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Abstract

Semiconductor nanocrystals have got considerable interest due to their distinctive structural, electronic and optical
properties resulting from their large surface/volume (S/V) ratio and quantum confinement effect. Cubic ZnS, a semiconductor
with a broad band gap, has fascinated much consideration because of its electroluminescent applications due to its stability,
low cost and low toxicity. In the present study, the synthesis and antimicrobial activity of zinc sulphide nanoparticles against
oral pathogens is demostrated. The nanoparticles of ZnS are prepared by chemical co-precipitation method at room
temperature. The process for the synthesis of zinc sulphide (ZnS) nanoparticles is fast, novel, and ecofriendly. The sample
was characterized by XRD and UV-visible spectroscopy. The average particle size was determined from the X-ray line
broadening and by using Debye-Scherrer equation. The antimicrobial activity was studied against oral pathogens such as
Streptococcus sp. Staphylococcus sp. and Candida albicans and these results confirmed that the sulphide nanoparticles

exhibit good bactericidal activity.
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Introduction

Nanotechnolgy is the tool for design, production,
characterization and applications of nanostructure materials. It
generally deals with the structures sized between 1-100
nanometers in at least one dimension. It has been emerged as a
growing and rapidly changing field and presents potential
opportunities to create better materials and products.

Nanostructured materials are a technically considerable object
that possesses optical and electrical properties that depend
impressively on the dimension and shape of the nanoparticles.
This is due to confinement of the charge carriers in the
constricted space of the nanocrystal*?. The properties of
nanoparitcles powerfully depend on their size. Their high
specific surface area results in high chemical reactivity. The
decrease of their size also leads to an increase of the band-gap
energy that is known as quantum size effect.

Recently, 11-VI semiconductor nanoparticles are playing
consideration in enormous fields due to their exceptional and
distinctive optical and electrical properties which present a
major benefit over their mass counterparts®*. Amongst those
ZnS is an important member in 11-VI group semiconductors
having a better value of band gap energy®. Polymers are also
excellent host materials as capping agents and stabilizers as they
check agglomeration and precipitation of the particles. Sulfide is
a semiconductor nanomaterial processing a lot of remarkable
physical properties and potentially used in mesoscopic
electronic® biolabeling’ and photocatalysis®. Metals have been
used for centuries as bactericidal agents; silver, copper, gold,
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titanium, and zinc have fascinated particular consideration, each
having different properties and spectra of activity’.

The antibacterial, antifungal, and antiviral actions of sulfide
nanoparticles have been broadly investigated in comparison
with other metals’®*? In the present work, we report the
synthesis of zinc sulphide nanoparticles by the chemical co-
precipitation method. UV-Vis spectrophotometer and X-ray
diffraction techniques are used to characterize the synthesized
sulphide nanoparticles.

Oral pathogens can cause severe break which may show the way
to serious issues in human disease like blood circulation and
coronary disease. Various oral foods, including toothpaste, now
integrate powdered zinc salts to control the development of
dental plaque.

The antimicrobial activity is assessed against oral pathogens
such as Streptococcus sp. Staphylococcus sp. and Candida
albicans and these results confirmed that the sulphide
nanoparticles are exhibiting good bactericidal activity.

Material and Methods

Synthesis of ZnS Nanoparticles: The nanoparticles of zinc
sulphide are prepared by chemical co-precipitation method. The
principle involved in this technique is the precipitation of metal
ions with sulfide ions in the solution in presence of capping
agent. ZnSO, and Na,S are used as Zinc source and Sulphur
source respectively. ZnSO, and Na,S are obtained from Merck
Specialties Private Ltd. These are of high purity and used
without any future purification.
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First, solutions of 0.1 M Zinc sulphate, 0.1M sodium sulfide and
1% by weight of EDTA as capping agents were prepared in
double distilled water. 0.1 M aqueous solution of zinc sulphate
and 0.1 M aqueous solution of sodium sulfide were mixed in the
presence of EDTA. 15 ml of zinc sulphate and 15 ml of 1% of
EDTA were mixed together and stirred for 30 minutes on a
magnetic stirrer to get a homogeneous solution.

This was followed by drop wise addition of appropriate amount
of 0.1 M Sodium sulfide under vigorous stirring for 1 hour. A
white colour precipitate was obtained which was separated by
centrifugation and washed several times with double distilled
water. The precipitate was dried in oven at 80°C for 4 hours to
get powder sample.

Antimicrobial activity of Nanoparticles: The disc diffusion
method was used to study the antibacterial activity of the
synthesized ZnS nanoparticles.

