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Structural information no intcrmcdiate phases in Ihe 
ternary system Cu-Ti-S is scarce. the only compounds 
known so far being the thiospinel CUT&S, [I] and its 
defect variant Cu.Ti,S, IZ1. CuTiS, has been shown 
to undergo a phase ir&liun 10 &~NiAs~type strut- 
ture at pmswres above 50 kbar [3]. 

Recent investigations of the quaternary systems 
TI(I)-Cu(f)-T(W)-Q (T=Zr. Hf: Q=S, Se) have 
revealed the existence of a number of intemxdiatc 
phases which. in a oartial ionic dcscriotion, are char- 
&rized by the f&n&m of layered &nplex anions, 
formed by T’” cenrred octahedra and Cu ccntred 
tetrahedra [4..5] with TI’ as counter ions separating 
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 tetrahedral coordina- 
tion of the tetravalent titanium observed in Ihe inter- 
mediate ohsses of these svstern~ 161. This oreferencr 
has already become mabifert & ihe r& ternary 
comcound Cu.TiS.. which will be mesented below as 
a fir& result oi ou; investigations I’n this field. 

Stxting materials: Ti powder 99.9%. CU powder 
99.99%. S YY.Y9%. Tl 99.9% (all supplied by Alfa 
Ventron). The following master alloys were prepared: 
Cu,S was aynthrsized by reacting a stoichiometric 
min!urr of the elements, followed by annealing at 
300°C: TI,S was prepared from a melt wilh stoichio- 
metric composilion by slow cooling. For their prepam- 
tion all samples were sealed into silica tubes under a 
wv2”“nl 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 lo ambient temperature. The 
major part of the crushed sample consisted of ccvarse 
plate-like crystals which displayed metallic lustre in 
fbc rcflected and a deep red mlour in the transmitted 
light. This and the absence of metallic conductivity 
indicated that this new phase was a valence mm- 
pound. In the course of tbe crystal structure analysis it 
turned auf that this compound was actually a ternary 
phase. The proposed composition Cu;riS, was finally 



corrohoralcd hy a acmi-qwmcimtwc energy dispersive 
X-rav microorohc analvsis iTracur TNZOOO! ooerarcd 
on i Jeot 2400 scan& clcctro)n microscope. This 
resottcd in a Co/Z/S ratio of 3.8:1:4.i. xtdch is ctosc 
ta Ihe stolchiomelry rspccled from the slructurc 
dcwrminatinn. In addnion. the analysis also conlirmcd 
the absence of any 1r1ca of thallium. 

The preparation of hulk single phase samples of 
Cu,TiS,. however. turned out 10 he rather difficult 
hccause the compound undcrgocs decomposibnn at 
tempcralurcs ahove 645°C through a presumably 
prriwctoid reaction. Protongcd butting of powdered 
mixtures oL Cu,S. Ti and S abwe this temperature led 
to a practically-irrevcrsihle segregaarion of aggtomera- 
lions of elemental Cu which. hecause of sluggish 
diffurion. could not he brought back into equilibrium 
at tower ramoeratures. The oowder diarrams of sam- 
ples which iad been annested al 7lHj”C and lbcn 
cwled slowly did not show my diffraction liner due to 
Cu,TiS,. 

The symberis of sinClc phase maleriat was finally 
accomplished by annealing 3 g of a cold pressed 
stoichiomrtric mixture of Cu. Ti and S lur two months 
at SOO~C. crushing and reanneating lor another Iwo 
welts. The Guinier diagram (Cu Ku, radmlion. r\ = 
1.54056 A) of this sample was in cxccllcnt agrccmcnt 
with the theoretical powder diffraction pattern of 
Co,TiS, calculated sod refined hy the fin& program 
[7], Attempts to synthesize homologous compounds in 
the Co-Ti&Se and Co-Ti-Te systems were without 
positive results. 

Preliminary roentgmographicat investigations by 
Weissenbcrg techniques revealed B body centred tetra- 
eonat unit cell. Laue erwn 4lmnrm. Aoarl from 
‘Braair centring no Ghe; systematic &tincLions 
occurred which led to 1422, 14111m. 141112, fa22m and 

For the collection of intc&y data a prismatic 
cryaiat with dimensions 0.075 x 0.050 x 0.040 mm” was 
mounted on a Kappa-diffractometer (Enraf-Nonius 
CAM). The dala collection was performed al ambient 
temperature (21°C) with conventional hackground- 
peak-background scam (w-20 scan mode, wan width 
0.80” + 0.35”tan@, maximum scan tnnr 120 s) over the 
angular range 2’ % 28 % 56’. Final cell parameters were 
drlemxined from a least squarer refinement of the 
seltine anetes (3R < 28 < 44”t of 24 reflections careful- 
ly &red at ‘four differen; diffractometer settings. 
Crystal data and details of the strucnue refinement are 
given in Table 1. 

