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Abstract

In this work, a series of ZIF-8 derived Zn0O/CdS composite photocatalysts were
successfully prepared by pyrolysis based on a zinc-based zeolite imidazole frameworks
(ZIFs), loaded on ZIF-8 with cadmium acetate dehydrate as cadmium source and
thiourea as sulfur source. All photocatalytic samples were characterized by XRD, SEM,
TEM, and UV-vis diffuse reflectance spectra. The influence of ZIF-8 derived ZnO/CdS on
the photocatalytic activity of rhodamine B (RhB) has been investigated under simulated
sunlight irradiation. The results detect that ZIF-8 was completely converted into ZnO
when it was calcined at 540 C for 8 hours under air atmosphere, and CdS was well
dispersed onto ZnO surface. The photocatalytic efficiency of ZnO is only 76.65%, while
photocatalytic efficiency of ZIF-8 derived ZnO/CdS was highly improved (99.7%).
Furethermore, ZIF-8 derived ZnO/CdS exhibited high photocatalytic activity and
stability. After four cycles of repeated application, the photocatalytic efficiency of ZIF-8
derived Zn0/CdS was highly retained at 96.56%.
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1. Introduction

Over the past decades, serious water pollution issues and energy crisis were of great concern around
worldwide, semiconductor photocatalysts have attracted more and more scientific attention due to its
simple process, high efficiency and environment friendly [1-3]. To date, a large mass of
semiconductor photocatalysts have been carried out for solar energy transformation and dispose of
organic pollutants, for example TiO> [4], ZnO [5], SnO: [6], CdS [7], and BiVO4 [8]. Among all of
these semiconductors, ZnO has been caused considerable scientific interest as a substitute for TiO>
photocatalyst because of its eco-friendly, high photocatalytic stability and photodegradation
efficiency. However, pristine ZnO still has many defects in practical application process, which are
low visible light utilization efficiency (because of a wide band gap 3.27 eV), rapid recombination rate
of photo-induced electron-hole pairs, and low specific surface area. In order to overcome these
shortcomings, a large of efforts have been made to improve its photocatalytic efficiency, such as
metal or non-metal element doping [9-10], semiconductor photocatalyst coupling [11], self-assembly
[12], and regulating template method [13]. Among abvoe these methods, the template method of ZIF-
8 derived ZnO can not only resolve the problem of low visible light utilization efficiency and rapid
electron-hole pair recombination ratio but also upgrade the drawback of low specific surface area.

In this work, ZnO particle derived ZIF-8 was prepared by calcination with the template method of
ZIF-8, loaded on surface of ZIF-8 derived ZnO with CdS nanoparticles. Then, the photodegradation
activity of all samples was performed by using rhodamine B as simulated pollutant in aqueous
solution under simulated sunlight radiation. After detailed studying, ZIF-8 derived ZnO/CdS
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composite photocatalysts exhibit higher photodegradation activity than the pritine ZnO nanopartical
derived from ZIF-8. ZIF-8 derived ZnO/CdS photocatalysts are expected to have potential application
value in the degradation of some organic dyes under simulated sunlight driven in the future.

2. Experimental section

2.1 Chemicals and drugs

Zinc nitrate hexahydrate, cadmium diacetate dehydrate, methanol, ethyl alcohol, 2-Methylimidazole,
rhodamine B (RhB) and thioacetamide were purchased from Shanghai Aladdin Chemical Reagent
Co. Ltd. All chemicals and drugs were level of AR and used directly without any further purification.
Distilled water was employed throughout all the experiments.

2.2 Synthesis of ZIF-8 derived ZnO/CdS composite photocatalysts

The ZIF-8 derived ZnO/CdS composite photocatalysts was synthesized by pyrolysis with the template
method of ZIF-8. The synthesized procedures include the synthesis of ZIF-8, ZnO derived from ZIF-
8, and resemble of the CdS loaded on the surface of ZnO.

ZIF-8 was synthesized using modified reference method. Firstly, 10 mmol Zn(NO3), 6H,0 and 40
mmol of 2-methylimidazole respectively were dissolved in 100 mL of methanol to form clear solution.
Then, the Zn(NO3)2 6H20 solution was dropwise added into the 2-methylimidazole solution with
vigorous stirring. Subsequently, the mixture was aged for 24 h at room temperature. Finally, the
product was centrifuged, washed with distilled water and methanol successively, dried at 75 °C under
vacuum oven for 10 h, and obtained ZIF-8.

