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Abstract

In this study, Ag–ZnO/reduced graphene oxide (Ag–ZnO/RGO) composite was synthesized by a green and facile one-step

hydrothermal process. Aqueous suspension containing Ag and ZnO precursors with graphene oxide (GO) sheets was heated at

140 1C for 2 h. The morphology and structure of as-synthesized particles were characterized by field emission scanning electron

microscopy (FE-SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), Raman spectroscopy, and Photolumines-

cence (PL) spectroscopy which revealed the formation of composite of metal, metal oxide and RGO. It was observed that the presence

of Ag precursor and GO sheets in the hydrothermal solution could sufficiently decrease the size of ZnO flowers. The hybrid

nanostructure, with unique morphology, obtained from this convenient method (low temperature, less time, and less number of

reagents) was found to have good photocatalytic and antibacterial activity. The perfect recovery of catalyst after reaction and its

unchanged efficiency for cyclic use showed that it will be an economically and environmentally friendly photocatalyst.

& 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

The application of oxidation process in the development
of water treatment gave birth to an improvement of the
catalytic degradation of microorganism and toxic dyes
present in water. The synthesis of semiconductor photo-
catalyst (TiO2, ZnO) in extremely small size (o50 nm) to
provide sufficient surface area for photoreaction and their
heterogeneous photocatalyst to prevent the electron–hole
(e–h) recombination process for accelerating catalytic
e front matter & 2012 Elsevier Ltd and Techna Group S.r.l. A
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reaction are potent in this field [1–8]. Even though the
decreasing of particle size is one effective way to increase the
surface area of photocatalyst, the agglomeration of such
extremely nano-sized particles and difficulty of their recov-
ery from the reaction system after photocatalysis hinders
their application in this field. As the recovery of NPs from
the reaction system is very difficult, it limits their application
environmentally (secondary pollution) and economically
(loss of catalyst) [9–11]. It may bring about a breakthrough
when these semiconductor NPs can be assembled into about
micro-sized particles, which will possess the unique proper-
ties of NPs and the easiness of separation and recovery for
practical photocatalytic application. Therefore, the forma-
tion of flower-shaped ZnO particles (flower provides high
surface area) doped with those materials which can assist
e–h separation and recovery of photocatalyst from the
ll rights reserved.

www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.12.003
www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.12.003
dx.doi.org/10.1016/j.ceramint.2012.12.003
dx.doi.org/10.1016/j.ceramint.2012.12.003
mailto:hempant@jbnu.ac.kr
mailto:hempant2002@yahoo.com
mailto:biochan@nate.com
mailto:chskim@jbnu.ac.kr


H. Raj Pant et al. / Ceramics International 39 (2013) 5083–50915084
reaction system after photocatalysis becomes a potential
candidate in this field [4,9,12,13].

Graphene is an atomically thin layer of sp2-hybridized
carbon atoms arranged in a honeycomb structure which has
sufficient surface area and high transparency [14–16]. The
good dispersion of graphene oxide (GO) in different solvents
and its interaction with other functionalities (of different
materials) can offer the formation of nanocomposite with
variety of materials. Furthermore, GO sheets can be easily
reduced using hydrothermal treatment [17]. Therefore, a
simple and effective strategy of simultaneous growth of Ag
and ZnONPs, and reduction of graphene oxide was developed
to synthesis Ag NPs doped flower-shaped ZnO nanoparticles
on the surface of reduced graphene sheets using one-pot
hydrothermal process. Simultaneous reduction of GO sheets
and crystal growth of metal and metal oxide NPs can provide
a effectively bonded composite on the surface of RGO sheets.
Different metals and metal oxides have been used to deposit
on the graphene sheets and the resultant composite exhibits
superior photocatalytic and other properties [18–21]. There-
fore, deposition of Ag doped ZnO flowers on graphene
sheets is an efficient way to construct composite photocata-
lyst to improve the properties of ZnO by utilizing the unique
properties of graphene and silver. The fix attachment of NPs
on the surface of high aspect ratio graphene sheets not only
prevents from the loss of photocatalyst during recovery but
also assists e–h separation during photocatalytic process.
2. Experimental

