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Since Vecht and Quddus have reported the prepa
ration of alkaline earth sulfides by using the reac
tion between alkaline earth alkoxides and HS in 
1976,1 a thio sol-gel process has been reported for 
the synthesis of metal sulfides using alkoxides or 
thiolates.2-6 The thio sol-gel process in which metal 
alkoxides act as the metal source uses HS for a thi
olysis reaction similar to HO for the hydrolysis 
reaction in the conventional sol-gel process as fol
lows:

M-OR + HO T M-OH + ROH
M-OR + HS t M-SH + ROH

In the case of titanium(IV) complexes, however, 
Bottomley has reported the different reactivity of 
HO and HS toward to CpTi(CO^ that the reac
tion between CpTi(CO^ and HS gives (CpTi^S, 
whereas the reaction between CpTi(CO^ and HO 
produces (CpTi^O%7 A black precipitate, which is 
speculated to be an alkoxysulfide, is obtained by 
the treatment of titanium alkoxides with HS and 
can be converted to TiS by heating at 800 oC under 
the HS gas. Even though titanium thiolates are 
used as the metal source, the resulting precipitate 

can only be transferred to the sin이e phase TiS with 
the presence of HS gas at high temperatures such as 
800 oC. Otherwise a small amount of TiO? is also 
formed at the milder conditions or under nitrogen 
atmosphere. (see Fig. 1) The origin of trace of oxy
gen in the products has not disclosed in the thio sol
gel approach yet, even though titanium ions have 
been known to be very oxophilic. Here we describe 
the isolation and characterization of the intermedi
ate species in the thio sol-gel process. The new 
cluster TiJO(S^S(OCH(CH^X2-QH described 
here is the first example of an isolated thio sol-gel 
precursor of titanium disulfide from titanium alkox
ides.

In our attempt to prepare the titanium alkoxysul
fide by reaction of titanium isopropoxide with 
hydrogen sulfide, we found that a red crystalline 
compound could be isolated in about 20% yield.8 

The X-ray crystal structure analysis of this mole
cule revealed a new structure type within octanu- 
clear titanium (IV) isoproxysulfide clusters. (see 
Fig. 1)9 It showed that the compound is made up of 
four oxygen atoms, four sulfur atoms, two disulfide 
ligands, twelve isoproxide ligands and one solvated 
benzene. The structure resembles distorted octahe-
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Fig. 1. Schematic flow chart showing thio sol-gel approach to TiS2.

Fig. 2. ORTEP drawing of [瓦(卩3-0^(^-OX(SXS(O)2]core 
of T^O(S^S(OCH(CH^^ • CH (1).

dral T^OS moieties attached with two Ti ions (Ti4 
and Ti8) and two disulfide ions. Within the octahe
dral framework four oxo oxygen atoms (O1, O2, 
O3 and O4) and four sulfides (S1, S3, S7 and S8) 
tetrahedrally coordinate to titanium ions with triply- 
bridging forms, respectively. But as two Ti atoms 
(Ti4 and Ti8) are added, two (O1 and O3) of triply- 
bridging oxo oxygens in the octahedron bond to Ti 
ions with quadraply-bridging forms. To the best of 
our knowledge, no titanium sulfoxy alkoxide com
plexes derived from the thio sol-gel process have 
been reported in the literature, even though com
pound CsT^S? has been reported to consist of infi

nite 1-dimensional [T^(SX(S)2'] chains.10

The molecular formation Ti8O(S)S(OCH(CH5X)2, 

-QH (1) has been confirmed by elemental analy
sis and spectroscopy.8 In the 1H NMR four sets of 
isopropyl groups attribute to 4 bridging isopropyl 
groups and 8 terminal isopropyl groups which con
tain three different environments with a ratio of 
2:2:4, respectively. In the FT-IR bands at 1169, 
1123 and 1011 cm1 is also characteristic of the iso
propyl groups bonded to titanium (IV) ions.2

The differential thermal analysis (DTA) data of 1 
under the nitrogen atmosphere show that the com
pound is decomposed with increasing tempera
tures; ~120, 196, 260, ~530 and 610 oC as shown in 
Fig. 3. First three temperatures can impute to the 
liberation of solvated benzene and decomposition 
of isopropoxide ligands, whereas later two tempera
tures may attribute to decomposition of bridging 
disulfides and sulfides. The black precipitates can 
be obtained from reaction between 1 and HS in 
THF. The X-ray diffraction patterns of powders 
obtained after conducting calcinations of the precip
itate for 1 h under the H?S atmosphere are shown in 
Fig. 4. At 600 oC, both of crystalline TiO and TiS2 
phases were observed, whereas TiS phase was 
observed with trace of TiO at 700 oC. In Fig. 2 tet
rahedrally bonded oxo oxygen atoms are located 
inside the Ti cluster rather than on the surface of the 
cluster, which means that it is difficult to change 
from O to S in the thio sol-gel process. However, 
alkoxy oxygen atoms on the surface of the cluster
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Fig. 3. Differential Thermal Analysis of T^O(S^S_ 
(och(ch)2)]2 • CH (1).
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Fig. 4. X-ray diffractograms of powders prepared from 
calcinations of T^O(S^S(OCH(CH^^ • C&H (1) under 
HS at (a) 600 °C (b) 700 °C and (c) 800 °C. Peaks of TiO2 
are marked by ■.

may easily be transformed to S or SH through thiol
ysis. This result is coincident with DTA data, which 
shows that oxo oxygens may be decomposed at 
higher temperatures than 610 oC.
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concentrated to half of its original volume. The result
ing black solution was placed at 4 °C for 7 d to collect 
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78.633(16)°, ^=84.676(16)°, y=68.479(16)°, V=32.48.5(11) 
A, Z=2, R=0.0648, wR2=0.1718.
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