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Abstract 
Ag/ZnO heterostructure nanocomposites containing different amounts of Ag were successfully synthesized in surfactant-
free solutions by a sonochemical deposition. The samples were characterized by x-ray diffraction (XRD), scanning electron 
microscopy (SEM), transmission electron microscopy (TEM), x-ray photoelectron spectroscopy (XPS), Fourier transform 
infrared (FTIR) spectroscopy and Raman spectroscopy. The results show that all heterostructure samples were composed of 
metallic Ag nanoparticles supported on top of nanoplate petals of hierarchical ZnO flowers. The photocatalytic properties 
of the samples were also evaluated through photodegradation of methylene blue (MB) and methyl orange (MO) as cationic 
and anionic model dyes under UV light irradiation. The photodegradation of MB and MO solutions containing Ag/ZnO 
heterostructure nanocomposites was higher than that of MB and MO solutions containing pure ZnO flowers because of the 
efficient separation and diffusion of photogenerated charge carriers through Ag/ZnO Schottky interface. Active species for 
MB and MO photodegradation were also investigated in this research.
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Introduction

At present, the fast growing population and industriali-
zation have led to an increase of different environmental 
issues relating to living life on earth. Organic dyes from 
textile and leather production, including hazardous waste 
gases released from different industries are the major 
environmental contaminants.1–9 Semiconductor photo-
catalysts are a promising material used to remove poison-
ous organic pollutants. Among different semiconductors, 
ZnO with wide band gap of ∼3.37 eV and large exciton 
binding energy of 60 meV is one of the most common 
materials that can be used for environmental treatment 
because of its outstanding optoelectronic properties, 
physical and chemical stability, low cost and non-toxic 
properties.1–3, 10–12 In general, the properties and perfor-
mance of ZnO are strongly controlled by its structure and 
morphology.13 Three-dimensional (3D) hierarchical ZnO 
flowers have attracted remarkable attention for a number 
of applications relating to gas sensors and gas adsorption, 
and photodegradation and photovoltaic properties because 
ZnO flowers have large surface area and gas diffusion path 
higher than other morphologies.14, 15 ZnO has excellent 
photocatalytic potential in degrading organic pollutants 
by transforming them into  CO2 and  H2O better than  TiO2. 
3, 16 It is able to absorb a fraction of the UV spectrum with 
high energy better than  TiO2.3  Moreover, ZnO has some 
hindrance to fast recombination of photogenerated elec-
tron–hole pairs and low quantum yield of photocatalysis in 
aqueous solution.17 Thus, improvement of photocatalytic 
performance of ZnO has become the most challenging for 
a number of researchers. To improve the photocatalytic 
performance of ZnO, noble metals such as Ag, Au, Pt and 
Pd as electronic trappers on the ZnO surface have been 
investigated in order to visualize interfacial charge dif-
fusion, lower  e−/h+ recombination rate, improve electron 
trapping ability and induce surface plasmon resonance 
(SPR) process.18–23 The optical, electrical, mechanical and 
antibacterial properties of heterostructure materials can 
be enhanced by incorporating with Ag. Thus, deposition 
of Ag nanoparticles has been intensively investigated.24 
There are many reports on the synthesis of heterostruc-
ture Ag/ZnO nanocomposites by hydrothermal/solvother-
mal method, radio frequency sputtering, sol-gel method 
and thermal decomposition.24–29 Mostly, they are quite 
expensive and complex, have low growth rate products 
and are unable to control the aggregation of Ag nanopar-
ticles loaded on top.15–20 Compared to the sonochemical 
solution method as green chemistry, the aggregation of Ag 
nanoparticles can be prevented by the collapsed bubbles 
in a liquid irradiated by ultrasonic wave and the continu-
ous growth of Ag nanoparticles.30–32 Acoustic cavitation 

is generated and an effective environment is supplied by 
transforming  Ag+ ions into Ag nanoparticles without the 
use of any severe reducing agent.32, 33

In this research, three-dimensional (3D) hierarchical ZnO 
flowers with high surface area and micro-pores loaded with 
different contents of Ag nanoparticles were synthesized 
by ultrasonic sonochemistry in a solution without any sur-
factant. The crystalline structure, morphology and chemi-
cal composition were characterized by x-ray diffraction 
(XRD), scanning electron microscopy (SEM), transmission 
electron microscopy (TEM), x-ray photoelectron spectros-
copy (XPS), Fourier transform infrared (FTIR) spectroscopy 
and Raman spectroscopy. Photocatalytic properties of the 
samples were also evaluated through photodegradation of 
methylene blue (cationic dye) and methyl orange (anionic 
dye) under UV light irradiation.

