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A high yield of the dimer-type heterostructure of Ag/ZnO nanocrystals with different Ag contents is successfully
prepared through a simple solvothermal method in the absence of surfactants. The samples are characterized by
X-ray diffraction, transmission electron microscopy, X-ray photoelectron spectroscopy, UV−vis spectroscopy, and
IR spectroscopy. The results show that all samples are composed of metallic Ag and ZnO; Ag nanoparticles locate
on the surface of ZnO nanorods; the binding energy of Ag 3d5/2 for the Ag/ZnO sample with a Ag content of 5.0
atom % shifts remarkably to the lower binding energy compared with the corresponding value of pure metallic Ag
because of the interaction between Ag and ZnO nanocrystals; the concentration of oxygen vacancy for the as-
synthesized samples varies with the increasing Ag content, and the Ag/ZnO sample with a Ag content of 5.0 atom
% has the largest density of oxygen vacancy. In addition, the relationship between their structure and photocatalytic
property is investigated in detail. It is found that the photocatalytic property is closely related to its structure, such
as heterostructure, oxygen defect, and crystallinity. The presence of metallic Ag nanoparticles and oxygen vacancy
on the surface of ZnO nanorods promotes the separation of photogenerated electron−hole pairs and thus enhances
the photocatalytic activity.

1. Introduction

Semiconductor-based heterostructures with the desired
composition and/or morphology could modulate the proper-
ties of the materials and find a potential application in
nanodevices.1 For example, control over the composition
and size of the semiconductors allows for the tuning of
their band gaps, which determines the absorption and
emission characteristics of the optoelectronic devices. Stimu-
lated by the potential applications in biomedicine, photo-
catalysis, and nanodevices, significant advances have been
made in recent years to design various kinds of semiconduc-
tor-based heterostructures, such as core/shell and anisotropic
(e.g., dimer/trimer-type and hierarchical composite materials)
heterostructures.2-6

Recently, environmental problems such as air and water
pollution have provided the impetus for sustained funda-
mental and applied research in the area of environmental
remediation. The wide-band-gap semiconductor metal oxides
(SMOs), such as TiO2 and ZnO, as photocatalysts have been
proven attractive because these materials have a high catalytic
efficiencyandlowcostandareenvironmentallysustainable.7-12

Major efforts in the modern catalysis field are devoted to
the design and fabrication of nanostructured SMOs with
tunable physical-chemical properties for advanced catalytic
applications. For example, the size dependence of the
catalytic performance has been largely emphasized in the
literature.13-17 On the other hand, semiconductor-based
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heterostructure (e.g., semiconductor/semiconductor and metal/
semiconductor) nanocatalysts have also attracted much
research attention in recent years because of their excellent
catalytic activity.18-22 However, to the best of our knowledge,
there are only a few published studies of Ag/ZnO hetero-
structure photocatalysts.23,24 On the basis of our previous
study about nanostructured ZnO photocatalysts12 and con-
sidering the promising applications of metal/oxide nano-
crystals in photocatalysis, we expect to synthesize Ag/ZnO
heterostructure nanocatalysts and understand the relationship
between their structure and photocatalytic property.

It is well-known that light corrosion and impurities (e.g.,
surfactants) on the surface of photocatalysts would hinder
their practical applications. So, it is necessary to develop a
simple and low-cost method to fabricate the objective
photocatalysts with high crystallinity and clean surfaces.
However, the challenge of this work is how to control the
nucleation of one phase on the surface of the other phase.
In the rational design of experiments, intermolecular dehy-
drolysis and the reduction of Ag(I) species are adopted to
fabricate the Ag/ZnO heterostructure through an ethanol-
mediated solvothermal method in the absence of surfactants.
The key steps in this synthetic process are to control (1) the
dehydrolysis between Zn(OH)4

2- and Ag(OH)2- and (2)
reduction of silver oxide on the surface of ZnO nanocrystals.
In order to have an in-depth understanding of the relationship
between their structure and photocatalytic property, the
synthesized Ag/ZnO heterostructure nanocrystals are inves-
tigated in detail. The results show that there is a strong
interaction between metallic Ag and ZnO nanocrystals
because of the formation of Zn-O‚‚‚Ag bonds on the
interface; the photocatalytic activity is dependent on the
heterostructure and the concentration of oxygen vacancy; the
Ag/ZnO heterostructure nanocrystals exhibit excellent cata-
lytic stability because of their high crystallinity.