The crystal structure was solved by direct methods 
in the spice group 132m (multan 8i) [RI. White the 
statistics of the normalized ~trocture factors failed to 

give an unambiguous indication for Ihe presence uf ii 
symmetry ccntre. attempts to solve and refine the 
crystal slrocture in the ccntrosymmetric space group 
141mnmr were unsuccessfut. A (from a crystal chemi- 
cat viewpoint) reasonable model with an ordered 
occupation of the metal si!ea muld only be refined in 
the acentric space group 1421% leading to the formula 
Cu,TiS,. In the final refinements an isotropic correc- 
tion fo; secondary extinction was included: The final 
shifl over error ratio was less than 00X A diffcrencc 
Fourier map calculated at this stage of refinement 
revealed no physically significant peaks. 

All catcutations were performed on B DEC Mi- 
crovax 3520 computer using programs of the MotEN 
crystallographic software package [9]. Atomic scatter- 
ine factors for the neutral atoms and coefficients for 
a&mtous dispersion effects were laken from Ihe 
hrernariwxd Tables for X-Ray Crystdlography 
[IO,1 I]. Absorption effects were neglected (CR < 0.8). 
The final positional parameters and anisotropic thcr- 
mat parameters are listed in Tables 2 and 3 respectivr- 
ly. Structure factor tables have been depocited with 
Ihe FachinformalionJzentrum Kartsruhe. Eggastrin- 
Leopotdshafen 2. D-76344 Kartsruhe. Germany under 
CSD No. 59077. 



3. Discussion 

Cu,TiS, crystallizes with a new structure. character- 
ized by a three-dimensional framework. which is hased 
on a cubic close packing af chalcogen atoms. Copper 
and titanium atoms occupy the centws al the 518 uf 
tetrahedral interstices in an ordered fashion. The TIS, 
tetrahedron showing almost rcgutar T, qmmetry has. 
similar to the VS, tetrahedron in the Cu,VS, lsulva- 
nite) 112.131 structure. all edges in common with Ihe 
CuS;tetrahedra. In contrast to Cu,VS,. two crys- 
tallorrauhicallv difkrenl sttrs Cull) and 012) can hc 
disti$shed. ‘Their autphur coordinations show pro- 
nounced dcvintions from regular tetrahedral symmetry 
(Table 4). As can be seen from Fig. I. the Cug, 
tetrahedra are connected to the TiS, tctrahrdra in 
different ways. The Cu(Z)S, tetrahrdra share two 
opposite edges along the u-direction. yicldinn slabr 

which correspond 10 the layers of Cu,WS, [14]. while 
the Cu(t)S, trtrahedra have only one edge in common 
with TiS, (in the c-direction). With each other the 
CuS, tetrahedra exclusively share cortws, which re- 
suits in a sphalerite-like Cu-S partial structure. 

The Ti-S bond length calculates as 2.278(l) A, a 
value which is in good ag~rement with the average 
bond tenglhs in ?tgTiS,, [15] @=2.263 A) &d 
Na,TiS, [16] (i= 2.258 A), the only other thiotita- 
natrs so far known to contain Ti in a tetrahedral 
sulohur coordination. The Cu-S band lengths lie 
w&in a narrow range of 2.333(l) to 2.351(2) A. These 
values are intermediate comoared with those in strut- 
turally related compounds ‘like C&V& (d(Cu-S) = 
2.298 A) 1131 or Cu,WS. (dfCu-S,=2.357 A) 1141. 
Both b,&t t&hs and ~&ordination of the Atal 
atoms are hence consistent with an electrovaleat 
description of this compound as Cu(ILTi@OS,. 



The only other chalcopenidcs of copper having so 
far been reported with the formula type A,MX, are 
Cu,SiS, [I71 and Cu,SnS, [IS]. Of fhcsc only the 
tatter has been structurally characterized. As in the 
prcsont compound all mrtat atoms are here in tetra- 
hedral sulphur coordination. Being based on a hexa- 
gonal close packing of cbalcogen atoms the crystal 
structure of Cu,SnS, shows B markedly differest 
linkaw of the tetrahedra comvared with the title 
comp&md. Tbc SnS, tetrahedra share only vertices 
with the CuS, tetrahedra. while edge sharing OCCUTS 
between the &S,, tetrahedra. This difference-may be 
attributed to a size efiec,. since atim-c&ion repul- 
sion between Cu and Sn should become more eifective 
because of the larger radius of the Sn*’ ion. making 
edge sharing lesl favourable compared with Cu,TiS,. 
It may, however, be doubtr d whether this is the reason 
for this difference, since even in cases where the cation 
sizes [I91 are inversed. for instance in the tetrahedral 
str”ct”res of Cu,PSe, [20] and Cu,NbSe, [2l]. edge 
sharing to CuS, trtrahedra is exclusively found in the 
transition metal compound. 

We owe our thanks to Dipl. Ing. M. Ratajski of the 
Grossger;iteabteiiung der Universittit Linz for per- 
forming the EDAX analyses. 