Experimental Procedure

Flower-like ZnO samples were prepared by direct precipita-
tion. A 13.3866 g Zn(NO3)2·6H2O sample was dissolved in 
200 ml reverse osmosis (R.O.) water under continued stir-
ring. Subsequently, 40 ml of 3 M NaOH solution was added 
to the  Zn2+ solution under vigorous stirring for 24 h to form 
white precipitates. The precipitates were filtered, washed, 
dried and heated at 600°C at a 5°C  min–1 heating rate for 2 
h in ambient atmosphere.

To prepare Ag/ZnO nanocomposites, different contents 
of  AgNO3 with 1%, 5% and 10% by weight of Ag were dis-
solved in 100 ml ethylene glycol containing 2.5 g ZnO sus-
pension under constant stirring for 30 min. The mixtures 
were put in an ultrasonic bath and ultrasonically vibrated for 
20 min. The as-prepared precipitates were collected, washed 
with deionized water and dried for further characterization.

Crystalline phases of the as-synthesized samples were 
analyzed by an x-ray diffractometer (XRD, Philips X’Pert 
MPD) using Cu-Kα radiation in the 2θ range of 20°–70°. 
Morphological investigation was carried out by a field 
emission scanning electron microscope (FE-SEM, JEOL 
JSM-6335F) with an accelerating voltage of 20 kV coupled 
with an Oxford INCA energy dispersive x-ray spectrom-
eter (EDS) and a transmission electron microscope (TEM, 
JEOL JEM 2010) with an acceleration voltage of 200 kV. 
A Fourier transform infrared spectrometer (Perkin Elmer 
FTIR Spectrometer Spectrum RX) was used in the range 
of 400–4000  cm–1 at room temperature. The sample pellets 
for FTIR characterization were diluted by 40 times KBr. A 
Raman spectrometer (HORIBA Jobin Yvon T64000) was 
operated using 30 mW He-Ne laser with 632.8 nm wave-
length. x-ray photoelectron spectroscopy (XPS) was carried 
out by a Kratos x-ray photoelectron spectrometer – Axis 
Ultra DLD with a monochromated Al  Kα radiation (1486.6 
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eV) as a providing source. All the XPS spectra were cali-
brated w.r.t. a C 1s electron peak at 285.1 eV.

Methylene blue (MB) and methyl orange (MO) as cati-
onic and anionic model dyes were used as molecular probes 
for photocatalytic evaluation. The photocatalytic reaction 
was conducted under UV light at room temperature. The 
reaction was carried out using 200 mg catalyst dispersed 
in 200 ml of 1×10–5 M MB/MO aqueous solutions. Prior 
to irradiation, the suspension solution was magnetically 
stirred in the dark for 30 min to establish an adsorption/
desorption equilibrium of methylene blue/methyl orange and 
photocatalyst. During photocatalytic testing, approximately 
5 ml solution was sampled every 60 min and centrifuged to 
remove any suspended catalytic nanoparticles. The residual 
concentration of methylene blue/methyl orange contained in 
the cuvettes was measured at 665/465 nm with de-ionized 
water as a reference by a UV-visible spectrophotometer 
(Perkin-Elmer Lambda 25). The degradation efficiency was 
calculated by the below equation.

Co is the initial dye concentration and Ct is the dye concen-
tration after photocatalytic treatment for a period of time (t).

Results and Discussion

Figure 1 shows XRD patterns of ZnO prepared by direct pre-
cipitation at room temperature and Ag/ZnO composites pre-
pared by sonochemical solution method. All the diffraction 
peaks of pure ZnO can be indexed to hexagonal ZnO with a 

(1)
Decolorization efficiency (%) =

[(

Co−Ct

)

∕Co

]

