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Abstract. In recent years, the preparation and application of ZIF-8 nanoparticles have garnered 
interest, yet systematic studies on the relationship between their size and photocatalytic hydrogen 
generation performance remain limited. Addressing this gap, the present study pioneers an 
in-depth exploration of the preparation of ZIF-8 nanoparticles, emphasizing their impact on 
photocatalytic hydrogen generation. A novel observation was made, where uniform ZIF-8 
particles of approximately 1 micron were optimally synthesized at a molar ratio of zinc acetate to 
dimethylimidazole of 1:4. Interestingly, the study unveiled a unique trend of ZIF-8 particle size 
variation with changing reaction temperatures. Most notably, and for the first time, this research 
underscores the paramount role of particle size on ZIF-8’s hydrogen generation capability, 
connecting it intricately to the material’s pore characteristics. An unprecedented finding was the 
superior performance of the 500 nanometer-sized ZIF-8 in photocatalytic hydrogen generation, 
attributing its excellence to its pore size being finely attuned to the photocatalytic reaction 
requirements. Such groundbreaking insights not only deepen our comprehension of ZIF-8 
materials but also hold transformative potential for the international engineering community, 
particularly in tailoring applications for enhanced photocatalytic hydrogen generation. 
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1. Introduction 

Metal-organic frameworks (MOFs), a class of materials with highly ordered porous structures, 
have attracted widespread attention in recent years. The pore structures and abundant active sites 
of MOF materials endow them with potential applications in areas such as gas storage, separation, 
and catalysis [1-3]. Among these, Zeolitic Imidazolate Framework-8 (ZIF-8), as an important type 
of MOF material, possesses unique crystal structures and porous properties, making it a notable 
candidate in the field of catalysis. ZIF-8’s compositional diversity and tunable structure render it 
a promising material for photocatalytic hydrogen production [4-6]. 

However, despite the considerable potential of ZIF-8 in photocatalytic hydrogen production, 
its performance is influenced by various factors, including particle size and structure. Particle size 
plays a crucial role in the photocatalytic performance of MOF materials. On one hand, changes in 
particle size can alter the material’s light absorption and transmission properties, thereby affecting 
the progress of photocatalytic reactions. On the other hand, particle size also impacts the size and 
distribution of material pores, subsequently affecting the exposure level of catalytic active sites. 
Therefore, in-depth investigation into the influence of particle size on the photocatalytic hydrogen 
production performance of ZIF-8 is of significant importance [7]. 

Building on this foundation, our research stands as a pioneering endeavor, meticulously 
probing into the realm of ZIF-8 nanoparticles, delving deep into their synthesis, and their 
subsequent application in photocatalytic hydrogen production. Specifically, we first explore the 
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mechanism of controlling ZIF-8 particle size through the adjustment of reactant ratios. 
Subsequently, we study ZIF-8 prepared at different reaction temperatures to gain deeper insights 
into the influence of temperature factors on particle size. Lastly, we examine the performance of 
ZIF-8 particles of different sizes in the photocatalytic hydrogen production reaction to reveal the 
mechanisms through which particle size affects photocatalytic performance. 

The ambition of our study surpasses merely understanding the synthesis and performance of 
ZIF-8 nanoparticles. We are at the frontier of providing a rigorous scientific foundation for the 
potential of ZIF-8 in the realm of photocatalytic hydrogen production. By expertly manipulating 
pivotal factors such as reactant ratios and temperature, we not only engineer ZIF-8 nanoparticles 
of diverse sizes but also demystify the performance trends in photocatalytic hydrogen production. 
This work, thus, unveils previously concealed facets of the photocatalytic hydrogen production 
mechanism inherent to ZIF-8 materials. By charting this novel territory in MOF materials for 
photocatalysis, our research stands as a beacon, heralding innovative pathways for the evolution 
of clean energy technologies. 

2. Experiment 

2.1. Experimental materials and equipment 

Dimethylimidazole, anhydrous methanol, China National Pharmaceutical Group Chemical 
Reagent Co., Ltd.; Zinc acetate, Belun Technology Co., Ltd. 

AB204-E Analytical Balance, S312-90 Constant Speed Stirrer, C-MAG HS7 digital Heating 
Magnetic Stirrer, KQ5200DE CNC Ultrasonic Cleaner, AXTG16G Benchtop General-purpose 
Centrifuge. 

