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In recent years search for efficient material to detoxify the environment has received great interest. Nanomaterials
made up of transition metal oxide proved to be promising material for future owing to their extraordinary physical,
chemical, and electronic properties. Among the different metal oxides, zinc oxide (ZnO) with wide band, good
photostability, easy to prepare and low cost make it a viable source to remediate the environment. Addition of plasmonic
structure to ZnO inhibits the charge carrier recombination and aids to absorb visible light. In this work, Ag/ZnO
nanocomposites have been prepared using thermal method and characterized using X-ray diffraction, diffuse reflectance
spectroscopy, scanning electron microscopy and energy dispersive analysis. Photocatalytic studies under sunlight to degrade
methylene blue dye indicates the ability of synthesized material that can be utilized to treat dye effluents. The synthesized

material has also shown good antibacterial activity.
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Industrialization has provided comfortable life but has
a serious impact on our environment'. Synthetic dyes
makes our world colourful but discharge of residual
dye effluents from the various industries without
proper treatment pose a serious threat to ground water
reserves and aquatic life’. Due to their low
biodegradability, conventional methods fail to remove
the organic pollutants from our environment’.
Recently, many methods such as filtration, adsorption,
advanced oxidation processes (AOPs) and dendrimer
stabilized nanoparticles using engineered
nanomaterials to eliminate residual dyes from the
environment'®. AOPs decompose and mineralize
organic dye present in dye effluent into eco-friendly
compounds and serve as promising tool to remediate
our environment”®. AOPs generate reactive oxygen
species (ROS) such as hydroxyl radical (OH") and
superoxide radical (O,”) with oxidation potential +2.7
eV and -2.3 eV, respectively”. Owing to the difference
in the oxidation potential of ROS, any organic
compound will gain or lose electrons immediately and
degrade into small fragments’. When compared to
conventional chemical treatment, AOPs show effective
removal of pollutants by decreasing the chemical
oxygen demand (COD) by 90% and removing the
color by 95%'. Among the various AOPs,
photocatalytic ~ degradation emerged as better

candidate''™ due to less energy consumption and
utilizes solar energy to effectively convert organic
pollutants into water and carbon dioxide.
Photocatalysis can be the strategy to remediate the
environment by utilizing renewable solar energy". A
typical photocatalysis process has a photocatalyst
which is a semiconductor to absorb photons to create
charge separation to initiate redox reaction. In recent
years, it is understood that the key steps in
photocatalysis are light harvesting, electron — hole pair
generation and separation, and catalytic reaction'.
Transition metal oxides (TiO,, ZnO, Fe,Os;, Ta,0;,
CuO, NiO, Cr,0s, RuO,, etc.) with wide band gaps are
employed as photocatalysts to remove organic
pollutants'’.  Among the various heterogeneous
photocatalysts, zinc oxide and silver and gold
nanoparticles emerged as a more promising candidate
for managing the environmental crisis due to
pollution'**'. Due to high band gap, zinc oxide must be
excited with UV irradiation to act as a photocatalyst
which consumes high cost and energy. Zinc oxide has
low efficiency in charge separation which is yet
another reason for poor photocatalytic property”>. One
of the methods to improvise the photocatalytic activity
is by introducing heterostructure to inhibit the
recombination of charge carrier. Plasmonic metal
nanoparticles show visible light absorption and it is
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tunable based on the size and structure” and with
incorporation over a semiconductor, it helps to scatter
and trap the light**. Plasmonic structure also aids in the
absorption of visible light via surface plasmon
resonance (SPR)>%. Noble metal nanoparticles have a
high energy surface and to minimize the surface energy
it undergoes agglomeration or is involved in chemical
transformation by absorbing toxic pollutants onto their
surface and detoxifying the environment™. Addition of
noble metal creates Schottky barriers at the interface
and it accelerates electron transport between the
interface of noble metal and semiconductor’.
Methylene blue is basic dye which is commonly used
in textiles industries resulting one of the major
composition in the dye effluent. Methylene blue is
carcinogenic in nature and poses serious threat to

marine life and us®>**.

With this background, silver — zinc oxide (Ag/ZnO)
nanocomposites have been synthesized using thermal
method and characterized using diffuse reflectance
spectroscopy (DRS — UV), X-ray diffraction (XRD),
scanning electron microscopy (SEM), and energy
dispersive analysis (EDX). Photocatalytic ability of
Ag/ZnO nanocomposites has been studied using
degradation of methylene blue under sunlight.
Additional, Ag/ZnO nanocomposites have shown
excellent antibacterial activity.