× 100

typical wurtzite structure (JCPDS No. 36-1451).34 The XRD 
pattern of the pure ZnO sample shows the diffraction peaks 
at 31.78°, 34.45°, 36.27°, 47.59° and 56.64° which can be 
indexed to the (100), (002), (101), (102) and (110) planes of 
the wurtzite-type hexagonal ZnO phase. The Ag/ZnO com-
posites show three additional diffraction peaks at 38.29°, 
44.49° and 64.52° which can be indexed to the (111), (200) 
and (220) planes of the face-center-cubic (fcc) structure of 
silver (JCPDS No. 04-0783),34 respectively. The diffraction 
peaks of Ag were strengthened by the increase of Ag con-
tent. No characteristic peaks of other phases, such as silver 
oxide were detected in the samples. These results verify that 
Ag/ZnO nanocomposites were successfully prepared by a 
one-step sonochemical method. The sharp diffraction peaks 
of both pure ZnO sample and heterostructure Ag/ZnO nano-
composites indicate that the samples are very good crystals. 
The diffraction peaks of ZnO containing in Ag/ZnO hetero-
structure nanocomposites remain unchanged as compared 
with those of pure ZnO sample. The results indicate that 
Ag ions did not incorporate in ZnO lattice as substituent or 
interstitial ions of host material. Thus, metallic fcc Ag nano-
particles were successfully deposited on top of ZnO nano-
plates. Based on the Scherrer equation: D = 0.89λ/βcosθ, 
where λ is the wavelength of X-rays, β is the full width at 
half maximum (FWHM) of a diffraction peak, D is the par-
ticle size, and θ is the diffraction angle.2, 3 The calculated 
average diameter of Ag nanoparticles was 4.17 ± 0.05 nm.

The surface components and chemical states of pure ZnO 
and 10% Ag/ZnO nanocomposites were investigated by XPS 
as the results shown in Fig. 2. The full scan XPS survey 
spectra of the samples show only Zn and O for pure ZnO 
sample and additional Ag for 10% Ag/ZnO heterostructure 
nanocomposites. No other characteristic peaks were detected 
in the XPS survey spectra for the pure ZnO sample and 10% 
Ag/ZnO nanocomposites. The survey spectrum of 10% Ag/
ZnO nanocomposites indicates that the product was com-
posed of Ag nanoparticles deposited on top of ZnO nan-
oplates. The XPS spectrum of Ag 3d reveals two binding 
energy peaks at 367.2 eV and 373.2 eV corresponding to 
the Ag  3d5/2 and Ag  3d3/2 spin-orbit components of metallic 
silver.21, 35, 36 Furthermore, the Ag 3d binding energy peaks 
of the as-prepared Ag/ZnO nanocomposites shifted to the 
lower energy side comparing with the Ag bulk (368.2 eV 
and 374.2 eV), respectively. The energy shift is primarily 
ascribed to the partial reduction of  Ag+ to  Ag0, including 
the deposition of Ag on the ZnO sample with a small change 
of the Fermi level.35, 36 The XPS spectrum of Zn 2p shows 
two binding energy peaks at 1021.2 eV and 1044.4 eV for 
the ZnO sample and 1020.8 eV and 1044.0 eV for 10% Ag/
ZnO nanocomposites which are attributed to Zn  2p3/2 and Zn 
 2p1/2, respectively.1, 17, 21 The Zn 2p peak has significantly 
split spin-orbit components of 23.2 eV which is close to that 
of the standard  Zn2+. It can be seen that the Zn 2p binding 

Fig. 1  XRD patterns of pure ZnO, 1% Ag/ZnO and 10% Ag/ZnO 
flowers.
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energies of Ag/ZnO heterostructure nanocomposites were 
shifted to the lower binding energy side with respect to pure 
ZnO sample because of the interaction of Ag nanoparticles 
and hierarchical flower-like ZnO structure. The asymmetric 
high-resolution XPS spectra of O 1s containing in pure ZnO 
sample and 10% Ag/ZnO nanocomposites can be de-convo-
luted into four Gaussian peaks at 530.16 eV, 531.1 eV, 532.0 
eV and 532.8 eV for pure ZnO sample and 529.9 eV, 531.0 
eV, 532.0 eV and 533.42 eV for 10% Ag/ZnO nanocompos-
ites. They correspond with the Zn–O bond of ZnO crystal, 
surface oxygen vacancy and OH bonding of adsorbed  H2O 
on top of the samples.1, 17, 21

SEM was used to investigate morphology of the as-pre-
pared ZnO and Ag/ZnO samples as the results shown in 
Fig. 3. Clearly, the as-prepared sample was composed of 
ZnO flowers formed by nanoplate petals with smooth sur-
faces. The SEM images of 5% and 10% Ag/ZnO composites 
remained as flower-like structure in the same way as the 
pure ZnO sample. Ag spherical nanoparticles were detected 

Fig. 2  (a) Full XPS survey spectrum at 0–1200 eV and (b–d) high resolution XPS spectra of Ag 3d, Zn 2p and O 1s of ZnO and 10% Ag/ZnO 
flowers, respectively.