2.2. Preparation of ZIF-8 particles 

First, prepare solution A by dissolving the predetermined amount of zinc acetate in 
100 milliliters of methanol. Simultaneously, prepare solution B containing the predetermined 
amount of dimethylimidazole, also added to 100 milliliters of methanol solvent. Next, slowly pour 
solution B into solution A while maintaining continuous heating and stirring for 2 hours. Within 
these 2 hours, ensure that the reaction occurs and that the mixture reacts fully through heating and 
stirring. Subsequently, use centrifugal separation to isolate the reaction product from the solution. 
For the separated product, perform multiple washes with methanol to remove possible impurities 
and byproducts. The focus of this experiment is to investigate the effect of different molar ratios 
of reactants zinc acetate and dimethylimidazole on particle size. Specifically, three molar ratios, 
1:2, 1:4, and 1:8, were examined, with the 1:4 ratio chosen as the baseline. Additionally, the 
experiment examined different reaction temperatures, including 30 ℃, 40 ℃, 50 ℃, and 60 ℃. 

2.3. Characterization of photocatalytic properties 

Firstly, take 10 milligrams of catalyst and disperse it in 20 milliliters of aqueous solution. To 
enhance the efficiency of the catalytic reaction, add 5 milliliters of triethanolamine as a sacrificial 
agent in the system. Disperse the catalyst uniformly in the solution through ultrasonic treatment, 
which helps increase the catalyst's surface area and thus enhances the reaction efficiency. The 
ultrasonic treatment continues for 10 minutes to ensure even dispersion of the catalyst. Then, seal 
the reaction system to prevent gas escape and gradually introduce a 30-minute flow of argon gas 
to purge oxygen and other impurity gases from the system. 

Subsequently, under appropriate stirring conditions, start the CEL-HXF300 xenon lamp to 
provide full-spectrum illumination. Samples from the reaction system are collected every 1 hour. 
The collected samples are then introduced into the thermal conductivity detector (TCD) channel 
of the gas chromatograph (GC9800) equipped with a 5 A molecular sieve to detect the generated 
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hydrogen.  

2.4. Morphology characterization 

Sample morphology analysis and elemental analysis were conducted using a JEOL-2100F 
transmission electron microscope (TEM) with an acceleration voltage of 200 kV. The 
characterization method involved dropping the catalyst sample solution onto an ultrathin carbon 
film, thoroughly drying it, and then proceeding with the characterization process. 

3. Results and discussion 

3.1. Effect of reactant ratio on particle size 

First, we investigated the influence of reactant ratios on the size of ZIF-8 nanoparticles. Since 
most of the existing literature synthesizes ZIF-8 under room temperature conditions, we chose 
30 ℃ as the reaction temperature for subsequent examination of the temperature effect on particle 
size [8-10]. By conducting experiments with a molar ratio of zinc acetate to dimethylimidazole of 
1:1 (Fig. 1(a-c)), we clearly observed that the synthesized ZIF-8 nanoparticles exhibited an uneven 
size distribution, with particles larger than 1 micron. In contrast, for experiments with a molar 
ratio of zinc acetate to dimethylimidazole of 1:4 (Fig. 1(d-f)), we found that the synthesized ZIF-8 
particles showed a uniform size distribution, with an average particle size of around 1 micron. 
Further observing the results of experiments with a molar ratio of zinc acetate to 
dimethylimidazole of 1:8 (Fig. 1(g-i)), we noticed that although the obtained ZIF-8 nanoparticles 
exhibited an uneven size distribution, the average particle size was smaller, roughly ranging from 
200 nanometers to 1 micron. 

 
Fig. 1. Transmission electron microscope (TEM) images of ZIF-8 prepared with different molar ratios of 

zinc acetate and dimethylimidazole. Specifically, images a-c correspond to a molar ratio of 1:1; images d-f 
correspond to a molar ratio of 1:4; and images g-i correspond to a molar ratio of 1:8 

These results indicate that reactant ratios have a significant impact on the particle size during 
ZIF-8 synthesis. When the molar ratio of zinc acetate to dimethylimidazole is 1:4, the resulting 
ZIF-8 nanoparticles exhibit a more uniform size distribution, which might be attributed to the fact 
that in this ratio, the stoichiometry of reactants is closer to the ideal conditions for structural 
formation, thereby promoting uniform crystal growth. On the other hand, when the molar ratio of 
reactants increases to 1:8, even though the particle size distribution remains uneven, the average 
particle size decreases. This phenomenon could be attributed to the excess dimethylimidazole 
acting as a dispersant during the reaction, hindering the aggregation process of particles [11]. After 



PREPARATION OF ZIF-8 PARTICLES VIA SOLVENT THERMAL SYNTHESIS AND INVESTIGATION OF THEIR PHOTOCATALYTIC HYDROGEN 
GENERATION PERFORMANCE. CHONG LIN, CHANGHUI XIAO, DONGYANG ZHANG, HOUDONG RAO, WEI CHENG 

106 ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479  

examining the influence of reactant ratios, the next step will involve investigating the effect of 
temperature on ZIF-8 particle size. 

