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Graphical abstract 

Highlights 

• ZnO@ZIF8 nanoparticles (NPs) presented enhanced photocatalysis

• The composite showed retarded charge recombination and higher surface area

• Retarded charge recombination was achieved by trapping photogenerated electrons

• ZIF8 within the hybrid NPs trap these electrons

• Enhanced absorption also supplementary contribute towards improved photocatalysis
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Semiconducting zinc oxide nanoparticles (ZnO NPs) hold great potential as photocatalysts in 

wastewater treatment because of their favorable bandgap and cost-effectiveness. Unfortunately, 

ZnO NPs usually show rapid charge recombination that limits their photocatalytic efficacy 

significantly. Herein, we report a facile way of modifying ZnO NPs with zeolite imidazole 

framework-8 (ZIF8).  A synergy between the two components may tackle the drawback of fast 

charge recombination for pristine ZnO NPs. Improved performance of photocatalytic 

degradation of methylene blue (MB) is confirmed by comparing with pristine ZnO and ZIF8 

as the catalysts. The ZIF8 in the composite serves as a trap for photogenerated electrons, thus 

reducing the rate of charge recombination to enhance the photocatalysis rate. In addition, the 

hybridization process suppresses the aggregation of ZnO NPs, providing a large surface area 

and a greater number of active sites. Moreover, a small shift in the absorption band of 

ZnO@ZIF8 (10) NPs towards higher wavelength, also witnessed a little contribution towards 

enhanced photocatalytic properties. Mechanistic studies of the photocatalytic process of MB 

using ZnO@ZIF8 NPs catalyst reveal that hydroxyl radicals are the major reactive oxygen 

species. The facile hybridization of ZnO with ZIF8 provides a strategy for developing new 

photocatalysts with wide application potential. 

Keywords: semiconductor-zeolite imidazole nanoparticle; photocatalyst; photocatalysis; 

charge recombination; wastewater treatment 

1.  Introduction 

Energy and environmental technologies are important for sustainable development [1-4]. 

Toxic industrial wastes create contemporary environmental problems owing to the property of 

their carcinogenic, persistent, and bio-accumulative [5-8]. Due to the rising worry over water 

pollution, there is an urgent need to create efficient solutions to remove environmental concerns. 

Semiconductor photocatalysis is an imperative technique for the abatement of 

organic pollutants in wastewater [9-12]. Owing to many favourable physical and chemical 

characteristics, including wide bandgap (3.34 eV), high excitation binding energy (60 meV), 

high mobility of electrons, chemical and thermal stability, non-toxicity, recyclability, cost-

effectiveness, and environmental friendliness. ZnO NPs have been widely employed as 

catalysts in photocatalysis, in particular for the degradation of organic pollutants [13-16]. 

However, one of the major drawbacks is the fast recombination of photoinduced electron-hole 

pairs, which results in reduced quantum efficiency of photocatalyst due to waste of energy in 

the form of light or heat [17, 18]. To achieve the widespread utilization of ZnO NPs in 

https://www.sciencedirect.com/topics/materials-science/photocatalysis
https://www.sciencedirect.com/topics/physics-and-astronomy/contaminants
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photocatalysis, researchers have developed several strategies to improve their performance 

[19-22]. For example, trapping the photogenerated electrons or holes has been widely applied 

to hinder the recombination of charge carriers, thereby increasing their lifespan and allowing 

redox processes to proceed more easily [23].  

