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a b s t r a c t
As synthesized coupled CdS-AgBr nanoparticles (NPs) (CCAN) were characterized by X-ray 
diffraction, scanning electron microscopy, photoluminescence and ultraviolet-visible diffuse reflec-
tance spectroscopy techniques. The surface charge of the individual CdS NPs, AgBr NPs and the 
resulted coupled CdS-AgBr system was estimated at 6.3, 4.6, and 5.6, respectively. Then, the pho-
tocatalytic activity of the individual and the coupled systems was tested towards decolorization 
of methylene blue (MB) in aqueous solution and about 39%, 60%, and 80% of MB molecules were 
respectively decolorized by CdS NPs, AgBr NPs, and CdS-AgBr CCAN during 30 min photocatalytic 
decolorization experiments. Change in a mole ratio of the involved semiconductors of the coupled 
system changed the photo decolorization activity and the best response was obtained for the catalyst 
with a mole ratio of 1:4 CdS:AgBr. Kinetic of the process was followed and the results showed that the 
Langmuir-Hinshelwood model can model the process and a relatively fast reaction with a rate con-
stant about 3.49 × 10–2 min–1 was distinguished. Mineralization extent of MB aqueous solution during 
the decolorization experiments was followed by chemical oxygen demand (COD) technique and the 
results showed that the initial COD value of 1,280 mg O2 L–1 was decreased to 640 and 480 mg O2 L–1 
after 30 and 60 min of decolorization of MB solution. The catalyst retained its initial activity during 
4 successive reusing runs.

Keywords:  CdS-AgBr nano-composite; Heterogeneous photocatalysis; Methylene blue; Langmuir- 
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1. Introduction

Increased using of dye compounds in different indus-
tries such as textile, food, laser, pharmaceutical, solar cells, 
etc. have caused serious contamination of the environment 
in recent decades. Especially, effluents from textile indus-
tries have well known as very dangerous polluted systems 
because of their carcinogenic, allergic, mutagenic, and geno-
toxic contents [1–5]. So far, different physical, chemical, or 
biological processes (or in some cases a combination of the 

methods) have been used for removing different organic/
inorganic pollutants or to eliminate solids (or in some cases 
nutrients) from water/wastewater samples [6–20]. In physical 
methods (such as coagulation, filtration, flocculation, pre-
cipitation, solvent extraction, ion exchange, etc.) the waste 
material is isolated or separated from the mainstream. These 
methods involve little or no degradation of the waste and 
commonly transfer the pollutant from one phase to another 
that need further purifications. Other disadvantages of these 
methods are high-energy requirements and production of 
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toxic sludge or other waste products that require further dis-
posal. The biological treatment method needs to especial care 
like pH and aeration to hold the microbes’ activities because 
the main process is the use of microbes to feed on the organic 
waste [21,22].

There are some recalcitrant contaminants in wastewater 
that resist elimination by generally applied physical and/or 
chemical treatment processes. In such cases, chemical oxida-
tion processes can be used to destroy these stable compounds 
through oxidation and reduction reactions. This chemical 
method has a common name of an advanced oxidation 
process (AOP). This method is based on the production of 
different reactive radicals such as hydroxyl, superoxide, 
and sulfate radicals, etc. as the powerful oxidants for non- 
selectively destroying of different organic materials and 
their degradation intermediates. However, the hydroxyl 
radical is known as the main radical that is responsible for 
the degradation of organic pollutants. This powerful radi-
cal can be generated in different AOP methods such as ozo-
nation, O3/H2O2, H2O2/UV, Fenton’s process (Fe(II)–H2O2), 
heterogeneous photocatalysis, etc. [21–23]. In spite of the 
cost-effective property of the common homogeneous Fenton 
systems as a source of hydroxyl radicals, some major draw-
backs limited its industrial applications. These drawbacks 
can be classified to (a) the suitable pH range of the reac-
tion, (b) the recovery of the precipitated catalyst at the end 
of the process, and (c) interfering effects of some ion-com-
plexing agents such as phosphate anions that can deactivate 
the catalyst. In addition, further treatment of the resulting 
sludge (that contains organic substances as well as heavy 
metals) may increase the overall cost of the process [22].

