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ABSTRACT

Green synthesis of materials such as nanoparticles pose several advantages including
greener and lesser volume of waste generation making it a less hazardous and eco-friendly
alternative. Nanoparticles have been used widely for treatment of wastewater. In the study, synthesis
of zinc sulfide (ZnS) nanoparticles were conducted through green synthesis using Jatropha curcas
Linn latex and its photocatalytic activity in degrading methylene blue was determined. Synthesized
zinc sulfide nanoparticles were characterized based on its absorbance and average size determined
through microscopic analysis. Absorbance analysis showed that there is dependency on the
concentration of nanoparticles and latex formulations used. The average size of the synthesized
nanoparticles is 80 nm. By monitoring changes in absorbance for 90 min, the photocatalytic
degradation was determined. Photocatalytic degradation activity of 7.72% was recorded during
the first 15 min which was the highest reading obtained. These findings suggest that nanoparticles
synthesized thru green synthesis may be developed as an eco-friendly and non-hazardous materials
for wastewater treatment.

Keywords: ZnS nanoparticle, Jatropha curcas Linn., Wastewater treatment,
Methylene blue, Green synthesis, Photocatalysis.

INTRODUCTION

Green synthesis of materials have
gaining interest worldwide. This approach offers
the advantages of producing eco-friendly and
nonhazardous materials such as nanoparticles’. It
has been utilized lately by researches to produce
nano and micro sized materials that can aid in

bioremediation?3. One of the main focuses of studies
regarding bioremediation is the development of
wastewater treatment methods that utilizes the green
chemistry approach without sacrificing the efficiency
of the product. Photocatalytic degradation offers
a pathway of degrading organic pollutants that is
consistent with this goal. This technique is one of the
promising technologies for wastewater treatment.
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Organic dyes such as methylene blue is
considered as one of the most useful organic dyes
that has been consistent component of wastewaters
of textile, paper, printing and other industries.
Persistence of methylene blue in water systems pose
serious environmental challenges. Thus, its removal
in water systems has attracted attention worldwide.

Nanocomposites such as graphene oxide-
nickel sulfide*, graphene oxide-nickel oxide® and
nanoparticles such as titanium oxide®’, cadmium
sulfide?®, ferric oxide®, silver™, zinc oxide' and zinc
sulfide' have found its use on photodegradation of
organic dyes and other environmental pollutants.
Zinc sulfide (ZnS) nanoparticles may be produced
by using latex of different plants as reducing agent.

In the study, ZnS nanoparticles were
synthesized. The effect of using different concentrations
of the latex on the concentration of the product was
analyzed. The photocatalytic degradation studies of
the synthesized product was also evaluated using
methylene blue as the representative organic dye.

Methodology
Synthesis of ZnS nanoparticles

ZnS nanoparticles were synthesized based
on the previously published method with some
modifications. Crude Jatropha curcas Linn. latex.
The latex was collected by cutting the green stems of
the plant. About 0.15%, 0.10% and 0.05% (v/v) latex
solutions were prepared using 1 mL of crude latex using
triple distilled water as solvent. Afterwards, 20 mL of
latex solution was mixed with 2.5 mM of aqueous zinc
acetate solution. The mixture was mixed vigorously
using a magnetic stirrer for 24 h at room temperature.
To remove unreacted reagents, the mixture was
subjected to centrifugation at 15000 rpm for 15 min
and re-dispersed in distilled deionized water.

Characterization of ZnS nanoparticles

To qualitatively determine the presence of
ZnS nanoparticles, 6 mL of the mixture was placed
each on 10-mL test tubes. To each tube, 2 mL
solution of sodium hydroxide, ammonium hydroxide,
potassium ferricyanide (lll) and lead acetate were
added. The tubes were evaluated based on the
presence of precipitate.
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The mixtures were subjected to AFM
analysis to confirm its average size in nanometer
range and UV-Vis analysis to determine its
concentration. The product with the highest
concentration was used in the photocatalytic
degradation studies.

Photocatalytic degradation of methylene blue

The synthesized product was placed in a
black box with a 500-watt halogen lamp which was
used as the visible light source (Fig. 1). Samples
were collected every 15 min for 90 min and was
subjected for spectral analysis. Based on the
absorbance reading, the degradation efficiency was
calculated for each sample. Awater pump was used
to control the temperature of the system.

