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Zinc  Sulfide  (ZnS)  nanospheres  have  been  synthesized  using  amino  acid, l-Histidine  as a capping  agent  by
hydrothermal  method.  The  as  prepared  ZnS  have  been  characterised  using  X-ray  Diffraction  (XRD),  Field
Emission  Scanning  Electron  Microscopy  (FESEM),  High  Resolution  Transmission  Electron  Microscopy
(HRTEM),  Photoluminescence  (PL),  Fourier  Transform  Infra-Red  spectroscopy  (FTIR),  UV–vis  absorption
spectroscopy  and  X-ray  Photo  Electron  Spectroscopy  (XPS).  Effect  of  reaction  parameters  on  particle  size
has  been  investigated.  The  morphology  and  size  of  the  ZnS  can  be tuned  based  on the reaction  parameters.
ZnS  nanosphere  with  a particle  size  of  5 nm  is obtained  when  the  reaction  parameters  are  kept  at 120 ◦C for
nS nanosphere
hotoluminescence
egradation mechanism of RhB
hotocatalysis

3 h.  The  PL  of ZnS  shows  multiple  defect  emissions  arising  from  interstitials/vacancies.  Particle  size of  ZnS
nanoparticles  plays  an  important  role in  determining  the photo  catalytic  activity.  A chronological  study
on  synthesis  of  ZnS  nanosphere  and  its photo  catalytic  activity  under  the  sunlight  are  discussed  here,
which  reveals  the photo  degradation  of Rhodamine  B (RhB)  upto  87%  as  observed  with  ZnS  nanosphere
having  a particle  size  of  5 nm.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Significant interest on Zinc based semiconductor nanomateri-
ls, e.g. ZnO, ZnS etc. in the research is due to its credibility as

 material with excellent possibilities [1–3]. ZnS belongs to II–VI
roup of semiconductor having direct band gap energy of 3·68 eV
t room temperature and exhibit large exciton binding energy of
0 meV  [4]. ZnS shows wide applications ranging from sensors,
hoto catalysts and biomedical fields [5–7]. The tunability of opti-
al and chemical properties for nanomaterials depends on the size,
hape and crytallinity of the particles. Zero-dimensional (0D) ZnS
anostructures have been used for biological detection and tagging
8]. One dimensional (1D) ZnS, such as nanobelts and nanowires,

ave shown their promising applications in the optoelectronics
nd LASERarea [9,10]. Depending on the various synthetic method,
ifferent size of nanoparticles of ZnS may  be obtained. Several

∗ Corresponding author: Electronics & Communication Engineering Department,
nd  Centre for Material Science and Nanotechnology, Sikkim Manipal Institute of
echnology, Sikkim Manipal University, Sikkim, India.

E-mail address: somenath@gmail.com (S. Chatterjee).

ttp://dx.doi.org/10.1016/j.apsusc.2016.05.045
169-4332/© 2016 Elsevier B.V. All rights reserved.
methods have been reported on synthesis of ZnS nanoparticles
such as co-precipitation, chemical vapor deposition, hydrothermal
method [11–13] etc. Hydrothermal method is one of the simple syn-
thetic route to tune the desire size and morphology of the particles,
which may  be acquired by changing parameters such as reaction
precursors, temperature and time during growth process [14,15].
The capping agents have been used in the synthesis of nanomate-
rials to control the agglomeration, stability, shape and size of the
same. Mostly, polymers and biomolecules have been used as a cap-
ping agent in the synthesis of various semiconductor nanomaterials
[16,17]. Among the biomolecules, amino acids have successfully
been used as capping agents [18–20] and depending on the pH,
these molecules exist in different ionic form which influence the
bonding with the metal ion precursors. This in turn tune shape,
size and physical properties of the semiconductor nanomaterials.
l-Histidine assisted ZnS microspheres and glycine assisted TiO2
microflower have been reported and their photo catalytic activity
have been studied [20,21]. PL is one of the most sensitive technique

and nature of the nanomaterial can be determined from the PL spec-
tra. The tuning of lumisecence properties of ZnS can be achieved by
doping with metals. For example, blue, green and orange emission
have been observed with the dopant candidates, e.g. Mg,  Cu and

