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ABSTRACT

Y -irradiation technique was used with success to prepare nanocrystalline zinc sulfide at room temperature

and ambient pressure, without adding any kind of catalysts. Sodium thiosulfate and carbon disulfide were used as sulfur

sources in water and absolute alcohol systems, respectively. Structure and morphology of the nanocrystallines ZnS have

been characterized by XRD and TEM analysis. The product has a cubic structure and, morphologically, is in spherical

shapes of 20 to 50 nanometers in size. Probable mechanisms of the nanocrystalline formation in different systems are pro-

posed in accord with the experiment.
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In the recent years, the synthesis and characteriza-
tion of chalcogenides of different groups have attracted
considerable attention due to their important non-linear
properties, luminescent properties, quantum size effects
and other physical and chemical properties. Among those
materials, zinc sulfide is one of the most interesting ma-
terials due to its attractive application in infrared window
materials and phosphors for cathode ray tubes, thin film
electro luminescent devices, solar cells, and photo-
chemical production of hydrogen. Devices based on ZnS:
Mn has been produced commercially as emissive flat
panel displays for a number of years. Studies of zinc sul-
fide are extremely active area of research M For applica-
tion, it would be desirable to use particles with spherical
shapes and uniform size.

Considerable progress has been made in the synthe-
sis of zinc sulfate powders. Conventionaily, zinc sulfide
could be prepared by a variety of methods, including
gas-phase, solid-vapor, and aqueous solutions reactions,
and solvo- thermal elemental reaction>™, Usually, ZnS
is prepared by passing H,S through aqueous solution
containing Zn>* ions. However, ZnS, as prepared have
additional disadvantages such as irregular crystallites
with a wide size distribution ranging from 25—
200nm.The above methods need high temperature
(greater than 500°C) and the presence of H.S a toxic gas.

T RS+ S (02520m095) #RH)

ZnS nanocrystalline, Water system, Alcohol system, Y -irradiation

Another way of synthesizing zinc sulfide is the use of
organometallic precursors, but most of organometallic
precursors are toxic, easy to hydrolyze, to oxidize and
hard to handle.

1 Materials and methods

Nanocrystallines ZnS were prepared in water and
non-water systems. Different sulfur sources such as so-
dium thiosulfate, Na,S,0; and carbon disulfide CS, were
used successfully to obtain nanocrystalline ZnS in water
and alcohol systems respectively. Every process was car-
ried out in aqueous solution in the case of Na,S,0; orin
absolute alcohol solution with CS» at room temperature
and ambient pressure.

In absolute alcohol system, analytically pure zinc
sulfate heptahydrate, ZnSQO47H,0 as Zn™ source and
carbon disulfide as sulfur source were dissolved into an-
hydrous ethanol (C;HsOH), glycerol (C;Hs (OH) 3) of
1.5g/mL density was added into the solution to increase
the solubility of zinc sulfate in to the solvent based in the
fact that ethanol is mutually soluble with many solvents,
either polar or non polar. Isopropanol (IPA) was added as
scavenger for oxidative radicals O He sulfuric acid
(H,SO,) of 1.84g/mL density was poured into the solu-
tion to avoid an early precipitation of zinc sulfide and
then to work in an acid medium. Ethanol was selected as
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the solvent for at least two main reasons. On one hand,
solvated electron can be produced in ethanol upony
-irradiation, which is a species in the system and plays an
important role in the preparation. On the other hand

ethanol is a good solvent for many inorganic components.

It can provide a homogeneous system, which will make
sure that the reactants mix at the molecular level in the
system since a good solvent is necessary for providing a
homogeneous system and for preparing materials with
narrow size distribution. Carbon disulfide was used as
sulfur radical since it may produce sulfur radical under ¥
-irradiation. More importantly, it can avoid the formation
of intermediate precipitates, which can reduce the purity
of the products. After preparing different solutions with
different concentrations, all the solutions were irradiated
in the field of “’Co y-ray source of 1.2025X10' Bq to
different doses. After irradiation, the irradiated suspen-
sion colloids were kept for several hours to allow the
precipitation of the powders. Then, the precipitates were
collected and washed several times with absolute alcohol
to remove the by-products. The final white precipitate
was dried in vacuum oven for 4h.