2.1. Materials

Synthetic graphite from Aldrich (average particle dia-
meter o20 mm) was used for GO preparation. Potassium
permanganate, hydrogen peroxide, sulfuric acid, zinc
nitrate hexahydrate, bis-hexamethylene triamine, silver
nitrate, reactive black 5 (RB5), and methylene blue (MB)
(all AR grade) were used without any further purification.
2.2. Preparation of graphene oxide

Graphene oxide nanosheets were synthesized using a
modified Hummer’s method [22,23] where 125 ml of con-
centrated sulfuric acid was taken into 500 ml three necked
round bottom flask filled with graphite powder (5 g)
followed by the addition of solid potassium permanganate
(17.5 g) slowly at 0 1C (ice bath). This mixture was agitated
by Teflon coated stirrer for 3 h at 35 1C and then diluted
by adding sufficient amount of distilled water at 0 1C
(ice bath). H2O2 (30 vol% in water) was added until the
bubbling of the gas was completed. The product, obtained
in this way, was made free from acid by centrifuging
and washing several times with deionized water and
subsequently dried under vacuum at 70 1C for two days.
The desired brown powder of graphite oxide was obtained.
2.3. Preparation of photocatalysts

\As-synthesized GO (10 mg) was dissolved in 10 mL of
distilled water and ultrasonically exfoliated in a bath
sonicator for 30 min. Similarly, solutions containing 0.5 g
of bis-hexamethylene triamine in 30 ml water, 0.75 g zinc
nitrate hexahydrate in 40 ml water, and 10 mg AgNO3 in
10 ml water were prepared. Zinc nitrate and bis-
hexamethylene triamine solutions were mixed with vigorous
stirring for further 30 min. In this slurry, GO, AgNO3 and
10 ml ethanol was added. The autoclave with Teflon
crucible (containing solution) was kept at 140 1C for 2 h
as reported in authors previous work [4]. Similarly, pristine
ZnO flowers and Ag–ZnO composite particles were pre-
pared without GO and AgNO3, and GO, respectively. The
obtained product after cooling was filtered off, washed
several times with distilled water and alcohol, and dried at
130 1C for 12 h before analysis.
2.4. Characterization

The morphology of the as-prepared pristine and com-
posite ZnO particles was examined by using FE-SEM
(Hitachi S-7400, Japan). TEM images and line EDX were
observed using transmission electron microscopy (JEM-
2200, JEOL, Japan). The structure and phase composition
of the resulted samples were obtained with a Rigaku X-ray
diffractometer (XRD, Rigaku, Japan) with Cu Ka (l¼
1.540 Å) radiation over Bragg angles ranging from 0 to
801. Raman spectra were acquired using FT-Raman
spectroscopy (RFS-100 S, Bruker, Germany). Room tem-
perature photoluminescence (PL) spectrum was recorded
by Perkin Elmer Instruments (LS-55).
2.5. Photocatalytic activity

The photocatalytic activity was evaluated by observing the
degradation of the solutions of MB and RB5. The process was
carried out in a 100 ml beaker which was equipped with the tip
of a light-guide (5 mm in diameter) of mercury-vapor lamp
(OmniCure, EXFO). The UV light of very low intensity
(2.2 W/cm2, 20%) was used in this experiment. The distance
between solution and tip of light-guide was 5 cm. In each case,
30 ml of dye solution (10 ppm) and 20 mg catalyst were mixed
to make suspension by stirring for 30 min in dark before UV
irradiation. Prior to irradiation, different photocatalysts and
dye solutions were magnetically stirred for 10 min under dark
conditions to establish an adsorption/desorption equilibrium
between dyes and photocatalyst surface. At specific time
intervals, 1 ml of the sample was withdrawn from the system
and centrifuged to separate the residual catalyst, and then the
absorbance intensity was measured at the correspond-
ing wavelength. The composite photocatalyst without UV
irradiation (in dark) was taken as control. For cycling use
experiments, Ag–ZnO–RGO NPs were separated from sus-
pended solution by repeated centrifuging and washing process.
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2.6. Antibacterial property