Fig. 3  SEM images of (a) pure ZnO sample, (b) 5% Ag/ZnO nano-
composites and (c, d) 10% Ag/ZnO nanocomposites.
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on the surface of ZnO flowers containing 5% and 10% Ag. 
They were suggested that ZnO flowers still maintained even 
after the deposition of Ag nanoparticles on top. The high-
magnification FE-SEM image of 10% Ag/ZnO heterostruc-
ture nanocomposites clearly showed spherical Ag nanopar-
ticles with particle size of 80–100 nm and good deposition 
on top of ZnO nanoplates. Furthermore, the coexistence of 
Ag and ZnO was analyzed by the energy dispersive x-ray 
spectroscopy (EDS) as the results shown in Fig. S1. Clearly, 
the heterostructure 10% Ag/ZnO nanocomposites contained 
only Ag, Zn and O without other elements. The EDS map of 

heterostructure 10% Ag/ZnO nanocomposites shows good 
distribution of Ag element on ZnO and the successful depo-
sition of Ag nanoparticles on the surface of hierarchical ZnO 
flowers by the sonochemical method in accordance with the 
above XRD analysis.

Figure 4 shows typical low- and high-resolution TEM 
images and SAED pattern of ZnO flowers and flower-like 
10% Ag/ZnO heterostructure nanocomposites. The TEM 
images of pure ZnO sample clearly demonstrate that the 
flowers were made up of thin nanoplate petals. A selected 
area electron diffraction (SAED) pattern of an individual 
ZnO nanoplate shows bright spots of electron diffraction 
which indicate the high crystalline wurtzite ZnO structure. 
The SAED pattern was indexed to the (002), (−1−12) and 
(−1−10) planes of wurtzite ZnO structure with zone axis 
of 1–10. The TEM images of 10% Ag/ZnO heterostructure 
nanocomposites show spherical Ag nanoparticles with size 
of 60–80 nm deposited on the surface of flower-like ZnO 
structure. The high-magnification TEM image of 10% Ag/
ZnO heterostructure nanocomposites shows strong interac-
tion between Ag spherical nanoparticles and ZnO nano-
plates. A high-resolution transmission electron microscopic 
(HRTEM) image of a single spherical Ag nanoparticle 
reveals a lattice space of the (111) crystallographic plane of 
the fcc Ag nanoparticle. Thus, the as-formed Schottky inter-
face between the Ag noble metal and ZnO semiconductor 
played the role in enhancing the photocatalytic performance 
of ZnO flowers.

Figure 5a shows FTIR spectra of ZnO and Ag/ZnO sam-
ples. The transmittance band at 425  cm−1 was assigned to 
the characteristic stretching mode of the Zn–O bond.1, 2, 16 
Bands at 3424 and 1566  cm−1 were related to the stretching 
and bending modes of O–H groups,1, 2, 16 respectively. The Fig. 4  TEM and HRTEM images, and SAED pattern of (a, b) ZnO 

and (c, d) 10% Ag/ZnO flowers.

Fig. 5  (a) FTIR and (b) Raman spectra of pure ZnO sample and 10% Ag/ZnO nanocomposites.
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FTIR analysis indicates the presence of surface adsorbed 
water molecules or hydroxyl groups on both the samples.