There are many ways to realize charge carrier trapping, such as metal (oxide) doping [24, 

25], and hybrid composites with other materials [26]. Saleh et al. [24] tried manganese/cobalt 

doping into ZnO NPs via a co-precipitation method, and the doping resulted in a charge 

trapping effect with retarded charge recombination and enhanced photocatalytic properties. Ba-

Abbad et al. [27] also found significant improvement in photocatalysis with a small amount of 

iron doping into a ZnO matrix. In another study, Divband et al. [28] developed Ag/ZnO 

photocatalysts by polyacrylamide gel method and studied the mechanism of electron trapping 

with the introduction of Ag for improved photocatalysis. In addition to doping strategy, the 

formation of composite could also increase the charge separation (i.e., reduced charge 

recombination). For example, due to their difference in electrical potential, e.g., the higher 

conduction band (CB) of ZnO as compared with carbon material, the formation of carbon-

based hybrid nanomaterials with ZnO demonstrated improving photocatalysis [29]. The carbon 

materials acted as a reservoir to entrap photogenerated electrons to hinder charge 

recombination [26]. Carbon nanomaterials also played an important role in both electron-

accepting and electron-transporting media, thus significantly aiding in the quick transport of 

photo-induced charge carriers, thereby enhancing photocatalysis [30]. However, conventional 

synthetic procedures typically involve complex procedures, critical conditions, and high costs. 

A facile, large scalable, and economic synthesis method is still urgently needed. 

Metal-organic framework based composites (e.g., ZIF8-based composites) are an emerging 

class of porous materials that have been extensively investigated for applications in different 

fields, including adsorption, electrocatalysis, and heterogeneous catalysis, because of their 

merits including large specific surface area (~2000 m2 g-1), high porosity, and defined and 

tuneable composition [31-35]. The regular porous structure of ZIF8 provides the opportunity 

to form a stable matrix with massive active sites, and may potentially enhance photocatalytic 

performance due to the caging effect [36] and enlarged surface area [37]. It also provides a 

thermally stable material [38].  

In this study, we reported a rational design of ZnO@ZIF8 NPs nanocomposite as a 

promising photocatalyst for efficient breaking down of organic contaminants. A facile wet-
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chemical way was provided for forming ZnO@ZIF8 hybrid materials. The hybridization 

resulted in reduced charge recombination that is credited to the electron trapping potential of 

ZIF8. Moreover, the porous ZIF8 provides a large surface area thus providing a higher number 

of an active and ultimate larger production of ROS. On the other hand, a shift in absorption 

potential towards higher wavelength also suggests larger production of charge carriers. As a 

result of these three advantageous properties, better photocatalysis for dye degradation was 

achieved by the composite catalyst compared to the individual components. The reaction 

mechanism was also further studied. ZnO and ZIF8 nanocomposite may provide useful 

inspiration for the development of efficient photocatalysts with wide application potential.  

2.  Experimental 

2.1 Materials synthesis and characterization 

All the chemicals in this study were purchased from Sigma-Aldrich, Australia, and used as 

received without further purification. Deionized (DI) water was applied in all experiments. For 

the preparation of the ZnO@ZIF8 PSs, 0.5 mmol of zinc nitrate hexahydrate, 3 mmol of 2-

MIM, and 0.3 mmol ZnO NPs were mixed in 30 mL methanol. The resulting solution was 

mechanically stirred and heated at 70 °C for 20 min until the reactants were evenly dispersed. 

The mixture was cooled naturally to room temperature. ZnO@ZIF8 NPs were harvested by 

centrifugation and then dried at 80 °C overnight. Five different composites ZnO@ZIF8 (1), 

ZnO@ZIF8 (5), ZnO@ZIF8 (10), ZnO@ZIF8 (15), ZnO@ZIF8 (20) were prepared by 

increasing the loading of ZnO NPs by a factor of 5, 10, 15, and 20 (i.e., 0.3 mmol, 1.5 mmol, 

3.0 mmol, 4.5 mmol, and 6 mmol ZnO NPs), respectively. For comparison, ZIF8 NPs were 

synthesized using similar schematics of ZnO@ZIF8 NPs. 