Bacterial inactivation test was carried out using Escherichia

coli (E. coli) as the model organism. One colony of E. coli was
taken out from the original stock in an agar plate and was
cultured lysogeny broth (LB) medium at 500 ml. This bacterial
solution was incubated at 3570.1 1C. The working suspen-
sions were prepared by adding 200 ml of inoculated LB
medium to a 50 ml sterilized distilled water in a beaker and
antibacterial experiment was carried out in a sterilized 100 ml
glass beaker containing E. coli suspension (50 ml) and 0.4 g/l
of different photocatalysts with magnetic stirring. The initial
bacterial concentration was maintained at 107 CFU/ml and
the tests were performed at room temperature for 120 min.
The UV light intensity was maintained at 2.2 W/cm2 (only
20%) using a mercury vapor lamp (OmniCure, EXFO) in
which beaker was equipped with the tip of a light-guide (5 mm
in diameter) of mercury vapor lamp on the distance of 5 cm.
At given time intervals, 1 ml suspension was collected and
diluted appropriately by serial dilution in distilled water. To
count the bacterial concentration, ready-to-use petrifilm (3 M
Petrifilm, USA) and prepared agar plates were used. After
incubation for 48 h, the number of bacteria was manually
counted using a colony counter. Furthermore, zone inhibition
method was also carried out to measure the antibacterial
activity of different photocatalyst on E. coli. Using a spread
plate method, nutrient agar plates were incubated with 1 ml of
bacterial suspension containing around 106 colony forming
units (CFU)/ml. The photocatalysts were gently placed on the
inoculated plates, and were then incubated at 37 1C for 24 h.
Zones of inhibition were determined by measuring the clear
area formed around each photocatalyst.

3. Results and discussion

3.1. Characterizations of photocatalysts

FE-SEM images of ZnO, Ag–ZnO, and Ag–ZnO/RGO
photocatalysts are shown in Fig. 1. It shows that pristine
ZnO particles are micro sized flower-like structure and their
size decreases when Ag precursor and GO sheets are added
into the hydrothermal solution (Fig. 1b and c). Well
dispersed GO sheets throughout the solution and dissolved
Fig. 1. FE-SEM images of (a) pristine ZnO micro-flowers and (b) Ag–Z

corresponding higher magnification FE-SEM).
AgNO3 could decrease the amount of ZnO precursor per
unit volume and consequently decrease the size of ZnO
flowers. It is clear from Fig. 1b that AgNO3 containing
solution not only decreases the size of ZnO flowers but also
deposits Ag NPs on the surface of flowers (inset of Fig. 1b).
The addition of GO sheets could further decreases the size of
flowers and ZnO particles were well attached on the surface
of crumbled structure reduced graphene sheets (shown by
arrow in Fig. 1c). The simultaneous formation of metal and
metal oxide crystal with reduction of GO by this one-step
process, chemically bonded ZnO/RGO is believed to be
formed through the interactions between Zn and oxygen-
containing functional groups in GO followed by removal of
these groups during the hydrothermal treatment [17].
Furthermore, deposited Ag NPs were properly attached on
the surface of ZnO flowers and RGO sheets (Fig. 2a). In GO
containing solution, numerous separate GO sheets were
formed and their thinner sheets with highly exposed oxygen
functional groups could provide sufficient anchoring sites for
the crystal growth of large numbers of small sized ZnO
flowers and Ag NPs. The low magnification TEM images
(Fig. 2a) revealed a unique flower-shaped morphology of
ZnO particles on the surface of RGO sheets. ZnO flowers as
well as RGO sheets were well decorated with Ag NPs (inset
of Fig. 2a) which was further supported by TEM-EDX
(Fig. 1b). The sizes of Ag NPs were smaller on RGO sheets
compared to those which were deposited on ZnO flowers.
This result revealed that numerous functionalities present on
high aspect ratio GO sheets could act as nucleation sites for
deposition of Ag NPs and large numbers of small sized Ag
NPs were more favorable on GO sheets compared to the
surface of ZnO particles. The formation of metal (Ag) and
metal oxide (ZnO) composite by simultaneous nucleation of
both particles was observed by line TEM-EDX, shown in
Fig. 2c. Here, Ag and ZnO were found along the selected line
and revealed the formation of composite in nano structure.
The crystalline structure of as-prepared pristine and Ag–

ZnO/RGO composite with the corresponding 2y values
and crystal planes are presented in Fig. 3. All the diffrac-
tion peaks for ZnO can be indexed to wurtzite structure
(JCPDS card no. 80-0075) for both pristine and composite
samples which are similar to the author’s previous report
[4]. The extra peaks on composite particles compared to
nO, and (c) Ag–ZnO/RGO composite (insets of (b) and (c) are their



Fig. 2. (a) TEM image, (b) TEM-EDX, and (c) line TEM-EDX of of Ag–ZnO/RGO composite (inset of (a) is TEM image showing Ag NPs on ZnO

flowers).

