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Copper doped zinc sulfide nanoparticles have been synthesized using a wet chemical method. The syn-
thesized nanoparticles exhibit a zinc blende structure with the crystallite size of 3.8 nm. The morphological
and optical studies of the synthesized nanoparticles have been performed. It is found that the band gap var-
ies from 3.6 to 4.4 eV depending upon the concentration of copper. The room temperature photolumines-
cence of the synthesized nanoparticles has been also investigated.
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Memoodom MOKpoU Xumuu CUHME3UPOBAHbl HAHOUACMUYbLL CYIbOUOA YUHKA, N1€2UPOBAHHO20 MEObIO.
Ionyuennvle wacmuysbl 061a0AIOM KPUCMALIUYECKOU CMPYKMYPOU YUHKOBOU OOMAHKU C PA3SMEPOM KpUu-
cmannuma 3.8 um. Hccnedosanvl mopghonocuu u onmuyeckue Xapakmepucmuky CUHMe3upo8aHHbIX 4acmuy.
ObHapysiceno, Ymo WupuHa 3anpeujerHol 30Hul usmensiemcesi om 3.6 00 4.4 5B 6 3agucumocmu om KOHYeH-
mpayuu meou. Mccrnedosarna ghomonromunecyenyus uacmuy npu KOMHAmMHOU memnepamype.

Knioueewie cnosa: ZnS, ZnS:Cu, penmeenocmpyKmypHbulil anaiu3, CKaHUpyowas 31eKmpouHas MUKpo-
CKONUSL, NPOCBEYUBAIOWAS INEKMPOHHASL MUKDOCKONUSL, HAHOYACTUYA, (POMONIOMUHECYEHYUSI.

Introduction. Recently, metal-doped II-VI semiconductors have attracted much attention due to their
self-assembled different types of nanostructures. The doped metals make these semiconductors more ener-
getic and attractive [1], and such materials exhibit luminescence properties due to the presence of impurity
ions [1-5]. Different types of dopants and their concentrations are responsible for the luminescence band
position, as well as efficiency of the materials. Zinc sulfide, synthesized in various forms, demonstrates di-
verse applications as optical devices [6—15]. The luminescence properties of metal-doped ZnS nanostructure
have been studied by several workers. An intra-ionic transition between *f—'f;’d, states of Eu”" ions has
been reported in ZnS:Eu nanoparticles (NPs) [16, 17]. Similarly, an orange emission band due to the transi-
tion between *T, —A4, states of Mn’" ions has been observed in ZnS:Mn NPs [18-20]. ZnS:Cu NPs, one of
the important luminescent materials, have been synthesized and characterized by several workers along with
the material luminescence properties [21-25]. Two luminescence bands of ZnS:Cu NPs close to 420 and
520 nm have been reported Lee et. al. [22], while Xu et al. [17] observed two luminescence bands close to
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No. 4 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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460 and 507 nm. Luminescence peaks close to 480 and 415 nm have been observed by Kulkarni et al. [21]
and Shen et al. [23], respectively, while a peak close to 600 nm due to the transition between trapped elec-
tron and Cu”" ions has been observed by Bol et al. [24]. Recently, Wang et al. [26] observed three lumines-
cence bands (two in a blue region and one in a green region) and reported that the green peak shifted towards
longer wavelength is due to an increase in Cu”" ion concentration. A mixed type structure containing both
cubic zinc blende and wurtzite hexagonal phases along with enhanced bandgap energy has been observed in
ZnS:Cu NPs by Kalita et al. [27]. A tunable emission ranging from blue to red regions has been observed by
Golberg et al. [28] in ZnS and Mn/Cu-doped ZnS NPs, and it has been also reported that such emission is
powerful and steady. From the above literature, it is seen that there is still controversy the luminescence
properties of ZnS:Cu NPs. Therefore, it is decided to synthesize the ZnS:Cu nanoparticles using a wet
chemical route and explore the luminescence properties of ZnS:Cu NPs.