2. Experimental Section

2.1. Preparation of Ag/ZnO Heterostructure Nanocrystals.
Materials. Zinc acetate, silver acetate, sodium hydroxide, and
alcohol are all analytical grades and used without further puri-
fication.

Synthesis.Large-scale Ag/ZnO heterostructure nanocrystals are
synthesized through a simple solvothermal method, where the

intermolecular dehydrolysis and reduction reactions are utilized
to form the heterostructure. In a typical procedure, a certain
Zn(CH3COO)2‚2H2O and CH3COOAg was put into a Teflon tank
of 50 mL capacity (the content of the Ag element is 2.5, 5.0, 10,
and 20 atom %, respectively). Subsequently, 30 mL of a NaOH/
ethanol solution (0.17 M) was added into the above tank drop by
drop with agitation. The tank was put into a stainless steel autoclave,
then moved into an oven, and heated at 160°C for 24 h. When the
reactions were completed, the autoclave was cooled to room
temperature naturally. The brown-red precipitates were collected
by filtration, washed with deionized water and ethanol several times,
and finally dried in the air at 60°C for 10 h.

2.2. Characterizations.The powder X-ray diffraction (XRD)
patterns of the samples were recorded by a Rigaku DMAX2500
X-ray diffractometer using Cu KR radiation (λ ) 0.154 nm) at a
scanning rate of 5°/min for 2θ ranging from 27° to 65°. The
microstructures and morphologies were investigated by a JEM
2000EX transmission electron microscope (TEM) working at 200
kV. The IR and UV-vis diffuse-reflectance spectra were measured
on a Perkin-Elmer Spectrum System 2000 FT-IR spectrometer and
a UV-vis-near-IR spectrometer (Cary 500), respectively. Room-
temperature fluorescent characterization was performed on an
Edinbursh F900 with an excitation wavelength of 365 nm. The
X-ray photoelectron spectroscopy (XPS) measurements were
performed on a Phi Quantum 2000 spectrophotometer with Al KR
radiation (1486.6 eV). For photocatalytic measurement, 30 mg of
each catalyst was suspended in 90 mL of a standard methyl orange
(MO) aqueous solution (5.0× 10-5 M), and then the mixture was
put into quartz tube and agitated overnight in the absence of light
to attain equilibrium adsorption on the catalyst surface. UV
irradiation was carried out using a 4× 4 W fluorescent Hg lamp
(Philips TUV 4 W; the strongest emission at 365 nm). After a given
irradiation time, about 3.5 mL of the mixture was withdrawn and
the catalysts were separated from the suspensions by filtration
through 0.22µm cellulose membranes. The photocatalytic degra-
dation process was monitored by a UV-vis spectrophotometer
(UV-2450; measuring the absorption of MO at 463 nm).

3. Results and Discussion

3.1. Synthesis of Ag/ZnO Heterostructure Nanocrystals.
It is generally accepted that a surfactant or compatibility of
the two phases is usually necessary to form the hetero-
interface. For example, when the crystal structures are
compatible and the lattice parameters of the two crystalline
phases are well-matched, heterostructures usually arise;25-27

in special cases, where there is a large overall lattice mis-
match but there exist surfactants, some anisotropic structures
(e.g., dimers where two nearly spherical particles are fused
together with only one junction plane on each component)
may be obtained.28,29However, in the incompatible Ag/ZnO
system, intermolecular dehydrolysis should play a significant
role in the formation of Ag/ZnO heterostructure in the
absence of surfactant.

As discussed in the Experimental Section, the final brown-
red products are prepared through a simple solvothermal
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method in the absence of surfactants. When a sodium
hydroxide solution is added into a mixture of acetic zinc
and silver acetate drop by drop with agitation, the gray
precursor is formed gradually. The chemical reactions for
the formation of the precursor can be formulated as

Intermolecular dehydrolysis (eq 3) is utilized to form the
heterointerface between Ag2O and ZnO. Also, subsequent
crystal growth should happen on ZnO/Ag2O nuclei. In
addition, it is well-known that ethanol is a weak reducing
agent under high temperature and pressure. When the
precursor is treated solvothermally (ethanol as the solvent)
at 160 °C for 24 h, the oxygen vacancy (Vo

••) should be
generated on the surface of ZnO nanocrystals.12 Also, the
reduction of Ag2O on the surface of ZnO nanocrystals should
also occur during the process of solvothermal treatment
because pure metallic Ag can be obtained in this synthetic
system (see the Supporting Information, SI-1). The chemical
reaction process for the generation of Ag/ZnO heterostructure
nanocrystals is proposed as follows:

As mentioned above, ZnO and Ag2O are connected through
a Zn-O-Ag bond in the precursor. During the sovothermal
process, the precursor is reduced by ethanol gradually and a
Zn-O‚‚‚Ag bond should be formed between metallic Ag
and ZnO nanocrystals, resulting in the formation of Ag/ZnO
heterostructure nanocrystals with a strong interaction.