Fig. 3. XRD patterns of as-prepared ZnO and Ag–ZnO/RGO composite

(A for Ag and Z for ZnO).
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pristine ZnO flowers at 2y values of 37.8, 44, and 641
corresponding to the crystal planes (111), (200), and (220),
respectively, indicated the presence of Ag metal (JCPDS
card no. 04-0783). In Ag–ZnO/RGO composite, no dif-
fraction peaks related to carbon could be detected, imply-
ing that the reduced graphene oxide sheets were completely
exfoliated due to the loading of ZnO flowers and Ag NPs
on their surfaces. Furthermore, the diffraction peaks of the
ZnO in Ag–ZnO/RGO were shifted to small degree
compared with the peaks of pure ZnO which indicated
that the lattice constants of ZnO had changed because of
the presence of the carbonaceous material [12]. This result
indicated that there was an effective interaction between
RGO and ZnO particles.
The reduction of GO during hydrothermal treatment

was confirmed by Raman spectra. Fig. 4 shows the Raman
spectra of as-synthesized ZnO, GO, Ag–ZnO, and Ag–
ZnO/RGO. It is well known that GO exhibits two
characteristic main peaks for D band at 1335 cm�1 and
G bands at 1582 cm�1. The G band is attributed to all sp2
carbon forms and provides information on the in-plane
vibration of sp2 bonded carbon atoms while the D band
suggests the presence of sp3 defects [24]. It was found that
the composite showed relatively higher intensity of D to G
band where the intensity ratio of D/G (ID/IG) was
increased in RGO composite (after hydrothermal) com-
pared to GO (before hydrothermal) which confirmed
the reduction of GO sheets during hydrothermal treat-
ment [25]. The peak at around 435 cm�1 in pristine ZnO
corresponds to E2 (high) mode [22] is the characteristic peak
of hexagonal wurtzite phase of ZnO [26]. The intensity of
this peak was remarkably reduced in composite compared to
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pristine ZnO due to the possible interaction between ZnO
and RGO. Therefore, Raman spectra not only confirmed the
reduction of GO but also supported the formation of
wurtzite-type crystal with carbonious ZnO during hydro-
thermal treatment.

Room temperature photoluminescence (PL) spectra of as-
synthesized photocatalysts are shown in Fig. 5. The spectra
mainly consist of two emission bands. The first band is the
UV near-band-edge (NBE) emission with a wavelength of
E395 nm [27]. Sharp NBE emission peak is attributed to
the recombination of photogenerated electrons and holes
[28]. The decreased in intensity at 390 nm in composite
particles indicates that the rate of recombination between
Fig. 4. Raman spectra of different photocatalysts and GO powder.

Fig. 5. PL spectra of diff
photogenerated electrons and holes might be lower, which is
beneficial for photocatalytic process. The lowest intensity of
this peak in Ag–ZnO/RGO is the indication of its highest
photocatalytic efficiency. The PL spectrum also shows a
strong intense peak around E575 nm which can be likely
attributed interstitial oxygen [28,29]. The weak blue emis-
sion peak at 448 nm most likely occurs from the donor level
of Zn interstitial to acceptor energy level on Zn valency [30].
The blue-green band around 485 nm is probably caused by
radiative transition of electron from shallow donor levels,
created by the oxygen vacancy to valence band [31].

3.2. Photodegradation of dyes

It is well known that semiconductor particles attached
with metals or graphene sheets have been used as an
effective photocatalyst for the degradation of organic
pollutants in aqueous solution. The photodegradation
efficiency can be affected by the size and structure of
ZnO particles as well as their manner of attachment on the
surface of graphene sheets. Since the flower-shaped ZnO
particles decorated with Ag NPs on the surface of RGO
sheets exhibit highly open morphologies even though their
size is large, they should possess sufficient surface areas
and easy to separate from the reaction mixture, and thus
become potentially useful as a photocatalyst for degrada-
tion of organic pollutants. The photocatalytic activity of
the as-synthesized photocatalysts was evaluated by the
degradation of MB (cationic dye) and RB5 (anionic dye)
under mild UV irradiation (20% intensity). From Figs. 6
and 7, it is clear that the efficiency of ZnO flowers is greatly
increased when composite is formed with Ag or Ag/RGO.
This outcome may occur because of the unique properties
of Ag NPs and RGO sheets provided to ZnO flowers.
erent photocatalysts.