Materials and methods. ZnS:Cu NPs have been synthesized via the method described by Manuspiy
et al. [29]. Raw materials of zinc sulfate, sodium sulfide, and cuprous chloride, all of purity 99.99%, along
with distilled water and methanol (analytical grade), are used to synthesize ZnS:Cu NPs. Two separate mix-
tures, one of Na,S - 9H,0 and distilled water and the other of ZnSO,4.7H,0 with distilled water, are prepared,
and each prepared mixture is stirred for 1 h. After complete stirring, both solutions are mixed together to
prepare ZnS NPs. Two separate mixtures, one of Na,S - -9H,O with distilled water and the other of
ZnSQy, - TH,0, the appropriate amount of CuCl, and distilled water are used to prepare ZnS:Cu NPs. Each
mixture is separately stirred for 1 h and then mixed into each other. To complete the reaction, the mixture is
kept for 4 h at room temperature. Methanol is used to remove the impurities. After removing the impurities,
the mixture is centrifuged at 1000 rpm for 20 min, and then the prepared samples are washed with deionized
water and methanol. The synthesized NPs with different copper concentrations are dried under vacuum for
characterization.

Analysis and result. Structural study. A X-ray diffractometer (Rigaku-Miniflex) with Cuk, line (A =
=1.5406 A) is used to study the structure and phase of pure ZnS and ZnS:Cu NPs. The XRD patterns, con-
sisting of three distinct peaks of the synthesized samples, are shown in Fig. 1. The observed peaks corre-
spond to (111), (220), and (311) planes of the cubic zinc blende structure and confirm the purity of the syn-
thesized NPs. The peak corresponding to (111) shows broadening as well as less relative intensity with in-
creasing copper concentration. The broadening observed in (111) peak indicates the degradation of crystal-
lite size due to doping of copper, as well as the nanocrystalline nature of ZnS [24] of the sample from the
XRD patterns. The crystallite size, calculated using Scherrer’s formula, is found to be 5-3.7 nm for pure and
ZnS:Cu NPs. The crystallite size of pure ZnS NPs is about 5 nm; but with increasing doping concentration,
the crystallite size decreases from 5.0 to 3.7 nm. The major change in the crystallite size is observed at 1.0
mol.% Cu doping, but after increasing the Cu concentration, slight changes are observed in the crystallite
size, as shown in Table 1.
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Fig. 1. X-ray diffraction pattern of pure and ZnS:Cu nanoparticles.
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TABLE 1. Crystallite Size of Pure and ZnS:Cu Nanoparticles

B (FWHM) Crystallite size D (nm) from XRD
0 1 1.5 2.0 0 1 1.5 2.0
3.1 3.9 4.1 4.3 5.1 4.1 3.75 3.65

Note. (hkl) = (111), 20 = 28.62°.

Surface morphology. The surface morphology of pure and ZnS:Cu NPs has been studied using scanning
electron microscope (SEM, ZESIS) operating at 15 kV. The SEM micrograph, represented in Fig. 2, con-
firms the spherical shape with the average size of 5 nm for undoped ZnS. The average particle size decreases
from 5 to 3.7 nm with increase in copper concentration from 0.0 to 1.0 mol.% and becomes almost constant
for 1.5 and 2.0 mol.% of Cu concentration [1]. The average particle size of ZnS:Cu NPs has also been esti-
mated using transmission electron microscope (TEM) operating at 200 kV and is found to be 3.5 nm, which
is in close agreement with that observed from XRD and SEM. A TEM image of ZnS:Cu NPs for 1.5 mol.%

of Cu concentration is shown in Fig. 2e.

Fig. 2. SEM micrographs of pure ZnS (a), ZnS:Cu nanoparticles (b—d), and TEM image
of 1.5 % Cu doped ZnS nanoparticles (e).