In water system, zinc sulfide nanocrystalline were
prepared by dissolving an appropriate amount of ana-
lytically pure zinc sulfate heptahydrate and sodium thi-
osulfate as sulfur source in distilled water. Isopropyl al-
cohol was added as scavenger for hydroxyl radicals. All
the solutions were irradiated in the filed of ®*Co ¥ -ray
source of 1.2025X10'° Bq to different values of ab-
sorbed doses. The irradiated solutions were kept for sev-
eral hours to precipitate powders. White precipitates of
nanocrystalline zinc sulfide were collected, and washed
with absolute alcohol and water in sequence to remove

by-products. The final products were dried in vacuum

oven for 2h.

The structure and the size of the nanocrystallines
ZnS have been characterized by X-ray diffraction
XRD.The morphology and particle size were determined
by transmission electron microscopy, TEM.The TEM
Images were taken with Hitachi model H-800 electro
microscope with accelerating voltage of 200kV. The ab-
sorption wavelength were recorded by a UV-visible
spectrophotometer model DMS100S.

The yield rate is defined as the molar ratio of the Zn
element in the final product to that used in preparing the
solution.

2 Results and discussion

The particle sizes and the shapes were investigated
by TEM and XRD patterns. The results are given in
Fig.1,2 and Fig.3, which one can see that the product
consists of uniform spherical crystallites. The average
size is about 38nm in water system and 42 nanometer in
absolute alcohol system from TEM image. This is in
agreement with XRD pattern as shown in Fig.3. The
XRD pattern indicates that the product is f-ZnS,
sphalerite phase which belongs to the cubic system crys-
tal with a lattice parameter of a = 0.54060nm. Using
Scherer formula L= 0.9% / B(cos8) ,where B is the cor-
rected of the diffraction peak expressed in rad, and given
by the relation, B=(of the sample - §° of the refer-
ence)”, 0 is the diffraction angle, and £ the full width
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Fig.1 TEM image of ZnS in water system.
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Fig.2 TEM image of ZnS in absolute ethanol system.
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at the half maximum (FWHM). The average size calcu-
lated from peak 4 of (100) diffraction plane 26=16.8, is
about 40.35nm in the case of absolute alcohol system
and it agrees with the result of TEM. The aggregation of
the products as shown in Fig.l and Fig.2 is a common
phenomenon for nanoparticles and it is due to their ex-
tremely small dimensions and high surface energy. From
Tab.1 and Tab.2 it can be observed that the product has a
strong absorption onset for the near ultraviolet incident
light. The progressive red shift of the absorption wave-
length with the increasing irradiation dose indicates that
ZnS particles gradually grow larger, because it has been
established that for relatively small semiconductor parti-
cles, the absorption spectrum provides a direct measure
of the size of crystalline. The result is in accord with the
theoretical model developed by V. Turco Liveri and col-

leagues'®”). This model relates a relation ship between
the UV-visible wavelengths at the maximum A, of zinc
sulfide nanoparticles and the diameter d of the particles
as a power law, Ay =186.7d""* ,where, Ay is expressed
in nm and d in Angstrom.
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Fig3 XRD pattern of ZnS produced by Y -irradiation in

non-water system.

Tab.1 Preparation of zinc sulfide in absolute alcohol system

Sample [Zn**] [CS.]  [IPA]  [Glycerol]  [H,SO4]  Irradiation Amax after irra- A, before Rate

number moll. molL  mol  mollL moll  dosekGy ~ diation/nm irradiation/nm yield/%

1 0.05 0.25 1.5 0.1 0.4 30 3723 214.6 51.4

2 0.08 0.08 1.5 0.1 0.4 30 369.2 225.6 46.2

3 0.12 0.25 L5 0.1 04 30 367.2 233.8 67.6

4 0.12 0.50 1.5 0.1 0.4 11 293.1 229.2 73.1

5 0.16 0.80 0.25 0.1 0.4 11 289.9 229.2 75.3

6 0.20 0.80 0.25 0.1 0.4 30 370.7 226.5 76.0
Tab.2 Preparation of zinc sulfide in water system