According to the group theory, the structure of ZnO 
with  C6V symmetry was predicted to contain one  A1, one 
 E1, two  E2 and two  B1 modes. The  A1 mode and  E1 mode 
are polar and split into transverse optical (TO) and longi-
tudinal optical (LO) components which are both Raman 
and infrared (IR) active. The  E2 mode is only Raman 
active, and the  B1 mode is both IR and Raman inactive 
(silent).3, 37, 38 Figure  5b shows the Raman spectra of 
ZnO and 10% Ag/ZnO samples within the wavenumber 
range of 200–800  cm−1. The Raman spectrum of the pure 
ZnO phase shows five peaks at 331  cm−1, 379  cm−1, 437 
 cm−1, 535  cm−1 and 583  cm−1. The strong Raman peak 
at 437  cm−1 was assigned to the characteristic  E2-mode 
of the wurtzite ZnO  phase3, 38–40 which clearly verifies 
the presence of high-quality typical wurtzite hexagonal 
ZnO flowers. The Raman peaks at 331 and 379  cm−1 are 
related to  E2H–E2L and  A1T modes of ZnO which are asso-
ciated with the vibration of heavy Zn sub-lattice and the 
vibration of oxygen atoms contained in wurtzite ZnO flow-
ers.3, 38–40 The broad Raman peak at 583   cm−1 of pure 
ZnO is assigned to be the  E1L mode related to impurities 
and defects contained in the ZnO lattice.40 The Raman 
spectrum of 10% Ag/ZnO nanocomposites shows the weak 
intensity  E2 mode caused by a local strain of ZnO lattice 
close to the Ag–ZnO interface. A weak broad peak at 535 
 cm−1 is a silent  B1 mode and relates to the change in lat-
tice strain and consequently results in lattice disorder.40 It 
should be noted that the peak intensity of the 10% Ag/ZnO 
nanostructure is higher than that of the ZnO nanostructure 
because of the excitation of a localized surface plasmon 
of Ag nanoparticles deposited on ZnO nanoplates, caused 
by the formation of charge transfer complexes and bond 
forming between Ag species and ZnO surface, localized 
formed electric field interaction with optical phonon and 
enhanced scattering intensity of active phonon.41 In addi-
tion, the structure of 10% Ag/ZnO nanocomposites is more 
open than that of pure ZnO. Thus, the vibration amplitude 
and peak intensity of the 10% Ag/ZnO nanostructure are 
higher than those of the pure ZnO sample.

Photocatalytic activities of the Ag/ZnO heterostructure 
nanocomposites with different weight contents of the loaded 
Ag nanoparticles were investigated through the degradation 
of MB and MO under UV light irradiation within 300 min. 
Figure S2 shows the absorbance versus wavelength for the 
degradation of MB and MO over the pure ZnO sample and 
10% Ag/ZnO heterostructure nanocomposites within differ-
ent lengths of irradiation time. The intensities of UV-visible 
absorption of MB and MO were decreased with an increase 
in the reaction time under UV light irradiation. Clearly, the 
characteristic peaks of MB dye at 665 nm and MO dye at 
465 nm over 10% Ag/ZnO heterostructure nanocomposites 

are lower than those of MB and MO over the pure ZnO sam-
ple. The results indicate that 10% Ag/ZnO heterostructure 
nanocomposites have the highest photocatalytic activity in 
degrading of MB and MO under UV light irradiation.

The photocatalytic degradation of MB and MO by dif-
ferent photocatalysts (Fig. 6a and b) was tested under UV 
visible light irradiation within 300 min. The MB and MO 
solutions without the photocatalyst as the blank test show 
insignificant self-photolysis under UV light irradiation. In 
this research, the MB and MO degradation rates in the solu-
tions containing pure ZnO were about 37% and 23% which 
were ascribed to the high recombination rate of photogen-
erated electron–hole pairs. The photocatalytic efficiencies of 
1% Ag/ZnO, 5% Ag/ZnO and 10% Ag/ZnO nanocomposites 
were about 60%, 73% and 97% for photodegradation of MB 
and 41%, 56% and 63% for photodegradation of MO, respec-
tively. The photocatalytic activities of the photocatalysts for 
both MB and MO degradation are in sequence as follows: 
pure ZnO < 1% Ag/ZnO < 5% Ag/ZnO < 10% Ag/ZnO. 
Interestingly, the photocatalytic activities for MB and MO 
solutions over 10% Ag/ZnO nanocomposites are, respec-
tively, 2.62 and 2.74 times of those for MB and MO solu-
tions over the ZnO sample because of the effective separa-
tion and diffusion of the photogenerated charge carriers.19, 22 

To have a better understand for the degradation kinetics 
of MB and MO dyes, the experimental data were fitted to the 
pseudo-first-order simplification of Langmuir–Hinshelwood 
kinetics through a well-established photocatalysis of a low 
initial pollutant concentration as follows.

