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a b s t r a c t

The sorption and photocatalytic decolorization (under irradiation of monochromaticitic 355 nm-pulsed-
laser) behaviors of Rhodamine 6G (Rh 6G) in presence of BiOCl semiconductor in aqueous solution
were studied in this paper. The sorption kinetic and isotherm behaviors of Rh 6G over BiOCl catalyst
were investigated and discussed through pseudo-second-order/intraparticle diffusion models and Lang-
muir/Freundlich models, respectively. The effect of critical parameters such as catalyst dosage, initial
concentration of Rh 6G, and laser pulse energy on the photocatalytic decolorization process was inves-
eywords:
iOCl
orption kinetics
orption isotherm
hotocatalytic
hodamine 6G
ulsed-laser

tigated. The photocatalytic decolorization and photonic efficiency of BiOCl was compared with standard
catalyst (TiO2) and the obtained results were discussed in terms of their band edge position. Finally, the
chemical stability of BiOCl photocatalyst was studied by measuring the X-ray diffraction (XRD) pattern
of BiOCl samples after the reaction.

© 2010 Elsevier B.V. All rights reserved.
ulliken electronegativity

. Introduction

During the last few decades, considerable attention has been
irected towards the use of semiconductors (as represented
y TiO2) to oxidize organic contaminants and such method is
onsidered to be one of the most promising industrial efflu-
nt water treatment processes [1]. Recently, bismuth oxyhalides,
iOX (X = Cl, Br, I), have received much interests due to their
otential applications in decomposing organic compounds for
nvironmental remediation [2–11], photo-electrochemical conver-
ion [12] and splitting water into hydrogen and oxygen gases
6].

Bismuth oxychloride (BiOCl) is a wide bandgap semicon-
uctor with a band gap value of 3.19–3.44 eV [2,5,6,10,13]. In
ecent studies, it has been reported that BiOCl can be effectively

sed as photocatalyst to decompose organic pollutants under UV
nd UV–vis light irradiation [2,5]. Moreover, the photocatalytic
esponse of BiOCl was found to be better than that of commercial
egussa P25 (TiO2), in spite of their similar band gap values. These

∗ Corresponding author at: Laser Research Group, Physics Department, King Fahd
niversity of Petroleum and Minerals, Box 372, Dhahran 31261, Saudi Arabia.
el.: +966 38602351; fax: +966 38602293.

E-mail address: magondal@kfupm.edu.sa (M.A. Gondal).

385-8947/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.09.025
initial results demonstrated that BiOCl could be used as a poten-
tial photocatalyst under UV light irradiation and can compete with
TiO2.

Recently, owing to the unique properties like monochro-
maticity, high intensity, and low beam divergence, lasers have
been used in our laboratory and elsewhere to achieve high
efficiencies in photocatalytic splitting of water [14,15], decom-
position of toxic organic matters [16,17], and antimicrobial
applications [18]. In the present study, the sorption and pulsed-
laser-induced (� = 355 nm) photocatalytic decolorization behaviors
of Rhodamine 6G (Rh 6G) in presence of BiOCl semiconduc-
tor in aqueous solution were studied systematically. The initial
photocatalytic decolorization efficiencies of BiOCl and P25 were
compared and discussed based on the band edge position calcu-
lation results. In addition, the crystal-structure stability of BiOCl
photocatalyst during laser-induced photocatalysis and the pos-
sible catalytic process was initially investigated and discussed
as well.

