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In the present work, WS2 nanoparticles and immobilized on chitosan and polycaprolactone as biodegradable
polymers as photocatalyst were developed and studied for photocatalytic degradation of representative Neomy-
cin as an aminoglycoside antibiotic. The WS2 nanoparticles were synthesized using the hydrothermal method.
Further, the photocatalyst were characterized by different analytical instruments energy dispersive X-ray spec-
trometer (EDS), scanning electron microscopy (SEM), X-ray diffraction (XRD) analysis, and UV–Vis absorption
spectroscopy, in order to understand their physical and optical properties. The mean crystallite sizes of WS2
nanoparticles, WS2/chitosan nanofibers and WS2/polycaprolactone nanofibers were 80.00, 70.14 and 68.71 nm,
respectively. The optical absorption study revealed the presence of direct band-to-band transition with band-
gap ranging from 2.0 to 1.8 eV for WS2, WS2/chitosan nanofibers and WS2/polycaprolactone nanofibers, respec-
tively. The photocatalytic activity of the three photocatalyst was tested by UV-light-induced degradation of Neo-
mycin antibiotic. TheWS2/chitosan nanofibers andWS2/polycaprolactone nanofibers photocatalyst showed high
amount of photodegradation in comparison to WS2 nanoparticles. The optimum degradation using WS2, WS2/
chitosan nanofibers andWS2/polycaprolactone nanofibers occurred under UV light at pH:7 in 40min. The bacte-
ricidal test was determined under light illumination (visible source light) and that the neomycin conjugated
WS2/chitosan nanofibers andWS2/polycaprolactone nanofibers demonstrated good efficiency in antibacterial ef-
ficiency compared to pure WS2/chitosan nanofibers and WS2/polycaprolactone nanofibers.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Photocatalysis has received considerable attention all over theworld
because water pollution from different industries is among trending is-
sues recently. Almost all pharmaceutical industries have released their
pollutants as a wastewater in the environment. This issue is a major
source of water pollution because pharmaceutical effluents contain a
large group of non-biodegradable, toxic and carcinogenic organic com-
pounds, which are harmful to the living organisms as well as environ-
ment. Accordingly, it is more vital to improving effective and
economical routs for water treatment. So far, various techniques have
been employed for water treatment like as membrane filtration,

adsorption, flocculation, coagulation and particularly the photocatalytic
degradation [1,2]. Out of them, the photocatalytic degradation is found
to be a favorable and most effective technique to eliminate contami-
nants from wastewater. In concern to this semiconducting
nanomaterial, in particular, metal oxides are proved to be an effective
photocatalyst for wastewater treatment [3,4].

Among several semiconducting metal sulfides, Tungsten disulfide
(WS2) is a significant p-type semiconductor with great band-gap of
about 2.0 eV and high electrical conductivity with moderate refractive
index. This makes it constructive material for numerous applications
such as photovoltaic [5], gas sensors [6], solar cells [7], optoelectronics
[8], photosensors [9], and photocatalysis applications [10].

Therefore, considering the aforementioned facts, in the present re-
search work, WS2, WS2/chitosan nanofibers andWS2/polycaprolactone
nanofibers were used for the photocatalytic and antibacterial activity.
The influence of the prepared samples with respect to the surface,
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opt-electronic properties were also investigated and elucidated. More-
over, the photocatalytic activity of prepared samples is carried out to
study the photodegradation of neomycin.

2. Materials and methods

2.1. Synthesis of catalyst

All the chemical compounds were purchased from Sigma-Aldrich
Co., USA.

2.1.1. WS2 nanoparticles
The aqueous solution of 0.005M (NH4)6W7O24.4H2O, 0.02 g PVP and

C2H5NS (0.04 M) were mixed. Then the aqueous solution of acetic acid
(40 mL, 5 vol%) was added to above mixture under vigorous stirring
and put in a Teflon autoclave. The autoclaves were sealed at 140–190
°C for 8 h. The precipitates were washed and dried in vacuum at 100
°C for 3 h.

2.1.2. Polycaprolactone (PCL) and chitosan (CS) nanofibers
The suspension of PCL (Mw = 80,000) solution is taken into a sy-

ringe pumpwith flow rate of 1mL/h, and voltage of 13–15 kV, withme-
tallic needle of approximately 0.1 mm at 25 °C, and relative humidity
50–60% and a silicon substrate (6 cm) was applied on the needle tip
to reap the PCL nanofibers and the chitosan nanofibres were prepared
using the same method as reported elsewhere [11].

