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Three useful sulfides, Ni;S,, CoySq, and ZnS, have been prepared by the decomposition of their
respective diethyldithiocarbamate complexes. The products were characterized by X-ray diffraction
analysis, crystallite size determination, and magnetic susceptibility measurements. The problems
associated with organometallic precursors for the synthesis of metal sulfides are discussed and the
method is compared with the direct conversion of sulfate salts to sulfides in a controlled H,/H,S

environment. © 1992 Academic Press. Inc.

Introduction

The preparation of metal sulfides from or-
ganometallic precursors is an attractive and
relatively new technique. It is advantageous
to use precursors which have preformed
metal-sulfur bonds and whose decomposi-
tion by-products are volatile. However, the
presence of undesirable carbon impurities is
difficult to avoid (/).

The sulfides of nickel and cobalt are of
interest as promoters of hydrodesulfuriza-
tion catalysts. Zinc sulfide has many uses
because of its optical and electronic proper-
ties. The traditional method used to prepare
ZnS, Ni;S,, and Co,S; involves the direct
combination of the elements in sealed, evac-
uated silica tubes. In order to achieve com-
plete reaction, long periods of heating are
required. The preparative procedures are te-
dious and the products may appear to be
single-phase as determined by X-ray analy-

sis and yet not be pure enough for certain
applications.

D. M. Pasquariello et al.(2) have reported
the preparation of Co,Sg and Ni;S, by heat-
ing anhydrous sulfates in a stream of H,/
H,S. In this study, the procedure has been
applied to the synthesis of hexagonal ZnS
from the sulfate salt. In addition, ZnS,
Ni;S,, and Co,S; have been prepared by the
decomposition of their respective diethyldi-
thiocarbamate complexes. A comparison is
made between the purity of these products
with those obtained from the sulfates.

Experimental

Preparation of ZnS from ZnSO, - 7H,0

Zinc sulfide was prepared by heating pre-
dried zinc sulfate in a vertical reactor ac-
cording to the following procedure: the zinc
sulfate was first predried for 4 hr at 135°C.
The dried product-was then placed into a
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silica reactor tube and the entire system
purged with argon. The temperature of the
reactor was raised from room temperature
to 250°C at a rate of 15°/min and maintained
at that temperature for 1 hr. The gas was
then changed from argon to a H,/H,S mix-
ture (250 : 1) and the temperature was raised
to 660°C at a rate of 15°/min. This tempera-
ture was maintained for 4 hr; the gas was
changed to pure H,S and the temperature
maintained for an additional 4 hr at 660°C.
The reactor tube was removed from the fur-
nace and rapidly quenched to room temper-
ature. The system was then purged with
argon and the product removed. Annealing
of the ZnS was carried out in a sealed, evac-
uated silica tube for 1 hr at 750, 850, 950,
1050, and finally 1075°C. The sealed tubes
were air-quenched to room temperature
after each annealing and the product was
X-rayed.

Preparation of the Dithiocarbamates

Diethyldithiocarbamate complexes of
nickel(II) and cobalt(III) were prepared by
the following procedure: the appropriate
amounts of CoSO, - 7H,0 and sodium dieth-
yldithiocarbamate trihydrate were dis-
solved separately in water. Aqueous solu-
tions of cobalt(dl) were oxidized to
cobalt(III) during the reactions with aque-
ous (C,H;);NCS;Na - 3H,0 (3), producing a
green product, Co(Et,dtc);. The solution
was filtered and the green precipitate was
dried at 110°C overnight. The dried precipi-
tate was Soxhlet extracted with methylene
chloride and then hexane was added to
the solution. A deep green product,
Co(Et,dtc);, was crystallized slowly at 5°C.

The preparation of Ni(Et,dtc), was similar
to that of Co(Et,dtc),. However, aqueous
solutions of nickel(II) are stable toward oxi-
dation when mixed with an aqueous solution
of sodium diethyldithiocarbamate. The
green product corresponded to the composi-
tion Ni(Et,dtc),. Zn(Et,dtc), was purchased
from Aldrich Chemical Co. and was recrys-
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tallized at 5°C from a 9:1 toluene : hexane
solution before using.

Preparation of NizS, o, CogSg+, and ZnS
Sfrom Ni(Et,dtc),, Co(Et,dtc);, and
Zn(Etydtc),

Ni(Et,dtc), was placed in the reactor tube
and the system was purged with pure H,S
and heated at a rate of 1.33°C/min from
room temperature to 200°C. The tempera-
ture was maintained at 200°C, in an atmo-
sphere of pure H,S, for 1.5 hr. The desired
flow rates for H, and H,S were then adjusted
to 125: 1 and the temperature of the reactor
was raised from 200 to 525°C at a rate of
1.33°C/min. This temperature was main-
tained for 3 hr in order to ensure complete
reaction. The reactor tube was then re-
moved from the furnace and the sample rap-
idly quenched to room temperature. The
system was then purged with argon before
removal of the sample. Free sulfur was
extracted from the product with CS, in a
Soxhlet extractor. The procedures for the
preparation of Co,Sg 5 and ZnS are similar
to that for Ni;S; 4.

Characterization of Samples

X-ray powder diffraction patterns of the
samples were obtained using a Philips dif-
fractometer with monochromated high in-
tensity CuKe, radiation (A = 1.5405 A). For
qualitative phase identification, diffraction
patterns were taken over the range 12° < 26
< 72° with a scan rate of 1° 26/min, while
ceil parameters were determined from scans
taken at 0.25° 26/min. Precise lattice param-
eters were obtained from the diffraction
peaks using a least-squares refinement pro-
gram which corrects for the systematic er-
rors of the diffractometer.