ZnO derived from ZIF-8 was calcined at 540 °C for 8 hours to remove the organic residue, and obtain
the ZIF-8 derived ZnO.

The ZIF-8 derived ZnO/CdS composite photocatalysts was synthesized with the template method of
ZIF-8 by the following method. Typically, 50 mg of ZnO derived from ZIF-8 was dispersed in 20
mL of methanol to form a uniform dispersion system, labeled as A solution. Then, 8.1 mg of
Cd(CH3COO0); 2H20 and 4.6 mg thioacetamide respectively were slowly added to A solution under
continuous stirring, react at 75 °C for 30 mins. After that, the mixture was filtered and washed with
ethanol for several times to remove the residual Cd?* and organic species. Finally, the sample was
dried under vacuum oven at 75 °C for 12 h, and obtained ZIF-8 derived ZnO/CdS composite
photocatalyst. The different mass of ZIF-8 derived ZnO/CdS composite photocatalyst was obtained
according the above synthesis procedure, which 5% ZIF-8 derived ZnO/CdS, 10% ZIF-8 derived
Zn0/CdS, 30%ZIF-8 derived ZnO/CdS respectively labeled as ZCS-1, ZCS-2 and ZCS-3.

2.3 Characterization of the photocatalyst

X-ray powder diffraction (XRD) crystal structure of photocatalyst was carried out on a Bruker
D/max-2500 diffractometer using Cu Ka radiation, scanned in the angular range (20) from 5 to 75°
at 40kV and40 mA. Scanning electron microscopy (SEM) was measured on Hitachi S-4800 field
emission to investigate the morphologies of photocatalyst. The UV-vis diffuse-reflectance spectra
(UV-vis DRS) were performed on Beijing PERSEE TU-1905 Ultraviolet spectrophotometer.

2.4 Photocatalytic degradation experiment

The Photocatalytic degradation experiment of all the samples was carried out on CEL-LB70-3
photochemical reaction box under simulated sunlight irradiation, and evaluated by a concentration of
1 mg/L rhodamine B (RhB) as a simulated pollutant. In photodegradation experiment, 20 mg as-
synthesized products were dispersed in 50 mL RhB aqueous solution with magnetic stirring. Then,
the solution was kept in dark for 30 min under continuous stirring to attain the adsorption and
desorption equilibrium. Afterwards, the RhB solutions were irradiated with a 350 W Xe lamp (with
a 420nm UV-cutoff filter) at 30 min intervals.
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3. Results and discussion

3.1 XRD Analysis

The X-ray diffraction (XRD) patterns of all the samples are shown in Fig.1. Fig.1 shows that the
diffraction of pristine ZIF-8 sample well conforms to the characteristic diffraction pattern in
references [14-15]. Thus, ZIF-8 is successfully synthesized. After ZIF-8 is calcined at 540 °C for 8
hours, the X-ray diffraction of ZnO derived from ZIF-8 suggests that the original peaks matching to
ZIF-8 are no longer exhibit in Fig.1b. Fig. 1c shows the XRD pattern of 10% ZIF-8 derived ZnO/CdS
photocatalytic composite. It can be seen that new peaks at 26.45°, 43.87°and 51.96° are ascribable to
the (111), (220) and (311) reflections of CdS (JCPDS65-2887), respectively. These results suggest
that CdS nanoparticles is well dispersed onto the surface of ZnO.