Experimental Section

Chemicals

Zinc sulphate heptahydrate, sodium hydroxide,
silver nitrate, ammonia and glucose were purchased
from LobaChemie and used without any further
purification.

Characterization techniques

The optical property of synthesized material was
characterized by diffuse reflectance spectroscopy (UV-
DRS) using JASCO V-660 UV-Visible spectrometer
and X-Ray diffraction (XRD) using Bruker D8 Powder
X-ray diffractometer. Scanning electron microscopy
(SU6600, Hitachi) was used to study the surface
morphology and elemental composition of the
synthesized material.

Preparation of ZnO and Ag/ZnO

Zinc sulphate (0.1 M, 250 mL) was heated to 75°C
in a 1 L beaker. To the hot solution freshly prepared
mixture of silver nitrate (0.001 M, 0.0025 M, 0.005 M
and 0.01 M) solution in alkaline medium and 2g of
glucose in water was added at once and stirred

vigorously. Sodium hydroxide (0.2 M, 250 mL) was
added dropwise and continously stirred for 2 h.
Resultant precipitate was filtrated, washed and dried at
120°C. Dried precipitate was annealed at 600°C. Final
product was Ag/ZnO nanocomposite. Similar method
was adapted to prepare ZnO nanomaterial without
addition of silver nitrate and glucose mixture.

Photocatalytic studies

The photocatalytic ability of the synthesized Ag/ZnO
was studied using methylene blue dye degradation under
sunlight. The photocatalytic studies were carried out
between 11 am to 2 pm of a day at Madras Christian
College with sunlight intensity greater than 10000 lux.
In a typical experiment, 0.15 g of synthesized Ag/ZnO
was added to 300 mL of 10 ppm solution of methylene
dye and was taken in 500 mL beaker and stirred for 2 h
under dark before exposure to sun light to establish
adsorption-desorption equilibrium between the catalyst
surface and dye. Later, the system was exposed to
sunlight and degradation process was studied by
measuring the absorbance with spectrocolorimeter at
660 nm.

Antibacterial studies

The study was conducted in a labelled and sterile
96 well plate under aseptic condition. The first row of
the plate was filled with 100 puL of test material in
10% (v/v) DMSO. 50 pL of nutrient broth was added
to all other wells and serial dilutions were performed.
To each well 10 pL of resazurin indicator, 30 uL of
nutrient broth, and finally 10 uL of bacterial
suspension were added. To avoid dehydration, plates
were wrapped loosely with cling film and placed in an
incubator at 37°C for 18-24 h. Change in colour from
purple to pink indicates the positive response and low
concentration at which colour change was recorded as
minimum inhibitory concentration (MIC) value.

Results and Discussion

X-ray diffraction studies indicate ZnO displayed
hexagonal wurtzite crystal structure without any other
crystalline phase'®. The XRD peaks at 20 31.7, 34.5,
36.4, 474, 56.5, 62.8, 68.0, and 69.1° were assigned
to the (100), (002), (101), (102), (110), (103), (112)
and (201) reflection planes of hexagonal ZnO
respectively (JCPDS No. 79-2205). Additional peaks
in Fig. 1 confirm the addition of silver nanoparticles
to zinc oxide. Figure 2 show XRD pattern of pristine
ZnO and different composition of Ag/ZnO
nanocomposites indicating the formation of pure
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Fig. 1—UV-DRS spectra of ZnO and Ag/ZnO.
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Fig. 2—(a) XRD spectra of ZnO and Ag/ZnO and (b) XRD
spectra of pristine ZnO and different composition of Ag/ZnO
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nanocomposites.

phase of ZnO and addition peaks attributed to addition
of silver nanoparticles.

Surface morphology is characterized using scanning
electron microscope (SEM). SEM images (Fig. 3)
shows the formation of Agglomerated Ag/ZnO
nanocomposites showing flakes like structure. The
particle size of Ag/ZnO found to be 70 — 85 nm which
provide larger surface area to accelerate the
degradation process via photocatalysis. The elemental
composition of the Ag/ZnO nanocomposites was
characterized using energy dispersive X-ray (EDX)
analysis indicates the presence and elemental
composition ratio of Zinc, oxygen and silver (Fig. 4).
This confirms the addition of silver to zinc oxide in
Ag/Zn0O nanocomposite.