Fig. 1. Photocatalytic degradation set-up

RESULTS

Table 1: Qualitative Test for the presence of Zn*?
and S in the synthesized product

Reagents added Precipitate formed

Sodium hydroxide White; Zn(OH),
Ammonium hydroxide White; Zn(OH),
Potassium ferricyanide(lll) Yellow orange; zinc ferricyanide(lll)
Lead acetate Black; PbS
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Fig. 2. UV-Visible absorption spectra of synthesized ZnS in
different latex formulations; (0.1%- blue, 0.05%- green and
0.15%- black)
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Fig. 3. Atomic Force Microscopy line profile of ZnS
nanoparticle showing an average size of 80nm
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Fig. 4. The different absorbance peak of Methylene
blue every 15 min interval of sample collection

Table 2: Degradation efficiency calculated
for 90 min at 15 min interval

Time Elapsed (minutes) Degradation Efficiency (%)

15 7.72
30 0.35
45 0.70
60 0.35
75 0.35
90 0.35
DISCUSSION

Synthesis of ZnS nanoparticles

ZnS nanoparticles were synthesized
through green chemistry approach using Jatropha
curcas Linn. latex as reducing agent. A yellowish
brown solution was obtained for all treatments
signifying the distinctive color of ZnS. The solutions
obtained were subjected to characterization studies
to confirm its identity and average size.

Characterization of synthesized ZnS nanoparticles
The synthesized ZnS nanoparticles were
confirmed using qualitative tests for the presence
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of Zn*2 and S2 ions. Table 1 summarizes the
observations based on precipitate formation.
White precipitate was observed after addition
of sodium hydroxide and ammonium hydroxide
solution. This confirmed the presence of Zn*?
in the product which caused the formation of
Zn(OH), precipitate. In the reaction of potassium
ferricyanide (Ill) and ZnS, the precipitate observed
was yellow orange, the distinct color of zinc
ferricyanide (Ill). On the other hand, the qualitative
test for S2ions in the reaction of lead acetate and
ZnS, formation of black PbS was observed.

UV-Visible spectroscopy was also utilized
to confirm the identity of the product as well as
to determine its concentration. As shown in Fig.
2, all products obtained by using varied latex
concentrations have the same maximum absorption
peaks at 272 nm corresponding to the distinct
absorbance of ZnS nanoparticles'®. Moreover, as
depicted in the spectra, the absorbance is dependent
on the latex concentration used. Increasing the
latex concentration used caused an increase in
the concentration of the product formed since
absorbance is directly proportional to concentration.
The concentrations of the products formed were 8.48
X 10°M, 1.89 X 10*M and 2.87 X 10*M for 0.05%,
0.10% and 0.15% (v/v) of latex used respectively.

The products obtained were polydispersed
and having an average size of 80 nm based on the
Atomic force micrograph (Fig. 3). This confirmed
that the product synthesized was indeed in the
nanometer range. Moreover, it was observed that
the size of the product is not dependent on the
concentration of the latex used to synthesize it. This
observation may be explained by the function of the
latex in this green synthesis approach. The latex is
primarily the source of S2ions due to its components
curcacycline and curcain. These components also
act as a reducing and stabilizing agent in zinc acetate
which is the Zn*2 donor'. Since these components
were enzymes, their stabilizing capability was
dictated by their activity on the stock solution and
not on the different concentrations used.

Photocatalytic activity of synthesized ZnS
nanoparticles

Photocatalytic degradation was conducted
by subjecting ZnS nanoparticles with MB in the
presence of light. The absorbance peak of the MB
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at 664 nm was monitored. Fig. 4 showed that the
highest photodegradation of MB was achieved
during the first 15 minutes. The absorbance during
the first 15 min dropped tremendously.

To further illustrate the photocatalytic
activity of the product, %degradation efficiency
was calculated based on the previous studies™.
The maximum efficiency obtained was 7.72%
that occurred during the first 15 min (Table 2).
The decrease in absorbance was minimal for the
succeeding minutes as depicted by the almost
constant %degradation efficiency calculated.

CONCLUSION

Synthesis of zinc sulfide nanoparticles
were facilitated by the use of latex of Jatropha
curcas Linn as the reducing agent. Qualitative tests
for Zn*2 and S confirms its presence. Absorbance
peak at 270.20 nm further confirmed the synthesized
ZnS nanoparticle size. AFM analysis showed that
the products obtained were polydispersed having
an average size of 80 nm. The concentration
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of ZnS nanoparticles were dependent on the
concentration of the latex used. The size of the
nanoparticle is also determined to be independent
on the formulation of latex. Maximum degradation
of MB was achieved during the first 15 min with a %
degradation efficiency of 7.72. The results suggest
that zinc sulfide nanoparticles can be synthesized
through green chemistry approach with possible
relevant degradation efficiency for organic dyes
such as methylene blue. Optimum conditions for its
photocatalytic degradation as to pH and temperature
against methylene blue and other organic dyes may
be determined.
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