To identify the crystal structures of the various as-prepared ZnO@ZIF8 NPs, a Bruker 

D8A–advance apparatus was used with integrated Cu Kα radiation at the conditions of λvalue 

of 1.54178 Å, the potential of 40 kV, and current of 40 mA to conduct X-ray diffraction (XRD) 

studies over a 2θ range of 10-80 °. To examine the sample particulate morphology, electron 

scanning microscopy (SEM, Zeiss Clara) was used. Selected samples were also examined by a 

transmission electron microscope (TEM) equipped with dispersive X-ray spectroscopy (EDX) 

(JEOL JSM 2011). 

To get information about total organic carbon, a Rock-Eval 6 total organic carbon (TOC) 

analyzer was utilized to quantify the organic linker of pure and composite ZIF8 samples. 
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Thermal gravimetric analysis (TGA) was performed to check the thermal stability of 

synthesized materials using PerkinElmer Pyris 1 TGA. The samples were heated to 700 °C 

under airflow (20 mL min-1) conditions. The specific surface areas of the samples were 

measured using Micromeritics Tristar II plus based on the nitrogen (N2) adsorption-desorption 

isotherms and calculated based on the Brunauer–Emmett–Teller (BET) method.  The UV-Vis 

diffuse reflectance spectra (DRS) of NPs were obtained using BaSO4 as a reference on the 

Jasco V670 spectrophotometer. A wavelength range from 350-500 nm was measured using a 

2 nm bandwidth. PerkinElmer LS55 was used to collect PL spectra. The in-situ recording of 

photoreactive radicals was carried out using electron paramagnetic resonance (EPR) 

spectroscopy (Bruker EMS-plus).  

2.2 Photocatalytic performance evaluation 

 The photocatalytic properties of developed ZnO@ZIF8 NPs were evaluated by 

calculating the degradation efficiency of MB. For comparison, the potential of ZIF8 and ZnO 

NPs in dye degradation was also investigated. All the dye degradation testings were performed 

in a double jacketed batch reactor at 25 °C. The introduction of a fixed amount of MB aqueous 

solution (10 ppm, 200 mL) and NPs suspension (45 mg L-1) initiated an adsorption reaction in 

dark under magnetic stirring to guarantee homogeneous solution throughout the reaction. The 

adsorption reaction was continued for 15 min that was followed by photoirradiation for 45 min 

using an MSR 575/2 metal halide lamp (575 W, Philips, 315-1050 nm). Periodically, an equal 

amount of the sample aliquots was withdrawn by syringe and passed through a 0.45 𝜇m 

Millipore syringe filter, and then the filtrate was analyzed through UV-Vis spectrometry 

(PerkinElmer, Lambda 25). The time-dependent absorption at 664 nm was recorded. The 

adsorption percentage was calculated using the following formula: 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =  
𝐶0 − 𝐶𝑡

𝐶0
 ×  100% 

 

where, 𝐶𝑡 is the concentration of MB at a certain time, 𝐶𝑜 is the concentration of MB at time  

zero. The photodegradation was calculated by recording the ratio of the MB concentration at a 

certain time and MB concentration at t=15 min (𝐶𝑜’).    

3. Results and discussion   

3.1 Morphological structure 
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A typical procedure for the preparation of ZnO@ZIF8 is schematically shown in Fig. 1. 

During the synthesis process, ZnO NPs served as self-templates to provide supplementary Zn2+ 

in a methanol solution containing 2-MIM and zinc nitrate [39]. The coordination of Zn2+ with 

2-MIM resulted in the formation of ZIF8 by nucleation and growing process. The successful 

preparation of ZnO@ZIF8 composites was first supported by XRD characterization. The 

corresponding patterns of the various ZnO@ZIF8 NPs nanocomposites are shown in Fig. 2a, 

which confirm the presence of both ZnO (ICDD ID: 00-036-1451) [40] and ZIF8 (ICDD ID: 

00-062-1030) [41]. Relatively strong diffraction peaks appearing here suggest the high 

crystallinity of ZnO@ZIF8 NPs. It is noted that some small peaks with low in density in the 

XRD patterns of ZnO@ZIF8 (15) were difficult to index. Furthermore, the FTIR spectra also 

demonstrated the evolution of the composite structure. In the ZnO@ZIF8 NPs (Fig. 2b), the 

Zn-O moiety's stretching band at 420 cm-1 [38] was observed, whereas the planes bending and 

stretching bands for the imidazole at 500-1350 cm-1 and 1350-1500 cm-1, respectively [42], 

were also detected. In addition, the stretching vibrational band of C–N at around 1584 cm−1 

[43], was also appeared.  