Optical study. The optical characteristics of the synthesized samples has been investigated using an UV-
Vis spectrophotometer (Perkin Elmer, USA). The UV-visible absorption spectra and a tauc plot of pure and
ZnS:Cu NPs are shown in Fig. 3. A hump close to 318 nm is observed in ZnS:Cu NPs and is shifted toward
the red end of the spectrum with increasing concentration of copper. The calculated energy gap of ZnS:Cu
NPs is found to be 3.92 eV, which is large in comparison with the pure ZnS (~3.6 e¢V), and this enhancement
is attributed to the quantum confinement effect.
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Fig. 3. Uv-Vis absorption spectra (a) and Tauc plot of pure and ZnS:Cu nanoparticles (b).

Photoluminescence study. The room temperature PL spectra of the synthesized NPs are recorded using a
fluorescence spectrophotometer (Jobin Yvon, USA). The observed spectra are broad and asymmetric, there-
fore deconvoluted, and are represented in Fig. 4. The positions of the luminescence bands are shown in
Table 2. Two luminescence bands lying at 410 and 450 nm are observed in pure ZnS NPs, while in the case
of ZnS:Cu NPs, along with these two bands, a third band lying at 490 nm has also been observed. The band
lying at 410 nm is from the transition between the donor level of the sulfur vacancy. The valence band [§]
and its position are almost constant for pure, 1 and 2 mol.% ZnS:Cu NPs, but for 1.5 mol.% ZnS:Cu NPs,
there is a slight red shift in the position, which may be due to agglomeration of NPs. The peak lying at
450 nm is attributed to the emission between the zinc sulfide conduction band and Cu®* jon energy level (1,
level) [9], while the transition of trap states of ZnS is responsible for a similar peak observed in the case of
pure ZnS NPs [15, 16]. The position of this peak is almost independent of Cu** ions concentration and con-
firms that defect states of zinc are responsible for this band. The intensity of the peak centered at 450 nm for
ZnS NPs is much smaller than that of the doped samples (Fig. 4).
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Fig. 4. Photoluminescence spectra of pure and ZnS:Cu nanoparticles.
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This can be explained on the basis of the doping effect according to which Cu*" jons doped into ZnS
NPs introduce more defects. But, for the peak centered at 411 nm, the reverse effect has been observed in
this study, which may be due to agglomeration of NPs. In the case of the ZnS:Cu nanostructure, the band
observed at 490 nm is in agreement with the earlier report [9] and results from the transition between the
sulfur vacancy donor level and Cu®" ions (¢, level). The position of this band shifts toward the red end (from
490 to 500 nm) as the concentration of Cu®" ion increases. The energy difference between the sulfur-related
vacancy level and the zinc sulfide conduction band is almost constant with variation in copper concentration.
This confirms that the energy difference between the Cu”” ions level (1,) and the valence band of zinc sulfide
is very large.

TABLE 2. Photoluminescence Peak Positions (nm) of Pure and ZnS:Cu Nanoparticles

Ccu, mol.% Peak 1 Peak 11 Peak II1
0.0 409.1 454.2 —
1.0 410.8 449.3 490.3
1.5 403.6 454.3 490.8
2.0 411.8 447 4 500.9

Conclusion. ZnS:Cu nanoparticles of about 3.7 nm size have been synthesized using a wet chemical
route. The XRD pattern exhibits the zinc blende structure, and SEM confirms its spherical shape. The PL
spectra of the pure ZnS nanoparticles show two blue luminescence bands, while those of the ZnS:Cu
nanoparticles shows a third peak in the green region along with the two blue bands. The band lying in the
green region is due to copper, while zinc sufide defect states are responsible for the blue bands. In photolu-
minescence, the relaxation of photo-excited conduction electrons of ZnS to certain surface states of Cu®”
ions takes place, and a radiative transition occurs that generates luminescence in the visible region. The dop-
ing of Cu®" ions into the host ZnS nanoparticles enhances the photoluminescence quantum efficiency of the
host due to the strong interaction between electrons and holes with localized states of Cu*" ions. The en-
hanced luminescent properties of the ZnS:Cu nanoparticles makes them potential candidates for applications
in optical sensors, light emitting diodes, flat panel displays, lasers, and light emitting displays.
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