Fig. 6. Comparison of the MB photodegradation in different specimen

under UV radiation.

Fig. 7. Comparison of the reactive black 5 photodegradation in different

specimen under UV radiation.

Fig. 8. The schematic diagram of the mechanism of dye degradation over

Ag–ZnO/RGO photocatalyst under UV irradiation (D¼dye molecules).
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Ag NPs deposited on the ZnO flowers as well as RGO
sheets attached with ZnO act as electron traps and enhance
the e–h separation and the subsequent transfer of trapped
electrons to the adsorbed O2, which acts as an electron
acceptor as shown in Fig. 8 [32]. Furthermore, higher chemical
activity of the Ag-loaded ZnO can be explained by considering
the formation of locally Schottky junctions (by Ag) with high
potential gradients established by Schottky barrier than at the
ZnO/dye interface. Therefore, efficient charge separation of
the light-generated e–h pairs could be achieved [33–35] which
was also confirmed from decreased intensity of PL spectra
described in Section 3.1. Similarly, the excellent photocatalytic
activity of Ag–ZnO/RGO photocatalyst is attributed to these
three regions: (1) RGO provides a two-dimensional support as
well as enough surface area for the deposition of ZnO and Ag
NPs. (2) RGO sheets can enhance adsorption ability of the
composite. (3) Most important is correlation with the parti-
cular electronic properties of the graphene. It is reported that
graphene as electron acceptor is a competitive candidate for
the electron acceptor material due to its two dimensional p-
conjugation structure [36]. It may consider that in Ag–ZnO/
RGO composite, the excited electrons of ZnO can quickly
transfer from the conduction band of ZnO to the RGO as well
as Ag as shown in Fig. 8, and then effectively suppresses the
recombination of photo-generated charge carriers, leaving
more charge carriers to form highly reactive species (O2

�,
dOH) and promote the degradation of dyes (Fig. 8). Our
photoluminescence data (Fig. 5) also supported this mechan-
ism. The low intensity of the peak at 385 nm in composite with
compared to the pristine ZnO indicated that the rate of
recombination between photogenerated e–h might be lower,
which should be beneficial for photocatalytic process [28]. Our
photocatalytic results showed that the rate of degradation
of reactive black 5 was faster than that of MB. Furthermore,
Ag–ZnO/RGO composite not only showed better efficiency
than Ag–ZnO but also indicated that the efficiency difference
between Ag–ZnO and Ag–ZnO/RGO composite was higher
in RB5 degradation compared to the MB degradation (Figs. 6
and 7). This result confirmed that RGO sheets could adsorb
anionic dyes (RB5) better than cationic dyes (MB). Ramesha
et al. [37] also reported that RGO could adsorb anionic dyes
more effectively compared to cationic dyes. Effective adsorp-
tion of anionic dye (compared to cationic dye) could promote
the dye sensitized mechanism along with the usual ZnO
sensitization in Ag–ZnO/RGO photocatalyst as shown in
Fig. 8 [38]. Therefore pronounced difference was observed
between Ag–ZnO and Ag–ZnO/RGO composite in RB5
degradation compared to MB degradation. The efficiency of
composite photocatalyst in recycle use was also evaluated in
this work (Fig. 9). It was found that the efficacy of initially
used and reused composite photocatalyst up to three cycles
was nearly same for the degradation of RB5. The slightly
decreased in photocatalytic activity during cyclic use might be



Fig. 9. Catalytic reusability efficiency of Ag–ZnO/RGO nanocomposite

up to three-cycles during reactive black 5 degradation (inset is before

(a) and after (b) 10 min of sedimentation of 3 h photocatalysed Ag–ZnO/

RGO composite).

Fig. 10. Antibacterial efficiency of different photocatalysts on gram-

negative E. coli bacteria under mild UV radiation.

Fig. 11. Zones of inhibition tests for (a) Ag–ZnO and (b) Ag–ZnO/RGO

composites towards gram-negative E. coli bacteria.

H. Raj Pant et al. / Ceramics International 39 (2013) 5083–5091 5089
due to the accumulated organic intermediates on the surface of
the catalyst which could affect the adsorption of dyes.