3.2. Crystal Structure and Microstructure of Ag/ZnO
Heterostructure Nanocrystals. The XRD patterns of the
as-synthesized samples with different Ag contents are shown
in Figure 1. All curves in Figure 1 obviously show two sets
of strong diffraction peaks, indicating that the as-synthesized
products are composite materials with high crystallinity.

Those marked with “#” can be indexed to hexagonal wurtzite
ZnO (JCPDS file no. 36-1451), while the others marked with
“*” can be indexed to face-centered-cubic (fcc) metallic Ag
(JCPDS file no. 04-0783); no other crystalline impurities are
observed. In addition, there is no remarkable shift of all
diffraction peaks, implying that no Zn1-xAgxO solid solution
is formed and the change of the lattice parameters of ZnO
nanocrystals should be negligible.

In order to obtain detailed information about the micro-
structure and morphology of the as-synthesized samples,
TEM observations are carried out. Figure 2 shows the
representative TEM images of the synthesized sample with
a Ag content of 5.0 atom %. A low-magnified TEM image
of this sample shows a high yield of Ag/ZnO heterostructure
nanocrystals consisting of metallic Ag nanoparticles (high-
lighted by circles) and ZnO nanorods, as presented in Figure
2a. Also, one can see that each nanoparticle is attached to a
nanorod. Although there are some ZnO nanorods without
Ag nanoparticles on the surface, self-nucleated and isolated
Ag nanoparticles are hardly observed. Moreover, Ag ag-
gregates are also not found in our TEM observations,
indicating that all metallic Ag nanoparticles are completely
dispersed in ZnO nanorods. Most of the ZnO nanorods in
Figure 2a are about 20 nm in width and 100 nm in length
(aspect ratio of about 5:1), in good agreement with our
previous study.12 Figure 2b shows the metallic Ag nanopar-
ticle size distribution of the sample. It is obvious that the
diameters of Ag nanoparticles are in the range of 6-12 nm
and the average diameter of Ag nanoparticles is about 9 nm.
A typical magnified TEM image of an individual Ag/ZnO
heterostructure (Figure 2c) reveals that the metallic Ag
nanoparticle is embedded in the ZnO nanorod (i.e., the
formation of a dimer-type heterostructure). The high-resolu-
tion TEM (HRTEM) image (Figure 2d) from Figure 2c
shows a distinguished interface and the continuity of lattice
fringes between the ZnO nanorod and metallic Ag nanopar-
ticle, confirming the formation of chemical bonds between
them. It also shows the uniform lattice structure and single-
crystalline nature of the ZnO nanorod. The spacing between
adjacent lattice fringes is 0.256 nm, which is close to thed
spacing of the (002) plane, indicating the [001] direction (c
axis) being the preferential growth direction of ZnO nano-
rods. On the other hand, as to the nanoparticle of the
heterodimer (Figure 2d), lattice fringes with interplanar
spacing of 0.236 nm corresponding to the{111} planes of
fcc Ag are observed. The Fast Fourier transform (FFT)
pattern (inset in Figure 2d) also confirms fcc metallic Ag
along the [11h0] zone axis. In addition, there is an aberrant
microtwin interface (highlighted by a dashed line) in the
metallic Ag nanoparticle due to the oriented attachment
between the ZnO nanorod and Ag nanoparticle.

3.3. Surface Structure of Ag/ZnO Heterostructure
Nanocrystals. The surface structure of the as-prepared
sample with a Ag content of 5.0 atom % is also investigated
by using XPS analysis, and the corresponding experiment
results are shown in Figure 3. The binding energies in the
XPS spectra presented in Figure 3 are calibrated by using
that of C 1s (284.8 eV). In Figure 3a, all of the peaks on the

Figure 1. XRD patterns of the as-synthesized samples with different Ag
contents.

