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Featured Application: P25/Zn 15Cdy 35S nanocomposite possesses a great potential to be a green
catalyst for the photolytic degradation of hazardous dyes due to its low cost, efficient reactivity
and high stability. The prepared catalyst may further be used for the degradation of organic
compound and toxic heavy metals.

Abstract: Decoration of Zng15CdggsS nanoflowers with P25 for forming P25/Zng15Cdg 55
nanocomposite has been successfully synthesized with fine crystallinity by one-step low temperature
hydrothermal method. Photocatalytic efficiency of the as-prepared P25/Zng15CdggsS for the
degradation of Rh-B is evaluated under the visible light irradiation. The synthesized composite
is completely characterized with XRD, FESEM, TEM, BET, and UV-vis DRS. TEM observations
reveal that P25 is closely deposited on the Zng;5CdygsS nanoflowers with maintaining its
nanoflower morphology. The photocatalytic activity of the as-obtained photocatalyst shows that the
P25/7n 15Cd 855 exhibits very high catalytic activity for degradation of Rh-B under visible light
irradiation due to an increasing of the active sites and enhancing the catalyst stability because of the
minimum recombination of the photo-induced electrons and holes. Moreover, it is found that the
nanocomposite retains its photocatalytic activity even after four cycles. In addition, to explain the
mechanism of degradation, scavengers are used to confirm the reactive species. Photo-generated
holes and *OH play a significant role in the visible light of P25/Zn 15Cdg 855 nanocomposite induced
degradation system, but electrons play the most important role.

Keywords: Zn doped CdS; P25 decoration; photocatalysis; hydrothermal method; scavenger method

1. Introduction

The environmental pollution situation has changed from bad to worse in recent decades,
which is obviously due to the rapid growth of urbanization and industrialization. Nanostructured
semiconductor photocatalysts have an essential role in energy and environmental applications, such
as water splitting and organic pollutants degradation [1-3]. Cadmium sulfide (CdS) has been given
tremendous attention among various photocatalysts due to its unique characteristics, such as its
catalytic active nature under visible light and suitable band gap (2.4 eV), which may be employed
for the production of chemical energy from solar energy under sun light irradiation [4]. Due to
these functional properties CdS has a great potential to be used in numerous applications, such as
electronics, ceramics, optics, and catalysis [5,6]. However, CdS, like other metal sulfides photocatalysts,
is unstable under light irradiation, a phenomenon known as photocorrosion or photodissolution,
where S~ in CdS is oxidized by the photo-generated holes accompanied with elution of Cd?* [7].
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The photocatalytic activity and stability of CdS can be improved by enhancing the separation capacity
of the photogenerated electron-hole pairs. Therefore, much effort has been directed at restraining the
photocatalytic instability of CdS. This was mainly achieved either through metal doping [8,9], or by
coupling CdS with a semiconductor having suitable conduction and valance band potentials, such
as PdS, TiO,, ZnO [10], ZnS, LaMnOs, and ZrO; [11]. Zn doped CdS solid solutions with different
morphologies were reported [12-14], which have achieved greater photocatalytic efficiency than pure
CdS for dye degradation. The Zn 3d incorporation into CdS crystal structure can enlarge the absorption
edge and may lead to new properties and applications in the photocatalysis [15-21]. On the other
hand, most reports are mainly focused on decorating or coupling CdS with semiconductors, such as
TiO,, to improve the photocatalytic performance of CdS [22-24]. Indeed, such modifications have
resulted in the increased photocatalytic activities due to the efficient separation of photo-induced
electrons and holes occurring during the photocatalysis process [25,26]. Herein, we report the synthesis
of P25/7n 15Cdy 855 nanocomposite by one-step low temperature hydrothermal method, as well
as its photocatalytic studies for the degradation of Rh-B. The P25/Zn 15Cd 855 nanocomposite is
an efficient adsorbent and it shows high photocatalytic activity and stability in the organic dyes
degradation, e.g., (Rh-B). The outstanding performance suggests that the flower-like nanostructure
of Zn 15Cd 855 could be useful as sites for the depositing small amounts of P25 in the petals of the
P25/7Zn 15Cdg 85S nanocomposite, which facilitates the charge transfer process that is responsible for
the high photocatalytic activity and stability of CdS nanoparticles.