Economically and environmentally friendly photocata-
lyst should provide easiness of particles separation and
their recovery from the reaction system after photocata-
lysis for practical application. Therefore, we performed a
recovery test of as-synthesized photocatalyst from their
aqueous suspension. For the separation ability test of
photocatalysts, we performed sedimentation process of
three hours photodegraded solution (under UV light with
continuous stirring) of composite Ag–ZnO/RGO photo-
catalysts. The inset of Fig. 9 is the photograph of Ag–ZnO/
RGO composite after 10 min of sedimentation which
shows that the sedimentation of composite photocatalyst
is almost completed within 10 min. Therefore, one of the
advantages of our as-synthesized photocatalytic particles is
that they can be conveniently separated to recycle the
catalyst.
3.3. Antibacterial properties

Our concern was not only making a repeatedly useable
photocatalyst but also making antibacterial material even in
the absence of UV light. Therefore, Ag NPs were simulta-
neously deposited on the surface of ZnO flowers and RGO
sheets. The combined effect of Ag and RGO on the
antibacterial efficiency of ZnO flowers was evaluated using
mild UV irradiation of bacterial solution at room temperature.
Furthermore, their antibacterial capacity without UV light was
evaluated by the zone inhibition method. Fig. 10 shows the
antibacterial effect of as-prepared photocatalyst under mild
(20% intensity) UV radiation. It shows that Ag–ZnO/RGO
has the best antimicrobial effect among the synthesized
catalysts. The cause of the highest antibacterial capacity of
Ag–ZnO/RGO under UV radiation is same as explained in the
Section 3.2 (Fig. 8). However, far better activity of Ag–ZnO/
RGO (Fig. 11b) without UV radiation is attributed to the size
and distribution of Ag NPs on the surface of ZnO or ZnO/
RGO particles. It is clear from the FE-SEM (inset of Fig. 1b
and c) and TEM images (Fig. 2a) that the size of Ag NPs is
smaller on the surface of RGO sheets compared to the
particles on the surface of ZnO flowers. Furthermore, larger
numbers with smaller size of Ag NPs were observed on the
Ag–ZnO/RGO composite compared to the Ag/ZnO (Fig. 2a).
Increased number of Ag NPs with smaller size could provide
more Agþ ions around the composite for destruction of
bacteria. Therefore, the diameter of the bacterial inhibition
zone for Ag–ZnO/RGO showed higher inhibitory efficiency,
(i.e., larger clear area around the sample as compared to Ag–
ZnO) (Fig. 11). The actual mechanism of killing microorgan-
isms with Ag in absence of UV light is not clear. Some
researchers have proposed that Ag has innate antibacterial
activity [39]. It is reported that Agþ hinders DNA replication
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and inhibits the expression of ribosomal proteins and enzymes
for ATP hydrolysis [40]. It is also believed that Ag nanopar-
ticles display the same mechanism as Agþ and create a redox
imbalance, which causes extensive bacterial death. Further-
more, the antibacterial activity of Ag NPs on the surface of the
ZnO NPs or RGO sheets may be due to the plasmon
resonance of the Ag NPs. Here, photoexcited electrons may
transfer from the surface of Ag NPs to the RGO sheets as well
as conduction band of ZnO. On the surface of the ZnO NPs,
the injected electrons from Ag NPs are trapped by O2

molecules and the active species such as O2
�, dOOH, dOH

can be generated [41].
4. Conclusions

In summary, we have reported one-pot synthesis of
novel composite photocatalyst of metal, metal oxide, and
RGO (Ag–ZnO/RGO) using a green and facile hydro-
thermal technique. Ag–ZnO/RGO composite displayed
excellent photocatalytic performance which was attributed
to a thin two-dimensional sheet support that provided a
good electron acceptor favoring the transfer of photo-
generated electrons from the conduction band of ZnO to
RGO sheets and Ag NPs. Results showed that as-
synthesized Ag–ZnO/RGO photocatalyst had better affi-
nity towards anionic dyes compared to the cationic dyes.
Furthermore, Ag decorated semiconductor particles
attached on the high surface area RGO sheets not only
provided the easiness of particles recovery from reaction
system after reaction but also showed the excellent anti-
bacterial efficiency even in the absence of UV radiation.
The presented composite photocatalyst synthesis protocol
is a simple, fast, efficient, less toxic, and low-cost to
produce unique photocatalyst.
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