dx.doi.org/10.1016/j.apsusc.2016.05.045
http://www.sciencedirect.com/science/journal/01694332
http://www.elsevier.com/locate/apsusc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsusc.2016.05.045&domain=pdf
mailto:somenath@gmail.com
dx.doi.org/10.1016/j.apsusc.2016.05.045
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n in ZnS nanoparticles, respectively [22–24]. The optical proper-
ies of ZnS are also sensitive to size, shape, and crystal structure
25,26]. ZnS in the form of nanowires, nanobelts and nanoribbons
ave shown near-UV emission band as well as green emission cen-
red at around 520 nm [27–29]. The optical properties of ZnS can
lso be tuned depending on the presence of different defect states
rising from sulphur and zinc related defects [30,31]. Studies the
ature of the PL is important to determine the structure of the nano-
aterials. Here, we report the multiple PL emission arising from the

ifferent defect states of ZnS synthesized by hydrothermal method
sing l-Histidine as capping agent. This current finding may  help
o obtain the desire PL just by changing the growth parameters.
nS has shown high photo catalytic activity for the photo catalytic
egradation of several organic pollutants and photo catalytic split-
ing of water for production of H2 [32–41]. Due to wide band gap
3.68 eV) nature of ZnS, its photo response activity is restricted in
he UV region of solar radiation. Extensive work on the photo cat-
lytic activity of ZnS have been reported under the exposure of
uitable light source. However, utilization of direct sunlight as a
ight source for UV region is limited as only 4% solar radiation is
ccupied in UV region. Therefore there is still need to be explored
n the synthesis of nanomaterial which can utilize the natural sun-
ight. Herein, the photo catalytic activity of the ZnS has been studied
y utilizing natural sunlight as light source. Rhodamine B (RhB) dye
as been used as model to demonstrate the photo catalytic activ-

ty of ZnS through photo degradation mechanism under sunlight
llumination. Most of recent experimental findings have revealed
hat the sizes of l-Histidine assisted ZnS materials in hydrothermal
ynthesis are in microsphere range. However, in the present study,
nS nanomaterial with 5 nm average size was obtained following
he modified synthesis process using the same capping agent.

. Experimental details

.1. Chemicals

All the chemicals were of analytical grade and used without
urther purifications. Zinc nitrate hexahydrate (Zn(NO3)2·6H2O),
hodamine B (RhB) and Sodium hydroxide (NaOH) were purchased

rom Loba Chemie. Sodium Sulphide (Na2S·9H2O) was purchased
rom Rankem. l-Histidine (C6H9N3O2) was procured from Hi Media.
e ionized (DI) water (resistivity: 18.5 M�-cm) was  used for all
nalysis.

.2. Instrumentation

Structural characterization of samples were done using X-ray
owder diffraction measurements recorded using X-ray diffrac-
ometer (PAN Alytical Spectristechnologies PW 3040/60). UV–vis
bsorption spectra of all the samples were performed using shi-
adzu 1800 UV–vis spectrophotometer. PL measurements were

xecuted using a perkin-Elmer LS55 fluorescence spectrometer.
he FTIR of the samples were done using perkin-Elmer FTIR
pectrometer. The XPS analysis was carried out using Omicron
anotechnology instrument. The morphology and composition of

he samples were verified using Zeiss Auriga compact field emission
canning electron microscope (FESEM) equipped with an energy
ispersive X-ray analyser (EDX). FEI TECHNAI G2 high resolution
ransmission electron microscope (HRTEM) was used for the iden-
ification of crystallinity size, selected area electron diffraction
SAED) and lattice fringes of the samples.
.3. Methodology

Zn (NO3)2·6H2O and l-Histidine were dissolved in DI water and
tirred at room temperature for 30 min. Then Na2S solution was
Fig. 1. X-ray diffraction patterns of ZnS nanosphere prepared at 120 ◦C for different
reaction time.

added into the same slowly while stirring. The molar ratio of l-
Histidine, zinc and sulphur sources were maintained at 1:1:1. The
solution was transferred to the 250 ml  Teflon-lined stainless steel
autoclave system and maintained the final volume at 100 ml.  Then
the autoclave was placed inside the preheated muffle furnace at
temperature 120 ◦C for 3 h and then cooled down to room temper-
ature naturally. The solution containing products were centrifuged,
washed several times with DI water and methanol to remove the
impurities. Finally the sample was  dried at 80 ◦C for 3 h. To pre-
pare other samples, the synthesis processes were same; however,
the reaction duration and temperature were varied. The details of
sample parameters are given in Table 1.