2. Materials and Methods

2.1. Materials

Cadmium acetate (Cd(CH3COOH),-2H,0), thiourea ((NH,),CS), zinc acetate (Zn(CH3COOH),
2H,0), titanium dioxide (Degussa P25), rhodamine B, polyethylene glycol (PEG 400), and ethanol were
purchased from Guoyao Chemical Company (Beijing, China). All of the reagents were of analytical
grade and were used as received. Distilled water was used for all of the experiments.

2.2. Hydrothermal Synthesis of Pure CdS Nanoparticles and Zn 15Cdy s5S Nanoflowers

CdS nanoparticles and Zn15Cdjg5S nanoflowers were synthesized via a facile one-step
hydrothermal method. Typically, for pure CdS, source materials containing 7.1 mM cadmium acetate
(Cd(CH3COOH); 2H,0) and 7.2 mM thiourea ((NH>),CS) were dissolved in 80 mL distilled water and
stirred for 10 min at room temperature. To prepare Zng 15Cd g5S nanoflowers, stoichiometric amounts
of cadmium acetate, thiourea, and zinc acetate were firstly dissolved in 80 mL distilled water with
stirring for 10 min at room temperature. Then, the solution was transferred into a 100 mL Teflon-lined
stainless steel autoclave at 160 °C for 12 h. After cooling to room temperature, the precipitate was
filtered off, washed several times with ethanol and deionized water, and then dried at 80 °C for 8 h.

2.3. Hydrothermal Synthesis of P25/Zn 15Cdy g5S Nanocomposite

P25/7Zng 15Cd 855 nanocomposite was prepared by a similar method. Firstly, a solution containing
the same amounts of cadmium acetate, thiourea, and zinc acetate, which was used to prepare
Zng 15Cdg 855 nanoflowers in 80 mL distilled water with stirring for 10 min at room temperature.
Then, 30 mL of polyethylene glycol was stirred for 10 min with P25 and then dropwisely added to
the previously prepared solution of Zng 15Cd g5S. Afterwards, the solution was stirred for 30 min and
then transferred into a 120 mL Teflon-lined stainless steel autoclave at 180 °C for 18 h. The product
was collected and washed five times with ethanol and distilled water, and then dried at 70 °C for 24 h.
To prepare different samples, molar ratio of P25/Cd had been tuned during the synthesis.
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2.4. Photocatalytic Degradation of Rhodamine B (Rh-B) under Visible Light

The photocatalytic dye degradation efficiency of the as-prepared catalysts was evaluated under
visible light irradiation at room temperature for Rh-B. A 350 W Xenon lamp (Lap Pu, XQ) was used as
a light source and cut off filter with 3 mm thickness was used, the separation distance between the light
source and the reaction mixture was kept 10 cm. A certain amount of the prepared photocatalyst was
added to the Rh-B solution (100 mL, 30 mg L’l), each. Prior to the irradiation, the solution was stirred
for 30 min in dark to establish adsorption/desorption equilibrium between the photocatalysts and
the dye. Then, the solution was exposed to light irradiation with continuous stirring and 2 mL of the
sample was taken out after each 30 min till 3 h. The photocatalyst was separated from the solution by
centrifuging at 4000 rpm for 5 min. The Rh-B concentration was determined from absorption spectra
(400 to 700 nm) using a UV-vis spectrophotometer at maximum absorption peak value of each sample
approximately at 553 nm. Scavengers were added for the determination of reactive species and an
explanation of the possible reaction mechanism that is involved in the photo-degradation of the Rh-B
by P25/Zn 15Cd 855 nanocomposite 1-5.

2.5. Characterization

X-ray diffraction spectra were obtained from a Rigaku diffractometer with Cu-K« radiation
(A =1.5418 A) in the scan range of 10°-70°. The morphologies and structures of the samples were
characterized by scanning electron microscopy (FESEM, JEOL, JSM-7800F, Japan) and high-resolution
transmission electron microscopy (HRTEM, JEOL, JEM-2100, Japan). The Bruauer—Emmett—Teller
(BET) surface area of the samples was determined by a high speed automated area. Diffuse reflectance
spectra (DRS) of powders and the absorbance measurements for photocatalysis experiments were
obtained by using a UV-vis spectrophotometer (Shimadzu, UV-2550, Kyoto, Japan). The X-ray
photoelectron spectrum (XPS, Quantum 2000, PHI, Eden Prairie, MN, USA) measurements were
carried out with a monochromatic Al K« source and charge neutralizer.