Zn2+ + 4OH- ) Zn(OH)4
2- (1)

Ag+ + 2OH- ) Ag(OH)2
- (2)

Zn(OH)4
2- + 2Ag(OH)2

- )

ZnO/Ag2O (gray)+ 2H2O + 4OH- (3)

ZnO/Ag2O98
ethanol

solvothermal
Ag/ZnOx‚(1 - x)V0

•• (x < 1) (4)
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curve are ascribed to Zn, Ag, O, and C elements and no
peaks of other elements are observed. The presence of C
comes mainly from pump oil due to vacuum treatment before
the XPS test. Therefore, it is concluded that the sample is
composed of three elements, Zn, Ag, and O, which is in good
agreement with the above XRD and TEM results. Parts b-d
of Figure 3 display the high-resolution spectrum for O, Zn,
and Ag species, respectively. In Figure 3b, the O 1s profile
is asymmetric and can be fitted to two symmetrical peaks
(R and â locating at 530.0 and 531.6 eV, respectively),
indicating two different kinds of O species in the sample.
The peaksR and â should be associated with the lattice
oxygen (Ol) of ZnO30,31and chemisorbed oxygen (Oa) caused
by the surface hydroxyl,32 respectively. Moreover, the
calculated ratio of the adsorption oxygen to the lattice oxygen
(Oa/Ol) is 0.45. The peaks appearing in parts c and d of
Figure 3 are symmetric and center at 1021.4 and 367.2 eV,
which are attributed to Zn 2p3/2 and Ag 3d5/2, respectively.
Interestingly, the binding energy of Ag 3d5/2 for the Ag/ZnO
sample with a Ag content of 5 atom % shifts remarkably to
the lower binding energy compared with the corresponding
value of the synthesized pure metallic Ag due to the
interaction between Ag and ZnO nanocrystals (the standard
binding energy of Ag 3d5/2 for bulk Ag is about 368.2 eV31).

Then what is the nature of this phenomenon? It is suggested
that the shift of the binding energy of Ag 3d5/2 should be
mainly ascribed to the interaction between the Ag nanopar-
ticle and ZnO nanorod. When the Ag nanoparticle and ZnO
nanorod attach together, they adjust the position of their
corresponding Fermi energy levels to the same value (see
the Supporting Information, SI-2). Thus, there are many free
electrons above the new Fermi level of metallic Ag nano-
particles. Because the conduction band (CB) of ZnO nano-
crystals is vacant, the free electrons could tunnel into the
CB, resulting in the higher valence of Ag. The binding energy
of monavalent Ag is much lower than that of zerovalent Ag;31

therefore, in our XPS experiments, the binding energy of
Ag 3d5/2 shifts to lower binding energy. In addition, based
on the above XPS analysis, the calculated proportion of Zn,
lattice O, and Ag on the surface of the sample is 1:0.96:
0.04, revealing the oxygen deficiency on the surface of ZnO
nanocrystals. The Zn/O ratio calculated from XPS decreases
after Ag is introduced, indicating the reduction of the oxygen
defect’s density (the calculated Zn/O ratio of bare ZnO
nanorods is 1:0.9312).

3.4. Optical Properties of Ag/ZnO Heterostructure
Nanocrystals. The diffuse-reflectance and photolumines-
cence (PL) spectra of the as-synthesized Ag/ZnO hetero-
structure nanocrystals are shown in Figure 4. In Figure 4a,
two prominent absorption bands are observed in the UV-(30) Peng, W.; Qu, S.; Cong, G.; Wang, Z.Cryst. Growth Des.2006, 6,

1518.
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1992.

(32) Jing, L.; Xu, Z.; Shang, J.; Sun, X.; Cai, W.; Guo, H.Mater. Sci.
Eng. A2002, 332, 356.

