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Abstract Spherical LaFeO3 nanoparticles with an average
size of 35 nm were synthesized by a polyacrylamide gel
route. Ag nanoparticles of 8–18 nm in size were decorated
onto LaFeO3 particle surface by a chemical reduction
method to yield Ag–LaFeO3 composites. The samples were
characterized by X-ray powder diffraction, scanning elec-
tron microscopy, transmission electron microscopy,
ultraviolet–visible diffuse reflectance spectroscopy, and
photoluminescence spectroscopy. It is found that LaFeO3

particles have two bandgap energies of 2.59 and 2.24 eV,
which undergo almost no change when decorated with Ag
nanoparticles. photoluminescence spectra demonstrate that
the decoration of LaFeO3 particles with Ag nanoparticles
leads to a decreased recombination rate of photogenerated
electrons and holes. The photocatalytic activity of the
samples was evaluated by degrading Rhodamine B under
simulated-sunlight irradiation. Compared to bare LaFeO3

particles, Ag–LaFeO3 composites exhibit an obviously
enhanced photocatalytic activity. The formed •OH was
examined by photoluminescence spectroscopy using ter-
ephthalic acid as the •OH scavenger, revealing an enhanced
yield on the irradiated Ag–LaFeO3 composites. To clarify
the role of active species in the photocatalysis, the effect of
ammonium oxalate (h+ scavenger), ethanol (•OH sca-
venger), benzoquinone (•O2

− scavenger), and N2 on the
Rhodamine B degradation as well as the •OH yield was
investigated. Based on the experimental results, •OH and

•O2
− are suggested to be the main active species causing the

dye degradation.
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1 Introduction

With the ever-growing demand for paper, textile, paint and
cosmetic products, a proportional increase in generation of
wastewater containing various organic dyes has been
observed simultaneously. It is estimated that every year
more than one million tons of organic dyes are produced by
chemical industries all over the world. Most of the organic
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dyes have a complicated polyaromatic structure, and are
hardly decomposed by self-purification action. The organic
dyes in wastewater must be removed or destroyed into
harmless inorganic substances before being released into the
natural environment. Solar energy is an abundant, inex-
haustible, non-polluting, and free source of energy. How to
utilize solar energy to decompose dye pollutants has
become an important research subject in the field of dye
wastewater treatment. Among various dye wastewater
treatment technologies, semiconductor-based photocatalysis
has received a great interest because it allows the use of
solar energy for the decomposition of dye pollutants. When
a semiconductor is irradiated with light having an energy
greater than its Eg, electrons (e−) are excited from the
valence band (VB) to the conduction band (CB), leaving
behind holes (h+) in the VB. The photogenerated electrons
and holes migrate to the semiconductor surface, and parti-
cipate in a series of reduction and oxidation reactions, thus
leading to the decomposition of dye pollutants. Efficient
separation of e−–h+ pairs is one of the key points to achieve
a good photocatalytic activity of the semiconductor. Fur-
thermore, development of visible-light-responsive photo-
catalysts is crucial for the effective utilization of sunlight
and hence the industrial application of photocatalytic
technology.

In recent years, a great deal of interest has been
devoted to perovskite-type photocatalysts, particularly
including rare-earth orthoferrites RFeO3 (where R
represents rare earth elements) because of their promising
photocatalytic properties [1–24]. Generally, rare-earth
orthoferrites such as CeFeO3 [3], PrFeO3 [4], SmFeO3

[5], YFeO3 [6, 7], GdFeO3 [8, 9], TbFeO3 [10], LuFeO3

[11], and LaFeO3 [12–24] have a relatively small bandgap
energy of 2.0–2.6 eV compared to the well-known TiO2

photocatalyst with a bandgap energy of 3.2 eV, making
them attractive as efficient visible-light-responsive photo-
catalysts. As one of the representatives of rare-earth ortho-
ferrites, LaFeO3 with an orthorhombic perovskite-type
structure is particularly interesting. Since the discovery of
the photocatalytic degradation of Rhodamine B (RhB)
aqueous solution and photocatalytic decomposition of water
into hydrogen over LaFeO3 under visible-light irradiation
[12, 13], LaFeO3 has been extensively studied as a pro-
mising visible-light driven photocatalyst [14–25].