 

Fig. 1: Schematics of the synthesis procedures of ZIF8 NPs and ZnO@ZIF8 NPs. 
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Fig. 2: a) XRD, b) FTIR images of ZnO@ZIF8 NPs. 

The morphologies of the nanocomposites with different ZnO:ZIF8 ratios were observed by 

TEM (Fig. 3a-e). The samples present similar morphology with a particle size of 25-50 nm. 

The increased amount of ZnO added to the synthesis mixtures resulted in a higher ratio of 

ZnO:ZIF8 in the ZnO@ZIF8 composite. TOC analysis (Fig. 3f) provides supportive evidence 

where it shows a decrease in organic contents with an increase of ZnO loadings. The weight 

ratio of ZnO and ZIF8 in the ZnO@ZIF8 (10) composite was further evaluated by TGA under 

an airflow condition (Fig. 3f inset). The TGA profile of ZnO confirmed it was thermally stable 

without a significant weight loss at 700 °C. The previous publication indicated that the 
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oxidation of ZIF8 at high temperature may form gaseous products (e.g., CO2, NOx, H2O) and 

zinc oxide [41]. Based on these thermal behaviors of ZnO and ZIF8 and the residual weight of 

87.9% for the ZnO@ZIF8 (10) composite, the weight percentage of the ZnO and the ZIF8 in 

the ZnO@ZIF8 (10) composite were calculated to be 81.2% and 18.8%. 

 

Fig. 3: TEM images of a) ZnO@ZIF8 (1), b) ZnO@ZIF8 (5), c) ZnO@ZIF8 (10), d) 

ZnO@ZIF8 (15), and e) ZnO@ZIF8 (20) NPs, and f) TOC of ZnO@ZIF8, ZIF8, and ZnO NPs, 

inset: TGA of ZnO and ZnO@ZIF8 (10) NPs. 

To further confirm the morphology and hybrid nature, ZnO@ZIF8 (10) NPs were selected 

as the representative sample and further characterized by high-resolution electron microscopy 

(HRTEM). As shown in Fig. 4a, the sample is in the crystalline phase, and lattice spacing of 

0.45 and 0.53 nm were observed from different positions of the sample, which match that of 

the (321) plane of ZnO NPs, and (310) plane of ZIF8, respectively. This result demonstrated 

the distribution of ZnO and ZIF8 in the nanocomposite. Moreover, the selected area electron 

diffraction (SAED) images (Fig. 4b) revealed circular diffraction patterns referred to (100), 

(110), and (103) planes of wurtzite structure of ZnO, and (884), (631), (321), (431), (440), and 

(622) planes of the cubic phase of ZIF8. The chemical composition and element distribution of 

the ZnO@ZIF8 NPs (10) were further illustrated by the elemental mapping analysis using a 

high‐angle annular dark‐field scanning TEM (HAADF‐STEM). Fig .4c-d reinforces the 

existence of both ZnO NPs and ZIF8 NPs in the composite. Note that N and C are two main 

elements in 2-MIM which only exist in the ZIF8 crystals. The N (blue), C (red) signals in the 

elemental mappings (Fig. 4d) indicate ZIF8 NPs were dispersed on ZnO NPs. All above results 
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present solid evidence to validate the successful development of the hybrid ZnO@ZIF8 NPs 

nanocomposite. 

 

Fig. 4: a) HRTEM and corresponding b) SAED and c,d) HAADF-STEM image and 

corresponding elemental mapping analysis of ZnO@ZIF8 (10). 