To study the absorption characteristics and PL measurement,
equal amount of contents for each samples were dissolved in 3.5 ml
DI water and ultra-sonicated for 20 min  for dispersion. For the
photo catalytic studies, to a 5 ml  of RhB (5 �M)  solution, 5 mg  of
as-synthesized ZnS was mixed together and was  shaken for 30 min
using water bath shaker. The reaction mixture was kept in dark for
1 h to attain equilibrium. Then the reaction mixture were exposed
to sun-light for different interval of duration with intermittent
shaking for uniform mixing of the photo catalysts with the RhB
solution. After the sunlight exposure at regular interval, the photo
catalysts were removed by centrifugation. The supernatant solution
containing RhB concentration was monitored by UV–vis absorption
spectroscopy at 554 nm with DI water as the reference medium. The
degradation efficiency of the photo catalysts was  calculated using
the following formula:

DegradationEfficiency = C0 − Ct

C0
× 100 (1)

where C0 and Ct are the initial and time dependent concentrations
of RhB.

3. Results and discussion

3.1. Structural and morphology characterisation

Fig. 1 shows the XRD patterns of the ZnS prepared at 120 ◦C
for different reaction time for samples denoted as ZSH1, ZSH2 and
ZSH3 (corresponding specifications are mentioned in Table 1). The
diffraction peaks at 2� (in degree) values are observed at 28.6◦,
33.1◦, 47.6◦ and 56.4◦, which corresponds to (111), (200), (220) and
(311) planes, respectively of the zinc blende cubic structure for ZnS
(according to JCPDS Card No. 05-0566). No diffraction peaks from
other crystalline phases are observed, indicating the high purity and
crystallinity of ZnS. It can also be seen that the peaks are relatively
broad, suggesting the existence of smaller particle size. The average
crystallite sizes in the ZnS are estimated using the following Debye

Scherrer equation:

D = k�

ˇCos�
(2)
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Table 1
Notations of the hydrothermally synthesized ZnS.

Sl No Notations Reaction Parameters Precursor Ratio Calcination Temperature (◦C) Particle Size From XRD (nm)

Time (h) Temperature (◦C) pH Zn2+ S2− l-Histidine

1 ZSH1 3 120 5 1 1 1 – 4.2
2  ZSH2 5 120 5 1 1 1 – 12.9
3  ZSH3 8 120 5 1 1 1 – 18.5
4  ZSH4 5 80 5 1 1 1 – 11.0
5  ZSH5 5 150 5 1 1 1 – 26.6
6  ZSH6 5 180 5 1 1 1 – 47.8
7  ZSH7 3 120 10.5 1 1 1 – 18.0
8  ZSH8 3 120 5 1 1 2 – 23.0
9  ZSH9 3 120 5 1 1 1 300 27.0
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fringes with dhkl spacing of 3.1 Å which correspond to the (111)
ig. 2. X-ray diffraction patterns of ZnS nanosphere prepared at 5 h for different
emperature.

here k = 0.9 is the shape factor, � is the incident X-ray wavelength

f Cu K� radiation (1.5408 ´̊A), � is the Bragg diffraction angle, and
 is the full width at half maximum (FWHM) of the (111) plane.
he particle sizes of ZnS are calculated to be 4.2 nm,  12.9 nm and
8.5 nm for ZSH1, ZSH2 and ZSH3, respectively, suggesting the

ncrease in particle size with increment in reaction time. It has been
eported that in hydrothermal synthetic route, the size of particle
an be tuned by varying the reaction parameters, e.g. temperature
nd time [15]. We  have also investigated the effect of temperature
n the particle size for ZnS, as shown in Fig. 2. The particle sizes are
alculated to be 11 nm,  26.6 nm and 47.8 nm for ZSH4, ZSH5 and
SH6 samples, respectively. It can also be seen from XRD (shown
n supplementary information S1) of the ZnS samples denoted as
SH7 and ZSH8, ZSH9 that the particle size are calculated to be
8 nm and 23 nm and 27 nm,  respectively, suggesting the increase

n particle size while keeping the same reaction temperature and
ime. For ZSH7 sample, the starting pH was kept at 10.5 while keep-
ng reaction condition at 120 ◦C for 3 h with precursor ratio 1:1:1.
or ZSH8 sample, the concentration of l-Histidine was  increased
o two fold while keeping reaction condition at 120 ◦C for 3 h and
tarting pH = 5. The ZSH9 denotes the calcined sample at 300 ◦C.
his indicates that in addition to reaction temperature and time;
tarting pH, concentration of the precursor and calcination, also
ffect the particle size of the ZnS.

