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d synthesis of Ag/AgCl hollow
microcubes and their composition-dependent
photocatalytic activity for the degradation of
phenol†

Shiyun Lou, Qinglan Chen, Wan Wang, Yongqiang Wang and Shaomin Zhou *

Plasmonic photocatalysts with hollow structures and tunable composition exhibit significant advantages

due to their high efficiency in light collection and effective charge transfer across the tight contact

heterojunction interface. Herein, hollow Ag/AgCl microcubes were developed by treating nanosheet-

assembled hollow Ag microcubes with FeCl3, where a part of Ag at the interface could be in situ

transformed and oxidized into AgCl. Equally, by adjusting the concentration of Fe3+ ions, Ag/AgCl hollow

microcubes with different compositions could be easily achieved. Electron transfer was favored by a lot

of tiny Ag/AgCl heterojunctions induced by the in situ oxidation of the multicrystalline Ag hollow

microcube template containing a number of grain boundaries. The designed hollow Ag/AgCl microcubes

exhibited strong visible-light adsorption owing to the surface plasmon resonance effect of Ag

nanoparticles, in addition to the multiple light-reflections inside the hollow structure. The as-obtained

products were then used as visible-light photocatalysts, where the results indicated that 91.6% of phenol

was degraded within 150 min under visible light by the as-obtained sample with a Ag to AgCl ratio of

1 : 3. The superior visible-light photocatalytic activity resulted from the enhancement of the visible light-

harvesting and the efficient charge separation at the Ag and AgCl contact interfaces.
1. Introduction

Phenol in wastewater has posed a serious threat to the ecolog-
ical environment and human health because of its high toxicity
to human skin and harm to the central nervous system.1 As
a key protocol to remove phenol, photocatalysis has drawn
extensive attention of researchers owing to its advantages of
rapid decomposition, thorough treatment and no secondary
pollution.2,3 However, at present, photocatalysts still face
problems such as low utilization efficiency of sunlight and short
lifetime of photogenerated carriers, which limit their practical
application. Therefore, it is of great signicance to design and
synthesize photocatalysts for efficient degradation of phenol
pollutant in wastewater.

In recent years, plasmonic photocatalysts consisting of
metallic nanoparticles and semiconducting components
exhibit excellent photocatalytic performance owing to the inte-
gration of band structures of semiconductor materials, plas-
monic properties of noble metals and generation of hetero
interfaces.4–6 For example, Ag/TiO2 nanobers7 and Ag core–
rials of the Ministry of Education, Henan
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the Royal Society of Chemistry
TiO2 shell (Ag@TiO2) nanoparticles8 were found to be effective
in photocatalytic degradation of phenol. However, interfaces
between Ag and TiO2 photocatalysts are not yet well controlled,
resulting in uncertainties to improve the efficiency of charge
separation at the interface between TiO2 and Ag nanoparticles.
Alternatively, a clean and well-dened Ag/AgCl interface can be
achieved by in situ synthesis reaction.9,10 It was demonstrated
that hot electrons generated by Ag could inject into AgCl in 150
femtoseconds due to the excellent interface, which resulted in
a signicant improvement in the photocatalytic activity and
stability of Ag/AgCl.11–13

It is well known that hollow structures are believed to further
improve the catalytic performance of plasmonic photocatalysts
thanks to the accessible surface and interior cavity, efficient
light collection, shortened distance for carrier transfer and
separation, rich surface reaction sites on the shells, and
a uniform distribution of metal nanoparticles.14–16 Furthermore,
hollow semiconductors are lighter than the corresponding solid
structure, and benet the homogeneous dispersion in the
reaction system of photocatalysis. As for hollow plasmonic
photocatalysts, the powerful surface plasmonic resonance
absorption and intracavity multiple reections of visible light
can improve the total absorption efficiency of photon energies.17