3.2 Photocatalytic performance 

The photocatalytic performance of the as-synthesized ZnO@ZIF8 NPs was then assessed 

in terms of MB degradation, and comparative studies were also executed on ZIF8 and ZnO 

NPs. First, the adsorption capability of the catalysts for the dye was examined. The NPs were 

stirred in dark for 15 min to achieve saturated adsorption-desorption of the positively charged 

dye molecules [44] on the surface of the negatively charged NP, and the adsorption percentages 

of NPs were shown in Fig. 5a, left. The percentages of MB as adsorbed ZnO@ZIF8 (1), 

ZnO@ZIF8 (5), ZnO@ZIF8 (10), ZnO@ZIF8 (15) and ZnO@ZIF8 (20) NPs were 38.46%, 

37.74 %, 39.90%, 34.13 %, and 38.96 %, respectively. It suggests no big difference in the 

adsorption capability of the various ZnO@ZIF8 nanocomposites with different ZnO to ZIF8 

ratios, which is attributed to the negligible difference in their zeta-potential. The obtained zeta-

potential values of ZnO@ZIF8 (1), ZnO@ZIF8 (5), ZnO@ZIF8 (10), ZnO@ZIF8 (15) and 
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ZnO@ZIF8 (20) NPs were -19.53, -19.9, -22.16, -17.1, -16.8, respectively (Fig. 5b). Thus, the 

difference in the later photocatalytic activity could be mainly ascribed to the difference in their 

intrinsic activity. Interestingly, ZIF8 (zeta-potential: -2.5) alone showed almost negligible dye 

adsorption, while pristine ZnO (zeta-potential: -4.33) showed lower dye adsorption than the 

various nanocomposites. It suggests dye was mainly adsorbed over the ZnO surface, while the 

hydrazination between ZnO and ZIF8 led to increased dye adsorption. It suggests the 

hydrazination process likely suppressed the aggregation of ZnO NPs, thus increasing the 

surface area (ZnO: 33 m2/g, ZnO@ZIF8: 200-350 m2/g) for dye adsorption.  

 

Fig. 5: a) Adsorption of MB over 15 min in dark (left) and photocatalysis over 45 min under 

light (right), b) zeta-potentials of ZnO@ZIF8, ZIF8, and ZnO NPs, c) pseudo-first-order linear 

plots of the photocatalysis kinetics of MB using ZnO@ZIF8, ZIF8, and ZnO NPs, d) SEM 

image and e) corresponding EDS spectrum of a selected region of ZnO@ZIF8 (20) NPs. 

Photocatalytic degradation of MB over the various catalysts was conducted for a fixed 

period of 45 min under the same photo illumination of 315–1050 nm. The as-synthesized ZnO 

NPs showed much lower photocatalytic efficiency of only 57.21 %, as compared with 

ZnO@ZIF8 (1), ZnO@ZIF8 (5), ZnO@ZIF8 (10), ZnO@ZIF8 (15) and ZnO@ZIF8 (20) NPs 

(70.18%, 71.62 %, 97.65%, 84.60 %, and 60.67 %, respectively) (Fig. 5a, right). Furthermore, 

upon analysis, the photocatalytic degradation of MB followed pseudo-first-order kinetics, 
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studied by plotting ln(Co’/Ct) = kt as shown in Fig. 5c, where the rate constant k (min−1) is equal 

to the slope of the fitting line, C0’ and Ct correspond to the equilibrium and time t concentration 

of MB molecules, respectively. With the increase in ZnO NPs loading, the photocatalysis rate 

increased in the sequence of ZnO@ZIF8 (1), ZnO@ZIF8 (5), and ZnO@ZIF8 (10) NPs (Fig. 