It is well established that the overall photocatalytic
activity of a photocatalyst depends on numerous factors
including its crystalline phase, morphology, microstructure
and surface area. Effectively suppressing the recombination
of photogenerated electrons, and holes is crucial to achieve
a good photocatalytic activity of the photocatalyst. One of
the promising strategies for achieving this goal is through
the decoration of the photocatalyst with noble metal (e.g.
Ag, Au, Pt, etc.) [26–28]. When the photocatalyst is

decorated by noble metal particles, electrons generated in
the irradiated photocatalyst are expectedly captured by
noble metal particles that act as efficient electron sinks,
leaving behind holes on the photocatalyst surface. As a
result, photogenerated holes are increasingly available to
participate in photocatalytic reactions. Li et al. fabricated
the ribbon-like porous Ag/LaFeO3 nanobelt photocatalyst
via electrospinning, and found that the composite photo-
catalyst exhibited enhanced photocatalytic performance
compared to bare LaFeO3 [29]. However, a more detailed
investigation on the involved photocatalytic mechanism is
still indispensable. In this study, we adopted a poly-
acrylamide gel route as described in the literature [30] to
synthesize LaFeO3 nanoparticles. Ag nanoparticles were
assembled onto the surface of LaFeO3 particles via a che-
mical reduction method to yield Ag–LaFeO3 nanocompo-
sites. The photocatalytic performance and mechanism of the
as-prepared Ag–LaFeO3 photocatalyst was investigated by
the degradation of RhB under simulated-sunlight
irradiation.

2 Experimental

2.1 Preparation of LaFeO3 particles

All raw materials and chemical reagents used in the
synthesis of LaFeO3 particles were of analytical grade
without further purification. 0.0075 mol of La(NO3)3 and
0.0075 mol of Fe(NO3)3 were dissolved in 20 mL of dilute
nitric acid solution. Then to the solution were successively
added 0.0225 mol of citric acid (i.e., 1.5 times the amount of
total La3+/Fe3+ ions), 20 g of glucose, and 0.135 mol of
acrylamide (i.e., 9 times the amount of total La3+/Fe3+

ions). Every step mentioned above was accompanied by a
constant magnetic stirring to make the additives dissolve
completely. The mixture solution was made up to 100 mL
by adding distilled water and then heated at 80 °C on a hot
plate to initiate the polymerization reaction. After 4 h of
reaction, the mixture solution was translated into a gel. The
obtained gel was dried at 120 oC for 24 h in a thermostat
drier. The formed xerogel was ground into powder and
submitted to calcination in a tubular furnace at 500 oC for
3 h. After the tubular furnace was cooled down to room
temperature naturally, LaFeO3 nanoparticles were obtained.

2.2 Deposition of Ag onto LaFeO3 particles

Ag nanoparticles were deposited onto LaFeO3 particles by a
chemical reduction method. 0.1 g of LaFeO3 particles was
dispersed in 20 mL of absolute ethyl alcohol, and then the
suspension was ultrasonically treated for 30 min. 0.2 mL of
AgNO3 solution with a concentration of 0.2 mol L−1 (M)
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was added to the suspension under magnetic stirring in ice-
water bath. To the mixture was slowly added 1.84 mL of
0.1 M NaBH4 solution drop by drop under quick stirring,
during which time Ag+ ions were reduced to form small Ag
particles onto the surface of LaFeO3 particles. The involved
chemical reaction can be described by Eq. (1). After full
deposition of Ag nanoparticles for another 20 min, the
precipitate was collected and washed several times with
distilled water, and then submitted to drying in a thermostat
drying oven at 60 °C for 4 h to obtain Ag–LaFeO3 com-
posite particles.

2AgNO3 þ 4NaBH4 þ 10H2O ! 2Agþ 2NH3

þ4NaOH þ 4B OHð Þ3 þ 7H2
ð1Þ

2.3 Sample characterization

The crystal structure of the samples was determined by
means of X-ray powder diffraction (XRD) with Cu Kα
radiation (λ= 0.15406 nm). The morphology and micro-
structure of the samples was investigated by field-emission
scanning electron microscopy (SEM) and field-emission
transmission electron microscopy (TEM). The ultraviolet
(UV)-visible diffuse reflectance spectrum of the samples
was measured on a UV–visible spectrophotometer with an
integrating sphere attachment by using BaSO4 as the
reference. The photoluminescence (PL) spectra of the
samples were measured on a fluorescence spectro-
photometer with the excitation wavelength of 315 nm.