To date, the methods based on templates have been exten-
sively applied in the preparation of hollow nanostructures, and
RSC Adv., 2021, 11, 26311–26318 | 26311

http://crossmark.crossref.org/dialog/?doi=10.1039/d1ra03569j&domain=pdf&date_stamp=2021-07-30
http://orcid.org/0000-0002-9497-9111
http://orcid.org/0000-0002-1877-0308
http://orcid.org/0000-0002-1890-1435
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra03569j
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011042


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
A

ug
us

t 2
02

1.
 D

ow
nl

oa
de

d 
on

 1
2/

4/
20

25
 5

:2
6:

12
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
the shape and size of cavities in the obtained hollow structures
can be controlled by the designed templates.18 Recently, hollow
Ag/AgCl photocatalysts with hollow structures have been
prepared and showed superior photocatalytic perfor-
mance.11,19,20 For example, Ag@AgCl cubic cages were obtained
by the sacricial template method, and exhibited great photo-
catalytic activity because of their hollow structures.11 Ag@AgCl
hollow spheres were synthesized by a chemical reduction
approach under light irradiation, where AgNO3 and CCl4 were
used as silver and chlorine sources, respectively.19 Hollow cubic
AgCl nanostructures were prepared by a one-pot method.20

Thus, recently, most synthesis approaches for Ag/AgCl have
been performed through the reduction process. Firstly, AgCl is
prepared and then partly transformed to Ag by chemical
reduction or photoreduction. Although this method is efficient
for the preparation of hollow structure Ag/AgCl, the distribution
of hetero interfaces between Ag and AgCl in the shell and the
Ag/AgCl ratio are hard to manipulate; meanwhile, the amount
and distribution of noble metals in plasmonic photocatalysts
have an important inuence on the photocatalytic perfor-
mance.21,22 In fact, an oxidation method was proposed to
prepare Ag/AgBr nanowires, which is a simple experimental
method, easy to operate, and the molar ratio of Ag to AgBr can
be easily adjusted by controlling the concentration of the
oxidizing agent composed of halide.23 Furthermore, the in situ
oxidation of Ag can form a close connection between Ag and
AgBr and it is conducive to effective carrier transfer. In addition,
solid Cu2O/Ag/AgCl microcubes were synthesized by a facile
oxidation method using Cu2O/Ag microcubes as a template and
CuCl2 as an oxidant.24 However, as far as we know, the
controllable preparation of hollow Ag/AgCl microcubes by this
oxidation method is rarely reported.

In this work, hollow Ag/AgCl microcubes with different
compositions were synthesized through an in situ oxidization
route. In the designed process, nanosheet-assembled hollow Ag
microcubes were prepared as the template, and Ag/AgCl
microcubes were obtained by employing FeCl3 as the oxidizer
at room temperature. The composition and structure of Ag/AgCl
can be adjusted by rationally regulating the experimental
conditions. Although AgCl with a hollow nanostructure has
been synthesized, this report is the rst on hollow Ag/AgCl
microcubes synthesized using a nanosheet-assembled multi-
crystalline Ag microcube template to form a tight contact
interface between Ag and AgCl, which is benecial to the
separation of photogenerated carriers. Furthermore, the ob-
tained Ag/AgCl hollow microcubes show outstanding photo-
catalytic performance for the degradation of phenol.
2. Experimental details
2.1 Materials

Copper acetate (Cu2(CH3COO)2), sodium hydroxide (NaOH),
glucose (C6H12O6), nitric acid (HNO3), trisodium citrate (TSC,
C6H5Na3O7), silver nitrate (AgNO3), polyvinyl pyrrolidone (PVP),
ferric chloride (FeCl3), P25-TiO2, methanol, ethanol and phenol
were all purchased from Sinopharm Chemical Reagent Co., Ltd.
26312 | RSC Adv., 2021, 11, 26311–26318
All chemicals are of analytical reagent grade and need not to be
further puried.