2. Experimental
2.1. Materials and reagents

TiO2 (product name P25; Mw: 79.9 g/mol; 80% anatase and 20%
rutile; BET specific surface area: 50 m2/g, agglomerated P25 parti-

dx.doi.org/10.1016/j.cej.2010.09.025
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:magondal@kfupm.edu.sa
dx.doi.org/10.1016/j.cej.2010.09.025
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pore-structure and the similar bandgap-value between TiO2 and
as-prepared BiOCl sample.
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le size: 30–50 nm, approximately) was kindly supplied by Degussa
ompany. BiOCl photocatalyst with sheet morphology (Mw:
60.5 g/mol; BET surface area was determined to be 1.74 m2/g,
he sheet size and thickness was roughly measured at 700 nm and
0 nm, respectively) was prepared according to the previous report
10]. The target pollutant Rh 6G (analytic grade, Mw: 479.02 g/mol)
as provided by Merck Company. Distilled water was used for the
reparation of solutions and all chemicals were used without fur-
her purification.

.2. Characterization of photocatalyst

The crystal structure of BiOCl was determined by X-ray diffrac-
ometer (XRD, Bruker D8 ADVANCE) using Cu-K� X-ray source
� = 0.15418 nm). The N2 adsorption–desorption analysis was car-
ied out on a NOVA 4000 (Quantachrome Corporation) instrument.
iffuse reflectance spectroscopy (UV–vis) DRS measurement was
erformed at room temperature on a Hitachi U-3010 spectropho-
ometer by using BaSO4 as reference.

.3. Adsorption kinetics/isotherm experiment

Adsorption kinetics experiment was carried out with a thermo-
tatic shaker at 150 rpm at 298 K. Experiment was performed by
lacing 0.1 g of BiOCl sample in a glass flask containing 200 mL
f Rh 6G solution at 7 and 15 ppm. 2–4 mL Rh 6G solution was
ampled from the glass flask at certain time intervals. Adsorption
sotherm experiment was carried out with a thermostatic shaker at
50 rpm at 298 K for 48 h and experiments were performed using
batch equilibrium technique by placing 0.1 g of BiOCl sample

n a glass flask containing 200 mL of Rh 6G solution at various
oncentrations. The change in concentration of Rh 6G was mon-
tored by UV–vis spectrometer (JASCO, V-570) at wavelength of
26 nm.

.4. Photocatalysis experiment

A 355 nm wavelength high power laser beam, generated from
he third harmonic of the Spectra Physics Nd:YAG laser (Model
CR 250) with a pulse width of ∼8 ns, was employed as the light
ource and the diameter of laser beam was expanded to ∼1.0 cm
o avoid the destructive effect of radiation. The experimental setup
sed to study the photocatalytic reaction was described in detail

n our earlier publication [16]. The photonic efficiency (PE) for the
hotocatalytic reaction was calculated as well in order to further
valuate the catalytic performance. The calculation method is given
s follows:

photonic efficiency %

= number of dye molecules decomposed/time
number of photons of wavelength � absorbed/time

× 100%

(1.1)

umber of photons of wavelength � absorbed = EL · t

h�
(1.2)

here EL is the laser energy in Joule, t the time in seconds, h
he Planks constant and � is the frequency of the incident laser.
hus the photonic efficiency (%) can be described through the

xpression of total number of dyes molecules decomposed divided
y total number of photons of laser incident and multiply by
00. In addition, a 6 W UV germicidal lamp was employed as a
V light source for comparison with laser. During all the pho-

ocatalytic reactions, the volume of the solution was controlled
t 150 mL.
Fig. 1. N2 adsorption–desorption isotherm and XRD pattern (inset) of BiOCl photo-
catalyst.

3. Results and discussion

3.1. Microstructure characterization

In the X-ray diffraction pattern shown in Fig. 1 (inset), all the
diffraction peaks match well with the crystal structure of the tetrag-
onal BiOCl phase (space group: P4/nmm (129), JCPDS No. 82-0485).
The presented hysteresis loop in N2 adsorption–desorption curves
(as given in Fig. 1) shows the small amount of pore structures
in BiOCl photocatalyst owning to the stacking of the sheet-like
morphology of BiOCl [10]. The result of N2 adsorption–desorption
suggested the BET specific surface area of BiOCl was 1.74 m2/g.
The band gap of BiOCl photocatalyst was calculated at 3.2–3.5 eV
through UV–vis DRS measurement and Tuac’s approach (as shown
in Fig. 2) [19,20]. The characterization results mentioned above
demonstrate the high purity, low specific surface area, poor
200 300 400 500 600 700 800 900 1000