To determine the presence of l-Histidine on ZnS, FTIR spec-
ra of ZnS samples are recorded, which is shown in Fig. 3. In all
amples, the broad band around 3500 cm−1 and a sharp band at
600 cm−1 can be observed. Devi et al. [42] recorded the FTIR
pectrum of l-Histidine stabilized colloidal ZnS nanoparticles to
etermine the presence of l-Histidine over ZnS. The broad band in
he region of 3200–3600 cm−1 and 1600 cm−1 were assigned to the

 H stretching vibrations of the amino group and the vibrations
f the >COO group of Histidine. Therefore the band observed at
600 cm−1 and 1600 cm−1 can be attributed from the l-Histidine

hich is present on the surface of the ZnS nanoparticles. The IR

pectra of the remaining ZnS samples are shown in Supplementary
nformation S2. The presence of l-Histidine is further confirmed
Fig. 3. FTIR spectra of ZnS samples with different reaction parameters.

from the EDX pattern which is shown in supplementary informa-
tion S3 that in addition to the Zn and S peaks, there is also presence
of peaks corresponding to C, N and O of l-Histidine composition.

The size and morphology of ZnS can be obtained from HRTEM
image. Fig. 4 shows the HRTEM image of the ZSH1 sample. The
particles are well dispersed with particle shape in the form of
nanosphere distributed uniformly at 50 nm scale (as shown in
Fig. 4a). The particles sizes are in the range of 2 nm to 8 nm with
a very few number at 12 nm and 18 nm. From the histogram of
the image (Fig. 4b), the average particle size is calculated to be
5 nm which supports the results obtained from XRD analysis for
the same sample. As observed from the lattice fringes of the image
(Fig. 4c), the inter-planner spacing (dhkl) is calculated to be 2.7 Å,
corresponding to the (200) plane. The selected area electron diffrac-
tion (SAED) pattern of ZnS nanosphere is shown in Fig. 4d. The
SAED pattern shows a set of rings instead of spots indicating that
ZnS nanosphere are polycrystalline in nature and resemble to (200)
plane, which confirms the XRD obtained results.

The HRTEM image for the ZSH3 is shown in Fig. 5a. Different sizes
and shapes of the particles are found for the ZSH3 sample, whereas
a uniform shape and sizes are observed for ZSH1 sample and the
particle size is larger compared to ZSH1, which infers the time-
dependency of the synthesis process. Also the particles are found
to be agglomerated with the formation of multilayers and various
particle size ranging from 10 nm to 100 nm and a very few up to
150 nm as can be seen from histogram (Fig. 5b). The average parti-
cle size is calculated to be 50 nm,  which is much bigger than the one
calculated from the XRD, which suggest that the obtained products
are polycrystalline in nature. Fig. 5c shows the presence of lattice
plane as confirmed from XRD. The polycrystalline nature of the
material is confirmed from SAED pattern (Fig. 5d) with assigning
some of plane to (111) and (220) plane.
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Fig. 4. (a) TEM image, (b) histogram, (c) HR TEM image showing lattice fringes and (d) SAED pattern for ZSH1, respectively.
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Fig. 5. (a) TEM Image, (b) histogram, (c) HR TEM image showin

.2. XPS analysis

To determine the chemical composition of the prepared ZnS
amples, XPS analysis is carried out. Fig. 6 shows the XPS analy-
is of ZSH1 sample. The scan survey (Fig. 6a) shows the presence
f Zn 2p, S 2s, S 2p, C 1s and O1s peaks. The appearance of O1s and
1s peaks at 527 eV and 264 eV could be attributed to the presence
f l-Hisitidine. In Fig. 6b, the binding energy observed at 1045 eV
nd 1021 eV corresponds to Zn 2p1/2 and Zn 2p3/2 respectively. And
rom Fig. 6c binding energy observed at 162 eV correspond to S

p1/2. These values are in accordance with the reported work of
nS [43–45]. It can also be seen that there is an absence of peak at
68 eV due to sulfate related peak, which indicate that the ZnS is
ce fringes and (d) SAED pattern for ZSH3 sample, respectively.

resistant to photocorrosive oxidation and exhibit high stability in
air [44].