2.2 Synthesis of Ag/AgCl hollow microcubes

Firstly, uniform Ag hollow microcubes composed of nanosheets
were prepared at room temperature using Cu2O microcubes as
the template according to the earlier literature of our group.25

The synthesis of uniform Cu2O microcubes was as follows:
copper acetate (0.998 g) was dissolved in distilled water (100 mL).
Aer the obtained solution was heated to 70 �C, NaOH solution
(5 mL, 0.03 M) and glucose (0.2 g) were added successively
under stirring. The mixture was maintained at 70 �C for 60 min.
The precipitate was ltered and washed several times with
deionized water and ethanol. The prepared Cu2O was used as
the template to synthesize Ag hollow microcubes. In a typical
synthesis, Cu2O (0.042 g) and trisodium citrate (0.176 g) were
dispersed in distilled water (50 mL), and then AgNO3 (0.204 g)
was added. Aer 15 min, dilute HNO3 (10 mL) was quickly
injected into the vigorously stirred mixture. The color of the
solution changed gradually from brick-red to grey, indicating
the formation of silver microcubes. The reaction mixture was
stirred for another 30 min aer completing the reaction. The
precipitate was separated by centrifugation, washed with
deionized water and ethanol repeatedly, and dried at 60 �C for
4 h in a vacuum oven. Then, the as-synthesized Ag hollow
microcubes and PVP (0.6 g) were dissolved into deionized water
(10 mL). Finally, different concentrations of FeCl3 solution (5
mL) were added to the solution containing Ag nanosheets and
PVP drop by drop under continuous stirring. The AgCl nano-
particles were in situ formed on the Ag nanosheet surface by the
oxidation of Ag and FeCl3, where FeCl3 was selected not only as
the Cl� source but also as the oxidizing agent. The solution
mixture was magnetically stirred for 30 min to ensure
a complete reaction. Using this approach, Ag/AgCl samples with
various molar ratios were equally synthesized. The collected Ag/
AgCl microcubes were rinsed four times with deionized water
and centrifuged at 5000 rpm to get rid of unwanted FeCl3 and
PVP. In addition, nitrogen doped TiO2 (N-TiO2) and P25-TiO2/Ag
were used as photocatalysts in a controlled test. N-TiO2 was
synthesized by calcining P25-TiO2 at 600 �C for 4 h in NH3. P25-
TiO2/Ag was prepared according to the literature:26,27 P25-TiO2

powder (100 mg) was taken in different test tubes containing
120mL water and 30mLmethanol, along with a certain amount
of AgNO3 solution (0.01 mM) and Ag–TiO2 were purged with
argon for 30 min and irradiated with a 400 W UV lamp under
constant magnetic stirring for 2 h. The obtained solutions were
centrifuged and washed with deionized water followed by
ethanol. The resulting suspensions were separately dried in an
oven at 60 �C for 12 h.

2.3 Characterization

The crystal phase of the as-obtained products was characterized
by X-ray diffraction (XRD) with a powder XRD system
(D8-ADVANCE, Bruker, Germany) using Cu Ka radiation
(l ¼ 1.54056 Å). The morphology of Ag/AgCl microcubes was
observed using a eld-emission scanning electron microscope
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 XRD patterns of Ag and Ag/AgCl microcubes with various
compositions (Ag : AgCl, (a) 3 : 1, (b) 1 : 1, (c) 1 : 3, and (d) 0 : 1).
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(FESEM, Nova NanoSEM 450, FEI, USA). The compositions of
the products were investigated using an energy-dispersive X-ray
spectrometer (EDS) attached to the FESEM instrument. UV-Vis
absorption spectra were recorded using a Cary 5000 UV-Vis
spectrophotometer. X-ray photoelectronic spectroscopy (XPS)
tests were carried out on an X-ray photoelectron spectrometer
(XPS, AXIS ULTRA) and the binding energy of the spectrum was
corrected by the reference of the C 1s peak (284.6 eV).