Wavelength (nm)

Fig. 2. UV–vis DRS of BiOCl photocatalyst and its relationship between Ephoton and
(Ephoton)1/2 by Tauc approach.
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molecules on BiOCl can be fitted well by both Langmuir and Fre-
undlich model. The theoretical monolayer capacity qm of BiOCl
was calculated at 6.26626 mg/g by Langmuir fitting as well. It is
worth noting that although Langmuir equation is derived from the
assumption of monolayer coverage, it is not reasonable to deduce
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 sorption isotherm
 Freundlich fitting
 Langmuir fitting
Time (min)

ig. 3. (a) The adsorption capacity variations of Rh 6G with adsorption time on BiO
oncentration of Rh 6G = 7 and 15 ppm; BiOCl dosage = 0.5 g/L).

.2. Sorption kinetics and isotherm

The sorption behavior of Rh 6G molecules on the surface of BiOCl
atalyst is a significant process during photocatalysis. As shown
n Fig. 3(a), the dependence of Rh 6G adsorption capacity on con-
act time between Rh 6G and BiOCl catalyst, suggests that the
dsorption–desorption equilibrium can be obtained after contact
ime of 25 h. The pseudo-second-order model which assumes that
he sorption rate is controlled by chemical sorption and the sorp-
ion capacity is proportional to the number of active sites on the
dsorbent [21] was used to fit the kinetic data, in order to obtain
he adsorption kinetics of Rh 6G molecules on BiOCl. The pseudo-
econd-order model can be expressed in the form as follows:

t

qt
= 1

kq2
eq

+ 1
qeq

t (1.3)

here t is the adsorption time, qt the adsorption capacity for a spe-
ific time, k (g/mg min) the rate constant of pseudo-second-order
dsorption and qeq (mg/g) the equilibrium adsorption capacity.
able 1 and Fig. 3(a) give the fitted results of pseudo-second-order
odel, demonstrating the good correlation coefficients (r2 > 0.96)

or the pseudo-second-order kinetic model by using BiOCl cata-
yst, implying the interaction of chemical adsorption could possibly
ccurred during the sorption process.

The external diffusion and intraparticle diffusion are generally
onsidered as two important steps during a typical sorption process
22]. In order to investigate the rate-control step in our adsorption
f Rh 6G molecules on BiOCl catalyst, the intraparticle diffusion
odel (which can be expressed as follows) was adopted:

t = kpt1/2 + C (1.4)

here kp (mg/(g h0.5)) is the intraparticle diffusion rate constant
nd C is the intercept. The relevant fitting results given in Table 1
nd Fig. 3(b) clearly shows that the adsorption process have rela-
ive well fitting linear relationship between qt and t−0.5 lasting for
40 min, but not passing through the origin point, implying that
ontribution of intraparticle diffusion is not the rate-controlling
tep [23]. Thus it can be concluded that external diffusion, or both

f external and intraparticle diffusions are the rate-controlling step
22]. This is because Rh 6G molecules could possibly diffuse into the
nner pore-structures of BiOCl catalyst (as displayed in Fig. 1).

The Langmuir and Freundlich isotherm models were selected to
valuate the adsorption capacity of adsorbents and understand the
Time1/2 (min)

(b) their intraparticle diffusion models (experimental condition: T = 298 K; initial

interactions between adsorbate and adsorbent, which assumes that
the sorption occurred at the specific homogeneous sites within the
adsorbent and as the adsorbate concentration in solution increases
so too does the concentration of adsorbate on the adsorbent surface
[24,25]. These two models can be expressed respectively as:

qe = bqmCe

1 + bCe
(1.5)

qe = KC1/n
e (1.6)

where qe is the equilibrium concentration (mg/L), qe the amount
of Rh 6G adsorbed (mg/g), qm the theoretical monolayer capac-
ity (mg/g) and b is the adsorption equilibrium constant (L/mg). K
(mg1−1/n L1/n/g) and n are the Freundlich constants representing
the adsorption capacity and adsorption intensity, respectively.