2.4 Photocatalytic evaluation

The photocatalytic activity of the samples was evaluated by
degrading RhB in aqueous solution under simulated-
sunlight irradiation from a 200W xenon lamp (solar
simulator). The initial concentration of RhB was 2 mg L−1

and the photocatalyst loading was 0.1 g in 100 mL of RhB
solution. Before photocatalysis, the suspension was mag-
netically stirred for 30 min in the dark in order to attain the
adsorption/desorption equilibrium of RhB onto the photo-
catalyst surface. During the photocatalysis process, the
reaction solution was kept at room temperature by cooling
the photocatalytic reactor with a water-cooling system. At
given intervals of time, a small amount of the reaction
solution was taken out to measure the concentration of
RhB. Before measurement the photocatalyst particles
were removed by centrifuging at 4000 r min−1 for 10 min.
The RhB concentration was determined by measuring
the absorbance of the solution at a fixed wavelength of
λ= 554 nm using a UV-visible spectrophotometer. The
degradation efficiency is defined as (C0− Ct)/C0× 100%,

where C0 and Ct represent the initial RhB concentration and
the remaining RhB concentration after photocatalysis for
time t, respectively.

2.5 Detection of hydroxyl (•OH)

•OH formed over the simulated-sunlight-irradiated photo-
catalyst was examined by PL spectroscopy using ter-
ephthalic acid (TPA) as the •OH scavenger. TPA tends to
react with •OH to produce 2-hydroxyterephthalic acid
(TAOH) that is a highly fluorescent compound exhibiting
characteristic PL at around 429 nm. The PL intensity is in
proportion to the amount of produced •OH. TPA solution
with a concentration of 0.25 mmol L−1 was prepared by
dissolving TPA in a 1.0 mmol L−1 NaOH solution. 0.1 g of
the photocatalyst was added to 100 mL of the TPA solution.
After magnetically stirred for 30 min in the dark, the mixed
solution was irradiated by a 200W xenon lamp. After
reaction for a certain period of time, a small portion of
the reaction solution was pipetted out and centrifuged at
4000 r min−1 for 10 min to remove the photocatalyst. The
upper clear solution in the centrifuge tube was used for the
PL measurement at a fluorescence spectrophotometer with
the excitation wavelength of 315 nm.

3 Results and discussion

Figure 1 shows the XRD patterns of LaFeO3 particles and
Ag–LaFeO3 composites, along with the standard XRD line
pattern for LaFeO3 orthorhombic structure (PDF card No.
037-1493). For bare LaFeO3 particles, all the diffraction
peaks can be well indexed according to the standard

Fig. 1 XRD patterns of LaFeO3 particles and Ag-LaFeO3 composites,
along with the standard XRD line pattern for LaFeO3 orthorhombic
structure (PDF card No. 037-1493)

J Sol-Gel Sci Technol (2017) 82:509–518 511



diffraction pattern of LaFeO3, implying the formation of
single orthorhombic perovskite phase. For Ag–LaFeO3

composites, additional weak diffraction peaks assignable to
Ag are visible in the XRD pattern, indicating the formation
of Ag onto LaFeO3 particles. Furthermore, from the XRD
pattern LaFeO3 particles are seen to undergo no structural
change when decorated with Ag nanoparticles.

Figure 2a shows the SEM image of LaFeO3 particles,
revealing that the particles are regularly shaped like spheres.
Figure 2b gives the statistical estimation of the primary
particle size distribution (measured by Heywood diameter).
It is seen that the particle size distribution ranges from 20 to
60 nm and 70% of the particles have a size in the range of
30–40 nm. The average size of the particles is estimated to
be 35 nm.

The microstructure of Ag-decorated LaFeO3 particles
was investigated by TEM. Figure 3a shows the TEM image
of Ag–LaFeO3 composites. The dominant particles, identi-
fied to be LaFeO3 particles, are spherically shaped with an
average size of 35 nm. The morphology and size of LaFeO3