Thus, the heterogeneous photocatalysis based on the 
semiconducting materials has been widely used as the most 
effective, green, cost-effective environmentally friendly 
AOP technique. In this technique, when the used semi-
conductor is irradiated by a photon with adequate energy 
equal or greater than the bandgap energy of the semicon-
ductor, the photogenerated electrons and holes (e–/h+ pairs) 
can generate in its conduction (Cb) and valence (Vb) bands, 
respectively. These e–/h+ pairs can react with dissolved oxy-
gen and water molecules (or hydroxyl anions) and produce 
•O2

– and •OH, respectively. All generated reactive species (e–/
h+ pairs and the radicals) can attack the organic/inorganic 
pollutants present in media and break them into smaller 
fragments. Especially, hydroxyl and superoxide radicals 
can act as non-selective oxidants for destroying different 
organic pollutants. This non-selective property is an import-
ant advantage of the semiconducting based photodegrada-
tion processes because these radicals can destroy different 
pollutants in water and finally mineralize the degradation 
products to water and carbon dioxide molecules. This is 
very important because some degradation intermediates are 
more toxic than the parent pollutant molecules and if these 
radicals act selectively, the toxicity of some systems may be 
increased during the photodegradation process [24–29].

Unfortunately, e–/h+ recombination in such systems can 
decrease their efficiency and consume the energy as heat 
and thus increase the cost of the method. So far, doping of 
some metals into the semiconductors, coupling of two or 
more semiconductors, supporting of them onto a suitable 
support such as zeolites etc. have been used by researchers 

to diminish the rate of e–/h+ recombination and increase the 
efficiency of the semiconducting based photodegradation 
processes [30–38].

In this work, AgBr nanoparticles (NPs) (as a p-type semi-
conductor) and CdS NPs (as an n-type semiconductor) were 
coupled to increase their photocatalytic activities in photo 
decolorization of methylene blue (MB). Although MB (or 
methylthioninium chloride) is well known as a dye, but it also 
has known a medication to treat methemoglobinemia that 
treats methemoglobin levels greater than 30% or in which 
there are symptoms despite oxygen therapy. In addition, its 
use in cyanide poisoning and urinary tract infections has no 
longer recommended. Generally, MB with wider applica-
tions including textile, leather, pulp, and paper, temporary 
hair colorant, dyeing cotton, wools, coating for paper stock 
and as analytical reagent can easily adsorb onto the surface of 
solids that favors conditions for its better photodegradation. 
Cationic MB thiazine dye has common side effects includ-
ing confusion, headache, shortness of breath, vomiting, and 
high blood pressure. Its other side effects are serotonin syn-
drome, red blood cell breakdown, and allergic reactions. 
Its common use changes the blue color of the urine, sweat, 
and stool to green. It is using during pregnancy can harm 
the baby, not using it in methemoglobinemia is likely more 
dangerous. It acts by converting the Fe(III) ions in hemoglo-
bin to Fe(II) ions. Due to these side effects removing it from 
aquatic systems has got great importance and commonly 
used as the model pollutant in the photodegradation pro-
cess. It is a visible light active compound. It undergoes decol-
orization upon reduction and its two electrons reduction 
process gives the colorless (λmax = 256 nm) leuco-methylene 
blue (LMB), but and one-electron reduction process 
changes it to pale yellow (λmax = 420 nm) anion-radical MB−, 
which rapidly disproportionates to MB and LMB [39–43].

Different characterization techniques were applied to 
characterize the as-synthesized coupled system. In the pho-
to-decolorization of MB, after performing some preliminary 
experiments, the kinetic of the process was followed.

2. Experimental

2.1. Chemicals and synthesis

All chemicals used (cadmium nitrate, silver nitrate, 
(NH4)2S, NaBr) were of analytical reagent grade and pur-
chased from Merck-Aldrich Co. (India) or Fluka Co. and used 
without further purification. Commercial MB dye (molecular 
formula: C16H18Cl N3S) was purchased from local chemical 
stores. All solutions/suspensions were prepared in distilled 
water.