3. Results and Discussion

3.1. Structure, Morphology, Surface and Spectroscopic Studies

X-ray diffraction (XRD) patterns were collected to study the crystal phase and the crystallinity
of the prepared nanomaterials. Figure 1 displays a comparison of the XRD results for the pure CdS
nanoparticles, Zng 15Cdg g55 nanoflowers, and P25/Zng 15Cd 855 nanocomposite. The refraction peaks
of pure CdS and Zn( 15Cd 55 nanoflowers samples are well-indexed to the hexagonal CdS phase
(JCPDS No.41-1049), while for Zng 15Cdg g5S nanoflowers, there is no peak for Zn, indicating that it
is not a mixture of Zn and CdS phases. It can be observed that P25/Zn 15Cd( g5S nanocomposite
consists of two kinds of crystal phases, indicating that it is a mixture of CdS and TiO, phases (P25).
Diffraction peaks at 20 of 25.3°, 37.8°, 48.05°, 55.0°, and 62.7° are attributed to anatase TiO; (JCPDS
card No. 21-1272). However, when the molar ratio of P25 increases, two additional peaks appear at
27.4° and 36.1°, which can be attributed to the rutile phase of TiO, (JCPDS card No. 65-0191), as shown
in P25/7Zn 15Cd 855 nanocomposite 1-5 and 1-3 with P25:Cd = 1:5 and 1:3, respectively. Doping CdS
with Zn causes a slight shift in the peaks from (110) and (112) crystals planes for Zng 15Cdg g5S toward
lower diffraction angles, as shown in Figure 1b,c. Obviously, Zn?* ions are incorporated into the CdS
crystal lattice or entered its interstitial sites as the ionic radius of the substitute Zn?* (rz,>* = 0.74 A)is
smaller than that of Cd2* (rcq2* = 0.97 A) [27].
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Figure 1. (a) XRD patterns of pure CdS nanoparticles, Zng 15Cdg g5S nanoflowers and P25/Zng 15Cd 55
nanocomposite with P25:Cd of 1:10, 1:5 and 1:3, and the enlarged peaks corresponding to (b) (110) and
(c) (112) crystal plane for CdS nanoparticles and Zng 15Cd g5S nanoflowers.

The morphological features of CdS nanoparticles, Zng15CdpgsS nanoflowers, and
P25/7Zny 15Cd 855 nanocomposite were studied using FESEM and HRTEM micrographs. Figure 2a
depicts the SEM image of one particle of pure CdS with agglomeration in different sizes, the
diameter was about 1 pm. In the case of Zng15Cdyg5S, the particle of CdS changes to flower-like
morphology with around 1.5 pm diameter of an entire flower, which composes of some petals, each
petal contains many small particles existing outside of the main petal after doping by Zn ions to form
the Zng 15Cd 855 nanoflowers shown in Figure 2b, this morphology may enhance the absorption
properties on the surface [28]. Figure 2c-e show SEM images of P25/7Zn 15Cd g5S nanocomposite with
different P25:Cd ratios of 1:10, 1:5 and 1:3, respectively. It reveals that the petals of flower-like structure
will disappear when molar ratio of P25 increases. This is due to the fact that the P25 will deposit
inside the petals and the excess particles of P25 will be deposited on the surface of Zng15Cdgg5S
nanoflowers, leading to the complete coverage of the petals and the disappearance of the flower-like
structure. The flower-like surfaces could provide nucleating sites for P25 nanoparticles resulting in the
formation of P25/Zn 15Cdy g5S nanocomposite. P25 has higher BET surface area than pure CdS and
Zn 15Cd 855 nanoflowers, thus it might cover the surface of Zng 15Cdg 55 nanoflowers. The surface
area of CdS nanoparticles was originally 0.26 m? g~! and it increases slightly to 0.63 m? g~ ! after the
doping with zinc ions, then increases to 7.50, 21.4, and 37.8 m?g~! respectively, after decorating with
P25, as shown in Table 1. One can observe that the Znj 15Cd 55 nanoflowers with an approximate
diameter around 1.5 um have flower-like structure, which is consistent with the TEM image shown in
Figure 2f. In P25/Zn 15Cd 855 nanocomposite with P25:Cd ratio of 1:5 with an approximate diameter
around 3 um, P25 particles are deposited onto the Zng 15Cdg g5S nanoflowers surface, as shown in
Figure 2g. The structural analysis of the P25/7n 15Cd g5S nanocomposite with P25:Cd ratio of 1:5 is
done by HRTEM. As shown in Figure 2h, the lattice of both TiO, and CdS can be clearly distinguished;
the lattice planes correspond to (002) crystal plane with a d-spacing of 0.335 nm matching with the
hexagonal structure of CdS, whereas the spacing of 0.352 nm can be ascribed to the (101) crystal face of
anatase TiO;. It can be clearly observed that the TiO; is deposited onto the nanoflowers substrate,
which may promote a synergistic effect towards photocatalysis by enhancing a wide optical absorption
and also ensure structural stability of the composite [29].
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Table 1. Sample label, molar ratio, Bruauer—Emmett—Telle (BET) surface area, and band gap of pure
CdS, Zng 15Cdg g5S nanoflowers, and P25/7n 15Cdg g5S nanocomposite.