particles observed by TEM basically agrees with that
observed from the SEM image. Much smaller-sized parti-
cles with size of 8–18 nm are seen to be decorated onto
LaFeO3 particles, as indicated by arrows, and these ultrafine
particles are identified to be Ag nanoparticles. Figure 3b
shows the high resolution TEM (HRTEM) image of
Ag–LaFeO3 composites, revealing good assembly of Ag
nanoparticles onto the surface of LaFeO3 particles. It is
clear that Ag nanoparticles display perfect crystal lattice
fringes with an interplanar distance of 0.236 nm, which
correspond to the (111) crystal plane of Ag. No internal
defects are visible in the monocrystalline Ag nanoparticles.
Moreover, clear crystal lattice fringes are also observed for
LaFeO3 particles, implying that they have a good crystal-
lization. Figure 3c shows the selected area electron dif-
fraction (SAED) pattern of Ag–LaFeO3 composites, clearly
presenting polycrystalline diffraction rings. Almost all of
the diffraction rings can be indexed in terms of the LaFeO3

orthorhombic structure. Weak diffraction rings or spots
assignable to Ag are also visible in the SAED pattern, and
as an example, Ag (111) diffraction ring is indicated in the
SAED pattern. The SAED result implies that LaFeO3 par-
ticles remain in well-crystallized orthorhombic perovskite
phase without undergoing structural change when decorated
with Ag nanoparticles. Figure 3d shows the high-angle
annular dark-field (HAADF) scanning TEM image of
Ag–LaFeO3 composites, further revealing that spherical
LaFeO3 particles are decorated with ultrafine Ag nano-
particles. The corresponding elemental mapping images of
the region indicated in Fig. 3d are given in Fig. 3e. The
elements La, Fe and O have a nearly identical distribution,
implying no chemical composition segregation in the
LaFeO3 phase. The observed uniform distribution of the Ag

element suggests that Ag nanoparticles are uniformly
assembled onto LaFeO3 particles without aggregation. The
chemical composition of Ag–LaFeO3 composites is further
confirmed by the energy dispersive analysis of X-ray (EDX)
spectrum, as shown in Fig. 3f. Besides the signatures of the
constituent elements of LaFeO3 crystals, the signature from
Ag element is clearly included in the spectrum. The
observed C signature could arise from the microgrid used
for supporting the sample. It is noted that EDX is sensitive
to heavy elements like La and Fe, but not to light elements
like O. This suggests that EDX can be used to precisely
determine the content of heavy elements. From the EDX
spectrum, the atomic ratio of La to Fe is obtained as 1:1,
which is in good agreement with the La/Fe atomic ratio of
LaFeO3 phase.

Figure 4a shows the UV-visible diffuse reflectance
spectra of LaFeO3 particles and Ag–LaFeO3 composites. It
is seen that the decoration of Ag nanoparticles significantly
enhances the visible light absorption of LaFeO3 particles.
The bandgap energies of the samples can be obtained from

Fig. 2 a SEM image of LaFeO3 particles. b Statistical estimation of
the primary particle size distribution
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the corresponding first derivative spectra as shown in
Fig. 4b, where the peak wavelengths are characterized to be
the absorption edges of the samples. For LaFeO3 particles,
two absorption edges are observed at 478.1 and 554.5 nm,
which are attributed to the ligand field transition of Fe3+

(i.e., ligand to metal charge transfer, LMCT), and the
excitation of two adjacent high-spin Fe3+ centers (i.e., metal
to metal charge transfer, MMCT), respectively [31]. From
the absorption edges, the two bandgap energies of LaFeO3

particles are obtained as 2.59 and 2.24 eV. When decorated
with Ag nanoparticles, the two absorption edges of LaFeO3

particles undergo almost no shift, implying a negligible
change in their bandgap energies.

To understand the recombination behavior of photo-
generated e−–h+ pairs in the photocatalysts, the PL spectra
of LaFeO3 particles and Ag–LaFeO3 composites are mea-
sured, and the results are shown in Fig. 5. An obvious PL
emission peak is observed at around 490 nm, which origi-
nates from the recombination of photogenerated electrons
and holes. Compared to bare LaFeO3 particles, Ag–LaFeO3

composites have a relatively weak PL intensity, implying
that the decoration of LaFeO3 particles with Ag nano-
particles results in a decrease in the e−–h+ recombination.
This is ascribed to the effective electron transfer from
LaFeO3 to Ag nanoparticles.