As given in Table 2 and Fig. 4, the sorption isotherm of Rh 6G
4 765 98 10 11 12 13
0

C
e
 (mg/L)

Fig. 4. Adsorption isotherms of Rh 6G on the BiOCl and modeling using the Langmuir
and Freundlich equations (experimental condition: T = 298 K; BiOCl dosage = 0.5 g/L).
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Table 1
Kinetic parameters of the pseudo-second-order and intraparticle–diffusion models for Rh 6G adsorption on BiOCl at 298 K.

Initial Rh 6G concentration (mg/L) Pseudo second order kinetic model Intra-particle diffusion model

qe (mg/g) k r2 kp (mg/g min1/2). C (mg/g) r2

7 4.27305 0.00688 0.98074 0.13491 1.62921 0.69205
15 4.67122 0.01153 0.96028 0.13574 2.3942 0.85743
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ig. 5. Rh 6G was only photolyzed, adsorbed in the dark, and photocatalytically d
iOCl semiconductor catalysts and photolysis (b), and visible light spectral changes
f photolysis and adsorption was also calculated and shown in (a). Experimental con

hat the monolayer coverage adsorption process of Rh 6G molecules

n the adsorbents could be occurred, and the plateau regions in the
orption isotherms of Rh 6G on such BiOCl could possibly be the
esult of the condensed liquid being filled in pores of the catalyst
26].

able 2
arameters of Langmuir and Freundlich adsorption models for Rh 6G molecules on BiOCl

Freundlich model

K(mg1−1/n L1/n/g) 1/n r2

3.88563 0.15282 0.71192
ized over BiOCl (a), the plots of photonic efficiency versus laser exposure time for
G in BiOCl dispersions as a function of irradiation time (c). Contribution to the sum

s: dosage = 0.4 g/L, initial concentration C0 = 7 ppm, laser plus energy = 58.6–60.2 mJ.

3.3. Effect of irradiation time
The effect of irradiation time on the photocatalytic decoloriza-
tion of Rh 6G in the presence of BiOCl was investigated and obtained
result is depicted in Fig. 5(a). Rh 6G which was only photolyzed and

at 298 K.

Langmuir model

qm (mg/g) b (L/mg) r2

6.26626 0.76462 0.75136
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ance over BiOCl. Experimental conditions: reaction time = 20 min, laser plus
nergy = 59.1–60.9 mJ, C0 = 7 ppm (for dosage effect study); reaction time = 20 min,
aser plus energy = 60.7–61.3 mJ, dosage = 0.4 g/L (for dosage effect study).

dsorbed in the dark was also studied as a comparison. The results
ndicated that approximately 68% of Rh 6G was decomposed pho-
olytically (the highest PE value was 4.6% at 10 min, as shown in
ig. 5b) and around 13% was adsorbed on the surface of photocat-
lyst after 50 min reaction. When BiOCl was used as photocatalyst,
t catalyzed the photolytic decolorization of Rh 6G effectively and
he photocatalytic decolorization of dye was reached to 98% (the
ighest PE value was calculated at 13.1% after photocatalysis for
0 min, as shown in Fig. 5b) after 50 min under identical conditions.
he contribution to the sum of photolysis and adsorption was also
alculated and shown in Fig. 5(a), proving the synergetic effect of
he photocatalysis reaction. From the photocatalytic kinetic curve
hown in Fig. 5(a), the decomposition of Rh 6G was found to be
ery fast at the beginning of several minutes and then it became
lower with increasing the reaction time, which is one of the typi-
al characteristics of pseudo first order kinetics. The displayed UV
pectral variations (Fig. 5c) during the photocatalysis demonstrated
he absorbance intensity decreasing of the major absorption peak at
26 nm which was attributed to the conjugated structure, and the
bsorption peak was not apparent after 50 min reaction. In addi-
ion during the comparison studies using laser and UV lamp, it
as noticed that the photocatalytic decolorization efficiency (only