Sample Label Molar Ratio P25:Cd BET (m?.g~1) Band Gap (eV)
Cds - 0.26 2.20
Zn0,15Cd0,85S - 0.63 2.23
P25/Znp15Cdo.55 1-10 1:10 7.50 224
P25/Zng15Cdg 855 1-5 1:5 214 228
P25/ZI'10.15Cd0.85S 1-3 1:3 37.8 2.30

200 nm 200 nm
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N

0,335 nm

(101) P25 anatase
K

- 0ds2am

Figure 2. Scanning electron microscopy images of (a) pure CdS nanoparticles, (b) Zng15Cdgg5S
nanoflowers and (c) P25/Zng 15Cd 855 nanocomposite with P25:Cd of 1:10, (d) 1:5 and (e) 1:3, bright
field TEM image of (f) Zng 15Cdg 855 nanoflowers, and (g) P25/Zng 15Cd 55 1-5 and (h) HRTEM image
of P25/Zn0_15Cd0.85S 1-5.

The UV-vis absorbance spectra of the pure CdS, Zng 15Cdg 855 nanoflowers and P25/Zn 15Cd 855
nanocomposite are shown in Figure 3. The band gaps are calculated according to the Kubelka-Munk
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model [30] shown in Table 1. The absorption edge of pure CdS is at about 565 nm, with the
corresponding band gap of 2.2 eV, which is slightly smaller than the value of 2.4 eV reported
previously [31]. The absorption capability in the visible light range of the Zn 15Cdg 855 nanoflowers is
enhanced as compared to pure CdS and there is an obvious absorption edge shift to 557 nm, which
corresponds to a band gap of 2.23 eV, that may be due to the charge transfer between CdS valence
band and Zn-3d doping level [32]. All of P25/Zn 15Cdg 855 nanocomposite with various P25 contents
could absorb light in visible light region, which may be due to the charge transfer between CdS and
TiO, conduction bands [33].

1.0

= Pure CdS
Zn _Cd S

0.15 0.85
——P25/Zn,, Cd, S 1-10
——P25/Zn, , Cd,  S15

——P25/Zn,, Cd, S 13
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Figure 3. UV-vis absorbance spectra of pure CdS nanoparticles, Zng15Cdgg5S nanoflowers, and
P25/7Zng 15Cdg 85S nanocomposite with P25:Cd of 1:10, 1:5 and 1:3.