Optical characterization was carried out using diffuse
reflectance spectroscopy (DRS). Figure 1 shows the
UV-DRS spectra of both ZnO and Ag/ZnO (Zn:Ag =
1:0.01 M) nanomaterials. A small shoulder is observed
around 500 nm indicates the addition of plasmonic band
due to interaction between semiconductor ZnO and
silver nanoparticles. When compared to pristine ZnO,
Ag/ZnO absorbs more visible light due to presence of
plasmonic band and added silver nanoparticles can act as

Fig. 3—SEM Images of Ag/ZnO nanocomposite at magnification
of'(a) 10 um and (b) 5 um.
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Fig. 4—EDX spectra and inset showing the elemental
composition of Ag/ZnO nanocomposites.
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Table 1 — Comparison of current study with recent literature.

S No. Irradiation source Dye Time (min)  Degree of degradation (%) Antibacterial studies Ref.

1 Visible light MB 80 90 Yes 34

2 Visible light MB 30 9 - 35

3 Solar light CR and MO 80 96 (CR) and 94 (MO) Yes 36

4 UV-visible light RhB and MO 35 99.3 (RhB) and 99.7 (MO) - 37

5 Solar light MB 45 99 Yes This work

Methylene Blue (MB), Congo Red (CR), Methyl Orange (MO) and Rhodamine B (RhB)

—ry
-l

Fig. 5—Methylene blue dye (10 ppm) solution under sunlight
(a) before and (b) after exposure.

Fig. 6—Colour change from pink to purple which infers the
antibacterial effect.

electron sink to promote better charge carrier stability
and photocatalytic property of the material.

Photocatalytic studies

The photocatalytic property of ZnO nanomaterial and
Ag/ZnO nanocomposites (Zn: Cu ratio is 1:0.01) were
studied by the degradation of methylene blue dye under
sunlight. Pristine ZnO failed to degrade methylene blue
under sunlight whereas Ag/ZnO nanocomposite
exhibited excellent photocatalytic activity degrading
methylene blue under sunlight as shown in Fig. 5.

This is due to (i) addition of plasmonic band of
silver nanoparticles aids the Ag/ZnO to absorb more

Table 2—MIC values for pure and Ag/ZnO nanocomposites.

Microorganisms MIC value (mg)
ZnO

E. Coli 2.5

S. Auerus 0.625
Ag/ZnO (1:0.005)

E. Coli 0.625

S. Auerus 0.625
Ag/ZnO (1:0.01)

E. Coli 0.312

S. Auerus 0.156

visible light (ii) energy gap between Fermi levels of
silver and zinc oxide is small and Schottky barrier
formed between the silver nanoparticles and zinc oxide
semiconductor provides medium for faster electron
transport (iii) silver nanoparticles acts as electron sink
this provide longer lifetime for the electron — hole pair
separation or charge carrier. Decolouration indicates the
degradation of dye and time taken for complete
degradation of dye sample was 45 min.

From the results, it is evident that addition of silver to
ZnO aids catalyst to absorb and utilize the visible light
efficiently than pristine ZnO. From Table 1, Ag/ZnO
nanocomposites harvest renewable solar energy and
efficiently degrade which make it prominent material to
degrade pollutants. The catalyst is recycled by filtering
after photocatalytic studies and drying. Similar
experiments were carried out for five times, the recycled
Ag/ZnO photocatalyst exhibited similar degradation
ability proving the material as viable alternative to
remediate our environment.

Antibacterial studies

Antibacterial testing was carried out for a gram-
positive and gram-negative bacteria (Fig. 6). The
minimum inhibitory concentration was determined. The
minimum inhibitory concentration (MIC) is the lowest
concentration of material, which inhibits the growth of
an organism. It was determined on cultures containing
different concentration of stock solution containing pure
ZnO and Ag/ZnO nanocomposites. MIC for Ag/ZnO is
found to 0.31 mg (E. Coli) and 0.16 mg (S. Auerus)
(Table 2).
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Conclusion

ZnO and Ag/ZnO have been successfully prepared
via thermal method. UV — DRS spectra indicates the
addition on plasmonic band due to presence of silver
in the ZnO. From SEM analysis, flake morphology
has been observed with particle size 70 — 85 nm.
Addition of silver to zinc oxide, enhanced the light
absorption capacity and photocatalytic ability of the
nanocomposites. With enhanced photocatalytic
property, Ag/ZnO nanocomposite degrades methylene
blue dye completely in 45 min under sunlight and also
recyclable proving it a prominent material to
remediate our environment. Addition of silver to zinc
oxide also increases the antibacterial property of the
nanocomposites adds more value to synthesized
material.
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