Figure 2. TEM images of the as-synthesized sample with a Ag content of 5.0 atom %: (a) low-magnified TEM image of Ag/ZnO heterostructure nanocrystals;
(b) size distribution of Ag nanoparticles in Ag/ZnO heterostructure nanocrystals; (c) high-magnified TEM image of a single Ag/ZnO heterostructurenanocrystal;
(d) HRTEM image of the Ag/ZnO heterostructure nanocrystal in Figure 2c (the inset is the FFT pattern from the squared region of Figure 2d).
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visible region. The former can be assigned to the absorption
of the ZnO semiconductor, and its corresponding absorption
edge is located at around 375 nm. The latter can be attributed
to the characteristic absorption of surface plasmon resulting

from the metallic Ag in the Ag/ZnO heterostructures.33 The
appearance of two kinds of characteristic absorption bands
also confirms that the as-synthesized samples are composed
of zerovalent Ag and ZnO. In Figure 4b, a broad green
emission peak centering at around 527 nm is observed for
all samples in the visible region when the samples are excited
at 365 nm. Despite the intensive studies on the green
emission of ZnO nanocrystals, its nature remains controver-
sial and a number of hypotheses have been proposed to
explain this emission, such as a singly ionized oxygen
vacancy Vo

•,34 a Vo
•• center,35 an oxygen antisite,36 and a

zinc vacancy VZn.37 On the basis of our previous study,12

we ascribe the green emission at about 527 nm to the Vo
••

defect on the surface of ZnO nanocrystals. It is obvious that
the green emission intensity of the as-synthesized Ag/ZnO
heterostructure nanocrystals increases at first and then
decreases with an increase of the Ag content. This phenom-
enon reveals the variation of the Vo

•• defect density on the
surface of ZnO nanorods and the Ag/ZnO sample with a Ag
content of 5 atom % has the largest concentration of the
oxygen defect. It has been reported that the IR vibration peak
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Figure 3. XPS spectra of the as-synthesized sample with a Ag content of
5.0 atom %: (a) XPS full spectrum of the sample; (b) O 1s spectrum; (c)
Zn 2p3/2 spectrum; (d) Ag 3d5/2 spectra (the corresponding figure of pure
Ag was also given for comparison).

Figure 4. (a) Diffuse-reflectance spectra and (b) PL spectra of the as-
synthesized Ag/ZnO heterostructure nanocrystals.
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of the E1(LO) mode of ZnO nanocrystals should shift with
a change of the oxygen vacancy defect’s density.12 The IR
spectra of the as-synthesized samples (see the Supporting
Information, SI-3) further confirm the highest oxygen
vacancy defect’s density for the Ag/ZnO sample with a Ag
content of 5 atom %. It is suggested that the variation of the
Vo

•• defect density on the surface of ZnO nanorods should
be related to the surface-to-volume ratio of ZnO nanorods
and the interface between Ag nanoparticles and ZnO nano-
rods.

3.5. UV-Light-Driven Photocatalysis and Photocatalytic
Mechanism. MO is presently adopted as a representative
organic pollutant to evaluate the photocatalytic performance
of Ag/ZnO heterostructure nanocrystals. In the experiments,
the commercial TiO2 (Degussa P-25) is used as a photo-
catalytic reference to qualitatively understanding the pho-
tocatalytic activity of Ag/ZnO catalysts. The photocatalytic
activities of the as-prepared samples with different Ag
contents and Degussa P-25 are shown in Figure 5.C0 andC
in Figure 5 are the initial concentration after the equilibrium
adsorption and the reaction concentration of MO, respec-
tively. As seen in Figure 5, the degradation of MO over pure
Ag nanocrystals is negligible, and the Ag/ZnO heterostructure
nanocatalysts exhibit higher photocatalytic activity compared
to pure ZnO; for example, the required time for an entire
decolorization of MO over Ag/ZnO catalysts is less than or
equal to 40 min, much shorter than the corresponding value
over pure ZnO nanocrystals. Moreover, one can see that the
Ag/ZnO heterostructure catalysts with a Ag content of 5.0
atom % show the highest photocatalytic activity. When a
Ag content is relatively lower (<5.0 atom %), the photo-
catalytic activity of the Ag/ZnO heterostructure increases
gradually with an increase of the Ag content (5.0-Ag/ZnO
> 2.5-Ag/ZnO > ZnO). However, when the Ag con-
tent exceeds 5.0 atom %, the photocatalytic activity of the
Ag/ZnO heterostructure decreased with an increase of the
Ag content (5.0-Ag/ZnO> 10-Ag/ZnO ∼ 20-Ag/ZnO >
Ag). In addition, the catalytic stability of the Ag/ZnO
heterostructure catalyst with a Ag content of 5.0 atom % is
carried out (see the Supporting Information, SI-4). It shows
that this catalyst has an excellent catalytic stability because
of the high crystallinity of the synthesized sample.