XPS technique is used to investigate the chemical states of the pure CdS nanoparticles and
P25/Zny 15Cd 855 nanocomposite (Figure 4). XPS survey spectrum of pure CdS indicates the presence
of Cd 3d, S 2p, O 1s, and C 1s peaks, as shown in Figure 4a, while the survey scan of P25/Zn 15Cd 855
nanocomposite confirms the existence of Cd, S, O, C, as well as Ti and Zn elements. The Cd 3d core level
spectra in Figure 4b indicate that there are two peaks in pure CdS nanoparticles and P25/Zn 15Cd 855
nanocomposite [34]. The S 2p core level spectra in Figure 4c indicate that there are two chemical
species in CdS nanoparticles [35], the binding energy has —0.3 eV shift for S 2p®/2 in P25/Zng 15Cd g5S
nanocomposite, indicating that the proportion increase of S-S bond due to the formation of TiOS on
the surface [36]. The high resolution XPS spectrum in Figure 4d shows the existence of two peaks,
which correspond to Ti2p in P25/Zn 15Cdg 855 nanocomposite, respectively [37,38]. The O 1s spectra
in Figure 4e show that two chemical states of oxygen coexist in P25/Zng 15Cd 855 nanocomposite,
and the peak located at 529.9 eV corresponds to the O~2 in O-Ti-O. The existence of surface adsorbed
hydroxide (*OH) can be ascribed to 531.8 eV. While we can see only one peak at 531.79 eV in pure
CdS due to the adsorbed hydroxide [39,40]. The high resolution XPS spectrum in Figure 4f shows the
existence of two peaks, which correspond to Zn2p in P25/Zn 15Cd 855 nanocomposite [41,42].
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Figure 4. High resolution X-ray photoelectron spectra (XPS) of pure CdS nanoparticles and
P25/7Zn¢ 15Cdp 855 nanocomposite (1-5), (a) survey spectra, (b) Cd 3d, (c) S 2p, (d) Ti 2p, (e) O 1s,
and (f) Zn 2p.

3.2. Photocatalytic Activity

The photocatalytic performance of CdS, Zng15CdygsS nanoflowers and P25/Zng15Cdg 855
nanocomposite is assessed by the degradation of Rh-B molecules under visible light irradiation,
as shown in Figure 5. All of the experiments are carried out under the similar conditions or otherwise
mentioned. The Rh-B concentrations (Cy) are determined from its absorption peak at 553 nm, and 80 mg
of the catalysts are used. The reaction mixture containing the photocatalysts and Rh-B is stirred in dark
for 30 min prior to the light irradiation, to establish the adsorption-desorption equilibrium between the
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Rh-B and the photocatalysts. It can be clearly seen that the sample of P25/Zn( 15Cd 855 nanocomposite
with P25:Cd ratio of 1:5 shows a strong adsorption ability towards the Rh-B with the adsorption up to
65% in dark, which is higher than those of the samples of pure CdS (25%) and Zn 15Cdg 855 nanoflowers
(32%). The adsorption capacity of nanocomposite materials depends on the crystallinity, the phase
alignment and the surface area [43], thus the high adsorption performance of P25/Zng 15Cdg 855
nanocomposite with P25:Cd ratio of 1:5 can be attributed to its high surface area as compared to the
pure CdS and Zng 15Cd 855 nanoflowers. After the absorption process, the photocatalytic degradation
activities of the samples are investigated, and the results show that all of the samples have the high
efficiency for degradation Rh-B under visible light irritations. The P25/Zn 15Cd 855 nanocomposite
with P25:Cd ratio of 1:5 shows the highest activity for the degradation of Rh-B and it takes about
60 min to completely degrade Rh-B, while the activities for degradation of Rh-B take about 180 min,
150 min, 120 min and 150 min in case of pure CdS, Zn 15Cdy 855 nanoflowers, P25/Zng 15Cdg g5S 1-10
and P25/7Zng 15Cdg 855 1-3, respectively (Figure 5a). In order to minimize the impact of the physical
adsorption on the photo-degradation, the photocatalysts amount is changed from 80 mg to 50 mg.
Then, the photocatalytic degradation activities of the samples are investigated, all of the samples show
better photocatalytic activities than pure CdS. The P25/Zn 15Cdg g5S with P25:Cd ratio of 1:5 also
shows the best performance towards Rh-B degradation and it could be completely degraded within
60 min of photoirradiation, as shown in Figure 5b. It is obvious from the results that under visible light
irradiation, P25/Zng 15Cd 855 nanocomposites possess efficient separation of hole and electron, which
would enhance the photo-degradation of dye. The results reveal that the photocatalytic ability of CdS
nanoparticles towards degradation Rh-B is greatly enhanced after doping with Zn and decoration
with P25, this could be due to the reason that the Zn doped CdS surface will create the flower-like
structure with many small particles, which may favor the enhanced light absorption ability, as well as
the fast electron transfer to avoid the recombination of the photo-induced electrons and holes between
CdS and P25.
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Figure 5. Photo-degradation of Rh-B (100 mL, 30 mg/L) by different photocatalysts amounts (a) 80 mg
and (b) 50 mg of various samples