2.4 Photodegradation experiments

The photocatalytic performance of the as-synthesized Ag/AgCl
hollow microcubes was evaluated by the phenol degradation
experiments because phenol is a colorless, non-volatile and acute
toxic organic pollutant in industrial waste water.28,29 160 mg photo-
catalysts were suspended in phenol (120 mL, 10 mg L�1) aqueous
solution. To achieve the absorption equilibrium, the obtained
suspensionwas stirred for 30min in the dark before irradiation. The
light source was a solar simulator (xenon lamp 500 W) equipped
with a cutoff lter (400 nm). During the process of photocatalytic
reaction the suspensions (2.0 mL) were taken out at specic irradi-
ation intervals, with removal of the photocatalyst by centrifugation.
A Varian high-performance liquid chromatography (HPLC) system
was equipped with an ultraviolet detector and it was adjusted at
269 nm to analyze the concentration of phenol. Themobile phase in
a C18-reverse phase column was acetonitrile (70%)–water (29.5%)–
phosphoric acid (0.5%) and the ow rate was 0.4 mL min�1.

3. Results and discussion
3.1 Morphology and structure characterization

Fig. 1a shows that Ag hollow microcubes assembled by nano-
sheets were successfully prepared. The Ag microcubes were
uniform with an average length of about 1.3 mm, and the
microcubes presented a relatively rough surface and an internal
hollow structure (Fig. 1b and c). Uniform Ag hollow microcubes
were selected as the chemical template and reacted with FeCl3.
Aer reaction, the morphologies of the obtained samples were
characterized by FESEM. In Fig. 1d, the morphology of the Ag/
AgCl product still maintained a uniform microcube structure
Fig. 1 Typical FESEM (a, b, d and e) and TEM (c and f) images of hollow
Ag microcubes (a–c) and Ag/AgCl microcubes (d–f).

© 2021 The Author(s). Published by the Royal Society of Chemistry
and had a similar size to the Ag microcube template, which
suggested that AgCl nanoparticles were instantly formed on the
Ag microcubes. Even though Ag/AgCl microcubes maintained
the hollow structure, the surface of Ag/AgCl microcubes
changed from nanosheets to nanoparticles with an average size
of tens of nanometers because the polycrystalline nanosheets
on the surface of original Ag hollow microcubes were composed
of Ag nanoparticles.

The XRD proles of Ag and Ag/AgCl hollow microcubes with
various component ratios are shown in Fig. 2. All the peaks of Ag
hollow microcubes revealed that Ag was a cubic structure
(JCPDS no. 04-0783). From XRD data, it could be seen that as
FeCl3 content increased, the XRD peak intensity of Ag slightly
decreased until it completely vanished, and that of cubic-
structure AgCl (JCPDS no. 31-1238) increased correspondingly.
This indicated that Ag/AgCl hollow microcubes with various
component proportions can be synthesized by adjusting the
quantity of FeCl3.

To investigate the inuence of FeCl3 concentration on the
morphology of Ag/AgCl hollow microcubes, Ag/AgCl hollow
microcubes with different compositions were further studied by
FESEM. As shown in Fig. 3, with the increasing ratio of FeCl3 to
Ag, the particles on the surface of Ag/AgCl microcubes become
Fig. 3 FESEM images (a–d) of Ag/AgCl microcubes with various
compositions (Ag : AgCl, (a) 3 : 1, (b) 1 : 1, (c) 1 : 3, and (d) 0 : 1), and
their corresponding magnified images (e), (f), (g) and (h), respectively.

RSC Adv., 2021, 11, 26311–26318 | 26313
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Fig. 4 EDS spectra of Ag/AgCl microcubes with various compositions (Ag : AgCl, (a) 3 : 1, (b) 1 : 1, (c) 1 : 3, and (d) 0 : 1).
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denser gradually. The mean size of Ag/AgCl hollow microcubes
was about 1.3 mm, indicating that the obtained Ag/AgCl prod-
ucts copied the original hollow Ag microcube template. Though
the magnied images show that the nal products consisted of
nanoparticles, the packing density was signicantly different. In
Fig. 3e–h, when the ratio of Ag to AgCl was higher than 1 : 1, the
surface of Ag/AgCl microcubes with a large number of pores was
composed of loose nanoparticles, but when the ratio of Ag to
AgCl was lower than 1 : 3, almost no pores could be observed.
Fig. 5 XPS spectra of Ag/AgCl microcubes with various compositions
(Ag : AgCl, (a) 3 : 1, (b) 1 : 1, (c) 1 : 3, and (d) 0 : 1).
3.2 The composition of hollow Ag/AgCl microcubes