3.3. Optical properties

The UV–vis absorption spectra of ZnS prepared at 120 ◦C with
different reaction time are shown in Fig. 7a. It can be seen from
the absorption spectra that the shoulder peak of each spectrum is
blue shifted compared to bulk ZnS. The optical band gap energy

is calculated from the Tauc relation [46,47], which is given by the
following equation:

˛h� = B(h� − Eg)
1
2 (3)
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Fig. 6. (a) Scan survey of XPS spectrum of ZSH1 sample (b) Zn 2p spectrum and (c) S 2p spectrum.
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Fig. 7. (a) UV–vis absorption spectra and (b) tauc plo

here � is the absorption co-effiecient, h� is the photon energy,
g is the direct band gap, and B is a constant. The band gap energy
s calculated from the plot of (�h�)2 versus h�, which is shown
n Fig. 7b. The extrapolating the linear portion of the curve to the
nergy axis yields the band gap energy. The estimated band gap
nergy of the samples are calculated to be 4.07 eV, 3.94 eV, 3.76 eV
or the samples ZSH1, ZSH2 and ZSH3, respectively. The band gap
nergy of the bulk ZnS is 3.67 eV [4]. The blue shift in band gap
nergy is attributed to the quantum size effect, which supports the
RTEM observations for the same samples.

In order to determine the emission behaviour of the synthe-
ized ZnS, room temperature PL spectra were recorded by exciting
he samples with excitation wavelength of 300 nm and measured
he PL spectra from 320 nm to 580 nm.  The baseline correction was
one for all PL spectra. The effect of reaction time on PL of ZnS is

hown in Fig. 8a. It can be seen that there are multiple emission
eaks observed at 363 nm,  423 nm,  443 nm,  486 nm and 531 nm,
espectively. The 363 nm peak is broad attributing to the presence
f more than one peak in its envelop. This indicates that in addition
e ZnS samples of ZSH1, ZSH2 and ZSH3, respectively.

to band edge emission, the possibility of existence for many defect
states in ZnS. Since the particle is polycrystalline in nature as con-
firmed from SAED pattern, there could be the presence of many
defect states arising from sulphur and zinc related defects. Wang
et al. [48] reported the multiple defect related emission of ZnS. It
can be observed that emissions intensity are found to be decreased
on increasing the reaction time. The increase in the reaction tem-
perature also shows a reduction in the emission intensity, which
is shown in Fig. 8b. The emission intensity is drastically decreased
in ZSH6. The decrease in emission intensity might be due to the
increase in particle size as shown in Table 1. The particle size is
found to be as small as 5 nm in the case of ZSH1 and it shows
maximum emission intensity. As the particle size increases, the
emission intensities are found to be decreased. It was  reported that
the smaller the particle size produces larger surface area and the

larger surface area caused the stronger photoluminescence inten-
sity [49]. Therefore, the decrease in the emission intensities with
respect to increase in particle size can be attributed to the decrease
in the surface area.
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Fig. 8. Photoluminescence spectra of ZnS samples (a) Effect of reaction time (ZSH1, Z
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ig. 9. Effect of reaction parameters on Photoluminescence spectra of ZnS for sam-
les ZSH1 (reaction time), ZSH7 (starting pH), ZSH8 (precursor ratio) and ZSH9
calcined sample), respectively.

In addition to reaction parameters such as temperature and
ime, the effect on the PL spectra of ZnS by other parameters such as
tarting pH, precursor ratio and calcinations are also investigated.
ig. 9 shows the PL spectra of ZnS sample denoted as ZSH7, ZSH8
nd ZSH9. It can be seen that the emission intensity at 363 nm is
bserved to be reduced for ZSH7 which is prepared at starting pH of
0.5. However the defect emission observed at 486 nm and 530 nm
re found to be slightly increased with increasing in pH. It infers
hat with increase in pH there is a decreased in band edge emission,
owever defect emission increases. This attributes that with the
igher pH, there might be more formation of defect related states on
he surface of the particles. It can also be observed from Fig. 9 that,
mission spectra is reduced for ZSH8 sample. The concentration
f l-Histidine is kept two times higher in ZSH8 sample. Whereas,
or ZSH9 sample which is calcined sample, there is an absence of
eak at 363 nm and two peaks are observed at 345 nm and 390 nm,
espectively, associated with many defect peaks. The pKa values of
-Histidine is reported to be 1.8, 6.0 and 9.2 for carboxyl, imidazole
nd amino group of l-Histidine [50]. This indicates that at pH below