Sample [Zn*] [Na,S,05] [IPA] Irradiation Amax after Amax Defore Rate

number mol/L. mol/L mol/L dose/kGy irradiation/nm irradiation/nm yield/%

1 0.05 0.25 1.5 30 347.1 216.1 57.2

2 0.08 0.25 1.5 30 346.5 227.4 62.3

3 0.12 0.25 L.5 30 3473 226.3 70.8

4 0.12 0.50 L5 11 2994 229.7 74.3

5 0.16 0.50 2.5 43 372.7 227.8 76.0

6 0.20 0.30 2.5 30 347.7 2159 73.3

From Fig. 4 and Fig. 5 relative to UV-visible spectra

of ZnS in water and absolute alcohol systems respec-
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tively, it can be seen that by applying this approximate
formula for A;,x =372.3nm of samplel of ZnS prepared
in absolute alcohol system in our case, the calculated
value of diameter size should be about 20.3 nm and from
XRD pattern in Fig.3, the peak 31 of (221) diffraction
plane of 20=51.48, is about 22.4nm, in agreement with
the theoretical approximate model. Moreover, from dif-
ferent values of absorption wavelength from Fig.4 and
Fig.5, it can be found that all the simples could have the
size below 30 nm. From Tab.1 and Tab.2 one can point
out that the best conditions of obtaining a larger amount
of the product should be the use of high concentrations
of Zn?* and sulfur sources and a lower dose of radiation.
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Fig. 4 UV-visible spectra of ZnS in water system.
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In the case of sodium thiosulfate as sulfur source,
the mechanism may be that:

52032'+e-aq ---------- —»°S +S0;7 O

"S+€7q e —» §* )
Thus, ZnS can be formed in the following way:

_____________ —7nS (5)
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Fig.5 UV-visible spectra of ZnS.

From Tab.1 and Tab.2, it can be found that the val-
ues of absorption wavelength before and after irradiation
are quite different. Probably ZnS is not produced before
irradiation, it is formed as a consequence of the homo-
geneous mixing of $,05% and Zn®* and the regular pro-
duction of S* upon Y - irradiation.

Using v -irradiation for preparing nanoparticles,
the mechanisms of the formation is not very clear up to
now but however, the probable mechanism of formation
of ZnS in water system could be explained as a result of
reduction of zinc ions with hydrated electrons produced
in solution by Y -irradiation, zinc ions in lower valence

are formed %%

ag H20", H0% HO» O

In order to explain the formation of nanocrystalline
ZnS in alcohol system, a simple experiment was de-
signed for this purpose; firstly, the same concentrations
of CS, and Zn*" in ethanol solution were prepared, re-
spectively. Secondary, they were divided in to two equal
parts to make easy the identification. These solutions
were labeled CS, (1), CS, (2). Zn** (1) and Zn™* (2),
Among these solutions CS, (1) and Zn* (1) were irradi-
ated while CS, (2) and Zn* (2) were not irradiated.
After that, CS, (2) was added to Zn** (1), but
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non-phenomenon appeared since after two weeks, the
solution was still clear and transparent. However, when
Zn** (2) was added into CS; (1), the white precipitates
immediately appeared and as a result the solution be-
came unclear and non transparent. This experiment indi-
cated that S* jons were produced after CS, (1) was irra-
diated. Thus, when Zn** cations were introduced into the

system, S ions rapidly combined with Zn®* to form ZnS.

Then, the possible process could be simply described a

follows:
CH;CH,OH -7 ™ —pesal , etc. (6
€+ CS; —>  CS*+S (7
i +S —»  S” (8)
S*+ Zn* —» ZnS (9)

3  Conclusions

Nanocrystalline ZnS was prepared successfully par
using a new technology that is y-radiation method at
room temperature, ambient pressure and without any
kind of catalysts, both in water and absolute alcohol sys-
tems. Sodium thiosulfate and carbon disulfide were used
as sulfur sources in water and absolute alcohol respec-
tively. Analysis par XRD revealed that the product has a
cubic structure ZnS, sphalerite phase. The TEM images

showed that the crystallites were spherical shapes and the
particles size were 38nm and 42 nm for ZnS as prepared
in water or alcohol system respectively. Possible mecha-
nisms of the formation of ZnS in both systems are pro-
posed in accord with the experimental results.
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