The pathogenic bacteria, Streptococcus sp., Staphylococcus
aureus and Candida albicans, were used as model test strains.

The method involves the inoculation of small filter paper disks
with the synthesized nanoparticle specimen and placing the
disks on an agar plate that has been inoculated with an indicator
organism. The plate is then incubated, typically overnight at
35°C-37°C. The specimen created a zone of bacterial inhibition
as it diffuses through the agar. This indicates the presence of
antimicrobial activity in the prepared ZnS specimen.

The process was followed by the evaluation of antimicrobial
activity by measuring the zone of growth inhibition surrounding
the discs. Larger the diameter of zone of inhibition, greater is
the antimicrobial activity.

Results and Discussion

UV-Visible measurements: UV-Visible spectra are very much
helpful in identifying the nanomaterials. The optical absorption
spectrum of ZnS Nanoparticles is shown in figure-1. The study
of optical absorption is important to recognize the actions of
semiconductor nanoparticles.

An elementary property of semiconductors is the band gap i.e.
the energy separation between the filled valence band and the
empty conduction band.

Optical excitation of electrons across the band gap is strongly
allowed, producing a sudden increase in absorption at the
wavelength corresponding to the band gap energy (Eg). This
feature in the optical spectrum is known as the optical
absorption edge®.

The band gap energy is calculated by extrapolating the linear

portions of the (ahv)? vs hu graph on the hv axis to a =0. The
obtained band gap energy value is given in table.
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Figure-1

(a) UV-Vis spectra and (b) Tauc plot of ZnS nanoparticles

X-ray diffraction measurements: The XRD measurements
were carried out using Bruker D8 Advance X-ray
diffractometer. The x-rays were produced using a sealed tube
and the wavelength of x-ray was 0.154nm (Cu K-alpha).

Figure-2 shows the typical powder XRD patterns of prepared
ZnS nanoparticles using EDTA as capping agent by co
precipitation technique. In the pattern three reflections from
(111), (220) and (311) planes are observed indicating the cubic
zinc blende structure (cubic, B-ZnS)**°. The typical broadening
of the three diffraction peaks is also observed, implying that the
size of ZnS nanoparticles is very small. The broad diffraction
peaks are attributed to the characteristic small particle effect'®.
The peak broadening at lower angle is more consequential for
the calculation of particle size. Therefore size of nanoparticles
has been calculated using Debye-Scherrer formula using (111)
reflection from the XRD pattern. Debye-Scherrer formula for
particle size determination is given by'’:

0.94 x A
D =

B x cos 6
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Where, D is the particle size, A is the wavelength of X-rays
(1.54056A°), B is the full width at half maximum after
correcting the instrument peak broadening (B expressed in
radians) and © is the Bragg’s angle.
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Figure-2

XRD patterns of prepared ZnS nanoparticles

Optical band gap and particle Size of the ZnS nanoparticles

Optical band gap(eV) Particle Size from XRD (nm)

3.8 4.67

Antimicrobial Activity of Sulphide Nanoparticles: The
antimicrobial activity of ZnS nanoparticles was investigated
against pathogenic bacteria, such as Staphylococcus aureus,
Streptococcus sp., and Candida albicans. The diameter of zone
of inhibition (ZOIl) was measured around the well with
nanoparticles against the test strains. The various concentrations
of sulphide nanoparticle were 100 pL, 150 uL, and 200 uL.
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Table-1
Antimicrobial activity of ZnS nanoparticles against oral
pathogens
Concentration Zone of inhibition (mm in diameter)
of ZnS Streptococcus S. C.
nanoparticles sp. aureus albicans
16.23 + 1433 +
100 puL 16.33£0.43 032 043
18.23 + 16.24 +
150 puL 17.36 £ 0.44 047 0.2
24.566 + 19.36 +
200 puL 23.53+0.18 0.60 055

The formation of zone around the ZnS nanoparticles integrated
well clearly motivated the antibacterial property of ZnS
nanoparticles.

Conclusion

The simple synthesis of the ZnS nanoparticles by co
precipitation method using EDTA as capping agent is reported.
UV-Vis spectra supported the formation of ZnS nanoparticles.
In XRD spectra the particle size was calculated from the Debye-
Scherrer formula.

This green chemistry approaches is used to alter
biocompatibility of nanoparticles and more beneficial for
budding technology researcher to manufacture the nanoparticles
using surface coatings and dental devices. Moreover, this
process is eco-friendly and nontoxic, and handlings of oral
pathogens are also biocompatible.

The present study demonstrates that ZnS nanoparticles have
bactericidal activity against the entire test organism. Since this
is easily available in the nation and also is used in hospital for
biomedical agent, the energetic nanocompound from this can be
prepared and used effectively for preventing the growth of the
oral pathogens.

