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Abstract.

Tris(dithiocarboxylato)indium(III), [In{S,CAr};] (Ar = phenyl or p-tolyl) have been synthe-

sized and characterized. The molecular structure of [In(S,Ctol);] established by single crystal X-ray dif-
fraction revealed a distorted octahedral geometry with symmetrically chelating dithiocarboxylate groups.
These complexes on thermolysis gave f-In,S; which was characterized by XRD and EDX.
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1. Introduction

Classical and organometallic chemistry of gallium
and indium with 1,1-dithiolate ligands (scheme 1)
has been investigated for more than half a century
and in general ligands of types A—C have been used
in these studies.' The potential of these complexes
as a single source precursor for the preparation of
metal sulfide thin films and nanoparticles has been
realized only recently.' ™ Indium sulfide (8-In,S;), a
direct band semiconductor, finds applications in
opto-electronic and photovoltaic devices and as pas-
sivating agents for III-V devices.

Recently we have reported dithiocarboxylates of
gallium and indium.’ Dimethylindium dithiocarb-
oxylates on thermolysis afforded SB-In,S;.” The pre-
sent work has been carried out with the objective to
identify structural motif adopted by tris dithiocarb-
oxylate complexes and to assess their suitability as
molecular precursors for the preparation of indium
sulfide nanoparticles. The results of this work are
reported here.

2. Experimental
2.1 Materials and methods

All experiments involving indium compounds were
performed under anhydrous conditions in a nitrogen

*For correspondence
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atmosphere using Schlenk techniques. Solvents were
dried by standard procedure. Anhydrous indium tri-
chloride was used as such. Dithiocarboxylic acids
were prepared by the reported methods.® Infrared
spectra were recorded between Csl plates on a
Bomem MB-102 FT IR spectrophotometer. NMR
spectra (‘"H and "C{'H}) were recorded on a Bruker
DPX - 300 MHz instrument in 5 mm tubes in CDCl,
solution. Chemical shift were referenced to the in-
ternal chloroform peak (6 7-26 and 6 77-0 ppm for
'H and "C{'H}, respectively). The TG analysis was
performed on a Netzsch STA PC Luxx instrument,
which was calibrated with CaC,0,4-H,0. Powder X-
ray diffraction data were collected on a Philips PW
1820. Mass spectra were recorded on a Waters Q-
TOF micro (YA-105) time of flight mass spectrome-
ter. EDX experiments were carried out on a Kevex
Instrument and SEM was recorded on Tescan Vega
2300T/40 instrument.

The complexes [In(S,CPh);] (Mp: 121°C, IR:
1244, 1221 v(C=S), 722 v(C-S). UV-Vis: 337, 423
(sh). "H NMR (CDCly): 7-35-7-47 (m, 2H, H3, 5);
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Table 1. Crystallographic and structural refinement data of [In(S,Ctol);]-CsHs.
Formula C30H37IHSG
Formula weight 694-70
Crystal size (mm) 0-35 x 0-28 x 0.22
T (K) 273 (2)
Crystal system Monoclinic
Space group C2/c
a (A) 16-939 (6)
b (A) 15-814 (5)
c (A) 11-955 (4)
£ 97-435 (6)
17 (A% 3175-5 (18)
VA 4
dea (g cm™) 1-453
w4 (mm™)/F (000) 1-157/1408
Limiting indices —22<h<20,-20<k<18;-15<[<15
Number of reflections/unique reflections 13500/3727
Number of data/restraints/parameters 3727/0/171

Final R, [I> 20 ()]
Rl, WR: (all data)
Goodness of fit on F*

0-0444, 0-1751
0-0758, 0-2241
0-812

7-60-7-66 (m, 1H, H4) 8-40 (br, 2H, H 2,6) "C{'H}
NMR: 127-6 (C3, 5); 1283 (C4); 134-3 (C2,6);
142.2 (C1); 245-6 (CS,). Mass spectra: 421 (M-L);
192 (IM-L,]-CS,); 121 (Ph CS,-S)) and [In(S,Ctol);]
(Mp: 148°C, 1R: 1244, 1180 v(C=S), 722 v(C-S).
UV-Vis: 349, 383, 440 (vw). 'HNMR (CDCls): 2-41
(s, Me-tol); 7-18 (d, 9 Hz, 2H, H-3, 5). 831 (d,
9 Hz, 2H, H-2, 6) (CcHy) "C{'H} NMR: 21-7 (Me-
tol); 127-9 (C-2, 6); 128-6 (C3, 5); 140-0 (C4); 145-8
(C1); 244-5 (CS,). Mass spectra: 449 (M-L); 373
(JM-L]-CS,); 135 (tol CS,-S); 102 (tol CS,-S,); 91
(MeCsH,y) were prepared according to literature
method.’

2.2 Preparation of B-In,S; nanoparticles

In a typical experiment [In(S,CAr);] (Ar = Ph, tol)
(100 mg) was taken in a round bottom flask fitted
with a Liebig condenser under N,. Hexadecylamine
(10 g) was added and this mixture was refluxed
330°C) with stirring for 4 h. The greenish-yellow
residue obtained after decomposition was washed
thoroughly with methanol and dried in vacuo.