3.3. Scavengers Method

The photo-generated holes and electrons participate in the Rh-B degradation in the
P25/7Zng 15Cdg 855 nanocomposite photocatalytic system. To confirm the generation of electron-hole
pair and explore the mechanism of Rh-B degradation, some scavengers are used in the reaction mixture.
Sodium oxalate is used as holes scavenger, KI is used as hole and *OH scavengers and K,Cr,O7
is used for electrons scavenger [44]. Figure 6 shows the photo-degradation efficiency of Rh-B over
P25/7Zny 15Cdg g5S nanocomposite with P25:Cd ratio of 1:5 in the presence of different scavengers.
It can be seen that with the presence of NayC;O4 and Cr (VI) under visible light, the photo-degradation
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of Rh-B declines to 48% and 22% after 120 min irradiation, respectively. While in the presence of KI, the
photo-degradation of Rh-B decreases to 70%. Moreover, to suppress the electron process Cr(VI) was
used as diagnostic tool for the formation of reactive species, the removal efficiency of Rh-B is lower
than NapC,O4. From Figure 6, it is observed that the photo catalytically generated electrons and holes
radicals that are formed during the reaction in P25/7n 15Cdg 855 nanocomposites are responsible for
the dye degradation. There is a high probability for the e~ generated from Zn 15Cdg g5S excitation to
migrate towards TiO,, and thus the generation of h* radicals is highly favorable. The excited *OH also
takes part in the generation of ®*O?~ radicals. Therefore, the photo-generated electrons play significant
role in the degradation system under visible light.

100 —™— Noscavengers -
—e—KI . e
L )]
Na,C,0 M
2724 . o1

—¥—Cr{V]) v

[=2]
=}
1
-
-
.\
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T T v T ' T T T v v
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Irradiation time (min)

Figure 6. Photo-degradation efficiency of RhB (100 mL, 30 mg/L) over 80 mg of P25/Zng 15Cdg g5S
nanocomposites 1-5 with P25: Cd ratio of 1:5, under visible light with the presence of
different scavengers.

3.4. Recyclability of Photocatalyst

The recyclability is among the factors which make the photocatalyst ideal for practical application.
So, the reusability of pure CdS and P25/Zng15Cdyg5S nanocomposite 1-5 has been tested by
photo-degrading of Rh-B for four cycles under visible light. The catalyst particles were centrifuged
and dried at 80 °C after each cycle. The catalytic stability is shown in Figure 7. It represents Rh-B
degradation with respect to each cycle, the repeated photodegradation shows that CdS is unstable
and that there is loss of photocatalytic activity after two cycles of repeated experiments over pure
CdS, as shown in Figure 7a, as CdS is photo-sensitive and will expose to photo-corrosion after
dye photo-degradation. Figure 7b shows the repeated photodegradation over P25/Zng 15Cdg 855
nanocomposite with P25: Cd ratio of 1:5, the catalysts maintain high photocatalytic activity after
several times of being used. However, we can say that decorated Zng 15Cd g55 nanoflowers by P25
show consistent photocatalytic activity even after four cycles and enhance the transfer of electrons,
which would increase the photocatalytic activity of the nanocomposite. As a powerful oxidizing
agent, the *OH radical may not be generated by single CdS nanocrystals because it will not oxidize
OH groups to *OH radicals due to its valence band potential and it will suffer photo-corrosion with
releasing cadmium cations.
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Figure 7. Repeated experiments of photocatalytic degradation of RhB (100 mL, 30 mg/L) over (a) pure
CdS and (b) P25/7Zng 15Cdg g5S nanocomposites 1-5 under visible light irradiation.