The crystallite sizes were determined by
the Scherrer method, and a shape factor of
0.9 was applied (4). A computer program
was used to digitize the selected X-ray peaks
(slow scan, 0.25° 26/min) and determine
their widths.
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TABLE I

CONDITIONS FOR THE PREPARATION OF Ni3S; o4, C0ySg 3, AND ZnS FROM
THE DIETHYLDITHIOCARBAMATES

Compound Source Conditions

NizS, o4 Ni(Et.dtc), (a) R.T. — 200°C in pure H,S¢
(b) 1.5 hr 200°C in pure H,S
(c) Hy/H,S 125:1; 200 — 525°C; 3 hr 525°C
(d) Quench

CogSyg 3 Co(Et,dtc), (a) R.T. — 250°C in pure H,S
(b) 3 hr 250°C in pure H,S
(¢) Hy/H,S 350:1; 250 — 600°C; 3 hr 600°C
(d) Quench

ZnS Zn(Et,dtc), (a) R.T. = 165°C in pure H,S

(b) 3 hr 165°C in pure H,S
(c) Hy/H,S 125:1; 165 — 650°C; 3 hr 650°C
(d) Quench

¢ Temperature increases were always made at 1.33°C/min.

The thermogravimetric analyses were
performed with a Cahn electrobalance
(Model RG). Each sulfide was first heated
in a stream of oxygen to 800°C and then
reduced to the metal in a stream of 85% Ar/
15% H,. Magnetic data were obtained at
liquid nitrogen and room temperature with
a Faraday balance equipped with a Cahn
electrobalance (Model RG). Measurements
were performed at field strengths between
6.2 and 10.4 kOe. The core diamagnetic cor-
rection was not applied to these measure-
ments because of the large uncertainty in
the magnitude of the correction relative to
the susceptibility of the materials studied.

Results and Discussion

Polycrystalline samples of ZnS, Ni,S,,
and Co,Sg were prepared by the decomposi-
tion of the corresponding diethyldithiocar-
bamate complexes. The conditions for the
preparation of these sulfides are summa-
rized in Table 1. The dithiocarbamates are
well-known coordination complexes (5) and
are easily prepared. They decompose in a
hydrogen sulfide atmosphere below their
melting points. Further heating in an atmo-

sphere of H,/H,S in the range of 400-650°C
preduces metal sulfide phases which corre-
spond to those obtained by direct combina-
tion of the elements at higher temperatures.
This study has confirmed the earlier work
of Pasquarielio et al. (2) on the preparation of
Ni;S, and Co,S; by heating their sulfatesina
stream of H,/H,S. When zinc sulfate is
heated in an atmosphere of H,/H,S at 660°C,
there was a substantial conversion to a mix-
ture of cubic and hexagonal ZnS. Continued
treatment of the product at 660°C in pure H,S
resulted in complete conversion of the sul-
fate to a mixture of the sulfides. Complete
conversion to hexagonal ZnS occurred when
the product was heated in a sealed, evacu-
ated silica tube at 1075°C for 1 hr. The three
sulfides, ZnS, Ni;S,, and Co,S;, were also ob-
tained by decomposing the diethyldithiocar-
bamate complexes. The decomposition pro-
ceeds in a complex manner and carbon is an
undesired impurity in the final products.
However, X-ray analysis of these sulfides in-
dicate the formation of single-phase materi-
als. The presence of carbon in the hexagonal
ZnS was verified by its dark gray color. In
contrast, the hexagonal ZnS prepared by
conversion of the sulfate was pale yellow.
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TABLE 11
CHARACTERIZATION OF ZnS, Ni;S;, AND Co,S;

% metal
Crystallite size

Compound source Cell parameters (A) Obsd Caled
ZnS (ZnSO,4 - 7TH,0) a = 3.817(3) 160 — —

c = 6.256(4)
ZnS(Zn(Etydtc),) a = 3.821(1)

¢ = 6.262(2) 87 — —
Ni]Szloz(NiSO4’6H20) a = 5745(4)

¢ = 7.138(1) 395 73.1 733
Ni;S, o(Ni(Et,dtc),) a = 5.746(5)

¢ = 7.138(1) 345 72.9 73.3
Co4S; 5(CoSO, - 7TH,0) a = 9.922(10) 300 66.9 67.4
CoyS; s(Co(Etydtc)y) a = 9.921(11) 263 66.5 67.4

Cell parameters, crystallite sizes, and per-
centage metal analysis for ZnS, Ni;S,, and
Co,S; are given in Table II. The sulfides
prepared from both sources have similar cell
parameters, but the crystallite sizes of the
sulfides from the sulfates were larger than
those from the dithiocarbamate complexes.

Magnetic susceptibility measurements for
the nickel and cobalt sulfides gave values of
1.04 x 107% emw/g for Ni,S,,, and 2.1 x
10~ emu/g for CoySy ;. These results were
independent of both field and temperature
and indicate Pauli paramagnetic behavior as
well as the absence of ferromagnetic impu-
rities.

Conclusions

Ni,S,, CosSg, and ZnS have been prepared
by the decomposition of their diethyldithio-
carbamate complexes. They have been
characterized by X-ray crystallography and
magnetic susceptibility measurements. This

preparative technique has been compared
to the conversion of the sulfate salts to the
sulfide in a H,/H,S atmosphere. Whereas
decomposition of the dithiocarbamates re-
sults in single-phase products as determined
by X-ray diffraction, the problem of undesir-
able carbon impurity has yet to be resolved.
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