For synthesis of CdS NPs, 100 mL 0.085 mol L−1 of 
Cd(NO3)2 solution was added dropwise into a 100 mL 
0.1 mol L−1 of (NH4)2S solution at 1,200 rpm stirring and 
continued for 5 h. The resulting dark yellow CdS NPs were 
obtained at the end of the process [44].

For the synthesis of AgBr NPs, 50 mL 0.1 mol L−1 of 
the AgNO3 solution was added into a 20 ml portion of 
0.25 mol L−1 of NaBr solution and then was kept at 60°C for 
1 h. The resulted golden yellow precipitate was separated 
by centrifugation at >13,000 rpm. Then it was washed with 
water and ethanol repeatedly, and dried in vacuum [45].
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For the preparation of the coupled AgBr-CdS system, an 
adequate amount of each semiconductor (corresponding to 
the desired mole ratio of the semiconductor in the composite) 
was added in an agate mortar and hand-mixed thoroughly 
for 10 min.

2.2. Characterization methods

The instruments used for the characterization of the sam-
ples in this work are listed below. A X-ray diffraction (XRD) 
(model: X’PertPro, Netherland, filter: Ni, Source: Cu-Kα at 
1.5406 Å, V: 40 kV, i: 30 mA), an UV–Vis diffuse reflectance 
spectrophotometer (JASCO V-670, BaSO4 as reference, Japan), 
a scanning electron microscopy (SEM), (model: MIRA3LMU, 
TESCAN Co., Czech Republic), a photoluminescence (PL) 
spectrophotometer (PerkinElmer, LS 45, UK), an ultravio-
let-visible (UV-Vis) double beam spectrophotometer (UV/
Vis 2100S, JASCO (Japan), power source: AC 220 V/50 Hz, 
quartz cells), a centrifuge instrument (Sigma, rpm: 13,000, 
g: 15493), a high-performance liquid chromatography instru-
ment (Agilent 1200, Column: Zorbax@5 µm Eclipse-XDB-C18 
80 Å), and a Jenway p-ion meter device (model 3505).

2.3. Photo-decolorization experiments

A 10 mL 2 ppm MB solution at pH 7.8 containing 1 g L−1 
of the catalyst (as single semiconductor or the coupled 
system) was irradiated by a moderate pressure W-lamp 
(35 W, Philips, type G-line with maximum emission at 
435.8 nm) in a quartz cell. A portion of the suspension was 
withdrawn at definite times and centrifuged at 13,000 rpm. 
The absorbance of the cleaned supernatant (A corresponds to 
concentration C) was read at 664 nm. By using the recorded 
absorbencies of the MB solutions before (A0 correspond to C0) 
and after the irradiation process, the C/C0 values were deter-
mined as a measure of the decolorized MB molecules. Also, 
the decolorization extent of MB molecules was estimated 
by the following equation.

Decolorized MB %( ) ( )
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3. Results and discussion

3.1. Characterization

3.1.1. XRD patterns

To determine the crystallite phase of the prepared cou-
pled AgBr-CdS catalyst, it was subjected to XRD analysis 
which of recorded XRD pattern is shown in Fig. 1a. Typical 
diffraction peaks have been reported for the cubic phase 
of AgBr that positioned at 2θ values of 26.7° (111), 30.6° 
(200), 44.3° (220), 52.7°, 55.1° (222), 64.5° (400), and 73.3° 
(420) according to JCPDS File No. 06–0438. The values in 
parenthesis are corresponding hkl crystal planes (Miller 
indices) [46].

Based on literature [47], the hexagonal (wurtzite) phase 
of CdS crystals includes the main XRD peaks at 2θ posi-
tions of 24.96° (100), 26.63° (002), 28.31° (101), 43.71° (110), 

47.86° (103) and 51.85° (112) and two weaker peaks of 66.61° 
(203) and 69.09° (210) (JCPDS No. 41–1049). Also, it is cubic 
(Zinc blend, β-CdS) phase includes the main peaks at 2θ val-
ues of 26.7° (111), 44° (220) and 52° (311) (JCPDS 00-042-1411) 
[48]. As shown in Fig. 1a, the XRD pattern of as-synthesized 
CdS agrees with that of the cubic CdS phase. The import-
ant peaks of AgBr and CdS crystals are assigned in Fig. 1a. 
As obvious, the coupled system includes the cubic AgBr and 
CdS crystallite phases.