The composition and surface chemical state of Ag/AgCl hollow
microcubes can be investigated by EDS and XPS. In Fig. 4, EDS
of the Ag/AgCl hollow microcubes exhibited strong peaks of Ag,
Cl, and O. The ratios of Ag to AgCl are about 2.24 : 1, 0.8 : 1,
1 : 2.94 and 0 in EDS spectra corresponding to Ag/AgCl micro-
cubes with various compositions (Ag : AgCl, (a) 3 : 1, (b) 1 : 1, (c)
1 : 3, and (d) 0 : 1). This variation in readings of actual content
and observed amount is because the EDS technique takes into
account a particular point instead of the whole catalyst surface
for analysis, and thus, the metal concentration or percentage
may be less than expected.26 In these spectra, when the amount
of FeCl3 increases, the ratio of Cl to Ag equally increases, which
indicates that more AgCl was generated in the obtained prod-
ucts. This result was consistent with that of XRD mentioned
above. XPS spectra of Ag/AgCl hollow microcubes with various
compositions are shown in Fig. 5. All binding energies were
corrected by the reference value of C 1s (284.6 eV). In Fig. 5, the
spectrum of Ag 3d with two peaks (367.0 and 373.0 eV) corre-
sponded separately to the binding energies of Ag 3d5/2 and Ag
3d3/2.30,31 In Fig. 5a, the peaks of Ag 3d deconvolution were
respectively 373.5, 374.1, 367.5 and 368.4 eV. The peaks at 374.1
and 368.4 eV were attributed to the peak of metal Ag0, while the
bands at 373.5 and 367.5 eV could be attributed to the peak of
Ag+.32 In Fig. 5a–c, there were Ag and AgCl in the Ag/AgCl
products, but in Fig. 5d, no peak of metal Ag0 was observed,
26314 | RSC Adv., 2021, 11, 26311–26318
which indicated that Ag has been totally transformed to AgCl.
According to the area of tting peaks, the molar ratios of Ag0 to
Ag+ (3 : 1, 1 : 1, 1 : 3 and 0) could be calculated. With the
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 UV-Vis absorption spectra of Ag/AgCl microcubes with various
compositions (Ag : AgCl, (a) 3 : 1, (b) 1 : 1, (c) 1 : 3, and (d) 0 : 1).
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increase of FeCl3, the ratio of Ag0 to AgCl decreased, clearly
indicating that Ag0 was oxidized to Ag+. The Cl 2p spectrum in
Fig. 5 corresponded to the binding energy of Cl 2p1/2 and Cl 2p3/
2, respectively. Furthermore, EDS and XPS results suggested that
Ag/AgCl hollow microcubes with controllable components
could be obtained by this method.

3.3 Photocatalytic activity and mechanism

In addition, the UV-Vis absorption spectra of the products with
different component ratios are shown in Fig. 6. In the spectra
Fig. 6a–c, there was a wide absorption peak in the visible range
of 400–700 nm owing to the several reections inside the inte-
rior hollow structure, the increase of the average photon path
length, and the surface plasmon resonance effect of Ag.33 In
Fig. 6d, the AgCl sample can absorb solar energy with wave-
lengths shorter than 400 nm and no absorption peak was
observed in the visible range.12
Fig. 7 (a) Photocatalytic degradation of phenol under visible light
using various photocatalysts (- blank experiment, C N-TiO2, B Ag/
P25-TiO2, hollow Ag/AgCl and Ag/AgCl microcubes) with various
compositions (Ag : AgCl, A 3 : 1, :1 : 1,; 1 : 3 and + 0 : 1). (b) Linear
kinetics for photodegradation of phenol by different photocatalysts, (c)
kinetic constants, and (d) cycling degradation rate for phenol of Ag/
AgCl (Ag : AgCl ¼ 1 : 3).