Acknowledgments

Authors are thankful to Head of the department, School of
Studies in Chemistry and Bochemistry, Vikram University,
Ujjain for providing necessary research facilities and the
management of Advance College, Ujjain for antimicrobial
activity data.

References

1. Dinsmore A.D., Hsu D.S., Gray H.F., Qadri S.B., Tian Y.,
Ratna B.R., Mn-doped ZnS nanoparticles as efficient low-
voltage cathodoluminescent phosphors, Appl. Phys. Lett.
75, 802-804, (1999)

2. Steigerwald M.L., Brus L.E., Semiconductor crystallites: a
class of large molecules, Accounts of Chemical Research,
23(6), 183-188 (1990)



Research Journal of Recent Sciences
Vol. 4(1'YSC-2015), 36-39 (2015)

3.

10.

ISSN 2277-2502

Loukanov R., Dushkin C.D., Papazova K.I, Kirov , M.V.
Abrashev and E. Adachi, Photoluminescence depending on
the ZnS shell thickness of CdS/ZnS core-shell
semiconductor nanoparticles, Colloids and Surfaces A,
245, 1-3, 9- 14 (2004)

Saravanakumar S., Abdul Khadar M., Dhara S.K,
Ravindran T.R., Nair K.G.M., Photoluminescence and
Raman studies of ZnS nanoparticles implanted with Cu+
ions, Nuclear Instruments and Methods in Physics
Research B, 251, 435-440 (2006)

Deng Z., Zhang J.Y., Liao Q. and Huang Y., Growth
mechanism and optical properties of ZnS nanotetrapods,
Nanotechnology, 18, (2007)

Rogach A.L., Nanocrystalline CdTe and CdTe(S) particles:
wet chemical preparation, size-dependent optical
properties and perspectives of optoelectronic applications,
Mater. Sci. Eng. B, 69-70, 435-440 (2000)

Wang L., Xu X, Yuan X, Preparation and
photoluminescent properties of doped nanoparticles of ZnS
by solid-state reaction. Journal of Luminescence, 130, 137-
140 (2010)

Stanley A.G., Cadmium sulfide solar cells, Applied Solid
State Science, 5, 251-366 (1975)

Elghanian R., Storhoff J.J., Mucic R.C., Letsinger R.L.,
Mirkin C.A., Selective colorimetric detection of
polynucleotides based on the distance-dependent optical
properties of gold nanoparticles, Science, 277,1078-1081,
(1997).

Malarkodi C. and Annadurai G., A novel biological
approach on extracellular synthesis and characterization of

International Science Congress Association

11.

12.

13.

14.

15.

16.

17.

Res. J. Recent. Sci.

semiconductor zinc sulfide nanoparticles,
Nanoscience, 3(5), 389-395, (2013)

Vanaja M., Rajeshkumar S., Paulkumar K., Gnanajobitha
G., Malarkodi C., Annadurai G., Phytosynthesis and
characterization of silver nanoparticles using stem extract
of Coleus aromaticus, International Journal of Materials
and Biomaterials Applications, 3(1), 1-4, (2013)

Malarkodi C., Chitra K. and Rajeshkumar S., Novel
ecofriendly synthesis of titanium oxide nanoparticles by
using Planomicrobiumsp. and its antimicrobial evaluation,
Der Pharmacia Sinica, 4 (3), 59-66, (2013)

Mao C., Flynn C.E. and Hayhurst A., Viral assembly of
oriented quantum dot nanowires, Proceedings of the
National Academy of Sciences of the United States of
America, 100 (12), 6946-6951, (2003)

Malarkodi C., Rajeshkumar S., Paulkumar K.,
Gnanajobitha G., Vanaja M. and Annadurai G.,
Biosynthesis of semiconductor nanoparticles by using
sulfur reducing bacteria Serratia nematodiphila, Advances
in Nano Research, 1 ( 2), 83-91, (2013)

Mulvaney P., Surface plasmon spectroscopy of nanosized
metal particles, Langmuir, 12(3), 788-800, (1996)

Ni Y., Yin G., Hong J.,, Xu Z., Rapid fabrication and
optical properties of zinc sulfide nanocrystallines in a
heterogeneous system, Materials Research Bulletin, 39
(12), 1967- 1972, (2004).

Kho R., Torres-Mart'mmez and Mehra R.K., A simple
colloidal synthesis for gram-quantity production of water-
soluble ZnS nanocrystal powders, Journal of Colloid and
Interface Science, 227 ( 2), 561-566 (2000)

Applied