To estimate the crystallite phase of the coupled system, 
the following Scherrer equation was used at which λ is the 
applied X-ray wavelength (CuKα, 1.5406 Å), θ the Bragg 
angle, K the Scherrer constant (0.9) and β is the full width at 
half maximum (FWHM) [49,50]. All information used for this 
calculation are summarized in Table S1. The average crystal-
lite size of the coupled AgBr-CdS system was estimated at 
29 ± 5 nm.
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Fig. 1. (a) XRD pattern of the coupled AgBr-CdS catalyst with a 
mole ratio of 4:1 and (b) typical absorption spectra of the as-syn-
thesized AgBr and CdS NPs and their coupled AgBr-CdS catalyst 
obtained in UV-Vis spectroscopy.
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3.1.2. Estimation of the bandgap energy of the samples

In UV-Vis diffuse reflectance spectroscopy, the interac-
tions of a typical semiconductor photocatalyst with photon 
energies can be investigated. In the fundamental absorption, 
an electronic excitation can occur from the Vb (valence band) 
to the Cb (conduction band). This electronic transition can 
be used for the determination of the nature and value of the 
optical bandgap (Eg) of the subjected semiconductor [51]. 
Typical absorption spectra of the as-synthesized single CdS 
and AgBr and their coupled CdS-AgBr are shown in Fig. 1b. 
The corresponding absorption edges were estimated at 472, 
555, and 478 nm by extrapolation of the curves. These values 
were used for the calculation of their bandgap energies by 
using the following equation [52].

Ebg eV
nm

 ( ) ( )=
1 240,
λ

 (3)

where λ is the wavelength of the absorption edge. 
Accordingly, the bandgap values of 2.63, 2.23, and 2.59 eV 
were respectively obtained for CdS, AgBr NPs and the cor-
responding coupled AgBr-CdS system. As shown, the cou-
pled AgBr-CdS system showed a blue shift in the bandgap 
with respect to AgBr NPs while it showed a small redshift 
with respect to CdS NPs. This confirms that the optical 
properties of AgBr was significantly enhanced when it was 
coupled with CdS NPs.

3.1.3. PL spectra

PL spectroscopy is a non-destructive probe to study the 
electronic structure of materials. In a photo-excited mate-
rial, the excess energy of the material, that saved by absorp-
tion of a photon energy, can be dissipated by the material 
through the emission of light, or PL. All electronic transitions 
must occur within the permissible states of the materials. 
Typically in semiconducting materials, these permissible 
energy states called conduction (Cb) and valence (Vb) bands. 
Hence, the released energy or the energy of the emitted 
photon corresponds to the bandgap energy of the subjected 
semiconductor. But, the quantity or the intensity of the emit-
ted photons correspond to the relative recombination of the 
photogenerated e–/h+ pairs, as the most important drawback 
of a typical photodegradation process. Hence, a high intense 
PL spectrum shows a fast and high e–/h+ recombination 
process and the lowest photodegradation efficiency [53].

To follow the goodness of the coupling of CdS and AgBr 
NPs for reducing the e–/h+ recombination process, PL spec-
tra of CdS and AgBr NPs and their coupled system were 
recorded which of results are shown in Fig. 2a. As shown, a 
drastic decrease in PL intensity was observed when the indi-
vidual semiconductors were coupled. This confirms a signifi-
cant decrease in the rate of e–/h+ recombination that elongated 
e–/h+ pairs lifetimes. Hence, the photogenerated e–/h+ pairs 
have enough time to reach the surface of the coupled cata-
lyst and participate in the redox process. This significantly 
enhances the photodegradation of MB molecules.