bout 35.3%) was much lower using conventional UV lamp as the
ight source as compared to pulsed laser, demonstrating the high
fficiency within short time of this new combined method utilizing
hotocatalyst and pulsed laser.

.4. Effect of catalyst dosage and initial Rh 6G concentration

The effect of catalyst dosage on the photocatalytic decoloriza-
ion process of dye was investigated using different amount of
iOCl varying from 0.05 to 0.6 g/L. It was found that the catalyst
osage can also affect the photocatalytic performance dramatically
Fig. 6) and there was an optimum amount of BiOCl catalyst for
he maximum decolorization of dye. The decomposition of the tar-
et pollutant was found to increase with the increase in catalyst
mount up to the value of 0.4 g/L and a further increase in catalyst
osage could not contribute in the enhancement of photocatalytic

ecolorization process which is in agreement with previous studies
27,28]. It is not difficult to understand that lower catalytic activ-
ty was exhibited under low catalyst dosage, because of smaller
mount of catalytic active sites. But nevertheless, the decoloriza-
Fig. 7. Dependence of dye decolorization % on the incident laser energy through
photocatalysis and photolysis. Experimental conditions: dosage = 0.4 g/L, initial con-
centration C0 = 7 ppm, reaction time = 20 min.

tion starts to be saturated if the dosage is much higher than the
optimal value because an increase in opacity and light scattering of
BiOCl and a decrease in the number of catalytic surface active sites
caused by aggregation of BiOCl particles under high dosage amount
[28].

The influence of initial Rh 6G concentration (varying from 7
to 14 ppm) on the photocatalytic decolorization process is given
in Fig. 6. The decolorization rate (%) was estimated to be 98.1%,
97.8%, 89.1%, 88.1%, 74.1% and 68.4% for initial concentrations of
Rh 6G of 7.0 ppm, 8.96 ppm, 10.08 ppm 11.2 ppm, 12.6 pm and
14.0 ppm, respectively. The trend of Rh 6G decolorization shows a
strong dependence on its initial concentration and the decoloriza-
tion rate increases with the decreasing initial concentration and
such tendency is in agreement with the Langmuir–Hinshelwood
rate expression which has been successfully used for describing
the heterogeneous photocatalytic kinetic process [29].

3.5. Effect of laser energy

The laser energy is a significant parameter to control the laser-
induced photocatalytic reaction. The effect of incident laser pulse
energy on the photocatalytic and photolytic decolorization of Rh
6G was studied and the obtained results are presented in Fig. 7. It
is obvious from Fig. 7 that the decolorization rate becomes almost
independent on the laser energy in both, photocatalysis and pho-
tolysis, the processes. This phenomenon may be attributed to the
fact that an increase in laser energy can generate higher number
of photons and thereby the number of the actives species (such as
OH radicals) in the reaction media and consequently the photo-
catalytic and photolytic decolorization of dye under investigation.
When the incident laser pulse energy was kept 3.3 mJ, the photo-
catalytic decolorization was estimated to be ∼22.5% after reaction
of 20 min and about 95% Rh 6G decolorization was obtained when
the laser energy was increased to 82 mJ. However, in case of photol-
ysis process, only 60% decolorization rate was obtained when the
incident laser pulse energy was 151 mJ.
3.6. Photocatalytic activity comparison between BiOCl and P25