2.3 Crystallography

Intensity data for single crystal of [In(S,Ctol);] were
collected on a Bruker Smart APEX CCD diffracto-
meter using Mo-Ka radiation (4 =0-71073 A), em-
ploying the w scan technique. The intensity data were

corrected for Lorentz, polarization and absorbtion
effects. The structure was solved and refined with
SHELEX program.” The non-hydrogen atoms were
refined anisotropically. Crystallographic data are
given in table 1 and are deposited to CCDC (No
680806).

3. Results and discussion

The complexes, [In(S,CAr);] (Ar=Ph or tol) have
been synthesized by the reaction of InCl; with an
appropriate dithiocarboxylic acid in the presence of
triethylamine as HCI scavenger.’ The resulting com-
plexes were recrystallised from benzene-hexane as
yellow orange crystalline solids which gave satisfac-
tory analysis. Their NMR data ('H and “C{'H})
were in conformity with the reported values. The
mass spectra of these complexes did not show mole-
cular ion peaks, but displayed peaks attributable to
‘M-L’ fragment (m/z=421 (Ar=Ph), and 449
(Ar =tol)).

The structure of [In(S,Ctol):] has been established
unambiguously by single crystal X-ray diffraction
analysis. The complex crystallizes with a molecule
of benzene which is omitted from figure 1. Selected
bond lengths and angles are given in table 2. The in-
dium atom adopts a trigonally distorted octahedral
geometry. All the three dithiocarboxylate ligands are
symmetrically chelated to indium atom with very
similar all the six In-S distances (av. 2:06 A) which
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Table 2. Selected bond distances (A) and bond angles (deg) of [In(S,Ctol)s]-CcHo.
Inl-S1 2-5900 (14) C1-S1 1-698 (5)
In1-S1 2 2-5900 (14) C1-S3 2 1-690 (5)
In1-S2 2-6077 (14) C9-S2 1-695 (3)
In1-S2 2 2-6077 (14) C9-S2 2 1-695 (3)
In1-S3 2:6104 (16) C1 2-S3 1-690 (5)
In1-S3 2 2:6104 (16) Cl1-C2 1-469 (7)
S1-In1-S2 96-21 (5) S1-In1-S3 97-18 (4)
S1-In1-S2_2 160-06 (5) S2-In1-S3 100-12 (5)
S1 2-In1-S2 2 96-21 (5) S2-In1-S3_2 97-79 (5)
S1_2-In1-S2 160-06 (5) C9-S2-Inl 86-3 (2)
S1 2-In1-S3_2 97-18 (4) C1_2-S3-Inl 85.30 (15)
S1-In1-S3_2 6873 (4) C1-S1-Inl 85.81 (15)
S2 2-Inl-S3 97-79 (5) S3-C1-S1 2 120-1 (3)
S2 2-In1-S3 2 100-12 (5) S2-C1-S2 2 119-2 (4)
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Figure 1. Molecular structure of [In{S,Ctol};]. Hydro-
gen atoms are omitted for clarity.

agree well with the reported values.® '* The two C-S
distances (av. 1-69 A) are also similar as a conse-
quence of symmetrical chelation of the dithiocar-
boxylate ligand, indicating delocalization in ‘CS;’
skeleton. The four-membered ‘InS,C” rings are pla-
nar. The S-In-S angle (68-73°) is as expected for a
small bite dithio ligand. The S-In-S angles' for tris
(xanthato/dithocarbamato)indium(III) are ~69°.

We have recently reported structures of Sb(S,Ctol);
and Bi(S,CPh); in which dithiocarboxylate ligands
are asymmetrically chelated with the M-S distance
differing by 0-17-0-45 and 0-12-0-36 A, respecti-
vely.!" In these complexes metal atoms acquire a
pyramidal configuration with stereochemically ac-
tive lone pair of electrons.''

Temperature 'C

Figure 2. TG curve of In{S,CPh},.

Decomposition of [In(S,CPh);] was studied by
thermogravimetric analysis (TGA) (figure 2) which
showed a single step of decomposition with the on-
set temperature of 190°C and weight loss of 69-8%
(Caled wt loss 71-6% for In,S;5). Pyrolysis of these
complexes was carried out in various solvents such
as ethylene glycol (190°C), 1,4-butane diol (230°C),
polyethylene glycol (290°C) and hexadecylamine
(HDA) (330°C). Thermolysis in glycols gave prod-
ucts showing very broad XRD patterns. Pyrolysis in
HDA at 330°C, however, proceeded cleanly with the
formation of S-In,S;. The X-ray diffraction pattern
(XRD) of the later indicated predominance of tetra-
gonal phase (JCPDS File No: 25-0390) (figure 3)
with some contamination of cubic phase (JCPDS
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Figure 3. XRD pattern of f-In,S; (# Tetragonal,
*Cubic) obtained from thermolysis of [In{S,CPh};] in
HDA.
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Figure 4. SEM micrograph of f-In,S; obtained from
thermolysis of [In(S,CPh);] in refluxing HDA.
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File No: 32-0456). Energy dispersive X-ray analysis
(EDX) of these samples were consistent with In,S;
(Found: In =70-1%, S =29-9% (from [In(S,CPh);]);
In = 69-4%, S =30.6% (from [In(S,Ctol);]) and Calcd
for In,S;: In=70-5%; S=29-5%). The scanning
electron microscopy (SEM) images (figure 4) of
these particles revealed their spherical nature.
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