2.1.3. WS2/CS nanofibers and WS2/PCL nanofibers
The WS2 nanoparticles coated CS nanofibers and PCL nanofibers

were synthesized by dipping the CS nanofibers and PCL nanofibers in
above suspensions i.e. aqueous solution of 0.005 M (NH4)
6W7O24.4H2O, 0.02 g PVP and C2H5NS (0.04 M) (Mentioned 2.1.1.
section) and continued as pervious method.

2.2. Characterization tools

XRD analysis is carried out using Philips X'Pert for the determination
of crystal structure and phase. The SEMand EDS investigationwasmade
by using SU-800 (Hitachi High Technology Corporation Tokyo, Japan)
for the analysis of surface and chemical composition of the prepared
samples. The prepared samples were characterized by JASCO V-630
UV–Vis spectrophotometer for the study of their optical properties as
well as photocatalytic degradation properties.

2.3. Photocatalytic activity experiment

The photo-degradation of Neomycin (NEO) as an aminoglycoside
antibiotic (as models of water pollutants) using prepared samples
under UV-light irradiation, were carried. Philips mercury lamp (11W,
254 nm) was used as a source of UV-light irradiation for photocatalytic
study. Initially, NEO solutions of 10ppmconcentrationwere prepared in
distilled water. In the actual photocatalytic experiment, 60 mL NEO so-
lutions were taken in three separate 100 mL beakers containing of
photocatalyst. With the help of UV–Vis spectrophotometer (JASCO V-
630), the change in characteristic absorbance of NEO solutions were
measured to evaluate the photocatalytic activity of WS2/CS nanofibers
orWS2/PCL nanofibers. The degradation efficiencies (D)were calculated
using the equation from the previously reported studies [12–16]:

2.4. Preparation of Neomycin on WS2/CS nanofibers orWS2/PCL nanofibers

The solution of NEO was prepared by dissolving 0.86 g of NEO into
acetone. The NEO-WS2-CS or NEO-WS2-PCL nanocomposites were pre-
pared by mixing a solution of NEO (5 mg/mL) with a known weight of
each WS2/CS nanofibers or WS2/PCL nanofibers (40 mg/mL). The solu-
tion was magnetically stirred at 25 °C for 10 h to comfort NEO uptake.

2.5. Bactericidal efficiency

Bactericidal activity was performed by using Escherichia coli and
Staphylococcus aureus as the standard negative/positive bacterium ac-
cording to the shaking flask method. The prepared nano samples
(0.2 g) were mixed with 20 mL of saline water (0.75 mM) and bacteria
108 CFU/mL under visible light irradiation. The suspension was sepa-
rated after a 120min process and diluted. The diluted solutionwas incu-
bated at 60 °C for one day [17].

3. Results and discussion

3.1. Structural studies

XRD patterns are shown in the Fig. 1A–C for WS2, WS2/chitosan
nanofibers and WS2/polycaprolactone nanofibers, respectively. From
the Fig. 1(A), the characteristic peaks observed at 2θ values of 28.51,
32.04, 38.46, 48.43, 58.07, and 62.40° correspond to (004), (100),
(103), (105), (110), and (112) planes, respectively. It is observed that
the diffraction peaks of all samples are well defined and all the samples
exhibit hexagonal phase of WS2 (JCPDS no. 08-0237) crystalline phase
[18]. The peak at 2θ = 25° is observed due to the amorphous crystal
structure of chitosan nanofibers and polycaprolactone nanofibers. The
crystallite size of WS2, WS2/chitosan nanofibers and WS2/
polycaprolactone nanofibers was calculated using Scherrer formula
[19] and it was 80.00 nm, 70.14 nm and 68.71 nm, respectively.

3.2. Morphological studies

Fig. 2(A andB) showed the SEM image and EDS spectra ofWS2 nano-
particles. It indicates that the particles are almost spherical shapewith a
narrow size distribution. EDS study showed that the sample contains
Tungsten (W), and sulfur (S). Fig. 2C, E demonstrated the surface mor-
phology of nanofibers from chitosan nanofibers and polycaprolactone
nanofibers. All nanofibers show a continuous and smooth fibrous

Fig. 1. XRD patterns of the WS2 nanoparticles (A), WS2/chitosan nanocomposites (B) and
WS2/polycaprolactone nanocomposites.
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