5a, right). This improvement may benefit from the strategy adopted in the synthesis, where 

the ZnO NP served as a supplemental Zn2+ source for the growth of ZIF8 on the ZnO. As a 

result, a good attachment between ZnO NPs and ZIF8 NPs can be achieved. It is worth noting 

that the growth of ZIF8 is highly dependent on the Zn2+ release rate from the ZnO and the 

coordination rate of Zn2+ with 2-MIM [45]. Therefore, the initial loading amount of ZnO NPs 

is vital for the tuning of compositional ratio and integration of ZnO and ZIF8 in the resulting 

ZnO/ZIF8 composites. The optimized composite for best photocatalytic performance was 

achieved when the loading of ZnO is of factor 10 (2-MIMs/Zn2+ ratio=0.86) for ZnO@ZIF8 

(10). In the synthesis process, the Zn2+ release and the coordination of Zn2+ and 2MIM are 

competitive processes [46]. When the ZnO loading was further increased, the releasing rate of 

Zn2+ also further increased while the coordination rate was not sufficient, which could result in 

a large quantity of unreacted agglomerated ZnO NPs (Fig. 5d) [47, 48]. As a result, ZnO@ZIF8 

(15) and ZnO@ZIF8 (20) presented inferior performance compared to ZnO@ZIF8 (10). The 

EDS mapping (Fig. 5e) on a selected region ZnO@ZIF8 (20) NPs also countersigned that the 

agglomerated particles are ZnO.  

    The outstanding photocatalytic performance of ZnO@ZIF8 (10) NPs can be explained by 

the following three main reasons: (1) reduced charge recombination, (2) large surface area, and 

(3) high absorption values. Firstly, the reduced charge recombination could be attributed to the 

higher LUMO (lowest unoccupied molecular orbital) level of ZIF8 as compared with CB of 

ZnO hinder electron transport thus, hindering the charge recombination [49]. Also, the N-Me-

O bond formed at the interface of Me and ZIF8 tends to greatly reduce the photo-induced 

electron-hole pairs recombination [50]. Moreover, the reduced charge recombination might 

also be associated with the oxygen vacancy in the composite [51] which reduces the charge 

recombination centers [52]. For confirming the above aspects, PL spectra of ZnO and 

ZnO@ZIF8 (10) were analyzed. Compared with pure ZnO NPs, a hypochromic shift in the PL 

peak of ZnO@ZIF8 (10) can be observed (Fig. 6a). This indicates a slow recombination rate 

which results in higher electron-hole separation [53]. It is also worth mentioning that the PL 

spectra are also very sensitive to the crystal structures and the surface defects [54], such as 
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oxygen vacancy [55]. The low recombination rate of photoinduced charge carriers could be the 

key aspect for improving the photocatalytic performance [56]. 

 

Fig. 6: a) PL spectra of ZnO and ZnO@ZIF8 (10) NPs at excitation wavelength 450 nm, b) 

nitrogen adsorption-desorption isotherms and c) DRS spectra of ZnO and ZnO@ZIF8 (10) NPs. 

A higher specific BET surface area (256 m2 g-1) [57, 58] was observed for the ZnO@ZIF8 

(10) sample (Fig. 6b) was the second reason for the outstanding photocatalytic performance. 

The high surface area provides more active sites to generate much enhanced photo-excited 

charge carriers and the ultimately large quantity of ROS production [59-61]. The formation of 

ZnO@ZIF8 nanocomposites effectively suppressed the aggregation of ZnO nanoparticles.  
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The shifting in absorption potential towards higher wavelength values could be the third 

reason for enhanced photocatalytic performance. Fig. 6c showed a small shifting of the DRS 

peak towards a higher wavelength for ZnO@ZIF8 when compared with ZnO NPs. It suggests 

the large production of charge carriers [62], which also presented a certain contribution towards 

enhanced photocatalysis.  

A comparison of the current activity with some representative literature results is provided 

in Table 1. The ZnO@ZIF8 (10) sample in this work presented an outstanding photocatalytic 

performance among other ZnO-based photocatalysts, further confirming the effectiveness of 

our material in water treatment.  