Fig. 2b shows PL spectra of the coupled systems when 
the moles of the involved semiconductors were changed. 
As shown, PL intensity is a mole ratio-dependent process for 

the investigated catalysts. In general, change in the mole ratio 
of the involved semiconductors caused to both e–/h+ produc-
tion and decrease in e–/h+ recombination processes. Hence, 
PL intensity changed by changing the mole ratio of CdS and 
AgBr in the coupled system. As shown the lowest PL intensity 
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Fig. 2. (a) Photoluminescence spectra (PL) of the CdS, AgBr and 
CdS-AgBr photocatalysts, (b) PL spectra of the CdS, AgBr and 
CdS-AgBr photocatalysts in different mole ratio (conditions in 
both cases: 100 mg L–1 in acetone, λ-excitation: 300 nm, 10 min 
ultra-sonic), and (c) typical plot for calculation of pHpzc of 
individual AgBr and CdS and their composite.
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was observed for the coupled system that mole of AgBr ingre-
dient is 4 times greater than that of the other ingredient. This 
catalyst showed the maximum photocatalytic activity in the 
photodegradation of MB aqueous solution which of results 
will discuss in the photodegradation section.

3.1.4. Surface charge and morphology of the samples

To investigate the surface charge of the catalysts, initial 
pH (pHi) of a set of suspensions (0.15 g of each catalyst in 
25 mL 0.1 M NaCl, for fixing the ionic strength) was recorded 
and after 24 h shaking (150 rpm), the final pH (pHf) was 
recorded. The plot of the pHi vs. pHf was constructed and the 
crossing of the curve with the diagonal bisector line (pHi vs. 
pHi) gave the pHPZC values (the point of zero charges) for the 
investigated catalysts [54]. The typical plot is shown in Fig. 2c  
at which the values of 4.6, 6.3, and 5.6 were determined as 
pHPZC for AgBr, CdS, and the AgBr-CdS systems, respectively.

In general, before the pHPZC value, the surface of the cat-
alysts has a basic property (or a negative charge) and hence 
adsorb the protons in the contacted solution. This results in 
a net positive charge for the catalyst surface and increases 
the pH of the contacted solution. For example, the initial 
pH 4 was changed to 4.2, 6.1, and 7.6 for AgBr, CdS and the 
coupled samples, respectively. At pH > pHPZC, due to acidic 
property of the catalyst surface (or its positive charge), its 
surface adsorbs the hydroxyl radicals from the adjacent 
aqueous solution and hence gets a net negative charge. At 
this time, the pH of the adjacent solution tends to decrease. 
For example, the initial pH 8 was changed to 6.0, 6.3, and 
5.8 for AgBr, CdS and the coupled samples, respectively. At 
pHPZC point, the surface charge of the catalyst is equal to that 
of the adjacent solution and hence it has a net-zero charge. 
On the other hand, at this point, the basic property of the 
catalyst surface begins to change to the acidic property [55].

The surface charge of the catalyst/adsorbent surface 
plays an important role in the adsorption phenomena and 
the catalytic activity of the catalyst. On the other hand, in 
cases at which there are repulsive forces between the catalyst 
surface and the ionic forms of the subjected analyte in solu-
tion, it can even limit the advantages of the high surface area 
of the catalyst/adsorbent and can reduce the efficiency of the 
process. It is worth mentioning that, a typical catalytic pro-
cess occurs on the surface of the catalyst and hence knowing 
about the surface charge of the catalyst is very important to 
optimize the conditions for reaching the best efficiency [55].

The SEM images of the coupled system were recorded 
and some images are shown in Fig. 3. As shown, some 
particles were aggregated. Generally, most particles have 
uniform morphology and the smallest particles were dis-
persed around the aggregated particles. To have an estima-
tion about the particle size of the coupled semiconductors, 
image-j software was applied on the image (c) and the results 
are summarized in Fig. 3d. The results confirm that most of 
the particles have nano-dimension below 80 nm.

3.2. Photocatalytic decolorization results

3.2.1. Boosted effect of the semiconductors

Change in the UV-Vis absorption spectra during the 
surface adsorption, direct photolysis and the photocatalytic 