Figure 6 shows the proposed band structure of the
synthesized Ag/ZnO heterostructure. When the Ag/ZnO
heterostructure nanocatalysts are dispersed in the solution
with an organic pollutant, the surface electrons on Ag
nanoparticles should eventually transfer to the dye in the
dark. However, when these catalysts are radiated by UV light
with photon energy higher or equal to the band gap of ZnO
nanocrystals, electrons (e-) in the valence band (VB) can
be excited to the CB with simultaneous generation of the
same amount of holes (h+) in the VB. As presented in Figure
6, the energy level of the bottom of the CB is higher than
the new Fermi energy level of the Ag/ZnO heterostructure,
so the photoexcited electrons could transfer from ZnO
nanorods to Ag nanoparticles driven by the above potential
energy. The electronic acceptors like adsorbed O2 can easily
trap the photoelectrons to produce a superoxide anion radical
(•O2

-).39 Goto et al.40 have concentrated on analyzing
molecular oxygen reduction to•O2

-, which determined the
overall photocatalytic reaction. The photoinduced holes can
be easily trapped by OH- to further produce a hydroxyl
radical species (•OH), which is an extremely strong oxidant
for the partial or complete mineralization of organic chemi-
cals.41 Therefore, the photocatalytic reaction process can be
proposed as follows:

On the basis of the above discussion, it is concluded the
following: (1) Ag nanoparticles on the surface of ZnO
nanorods act as a sink for the electrons (eqs 5 and 8), promote
interfacial charge-transfer kinetics between the metal and
semiconductor, improve the separation of photogenerated

(39) Ryu, J.; Choi, W.EnViron. Sci. Technol.2004, 38, 2928.
(40) Goto, H.; Hanada, Y.; Ohno, T.; Matsumura, M.J. Catal.2004, 225,

223.
(41) Yatmaz, H. C.; Akyol, A.; Bayramoglu, M.Ind. Eng. Chem. Res.2004,

43, 6035.

Figure 5. Photodegradation of MO by the as-synthesized Ag/ZnO
heterostructure nanocrystals.

Figure 6. Proposed band structure and photocatalytic mechanism of the
as-synthesized Ag/ZnO heterostructure nanocrystals.12,38

Ag f Ag+ + e- (5)

e- + O2 f •O2
- (6)

ZnO + hν f ecb
- + hvb

+ (7)

ecb
- + Ag+ f Ag (8)

hvb
+ + OH- f •OH (9)
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electron-hole pairs, and thus enhance the photocatalytic
activity of Ag/ZnO photocatalysts; (2) ZnO nanorods serve
as electron and hole sources (eq 7) for degradation of an
organic dye. It is worthwhile to mention that the content of
ZnO nanorods decreases with an increase of the Ag loading.
The correlation between the concentration of ZnO nano-
rods and the photocatalytic activity is studied (see the
Supporting Information, SI-5). The result shows that the
effect of the concentration of ZnO nanorods after Ag loading
on the photocatalytic activity should be neglected. How-
ever, as presented in Figure 5, the photocatalytic efficiency
of Ag/ZnO heterostrucure nanocrystals decreases at a high
Ag content. This should be related to the concentration of
the Vo

•• defect in different samples. As presented in Figure
6, partial photogenerated electrons could transfer to the Vo

••

defect and then finally to the dye in solution. The more the
Vo

•• defect is, the higher the photocatalytic activity should
be. Therefore, it is reasonable that the Ag/ZnO heterostruc-
ture nanocatalysts with a Ag content of 5.0 atom % exhibit
the highest catalytic activity in our system. Finally, a more
detailed investigation about the effect of other structures such
as semiconductor/semiconductor heterostructure and the
impurity defect on the PL and photocatalytic properties of
ZnO nanocrystals is being carried out.

4. Conclusion

Ag/ZnO heterostructure nanocatalysts with excellent pho-
tocatalytic performance are successfully prepared through a
simple solvothermal method. It is found that the addition of
Ag+ results in the formation of zerovalent metallic Ag
deposits on the surface of ZnO nanorods and the photocata-
lytic activity of Ag/ZnO nanocatalysts is dependent on their
structure, especially the heterostructure and oxygen vacancy.
The presence of Ag nanoparticles and oxygen vacancy on
the surface of ZnO nanorods promotes the separation of
photogenerated electron-hole pairs and thus enhances the
photocatalytic activity.
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