Table 1: Comparison of catalytic performances of ZnO@ZIF8 NPs and some other photocatalysts for 

the photocatalysis process. 

No Material Catalyst 

loading 

Dye Dye 

concentration 

Time Degradation Ref 

  mg/L  Ppm Min %  

1 ZnO@ZIF8 45 MB 10 45 98 This work 

2 La@ZnO 100 Rh B N/A 78 99 [63] 

3 ZIF derived ZnO 25 MB 10 120 99 [64] 

4 ZIF-8 covered Zn-Al 400 MB 10 180 80 [65] 

5 MOF@rGO 25 MB N/A 120 70 [66] 

Note: Rh: Rhodamine dye 

To scrutinize the mechanism of photocatalytic degradation, EPR spectra were performed 

using 5-dimethyl-1-pyrroline-N-oxide (DMPO), and 2,2,6,6-tetramethylpiperidine (TEMP) as 

a probe of singlet oxygen (1O2) and hydroxyl radicals (•OH) [67, 68]. Four characteristic peaks 

were observed in •OH-DMPO EPR spectra (Fig. 8a) [69] while three characteristic peaks were 

detected for 1O2-TEMP (Fig. 8b) [70], verifying that •OH and 1O2 acted as the main reactive 

oxygen species (ROS) during the degradation of MB. This can be further verified by an active 

species trapping experiment, using tert-butyl alcohol (tBA), sodium azide (NaN3), and 

benzoquinone (BQ) as a scavenger of •OH, 1O2, and superoxide radicals (•O2
-), respectively 

[71, 72]. Fig. 8c showed a sharp decline with the addition of tBA and NaN3 while the presence 

of BQ had no significant change on the photocatalytic performance as compared with that of 

ZnO@ZIF8 (10) without a scavenger. The scavengers were quenched in the respective order: 

BQ (43%) > NaN3 (81%) > tBA (97%) at t=45 min. Thus, it can be seen that •OH play the key 

roles in the degradation of MB as compared with 1O2 and •O2
-.  

The photocatalytic degradation phenomenon of ZnO@ZIF8 is schematically shown in 

Fig. 8d. Electrons were generated at the CB and holes were generated at the valence band (VB) 

of both ZnO and ZIF8. After that, the electrons may transfer from the excited state to the ZnO 
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then react with oxygen molecules, and the holes react with •OH on the surface of the ZIF8  [73, 

74].  

Fig. 7: EPR testing using a) DMPO, b) TMP, c) scavenger test using ZnO@ZIF8 (10) NPs 

with tBA, NAN3, and BQ, and d) mechanism of MB degradation by ZnO@ZIF8 NPs. 

4. Conclusion 

In conclusion, we have prepared ZnO@ZIF8 hybrid NPs via a facile synthesis process. As a 

photocatalyst in the dye degradation experiment, ZnO@ZIF8 NPs presented outstanding 

performance with the dye degradation efficiency of 98% within 45 minutes, much superior to 

that with the pure ZnO NPs (efficiency of 57%). The enhanced photocatalysis was attributed 

to the reduced charge recombination rate, which was ascribed to the photogenerated electrons 

tapping the potential of ZIF8. Also, the significantly larger specific surface area (256 m2 g-1) 

of ZnO@ZIF8 NPs than that of ZnO NPs (31 m2 g-1) suggests the effectively suppressed 

aggregation of the ZnO phase from the hydrazination, thereby improving the quantum 

efficiency of the photocatalytic process from increase active sites. Moreover, a shift in 
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absorption potential of ZnO@ZIF8 (10) NPs can lead to the lower gap which contributes to the 

enhanced photocatalytic properties. The EPR and quenching tests proved that •OH is the main 

ROS for MB degradation over ZnO@ZIF8 NPs. The findings obtained in this study provide 

new thinking for the development of efficient photocatalysts for various applications. 
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