Figure 6a shows the photocatalytic degradation of RhB
over LaFeO3 particles and Ag-LaFeO3 composites under
simulated-sunlight irradiation as a function of irradiation
time (t). The blank experiment result is also shown in
Fig. 6a, revealing that in the absence of the photocatalyst,
RhB appears to be stable under simulated-sunlight irradia-
tion and only about 6% of the dye is observed to be
degraded after 360 min of irradiation. Before photocatalysis,
the adsorption of RhB onto the photocatalyst is measured
in the dark at 30 min of contact time. The dye adsorption is
obtained as 6 and 10% for LaFeO3 particles and
Ag–LaFeO3 composites, respectively. Generally a moderate
adsorption of the dye onto the photocatalyst surface favors
the photocatalytic reaction because the produced active
species responsible for the dye degradation are dominantly
located at the photocatalyst surface. On irradiation with
simulated-sunlight in the presence of the photocatalyst, RhB
undergoes a substantial degradation with increasing the
irradiation time, and its percentage degradation reaches 66%
for LaFeO3 particles and 94% for Ag–LaFeO3 composites.
It is obvious that Ag-decorated LaFeO3 particles exhibit an
enhanced photocatalytic activity compared to bare LaFeO3

particles. Figure 6b shows the plots of ln(Ct/C0) vs. irra-
diation time (t) for LaFeO3 particles and Ag–LaFeO3

composites. It is seen that the photocatalytic degradation of

Fig. 3 a TEM image of Ag-LaFeO3 composites. b HRTEM image of
Ag–LaFeO3 composites. c SAED pattern of Ag–LaFeO3 composites.
d HAADF scanning TEM image of Ag–LaFeO3 composites. e The

corresponding elemental mapping images of the region indicated in
(d). f EDX spectrum of Ag–LaFeO3 composites
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RhB can be well modeled using the first-order kinetic
equation ln(Ct/C0)=−kappt, where kapp is the apparent first-
order reaction rate constant (min−1) [32]. The rate constant
kapp is obtained as 0.00296 min−1 for LaFeO3 particles and
0.0078 min−1 for Ag–LaFeO3 composites. This implies that
the photocatalytic activity of LaFeO3 particles is increased
by 1.6 times when decorated with Ag nanoparticles.

In the photocatalysis, the active species responsible for
the dye degradation mainly include h+, •OH, and super-
oxide (•O2

−) [33]. To clarify the role of these active species
in the photocatalysis, we investigate the effect of ammo-
nium oxalate (AO), ethanol, and benzoquinone (BQ) on the
photocatalytic degradation of RhB over Ag–LaFeO3 com-
posites. It is known that AO, ethanol, and BQ can be
used as the scavengers of h+, •OH, and •O2

−, respectively
[34]. Figure 7a shows the time-dependent photocatalytic
degradation of RhB by separately adding 0.1 mmol of
AO, 10 mL of ethanol, and 0.1 mmol of BQ in 100 mL

reaction solution. The degradation percentages of RhB after
360 min irradiation are given in Fig. 7b. It is found that
when adding AO and ethanol to the reaction solution, the
photocatalytic degradation of RhB is significantly sup-
pressed, only reaching 22 and 12% after 360 min of pho-
tocatalysis, respectively. This implies that h+ and •OH play
an important role in the photocatalysis. Considering that h+

will combine with OH− and/or H2O to form •OH, it is
concluded that •OH is the dominant active species respon-
sible for the dye degradation. The addition of BQ leads to a
slight suppression of the dye degradation, indicating that
•O2

− plays a relatively minor role in the dye degradation.
Note that •O2

− derives from the reaction between dissolved
O2 and photogenerated e−, and its role on the dye degra-
dation can be further clarified by investigating the effect of
N2 on the photocatalytic efficiency since the dissolved O2

can be removed from the solution by the N2-purging pro-
cedure. The photocatalytic degradation of RhB under N2-
purging condition is shown in Fig. 7, demonstrating that the
dye degradation is slightly suppressed. This result further
confirms that •O2

− plays a relatively minor role for the dye
degradation.

To reveal the photocatalysis mechanism, we also
examine the •OH formed over the simulated-sunlight-
irradiated photocatalyst by spectrofluorimetry using TPA
as the •OH scavenger. Figure 8a show the PL spectra of the
TPA solution reacted for 360 min over LaFeO3 particles
and Ag–LaFeO3 composites, along with the blank experi-
ment result. In the absence of the photocatalyst, the TPA
solution after 360 min of irradiation shows no PL signal at
429 nm. On irradiation in the presence of LaFeO3 particles
or Ag–LaFeO3 composites, the TPA solution shows
obvious PL signal centered around 429 nm. This indicates
that •OH is produced over the simulated-sunlight-irradiated
LaFeO3 and Ag–LaFeO3 photocatalysts. Furthermore, the