Co and Ct are the dye concentration at the initial and time t, 
respectively. The kapp is the apparent first-order rate constant 
 (min−1)2, 3, 16, 18 obtained from the gradient of the ln (Co/Ct) 
versus time plot, and the results are shown Fig. 6c and d. 
All the plots were fitted to linear lines. Thus, the photocata-
lytic reaction follows the pseudo-first-order kinetics. It can 
be seen that weight content of the loaded Ag nanoparticles 
has strong influence on the photocatalytic activity of the 
Ag/ZnO photocatalyst. The 10% Ag/ZnO nanocomposites 
have the highest apparent rate constants of 0.0111  min−1 for 
MB degradation and 3.68x10−3  min−1 for MO degradation 
which are about 6.98 and 4.31 times of those of pure ZnO 
for the degradation of both dyes (1.59x10−3  min−1 for MB 
and 8.53x10−4  min−1 for MO), respectively.

During UV irradiation, electrons in valence band of ZnO 
were excited to conduction band, leading to the creation of 
photoinduced holes in valence band. These photoexcited 
electrons further diffused to Ag nanoparticles and were cap-
tured by the adsorbed  O2 to form superoxide anion radical 
 (O2

−). Concurrently, the photoinduced holes were captured 
by  OH− and  H2O to form hydroxyl radical (OH, the neutral 

(2)lnCo∕Ct = kappt
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form of hydroxide ion  (OH−)).2, 3, 16 These active species 
degraded the MB and MO molecules by transforming the 
dyes into  CO2 and  H2O as final products.2, 3, 16 The Ag/ZnO 
nanocomposites have photocatalytic activity higher than 
pure ZnO because Ag nanoparticles on ZnO petals acted as 
electron sinks by providing accumulation sites of electrons 
and improved electron–hole separation.19, 20, 22 Thus, the 
most effective electron–hole separation of Ag/ZnO nano-
composites is attributed to achieve the highest photocatalytic 
efficiency.19, 20, 22

To further investigate active species relating with the 
photodegradation of MB and MO dyes over Ag/ZnO nano-
composites, triethanolamine (TEOA), isopropyl alcohol 
(IPA) and benzoquinone (BQ) were used to scavenge holes 
 (h+), hydroxyl radicals (OH) and superoxide anions  (O2

−) 
during the photocatalytic  process42–45 as the results shown 
in Fig. 7a and b. The photodegradation of MB and MO 
solutions containing Ag/ZnO nanocomposites significantly 
decreased with the addition of both IPA and BQ under UV 

light irradiation. The photodegradation rates of MB and 
MO in the presence of Ag/ZnO nanocomposites were 15% 
and 11% for IPA adding, 36% and 22% for BQ adding, and 
79% and 48% for TEOA adding, respectively. Thus, OH and 
 O2

− played the important role in the degradation of MB and 
MO solutions containing Ag/ZnO nanocomposites under 
UV light irradiation.

Figure 7c and d shows the reusability of Ag/ZnO nanocom-
posites for MB and MO degradation within five cycles under 
UV light irradiation. The photocatalyst was separated, thor-
oughly washed and dried for the next cycle. In this research, 
the photodegradation rates of MB and MO solutions contain-
ing the reused 10% Ag/ZnO nanocomposites were decreased 
to 95% and 56% after five cycles. The photocatalytic efficien-
cies at the end of cycle five of 10% Ag/ZnO nanocomposites 
for both MB and MO degradation were little lessened as com-
pared with those at the end of cycle one. Thus, the 10% Ag/
ZnO nanocomposites are quite stable for photodegradation of 
MB and MO dyes under UV light irradiation.

Fig. 6  Decolorization efficiencies and pseudo-first-order plots for photodegradation of (a, c) MB and (b, d) MO over ZnO flowers containing 0%, 
1%, 5% and 10% Ag nanoparticles under UV light irradiation comparing with decolorization efficiencies of the blank test of MB and MO.
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Conclusions

The heterostructure Ag/ZnO nanocomposites containing 
different Ag contents were successfully prepared by a sim-
ple sonochemical solution method without the use of a sur-
factant. The Ag/ZnO heterostructure nanocomposites have 
excellent photocatalytic activities that are higher than the 
pure ZnO sample. The results were attributed to promote 
the effective generation, separation and diffusion of photoin-
duced charges at Ag/ZnO interfaces, including a consequent 
reduction of electron–hole recombination rate. The nano-
composites are promising materials used for photocatalysis, 
photovoltaic devices and solar-energy conversion.
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