decolorization processes on the removal of MB molecules 
from its aqueous solution was recorded. The obtained results 
are shown in Fig. 4a which shows that direct photolysis had 
no significant role in the decolorization of MB molecules. On 
the other hand, MB molecules were stable against the arrived 
photons during the irradiation process, no significant radicals 
were formed due to probable broking of MB bonds and about 
11% of MB molecules were decolorized during 30 min of the 
irradiation process. Also, about 7% of MB molecules were 
removed by surface adsorption for 10 min and thereafter no 
significant increase was observed. Hence, before the decolor-
ization experiments, all suspensions were shaken at dark for 
10 min to remove the effect of the surface adsorption on MB 
removal. As shown, during the decolorization experiments 
by individual CdS and AgBr NPs and the resulted CdS-AgBr 
coupled system about 39%, 60%, and 80% of MB molecules 
were decolorized at the applied conditions, respectively. The 
results confirm the effectiveness of the photocatalytic decol-
orization process especially in the case of the coupled system. 
The better efficiency of the coupled system to the individual 
semiconductors is due to the lowest rate of e–/h+ recombina-
tion as confirmed by PL studies. The better role of the com-
posite in MB photo-decolorization can be illustrated by using 
the typical Schematic energy diagram in Fig. 4b [56].

By focusing on this diagram, some important conclu-
sions can be achieved. (i) Both CdS and AgBr of the cou-
pled system can excite under the arrived photons because 
of their close bandgap energies. Hence, produced e–/h+ pairs 
in both semiconductors participate in the next steps for the 
decolorization of MB. (ii) When CdS species were excited, 
the produced electrons in its Cb level have a more negative 
E0 value than that of the AgBr level. This favored conditions 
for an internal oxidation-reduction process and these pho-
togenerated electrons could rapidly migrate to the AgBr-Cb 
level. In contrast, the standard potentials of their Vb levels are 
suitable for the whole transfer process in an opposite trend. 
These transference pathways for these charge carriers dras-
tically decreased e–/h+ recombination and hence the coupled 
catalyst showed the highest degradation efficiency to the 
individual CdS and AgBr systems. (iii) When the moles of 
AgBr species were 4 times greater than that of CdS species 
the best photo-decolorization efficiency was observed. This 
confirms that in the CdS NPs electron-hole recombination 
was high that could limit its photocatalytic activity. When 
it was coupled with AgBr NPS, the mentioned phenomena 
in case (ii) caused to the e–/h+ transference and reduced e–/h+ 
recombination in CdS ingredient. Accordingly, this coupled 
catalyst was used for characterization techniques and in the 
next photo- decolorization experiments.

3.2.2. Effect of time and kinetic study of the process

Change in absorbance of MB solution during its pho-
tocatalytic decolorization is shown by the recorded UV-Vis 
spectra in Figs. 5a and b. Fig. 5a shows scaled spectra in the 
range of 400–800 nm for better clarity. Based on the litera-
ture, the UV-Vis absorption spectroscopy has confirmed that 
monomers and oligomers of MB are present in its aqueous 
solutions. The absorption peaks at 664 and 624 nm corre-
spond to its monomer, while the absorption peaks at 606 
and 565 nm correspond to its dimer and trimer, respectively 
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[57,58]. As shown in the spectra relative overlapping of 
some peaks caused to its broadening. As obvious, the most 
intense decrease in peak intensity was observed at the 
peak located at 664 nm at initial steps. This confirms that 
the monomers of MB molecules begun to destroy at initial 
times. The shoulder located at 614 nm showed a relatively 
slower decrease during the time. This confirms that MB 
dimer or trimer may be more stable than the monomer and 
hence they can be broken at longer times. It was reported 
that the molar absorptivity of MB dimer is higher than that 
of monomer. This may be related to the higher resonance 
effects in MB dimer that increases its thermodynamic sta-
bility [57]. Change in the UV-Vis spectra in the hole range of 
200 to 800 nm is shown in Fig. 5b. As shown during the irra-
diation time, the intensity of the absorption peak at 664 nm 
was decreased which shows the decolorization of MB mol-
ecules. Simultaneously, the intensity of the peak at 212 nm 
was significantly increased which shows the degradation 
of MB molecules into the smaller fragments that absorb UV 
light photons.

The most famous model for the study of the adsorp-
tion extent of the investigated pollutants onto the catalysts 
surface in a heterogeneous photodegradation/decoloriza-
tion process is the Langmuir-Hinshelwood (L-H) model. 