Fig. 4 a UV-visible diffuse reflectance spectra of LaFeO3 particles
and Ag–LaFeO3 composites. b The corresponding first derivative
spectra

Fig. 5 PL spectra of LaFeO3 particles and Ag–LaFeO3 composites
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PL signal becomes more intense when Ag–LaFeO3 com-
posites are used as the photocatalyst compared to bare
LaFeO3 particles, implying an enhanced yield of •OH over
the irradiated Ag-LaFeO3 composites. The enhanced yield
of •OH consequently leads to an enhanced photocatalytic
activity for Ag-decorated LaFeO3 particles. Figure 8b
shows the effect of AO, ethanol, BQ and H2 on the PL
spectrum of the TPA solution reacted for 360 min over the
simulated-sunlight-irradiated Ag–LaFeO3 composites.
When adding ethanol to the TPA reaction solution, the PL
signal disappears completely, implying that •OH is quen-
ched by ethanol. On the addition of AO, only a weak PL
signal is observed for the TPA solution, indicating a sig-
nificant decrease in the production of •OH. This is because
that the photogenerated h+ is captured by AO, and thus no
h+ is available for the generation of •OH. The observed
small amount of •OH (determined from the weak PL sig-
nal) could derive from the reaction between photogenerated
e− and O2/H

+. When adding BQ or purging with N2, the
PL signal intensity undergoes a negligible change,

indicating that BQ and N2 have almost no effect on the
yield of •OH.

Based on the experimental results, a possible photo-
catalytic mechanism is proposed to elucidate the dye
degradation over Ag-decorated LaFeO3 particles, as shown
in Fig. 9. When LaFeO3 particles are irradiated with light of
energy greater than their Eg, electrons are excited from the
VB to the CB, simultaneously creating holes in the VB.
Generally, most of the photogenerated carriers recombine
quickly, leaving behind only a few carriers participating in
the photocatalytic reaction. To achieve a good photo-
catalytic activity of a semiconductor, it is indispensable to
effectively promote the separation of e−–h+ pairs. When
LaFeO3 particles are decorated with ultrafine Ag particles,
photogenerated electrons tend to migrate from LaFeO3 to
Ag particles. The electron transfer process results in a
decrease in the recombination rate of e−–h+ pairs, which is
evidenced by the PL spectra given in Fig. 5, and as a result,
more holes and electrons are available for the photocatalytic
reaction. To further understand the photocatalytic

Fig. 7 a Effect of AO, ethanol, BQ, and N2 on the time-dependent
photocatalytic degradation of RhB over Ag–LaFeO3 composites. b
The corresponding degradation percentages of RhB after 360 min
irradiation

Fig. 6 a Time-dependent photocatalytic degradation of RhB over
LaFeO3 particles and Ag–LaFeO3 composites under simulated-
sunlight irradiation, along with the blank experiment result. b Plots
of ln(Ct/C0) vs. irradiation time (t) for LaFeO3 particles and
Ag–LaFeO3 composites
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mechanism, it is necessary to get the CB and VB edge
potentials of LaFeO3 because the redox ability of photo-
generated electrons and holes is highly dependent on the
energy-band potentials of the photocatalyst. The CB
potential of LaFeO3 can be calculated using the following
relation [35].

ECB ¼ X � Ee � 0:5Eg

ECB ¼ X � Ee þ 0:5Eg

ð2Þ

where X is the absolute electronegativity of LaFeO3,
Ee is the energy of free electrons on the hydrogen
scale (4.5 eV), and Eg is the bandgap energies of LaFeO3

(2.59 eV for LMCT and 2.24 eV for MMCT). The value of
X is defined as the arithmetic mean of the electron affinity
and the first ionization of the constituent atoms, and
estimated to be 5.55 eV for LaFeO3 according to the data
reported in literature [36, 37]. The CB and VB potentials of
LaFeO3 are therefore calculated to be −0.25/−0.07 V and

+2.34/+2.17 V vs. NHE (normal hydrogen electrode),
respectively. The CB potential of LaFeO3 is negative to
the Fermi level of Ag (+0.4 V vs. NHE [38]), implying that
the electron transfer from LaFeO3 to Ag is thermodynami-
cally feasible. Generally, there are two possible paths to
produce •OH in the photocatalytic system [11]. One is the
oxidative path through combination of the photogenerated-
h+ with OH− or H2O, and the other is the reductive path
through combination of the photogenerated e− with O2/H