The photocatalytic activity of Degussa P25, a standard photocat-
alyst, was also evaluated under identical experimental conditions
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ig. 8. Photocatalytic activity comparison between BiOCl and P25 (a), plots of phot
nd energetic diagrams of BiOCl and TiO2 (c). Experimental conditions: dosage = 1 m

nd obtained results were compared with that of BiOCl, whose
andgap is close to P25. It was noticed that P25 owns higher total
urface area (1 mmol, ∼4.0 m2) in the reaction than that of as-
repared BiOCl catalyst (1 mmol, ∼0.45 m2), and actual particle size
f P25 is far lower than that of as-prepared BiOCl catalyst and
uch smaller size may contribute to higher quantum yield [30].
ur results revealed that the photocatalytic response of both the
atalysts were similar for the decolorization of Rh 6G (Fig. 8a),
nd the highest PE values for BiOCl and P25 were estimated at
.5% and 8.3% (at 15 min, as given in Fig. 8b), respectively. These
esults demonstrated that the specific surface area and bandgap
f the photocatalysts may not be the most dominated reasons for
hotocatalytic decolorization of dye molecules from aqueous solu-
ions. Therefore, it is necessary to discuss the mechanism deeply
n terms of their band structure. Previously, ultraviolet photoelec-
ron spectroscopy (UPS) [31], flatband-potential-determination
ased photoeletrochemical techniques [32–34] were two impor-
ant methods to test the electrochemical potentials of conduction

and (CB) and valence band (VB). Recently, a theoretical method
ased on the absolute (or Mullikan) electronegativity was used
idely to predict band position of semiconductors and such simple
ethod can be in good agreement with the experimental results

or semiconductor compounds [35–38].
fficiency versus laser exposure time for BiOCl and P25 semiconductor catalysts (b)
150 mL; initial concentration C0 = 7 ppm; Laser plus energy = 25.7–29.2 mJ.

In this study, the band edge potentials of CB/VB of BiOCl and
TiO2 semiconductors were theoretically speculated and compared
(as displayed in Table 3), assuming the bandgap values of BiOCl
and TiO2 are 3.4 eV and 3.2 eV, respectively. The calculated results
revealed that the VB top potential of BiOCl (∼3.56 eV) was more
positive than that of the TiO2 (∼2.91 eV) because of its higher abso-
lute electronegativity. The lower position of the VB band edge
for BiOCl could be a significant reason during the photocatalytic
process, which implied a stronger oxidization ability of the photo-
generated holes (displayed in Fig. 8c). Previously, Jiang et al. [39]
studied and discussed the photocatalytic degradation mechanism
of methyl orange on BiOBr semiconductor through band edge calcu-
lation as well, suggesting the availability of this theoretical method
for bandedge calculations of such bismuth oxyhalides series semi-
conductor compounds. However, one recent research carried out
by Chai et al. [8] suggested that the VB band edge of BiOCl is
∼2.4 eV (SHE) which was calculated by density functional theory
(DFT) method and is very different from our result. Although the

obvious error of DFT method for the band-structure parameters cal-
culation (such like bandgap value) has been widely known [40], the
results difference is still unclear and further work needs to be done
in the future. On the other hand, previous density functional theory
(DFT) analysis also suggested that the lowest unoccupied orbitals
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Table 3
Relevant parameters of Ti, O, Bi, Cl atoms (ionization energy, atomic electron affinity and absolute electronegativity) and TiO2, BiOCl semiconductors (absolute electronega-
tivity, bandgap and electrochemical potentials of CB/VB band edges).

Element Elements Catalysts Semiconductors

Atomica

ionization energy
Atomica electron
affinity

Absolute elec-
tronegativity

Bandgap Absolute elec-
tronegativity

CB band edge
electrochemical potential

VB band edges
electrochemical potential

Ti 6.82812 0.079 3.45356
TiO2 3.2 5.81193

-
0.28807 2.91193Bi 7.2855 0.942362 4.11393
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Cl 12.96763 3.612724 8.29018
BiOClO 13.61805 1.4611096 7.53958

a The relevant data were selected from [44].