, only carboxyl group is deprotonated. At pH 7, both carboxyl and

midazole group are deprotonated. And at pH 10.5, all the binding
ites including amino group of l-Histidine are deprotonated. This
uggest that at pH 10.5, there are possibility of formation a stable
SH2 and ZSH3) and (b) effect of reaction temperature (ZSH4, ZSH5 and ZSH6).

complex between l-Histidine and Zn2+ ion through all three bind-
ing sites of l-Histidine. Devi et al. [42] reported the enhancement
of the PL intensity due to l-Histidine stabilized colloidal ZnS pre-
pared with increasing pH. They explained that at high pH, there
is a presence of more binding site between l-Histidine and Zn2+

ion to form a stable complex. However in our present case, due
to the high temperature and pressure condition during synthesis
as well as more binding sites due to increasing pH, influence the
formation of more electrostatic effect [21,51], which could lead the
aggregation of the particles and thus increases the particle size. The
presence of excess amount of l-Histidine might not only increases
the particle size but also saturated the surface state. The emission
peak at 363 nm is actually consists of two  peaks with emission at
345 nm and 390 nm which clearly separate for the sample calcined
at 300 ◦C. Therefore, 345 nm can be assigned to band edge emis-
sion. And the emission at 390 nm,  423 nm,  443 nm,  486 and 530 nm
are associated with the defect state emission arising from sulphur
and zinc defect state. It has been reported that interstitial sulphur
states and zinc vacancies states are located closer to valence band
and act as acceptor state, whereas as interstitial zinc states and
sulphur vacancies state are located near to the conduction band
edge and act as localized donor state [52]. Accordingly, the emis-
sion behaviour can be assigned to the respective defect states. The
emission at 423 nm can be attributed to the recombination of elec-
trons at the internal sulphur vacancy (Is) donor level with holes
trapped at the internal zinc vacancy (VZn) acceptor level [30,53].
The blue emission peak observed at 445 nm could be associated
with an interstitial zinc (Izn) lattice defect and the emission peak at
486 nm is from the sulphur vacancy (Vs) related emission [53]. The
green PL emission peak at 530 nm can be associated with elemental
S species [49,54].

3.4. Photocatalytic studies

The potential of the photocatalytic activity of ZnS has been
investigated by observing the photo degradation of RhB dye in
aqueous media using sunlight as a light source. The concentration
of RhB was  kept at 5 �M.  The experiment was carried out when

the intensity of sunlight is maximum between 11:30 AM to 2 PM
having light intensity of 1040 × 100 lx. To avoid the different inten-
sity of sunlight, all the experiment were carried out on same day
and placed the samples in such a way that light falls uniformly on
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Fig. 10. (a) Absorption spectra showing the photocatalytic degradation of RhB with cataly
versus irradiation time and (d) reusability test of catalyst ZSH1 and ZSH9 respectively for

Table 2
Photodegradation data of RhB in the presence of ZnS samples.

Notation Degradation efficiency (%) Rate constant k (min−1)

ZSH1 87 0.0113
ZSH2 73 0.0083
ZSH3 61 0.0058

a
o
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ZSH8 53 0.0049
ZSH9 47 0.0041

ll samples. The UV visible absorption spectra for the degradation
f the dye as a function of irradiation time are shown in Fig. 10(a)
ith ZSH1. The absorption peak of the dye at 554 nm is found to

e decreased as well as blue shifted on increasing the irradiation
ime, suggesting the increase in degradation as the time of irra-
iation by solar energy. It is observed that in the absence of the
hoto catalyst, there was only 5% degradation of the dye during
he same period of irradiation (Fig. 10a). This indicates that as pre-
ared ZnS is an effective photo catalyst for the degradation of RhB.
ig. 10b shows the percentage of degradation of RhB using ZnS cata-
yst. About 87% of RhB is degraded during 150 min  of irradiation for
SH1 sample. And 73%, 61%, 53% and 47% of RhB is degraded with
SH2, ZSH3, ZSH8 and ZSH9 samples. This suggests that ZSH1 act as
etter photo catalyst than other ZnS catalysts. The photo-catalytic
egradation kinetics of RhB is analysed and shown in Fig. 10c. The
eaction assumed to follow pseudo first order kinetic, which is given
n the following equation,

n
(

C

C0

)
= −kt (4)

here, C0 is the initial concentration of RhB and C is the concen-
ration at time t. The plot of ln C/Co versus time is a straight line
ith a slope k, known as rate constant. The values of the rate con-

tants are given in Table 2. It can be seen from Table 2 that the
ighest k is observed with ZSH1 i.e., 0.0113 min −1. The k for ZSH2,