To further investigate the redox cycles that are involved in the degradation of Rh-B by
P25/Zng15Cdg 855 with P25:Cd ratio of 1:5, XPS analysis of the sample after the 4th cycle of reaction is
carried out, which provides spectroscopic evidences regarding the redox cycles. Figure 8a shows the
XPS survey scans of the fresh and used P25/Zn 15Cd g5S with P25:Cd ratio of 1:5. The Cd 3d core
level spectrum in Figure 8b indicates that there are two peaks in used P25/Zng 15Cdg g5S with P25:Cd
ratio of 1:5, which are similar to the fresh one in Figure 4b. The Ti 2p core level spectrum in Figure 8c
and Zn 2p core level spectrum in Figure 8d indicate that there are two chemical species in the used
P25/7Zn 15Cdg 855 with P25:Cd ratio of 1:5, which are also similar to fresh one in Figures 4d and 4f,
respectively. The results indicate that the catalyst has high stability after four cycles.
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Figure 8. XPS survey scan spectra of fresh and used of P25/7n 15Cd 855 nanocomposite with P25:Cd
ratio of 1:5 (a) and high resolution XPS spectra of used P25/Zn 15Cdg g5S nanocomposite 1-5, (b) Cd 3d,
(c) Ti 2p, and (d) Zn 2p.

3.5. Mechanism of Photocatalytic Activity

As shown in Figure 9, Zn 15Cd 855 nanoflowers and P25 with different band structures have a
good compatibility with the absorbance of visible light. It leads to improve the transfer of photo-excited
electron-hole pairs and reduce the recombination of photo-generated electrons and holes then improve
the efficiency of photocatalytic degradation [43]. The more efficient charge-carrier separation and
increased radical formation lead to the enhanced photocatalytic activity and improved stability of the
P25/7Zn 15Cd 855 nanocomposite. The use of P25 with high specific surface area and Zng 15Cdg g55
with flower-like structure during hydrothermal preparation of P25/Zng 15Cdg g5S nanocomposite is
responsible for increasing the surface area and may improve absorption properties and then increase
of the active sites, on which organic molecules and intermediate products are adsorbed. Based on the
above discussion, in the reaction system under visible light irradiation, charge carriers are produced
on the semiconductor of Zng 15Cd g5S to P25, the photo-excited electrons on the valence band (VB) of
Zn 15Cd 855 can be promoted to the conduction band (CB). Then, the excited electrons transfer to the
CB of TiO; due to the fact that CB of TiO; is slightly more positive than that of CdS. The electrons on
the TiO, would be trapped by adsorbed molecular O, to form super oxide radicals *O?~, which has the
ability to degrade molecules of Rh-B. The holes will transfer from VB of TiO, to CdS because VB band of
TiO; has lower energy than VB of CdS. Meanwhile, the holes that transferred from the VB of TiO, could
be consumed by Rh-B molecules adsorbed on the surface of P25/Zn 15Cdg 855 nanocomposite and react
with HyO to form *OH radicals. Thus, recombination of electron-hole pairs can be efficiently inhibited
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by the reactive species, which prolong the catalyst lifetimes. P25/Zn 15Cd g5S nanocomposite system
can induce a large light-harvesting efficiency and supply more reaction active sites to enhance the
overall photocatalytic efficiency of the catalyst.

b 4
“Or
N

Y

CB
CB

Rh-B_ cof
Rh-B g colf+nH0
Zng;5Cdy 35S ‘0F
COZT +H,0 <Ri-B VB
*OH

h+

Figure 9. Schematic illustration of charge-transfer in P25/Zng15CdpgsS nanocomposite for
photocatalytic activity induced by the light irradiation.

4. Conclusions

In summary, P25/7n 15Cdg 855 nanocomposite has been successfully synthesized by decorating
Zn( 15Cdg g5S nanoflowers with P25 via one-step low temperature hydrothermal method. The new
photocatalysts exhibit superior and durable photocatalytic activities for Rh-B photo-degradation.
P25/7Zng 15Cd 855 nanocomposite with P25:Cd ratio of 1:5 has high activity for the photo-degradation
of Rh-B and high stability under visible light irradiation, and the rate of Rh-B degradation is much
faster than those of pure CdS and all other tested samples. An explanation for the visible light induced
photocatalytic activity of the coupled systems is provided, where the presence of P25 and Zng 15Cdg 855
with different structures and energy levels for corresponding conduction and valence bands probably
leads to the maximized photo-generated electrons and transport. Photo-generated holes and *OH play
a significant role in the degradation system, but electrons play the most important role.
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