10% ZnO/CdS derived from ZIF-8

Intensity

J N .
i Soa ol (U R o S L

SRS | W W) ') ORI

| ZnO derived from ZIF-8

Fig 1 XRD patterns of the samples

3.2 SEM Analysis

The morphology and structure of all the samples was measured by the SEM (Fig. 2a-2d). As shown
in Fig. the as-prepared ZIF-8 exhibits regular dodecahedral morphology. While ZIF-8 is calcined at
540 °C for 8 hours, its framework is collapsed (Fig. 2b), and the size of ZnO particle decreases from
250 nm to 100nm. When CdS nanoparticles is loaded onto ZnO derived from ZIF-8, the surface of
ZnO particle is coated by CdS nanoparticles from Fig. 2d. The results indicate that CdS nanoparticles
were embedded on the surface of ZnO. Furthermore, Fig. 3 depicts the EDS mappings of ZnO/CdS,
the EDS images suggest the existence of the elements Zn, O, Cd and S. CdS nanoparticle is well
dispersed on the surface of ZnO. This confirms that the organic ligands of ZIF-8 calcined at 540 °C
for 8 hours are absolutely burned out.
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Fig. 2 SEM of all the samples
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Fig. 3 Mapping of ZIF-8 derived 10% ZnO/CdS

3.3 UV-vis DRS Analysis

The UV-vis diffuse reflectance spectroscopy (DRS) of all the samples is shown in Fig .4. The spectra
of ZIF-8 depicts a sharp peak nearly at 252 nm, which is consistent with the reference [16-17],
ascribed to the excitonic absorption of ZIF-8. Nevertheless, after ZIF-8 is calcined at 540 °C for 8
hours, it shows a strong absorption peak at 388 nm. This suggests that ZnO is completely obtained
from ZIF-8 by calcination at 540 °C. When ZnO is coupled with CdS nanoparticle by hydrothermal
method, its characteristic absorption shows an obviously red shift, corresponding both to ZnO and
CdsS, which is probably attributed to the strong interfacial coupling effect between the neighbouring
Zn0 and CdS nanoparticles.
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Fig. 4 UV-vis spectra of the samples

3.4 Photocatalytic Activity

The photocatalytic activity of all the samples was carried out using the degradation of an RhB solution
as a simulated pollutant under simulated sunlight irradiation. The results are depicted in Fig. 5. It can
be seen from Fig. 5 that 55.67% of RhB was absorbed by ZIF-8, and only 17.12% and 16.34% of
RhB were respectively adsorbed by ZnO and CdS/zZnO, after 30 min of dark reaction. Then, they
were irradiated under simulated sunlight. After 60 min of irradiation, only 12.57% of RhB was
degraded under no photocatalyst. ZIF-8 displayed almost no degradation properties, ZnO could
degrade 76.65% of RhB, and the photocatalytic efficiency of CdS/ZnO was 99.7%. This shows that
coupling with CdS could highly increase the photocatalytic activity of ZnO.
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Fig. 5 The photocatalytic degradation of the samples, for the absorption of RhB in the dark and
degradation of RhB under simulated sunlight irradiation

In order to certify the photocatalytic recycling stability of the as-synthesized photocatalyst, ZnO/CdS
was performed to degrade RhB experiment for four photocatalytic degradation cycles under simulated
sunlight. As can be seen from Fig. 6, after four photocatalytic degradation cycles the photocatalytic
efficiency of ZnO/CdS decreases by just 3.16%. This suggests that ZnO/CdS shows high
photocatalytic recycling stability. The slight decrease in photodegradation effect is probably
attributed to the active sites of the composite photocatalyst occupied by intermediate products or
reaction products generated by the reaction in the photodegradation process, thus blocking the action
of simulated sunlight and the photocatalyst [19-20].
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Fig. 6 Four photocatalytic degradation cycles of RhB using 10% ZnO/CdS

4. Conclusion

In summary, CdS nanoparticles loaded on surface of ZnO, with enhanced photocatalytic activity, was
prepared from a ZIF-8 precursor through an hydrothermal method. CdS nanoparticles were well
dispersed onto ZnO surface, which was synthesized from ZIF-8. Compared with that of ZIF-8, the
photodegradtion activity has been successfully upgraded under simulated sunlight irradiation. The
results of degradation RhB show that the photocatalytic efficiency of ZnO was increased from 76.65%
t0 99.70% after CdS coupled with ZnO. Furthermore, ZnO/CdS depicts high photocatalytic stability.
After four photocatalytic degradation cycles, the photocatalytic efficiency of ZnO/CdS was still
highly maintained at 96.56%. It is suggested that the excellent photocatalytic properties of ZnO/CdS
make it possible to be utilized for the degradation of organic pollutants.
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