+.
The redox potentials of OH−/•OH and H2O/•OH are +1.89
and +2.72 V vs. NHE [39], which are negative and positive
to the VB potential of LaFeO3, respectively. This suggests
that, from a thermodynamic point of view, the photo-
generated h+ can react with OH− (but cannot react with
H2O) to produce •OH. The redox potential of O2/H2O2

(+0.695 V [40]) is positive to the CB potential of LaFeO3

as well as the Fermi level of Ag, and as a result, the
photogenerated e− at both LaFeO3 and Ag can also react
with O2/H

+ to produce •OH. It is noted that on the addition
of AO (an h+ scavenger) to the reaction solution, the yield
of •OH is caused to be significantly reduced (Fig. 8b). This
indicates that •OH is produced dominantly through the
combination of h+ with OH−. On the exhaustion of h+

caused by AO, however, a small amount of •OH is still
observed to be generated, and this small portion of •OH is
expectedly derived from the combination of e− with O2/H

+.
The redox potential of O2/•O2

− (−0.13 V [41]) is positive to
the CB potential of LaFeO3, and thus the photogenerated e−

can react with O2 dissolved in the reaction solution to
produce •O2

−. This is why the addition of BQ (an •O2
−

scavenger) to the reaction solution or purge with N2 also
has an influence on the photocatalytic degradation of
RhB. Based on the experimental results and analysis, •OH
and •O2

− are suggested to be the main active species
responsible for the dye degradation. The main reactions
involved in the photocatalytic process can be briefly

Fig. 9 Schematic illustration of the photocatalytic mechanism of
Ag–LaFeO3 composites

Fig. 8 a PL spectra of the TPA solution reacted for 360 min over
LaFeO3 particles and Ag–LaFeO3 composites. b Effect of AO, etha-
nol, BQ and H2 on the PL spectrum of the TPA solution reacted for
360 min over Ag–LaFeO3 composites
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described as follows.

LaFeO3 þ hν ! LaFeO3 e� þ hþð Þ ð3Þ

hþ þ OH� ! •OH ð4Þ

2e� þ O2 þ 2Hþ ! H2O2 ð5Þ

e� þ H2O2 ! •OHþ OH� ð6Þ

e� þ O2 ! •O2
� ð7Þ

•OH; •O2
� þ RhB ! degradation products ð8Þ

We also investigate the photocatalytic stability of
Ag–LaFeO3 composites by the recycling photocatalytic
experiment. After the first cycle of the photocatalysis was
completed, the photocatalyst is collected and washed with
water, followed by drying in a thermostat drier. The
recovered photocatalyst is introduced to the fresh RhB
solution for the next cycle of the photocatalytic experiment
under the same conditions. This process is repeated for three
times. Figure 10 shows the photocatalytic degradation of
RhB over Ag-LaFeO3 composites during the four photo-
catalytic cycles, revealing an excellent recycling stability of
the photocatalyst. At the 4th cycle of the photocatalysis, the
RhB degradation still reaches a high value of 91% after
irradiation for 6 h.

4 Conclusions

A polyacrylamide gel route was used to synthesize spherical
LaFeO3 nanoparticles with an average size of 35 nm.
Ag–LaFeO3 composites were prepared by depositing Ag
nanoparticles (8–18 nm in size) onto LaFeO3 particle sur-
face through a chemical reduction method. When decorated

with Ag nanoparticles, the two bandgap energies of LaFeO3

particles undergo almost no change and are determined to
be 2.59 and 2.24 eV. The photocatalytic experiment reveals
that Ag-LaFeO3 composites exhibit an enhanced photo-
catalytic activity toward the RhB degradation under
simulated-sunlight irradiation compared to bare LaFeO3

particles. This can be explained by the effective separation
of e−–h+ pairs due to the e− transfer from LaFeO3 to Ag
nanoparticles and hence the increased availability of carriers
for the photocatalytic reaction. On the addition of AO and
ethanol to the reaction solution, the RhB degradation is
significantly suppressed, while the addition of BQ or purge
with N2 leads to a relatively slight suppression of the dye
degradation. Moreover, the addition of AO leads to a sig-
nificant decrease in the •OH yield, and the addition of
ethanol causes the quenching of •OH. Based on the
experimental results, •OH and •O2

− are suggested to be the
main active species responsible for the dye degradation.
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