This model that is based on monolayer adsorption of the 
molecules of pollutants at the solid-liquid interface depends 
on the concentration of the pollutant (C). In the L-H equation 
(Eq. (4)), r (in mg L–1 min), k′ (in mg L–1 min) and K (in L mg–1) 
show the reaction rate, the specific reaction rate constant 
and the equilibrium constant, respectively [59–64].

r dC
dt

k K C
K C

k= − =
′
+

= ′
( )
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1

θ  (4)
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k C C k K t k tt
0

0
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Eq. (5) shows the integrated (logarithmic) form of the 
L-H equation that shows an apparent first-order equation. 
Generally, when the initial concentration of the pollutant 
(C) is higher than 5 mM, Eq. (4) shows a zero-order process. 
In other alternatives, when the concentration is below 1 mM, 
an apparent first-order reaction can be adapted. During 
the degradation process at the time ‘t’, the initial concen-
tration (C0) of the pollutant change to Ct [59–65].

The results obtained in the kinetic study of the process are 
shown in Fig. 5c. As shown the process well obeys from the 
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image-j software on image c (d).
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L-H model and the rate constant value of 3.49 × 10–2 min–1 was 
obtained, confirming a relatively fast photo- decolorization 
reaction.

3.2.3. Chemical oxygen demand and re-using studies

Mineralization of the investigated pollutant is very 
important because it shows decreased toxicity of the sub-
jected water sample. The common technique used for the 
study of the mineralization extent of pollutants is chemical 
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oxygen demand (COD). This method is based on the required 
oxygen need for destroying the remained pollutants or their 
degradation intermediates present in the media [66]. In this 
work, MB solutions were subjected in the photo decoloriza-
tion experiments at conditions included 2 ppm MB, 1.0 g L−1 
of the catalyst, pH 9 at irradiation times of 30 and 60 min. 
The resulted solutions were subjected to COD analysis and 
the results were comprised of a blank solution. The COD val-
ues of 1,280; 640; and 480 mg O2 L–1 were obtained for times 
of 0, 30 and 60 min, respectively. These values correspond 
to mineralization extents of 50% and 62.5% for irradiation 
times of 30 and 60 min, respectively. But, the decolorization 
extent of these solutions was about 76% and 87% as calcu-
lated by UV-Vis absorbance of the solutions. A compari-
son of the results confirms that the mineralization extent 
of MB molecules is lower than their decolorization during 
the mentioned irradiation times. This, in turn, confirms that 
some relatively stable decolorization intermediates may be 
formed that their mineralization needs to longer times.

Results in Fig. 6 confirm that the as-synthesized compos-
ite retained its initial activity during 4 successive re-using 
runs and no significant decrease in its activity was obtained. 
After each photo-decolorization run, the catalyst was sepa-
rated by centrifugation and dried at 100°C for 10 min and 
used again in the next run.

4. Conclusions

The results showed an increased photocatalytic activity 
for the coupled AgBr-CdS catalyst to the individual AgBr 
and CdS semiconductors. This confirms that the presence 
of a high charge carriers’ (e–/h+) separation in the compos-
ite. In this case, the photoexcited electrons in the Cb-CdS 
energy level can immigrate to the Cb-AgBr energy level 
because of the standard potential of the Cb-CdS (E0 = –0.6 V) 
is more negative than that of the Cb-AgBr level (E0 = –0.3 V). 
Simultaneously, the whole transfer can occur in the opposite 
trend, both resulting in a lower e–/h+ recombination process. 
Hence, the coupled catalyst showed higher photocatalytic 
activity. Decreased in e–/h+ recombination of the composite 

was confirmed by PL spectra, so the coupled catalyst had a 
lower PL intensity than the individual systems. When e–/h+ 
recombination diminished, the PL intensity was decreased. 
The mole ratio of the combined semiconductors had a vital 
role in the photocatalytic activity and PL intensity of the 
resulted composites. On the other hand, change in the mole 
ratio changed the rate of e–/h+ recombination in the coupled 
catalysts. Comparison of COD results and UV-Vis absorption 
spectroscopy results on the photo-decolorized MB molecules 
confirm that mineralization of MB molecules during the ini-
tial 60 min irradiation process is lower than its decolorization 
extent. This confirms that at initial times some decolorization 
intermediates may be formed that resist further mineraliza-
tion and may need further time to be degraded.
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