© 2021 The Author(s). Published by the Royal Society of Chemistry
To determine the photocatalytic performance of the
synthesized Ag/AgCl hollow microcubes, we carried out photo-
catalytic phenol degradation experiments under visible light
with the obtained products having different component ratios.
For comparison, N-TiO2 and P25-TiO2/Ag were used as photo-
catalysts and their relative information is provided in Fig. S1.†
Fig. 7 displays the time-dependent change of the ratio of phenol
concentration to initial concentration measured according to
the photocatalytic process. It could be seen from Fig. 7 that the
photocatalytic activity of Ag/AgCl was the highest with the ratio
of Ag to AgCl (1 : 3), and more than 91.6% of phenol could be
degraded in 150 min. Fig. 7b can be characterized as the rst-
order rate constant diagram of phenol degradation by various
products under visible light, and the illustration showed the
degradation rate histogram. It can be seen from the gure that
the rst-order rate constants are 0.0005, 0.0025, 0.0089, 0.0072,
0.0107, 0.0162 and 0.0037 min�1, corresponding to the blank
experiment (without a catalyst), N-TiO2, Ag/P25-TiO2, Ag/AgCl
with various compositions (the ratio of Ag to AgCl: 3 : 1, 1 : 1,
and 1 : 3) and pure AgCl, respectively. The maximum rate
constant of AgCl/Ag (the ratio of Ag to AgCl ¼ 1 : 3) was about
6.48-fold and 1.82-fold higher than that of N-TiO2 and Ag/P25-
TiO2 nanoparticles.

For the good application of a photocatalyst, its stability is as
important as its photocatalytic activity. Therefore, the stability
of the photocatalyst with the Ag/AgCl ratio of 1 : 3 was studied
by cyclic experiments. As shown in Fig. 7d, even aer four
cycling runs of phenol photodegradation, the photocatalytic
activity has no obvious change, which indicates that the
prepared Ag/AgCl hollow microcube photocatalyst has good
photocatalytic stability.

The photocatalysis mechanism of Ag/AgCl hollow micro-
cubes was disclosed by active species trapping measurements.
In this work, isopropyl alcohol (IPA), benzoquinone (BQ) and
triethanolamine (TEOA) were applied to scavenge cOH, cO2

�

and h+, respectively.34,35 It was found that no obvious decrease of
photocatalytic performance was observed when IPA was added,
indicating that cOH could not change the photocatalytic
process. Nevertheless, the degradation efficiencies decreased
greatly with the existence of benzoquinone (BQ) and trietha-
nolamine (TEOA), conrming that the main active species were
cO2

� and h+ and played an important role in the process of
photocatalysis.

According to the above active species trapping measurement
results, a possible photocatalytic mechanism of Ag/AgCl was
proposed and is shown in Fig. 8. It is reported that the band gap
of AgCl is about 3.25 eV.36,37 Based on UV-Vis reectance spec-
trometry in Fig. 6, the band gap of AgCl can be determined by
the following equation:38

ahn ¼ A
�
hn� Eg

�n
2

where a, n, Eg and A are the absorption coefficient, light
frequency, band gap, and a constant, respectively. For AgCl, the
value of n is 4 for the indirect transition39 and the intercept of
the tangent to the X axis would give a good approximation of the
Eg (Fig. S2†). The band gap of the AgCl sample obtained is about
RSC Adv., 2021, 11, 26311–26318 | 26315
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Fig. 8 The proposed schematic diagram of the Ag/AgCl composite for
the photocatalytic degradation of phenol under visible light irradiation.
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3.22 eV, which is close to the value in the literature.36,37 Clearly,
AgCl can't absorb visible light owing to its wide band gap.
Therefore, the photo-produced electrons were only generated by
Ag nanoparticles due to the SPR effect. The generated hot
electrons of Ag nanoparticles under visible light have sufficient
energy within 1.0–4.0 eV and the electrons could be transferred
to the conduction band of AgCl.5,11 As the conduction band
potential of AgCl (�0.06 eV) is more negative than that of O2/
cO2

� (�0.046 eV), the oxygen dissolved in the solution captured
the electrons on the surface of AgCl to produce cO2

� active
species, which can further oxidize the phenol.40 Meanwhile, the
remaining photoinduced holes of Ag nanoparticles could also
directly contribute to oxidize phenol. The compact interface of
Ag/AgCl hollow microcubes could effectively promote the
photoelectron transfer and yield the improvement of photo-
catalytic performance.