SH3, ZSH8 and ZSH9 are calculated to be 0.0083, 0.0058, 0.0049
nd 0.0041 min −1, respectively. This indicates that ZSH1 has shown
etter catalytic activity than the remaining ZnS samples. This may
e due to smaller particle size of ZSH1, resulted to the larger surface
st ZSH1 under sunlight (b) percentage of RhB degradation (c) kinetic plot of ln C/C0

 degradation of RhB.

area than the remaining ZnS samples. Dong et al. [20] also reported
the photo catalytic activity of l-Histidine assisted ZnS microsphere
and the efficient photo catalytic activity was  found to be greater for
the ZnS microsphere having smaller particle size.

The k for degradation of RhB with ZnS and carbon quantum dot
ZnS catalysts are reported to be 0.0054 min−1 and 0.011 min−1 [55].
Therefore our ZnS samples shows good catalytic activity.

The stability of the photo catalyst is important for industrial
use. The reusability test for ZSH1 and ZSH9 are carried out, which
is shown in Fig. 10d. In both catalysts, the degradation efficiency
remain constant up to third cycles. Hence the catalysts are found
to be stable upto third cycles, which suggests the good stability of
the catalysts.

The degradation of RhB occurs either by N-de methylation or
the destruction of the conjugated structure [56]. The decrease in the
absorption of RhB solution at 554 nm attributes to the destruction of
the conjugated structure. The absorption band of RhB blue shifted
with the irradiation suggests the formation of de-ethylated RhB
molecule [57,58]. In this present studies, since there is a blue shift
in absorption maxima with time of irradiation, it infers that the
degradation of RhB is mainly due to the N-demethylation process.

The degradation mechanism can be explained as follows:
When ZnS absorbs photons of energy higher than or equal to

its band gap, electrons are generated to conduction band and holes
to the valence band. The photo generated electrons react with dis-
solved O2 molecules producing superoxide anion (•O2

−) radicals,
while holes react with H2O and produce hydroxyl (•OH) radicals.
The •O2

− and OH radicals causes the degradation of the RhB dye.
These reactions can be schematically illustrated in Scheme 1.

It has been reported that the blue-shift of the absorption band
caused by de-ethylation of RhB is due to the attack by one of
the active oxygen species on the N-ethyl group [59]. Therefore
the degradation of the RhB dye in the present studies might have
occurred predominantly through Eq. (4).
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Scheme 1. The reaction mechanism of photocatalytic degradation of RhB.
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. Mechanism for the formation of ZnS nanosphere

Crystal growth process consists of three steps: nucleation, disso-
ution and recrystallization process [60]. With increase in reaction
emperature and time, the crystal growth rate is accelerated. The
ate of nucleation and growth is depending on the temperature and
ime. The formation of ZnS nanosphere is illustrated in Scheme 2 At
20 ◦C and 3 h duration, the ZnS was found to uniformly disperse
ith particle size of 5 nm diameter range. When the duration of

ime and reaction temperature was increased the smaller nanopar-
icles are quickly aggregated resulting into the formation of bigger
article size. Not only the particle size increases but also the mor-
hology of the particle changes. The presence of high l-Histidine
oncentration influences more electrostatic effect which resulted
nto the increase in the aggregation process leading into bigger
article size.

. Conclusion

In conclusion, ZnS nanosphere was prepared by hydrothermal
ethod using l-Histidine as capping agent. The average particle

ize of 5 nm was obtained with the reaction parameter at 120 ◦C
emperature and duration 3 h. Increase in reaction temperature
nd time, the particle size increases as observed from XRD and
EM images. PL depends on the various reaction parameters. A
educing trend in the emission intensity is noticed from PL spec-
ra with increase in reaction time and temperature. This ZnS act
s a good photo catalyst and observed 87% of RhB degradation in

50 min  with ZnS sample having particle size of 5 nm.  This study
emonstrates the role of reaction parameters to tune the desire ZnS
anosphere and simple light source, sunlight, was used to see the
hoto catalytic activity of ZnS.
mation of ZnS nanosphere.
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