LUMO) in BiOCl crystals, which was mainly composed of Bi6p, O2p,
nd Cl3p states, were supposed to be much more dispersed and it
ould be deduced that such configuration may be more favorable
or the charge carrier transportation (an excited electron to travel a
onger distance) in BiOCl crystals [41], compared to the 3d orbitals
ominated in TiO2 LUMO [2].

As a heterogeneous photocatalyst, the chemical stability in
ater and irradiation is an important issue related to the practi-

al use of the photocatalyst in the area of water purification. Thus
n order to investigate the stability of as-prepared BiOCl photocat-
lyst, we examined the XRD pattern of BiOCl crystal after 50 min
hotocatalysis under incident laser energy of ∼60 mJ. The result
iven in Fig. 9 indicates that the apparent changes of BiOCl crys-
al structure cannot be found and all the diffraction peaks are in
greement with those of the tetragonal BiOCl phase before laser
rradiation, demonstrating the excellent chemical stability of as-
repared photocatalyst.

A possible initial process on photocatalytic decolorization of Rh
G molecules from water phase over BiOCl catalyst can be achieved
n the basis of the discussions above. As a typical kind of a cationic
ye with pKa = 7.5 [42], the ionic Rh 6G molecules adsorbed on the
urface of BiOCl crystals through electrostatic or intermolecular
orce and this process mainly followed the pseudo-second-order
inetic process and the rate-controlling step of external diffusion.
recent work reported by Chen et al. [43] showed that the elec-

rons from CB of BiOCl can directly reduce either chlorine radical

r the azo-bond of methyl orange molecules (which was used as
odel pollutant) during the photocatalytic process, and hydroxyl

adical (•OH) was considered as the main oxidative species in the
iOCl photocatalysis process. Therefore it is reasonable that the
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ig. 9. XRD pattern of BiOCl recorded after 355 nm laser irradiation in Rh 6G aqueous
olutions for 50 min.
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following process would take place during the UV-laser induced
photocatalysis over BiOCl semiconductor:

BiOCl
355 nm laser-excitation−→ BiOCl(eCB

− + hVB
+)

hVB
+ + Cl−(surface) → •

Cl(bonded)
•
Cl(bonded) + eCB

− → Cl−(ionized)
hVB

+ + OH−(H2O) → •
OH

•
OH + Rh.6G+ → decolorization/further mineralization

Thus the adsorbed Rh 6G molecules were further decolorized or
decomposed/oxidized by hydroxyl radicals which were formed
from the valence band of BiOCl semiconductor.

4. Conclusions

The present study described the interfacial sorption and
355 nm-pulsed-laser induced photocatalytic decolorization behav-
iors of Rh 6G molecules in aqueous suspensions of as-prepared
BiOCl. The sorption kinetics and isotherm of Rh 6G on BiOCl cat-
alyst were investigated. The pseudo-second-order model can well
describe the sorption kinetics of Rh 6G on BiOCl catalyst and the
intraparticle diffusion model can relatively well fit its sorption in
the initial stage. The sorption isotherm shows that the maximum
sorption capacities of Rh 6G on BiOCl were 6.26626 mg/g accord-
ing to the Langmuir model. The effect of catalyst dosage, initial
concentration of Rh 6G and laser pulse energy on photocatalytic
process was studied. Almost complete (∼95%) decolorization of
dye was achieved within 50 min of irradiation, and the highest PE
value can be obtained at 13% after photocatalysis for 10 min as well.
BiOCl exhibited similar photocatalytic activity to P25 under identi-
cal conditions possibly due to a stronger oxidization ability of the
photo-generated holes in BiOCl semiconductor. The photocatalyst
BiOCl was found to be chemically stable under the applied laser
irradiation process.
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