The mechanism proposed could also be used to explain the
dependence of photocatalytic performance on the ratio of Ag to
AgCl in our experiment of photocatalytic degradation of phenol.
According to the mechanism, photocatalytic performance of Ag/
AgCl hollow microcubes was related to the hot electron
concentration of Ag and the separation efficiency of photoin-
duced carriers was dependent on the amount of Ag nano-
particles in Ag/AgCl and on the nanoscale spatial distribution of
supported Ag nanoparticles.21,22 Based on the experimental
results of photocatalytic degradation of phenol, the as-obtained
Ag/AgCl hollow microcubes (the ratio of Ag to AgCl ¼ 1 : 3)
showed the highest photocatalytic capability under visible-light
illumination. The reason might be ascribed to two aspects
including the content of Ag and the surface porous structure of
Ag/AgCl hollow microcubes in our experiments. Ag/AgCl hollow
microcubes (the ratio of Ag to AgCl ¼ 3 : 1) not only have the
most visible light absorbance but also more number of pores on
the surface which results in higher adsorption capability for
phenol molecules than all other Ag/AgCl. However, it still
26316 | RSC Adv., 2021, 11, 26311–26318
exhibited lower photocatalytic performance than the Ag/AgCl
hollow microcubes (the ratio of Ag to AgCl ¼ 1 : 1 and 1 : 3),
which may be related to the content of Ag in the Ag/AgCl
composite microcubes, since photocatalytic performance was
also strongly inuenced by the content of Ag in previously re-
ported composite catalysts.33,41 For the as-obtained Ag/AgCl
composite microcubes, Ag nanoparticles would produce pho-
togenerated hot electrons and holes under visible light illumi-
nation, which can be transferred to the conduction band of
AgCl.9,12 Consequently, the photocatalytic performance of the
AgCl/Ag samples depends intimately on the interaction between
AgCl and metallic Ag. It was reported that the interface between
the AgCl and Ag would be enlarged with the higher Ag content
in the Ag/AgCl composite, thereby increasing hole capture by
the negative surface charge on the Ag nanoparticles, which may
reduce the efficiency of charge separation.42 In addition, high
proportion of Ag in Ag/AgCl hollow microcubes enhances elec-
tron capture by neighboring Ag nanoparticles and reduces the
photocatalytic activity.21 In a word, the proper content of Ag and
surface structure of Ag/AgCl microcubes in our experiments
made the Ag/AgCl (the ratio of Ag to AgCl ¼ 1 : 3) show the
highest photocatalytic activities.
4. Conclusions

In summary, Ag/AgCl hollow microcube photocatalysts with
different components and a number of tiny Ag/AgCl hetero-
junctions were successfully synthesized by the oxidation of
a nanosheet-assembled Ag hollow microcube template. By
adjusting the quantity of the oxidizing agent FeCl3, the micro-
cubes with various compositions were obtained. The Ag/AgCl
hollow microcubes with adjustable compositions could not
only result in multiple light reections in the cavity with an
improvement in the visible light absorption ability, but also
enhance the separation efficiency of photogenerated charges by
regulating the heterojunction interface of Ag/AgCl. Ag/AgCl
hollow microcubes with a ratio of Ag to AgCl of 1 : 3 had the
best photocatalytic performance for the degradation of 91.6% of
phenol in 150 min, which was mainly ascribed to the efficient
light-harvesting for the generation of photoinduced carriers in
Ag/AgCl and effective charge separation at the interfaces
between Ag and AgCl. This study provides a new possibility for
the rational design of other highly efficient composite photo-
catalysts through structural and component regulation.
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