(A) S.448(1)

c(A) 10.565(2)

Space graup 142m (No. 121}

z 2

V(A" 3136

d, (gem ) 456

M, 43032

# (MoKa) (em ) 15767

F{O) 304

Structural refinement

Uniyue reflections 138

Observed reflections 1322 300(F,Y

Variables 17

R=2IF 1 IFIEE] auz4
0023

0.75

give an unambiguous indication Jor the presence of a
symmelry centre, attempts to solve and refine the
crystal structure in the centrosymmetric space group
I4/mmm were unsuccessful. A (from a crystal chemi-
cal viewpoint) reasonable model with an ordered
occupation of the metal sites could only be refined in
the acentric space group /42m, leading to the formula
Cu,TiS,. In the final refinements an isotropic correc-
tion for secondary extinction was included. The final
shifl over error ratio was less than 0,005, A diffcrence
Fourier map calculated at this stage of refinement
revealed no physically significant peaks.

All calculations were performed on a DEC Mi-
cravax 3520 computer using programs of the MolEN
crystallographic software package [9]. Atomic scatter-
ing facters for the neutral atoms and cocfficients for
anomalous dispersion effects were laken from the
International Tables for X-Ray Crystullography
[10,11]. Absorption effects were neglected (uR < 0.8).
The final positional paramcters and anisotropic ther-
mal parameters are listed in Tables 2 and 3 respective-
ly. Structure factor tables have been deposited with
the Fachinformationszentrum Karlsruhe, Egg:nstein-
Leopoldshafen 2, D-76344 Karlsruhe, Germany under
CSD No. 59077,

Table 2

Positional and equivalent isotropic thermal parameters for Cu,TiS,
Atom WP x ¥ z B,
Cu(l) 4 0.500 0.500 0.2396(1) 1L.30(1)
Cu(2) 4 0.500 0.000 0.500 1.24(2)
Ti 2a 0.500 0.500 0.500 0.43(2)
s & 0.2415(3) 0.2415(3) 0.1245(1} 0.83(2)

B, =(B, +8,+B.)3
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Table 3 .

Anisotropic thermal parameters (A’) for Cu,TiS,

Atom U, 1., U, U,. U U,
Cu(1) D.0218(3) 0.0218(3) 0.0155(4) ~0.014(1) [] D

Cu(2) 0.0175(5) 0.0058(5) 0.0233(4) v a ]

Ti 0.0047(6) 0.0047(6) 0.0NRY(R} 0 a

s 0.0098(5) 0.0098(5) QNS3(7) 0.0010(6) 0.0009{6) 0.0009(6)

The form of the anisotropic displacement parameter is: expl =2 {'a* U, + kb U, + Fe¥ U, + 2kha*b*U, , + 2hla*csU,, + 2kibrer Uy, )]

where a*b* and ¢* are reciprocal lattice constants.

3. Discussion

Cu,TiS, crystallizes with a new siructure. character-
ized by a three-dimensional framework, which is based
on a cubic close packing of chalcogen atams. Copper
and titanium atoms occupy the centres of the 5/8 of
tetrahedral interstices in an ordered fashion. The TiS,
tetrahedron showing almost regular T, symmetry has.
simitar to the VS, tetrahedron in the Cu,VS, (sulva-
nite) [12.13] structure, all edges in commeon with the
CuS, tetrahedra. In contrast to Cu,VS,, two crys-
tallographically different sites Cu(l) and Cu(2) can be
distinguished. Their sulphur coordinations show pro-
nounced deviations from regular tetrahedral symmetry
{Table 4). As can be seen from Fig. 1. the Cu§,
tetrahedra are connected to the TiS, tetrahedra in
different ways. The Cu(2)S, tetrahedra share two
opposite edges along the a-direction. yiclding slabs

Table 4 X

Interatomic distance (A) and bond angles (deg) for Cu,TiS,
Cu(1) S 23342y 2%

Cu(l) s 2351(2) 2%

Cu(1) Ti 2751(2)

§ Cutl) S 104.67(9)

s Cu(l) S 108.57(7) 4%
s Cu(l) S 117.2(1})
Cu(2) 3 2333(1) 4%

Cu(2) Ti 27241

S Cu(2) S 105.74(7) 2x
s Cu(2) s 111.34(7) 2%
s Cu(2) S 111.39(8) 2%
Ti s 2.278(1)4x

s Ti s 109.45(4) 4x
13 Ti s 109.51(7) 2%
Cu(2) S Ti T2.40(5) 2%
Cu(l) s Ti 72.91(5)
Cu(1) s Cu{2) 105.65(5) 2%
Cu(l) S Cu(!) 110.92(6)
Cu(2) S Cu(2) 111.30(6)
Cu(l) s Cul2) 11.50(5)
Cu(l) s Ti 176.17(8)

Fig. 1. Penspective view of the crystal structure of Cu,TiS, in
poly P ion. The TiS, are drawa as fult
tetrahedra, heavily and lightly shaded tetrahedra are occupied by
Cu(l) und Cu(2) respectively.

which correspond 1o the layers of Cu, WS, {14]. while
the Cu(1)S, tetrahedra have only one edge in common
with TiS, (ip the c-direction). With each other the
CuS, tetrahedra exclusively share corners, which re-
sults in a sphalerite-like Cu-S partial structure.
The Ti-S bond length calculates as 2.278(1) A, a
value which is in good agreement with the average
bond lengths in TL,TiS, [15] (d=2263 A) and
Na,Ti$, [16] (d=2.258 A), the only other thiotita-
nates so far known to contain Ti in a tetrahedral
sulphur coordination. The Cu-S bond lengths lie
within a narrow range of 2.333(1) to 2.351(2) A. These
values are intermediate compared with those in struc-
turally related compounds like Cu,VS, (#(Cu-8) =
2208 A) [13] or Cu,WS, (d(Cu-S)=2357 A) [14].
Both bond lengths and coordination of the metal
atoms are hence consistent with an electrovalent
description of this compound as Cu(I), Ti(IV)S,.
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The only other chalcogenides of copper having so
far been reporled with the formula type A ,MX, are
Cu,SiS, [17] and Cu,SnS, [i8]. Of these only the
latter has been structurally characterized. As in the
present compound all metal atoms are here in tetra-
hedral sulphur coordination. Being based on a hexa-
gonal closc packing of chalcogen atoms the crystal
structure of Cu,SnS, shows a markedly different
linkage of the tetrahedra compared with the title
compound. The Sn8, tetrahedra share only vertices
with the CuS; tetrahedra, while edge sharing occurs
between the CuS, tetrahedra. This difference may be
attributed to a size effec., since calion-cation repul-
sion between Cu and Sn should become more effective
because of the larger radius of the Sn*' ion, making
edge sharing less favourable compared with Cu,TiS,.
It may, however, be double d whether this is the reason
for this difference, since even in cases where the cation
sizes [19] are inversed. for instance in the tetrahedral
structures of Cu,PSe, [20] and Cu,NbSe, [21]. edge
sharing to CuS, tetrahedra is exclusively found in the
transition metat compound.
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