3.2. Effect of inverse temperature on particle size 

 
Fig. 2. Transmission electron microscope (TEM) images of ZIF-8 synthesized at different reaction 

temperatures. Specifically, images a and b correspond to a reaction temperature of 40 ℃;  
images c and d correspond to 50 ℃; and images e and f correspond to 60 ℃ 

After thoroughly exploring reactant ratios, we found that ZIF-8 particles synthesized with a 
molar ratio of zinc acetate to dimethylimidazole of 1:4 exhibited a relatively uniform size 
distribution. Building on this result, we selected this ratio condition to further investigate the effect 
of different reaction temperatures on the synthesized ZIF-8 particles. 

Firstly, images in Fig. 2(a) and b correspond to experimental conditions with a reaction 
temperature of 40 ℃. Under this condition, the synthesized ZIF-8 particles were observed to have 
a uniform size distribution of approximately 500 nanometers. Subsequently, images in Fig. 2(c) 
and d display ZIF-8 particles synthesized at a reaction temperature of 50 ℃. Similarly, the particle 
size of the synthesized product also maintained a relatively uniform distribution, around 
200 nanometers. Further, ZIF-8 particles synthesized at a reaction temperature of 60 ℃, as shown 
in images e and f in Fig. 2, also exhibited a uniform size distribution of around 500 nanometers. 
Compared to the uniform particle size of approximately 1 micron synthesized under the previously 
mentioned 30 ℃ condition, it's evident that particle sizes vary under different temperature 
conditions. 

Notably, the trend of particle size variation at different temperatures displays a clear pattern. 
As the temperature gradually increased from 30 ℃ to 60 ℃, the size of synthesized ZIF-8 particles 
first decreased and then increased. This phenomenon can be attributed to changes in crystal 
nucleation and growth rates at different temperature conditions, resulting in the alteration of 
particle sizes. Within the temperature range of 30 °C to 50 °C, the increased crystal nucleation 
rate played a dominant role, leading to a reduction in particle size. However, as the temperature 
continued to rise, the crystal growth rate took precedence, resulting in an increase in particle size 
[12-13]. 

From the above results, it's evident that reaction temperature significantly impacts the size of 
ZIF-8 synthesized particles. By adjusting the reaction temperature, we successfully achieved the 
preparation of ZIF-8 nanoparticles with different sizes: 200 nanometers, 500 nanometers, and 
1 micron. This provides an ideal sample set for investigating the effect of particle size on 
photocatalytic hydrogen production performance in subsequent research. 
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3.3. Photocatalytic hydrogen production of ZIF-8 with different particle sizes 

Further experimental results revealed significant differences in the photocatalytic hydrogen 
production performance of ZIF-8 at different sizes. Specifically, ZIF-8 nanoparticles with sizes of 
200 nanometers, 500 nanometers, and 1 micron exhibited hydrogen production rates of 8.1, 18.3, 
and 10.3 µmol∙g-1∙h-1, respectively. This trend demonstrates the clear influence of ZIF-8 particle 
size on its photocatalytic hydrogen production performance. Notably, as particle size increased, 
the photocatalytic performance initially increased and then decreased. This phenomenon might be 
closely related to the pore size of MOF materials. 

 
Fig. 3. Photocatalytic hydrogen production of ZIF-8 with different particle sizes 

During the photocatalytic process, an appropriately sized pore can provide a better catalytic 
reaction interface and higher catalytic activity. Thus, an increase in particle size could lead to 
excessively large pore sizes, resulting in reduced photocatalytic hydrogen production 
performance. However, the outstanding photocatalytic performance of ZIF-8 particles with a size 
of 500 nanometers might be attributed to their pore size being well-suited to the requirements of 
the photocatalytic hydrogen production reaction. In summary, our research provides robust 
experimental groundwork for the application of ZIF-8 in the field of photocatalytic hydrogen 
production. By modulating the particle size of ZIF-8, we can attain various photocatalytic 
performances, offering important insights for further optimizing photocatalytic hydrogen 
production materials and exploring their mechanisms. With a deeper understanding of MOF 
material properties, the prospects for the application of materials like ZIF-8 in clean energy 
conversion will become even more promising. 

4. Conclusions 

Based on the comprehensive experimental results discussed above, the following conclusions 
can be drawn. Firstly, through the investigation of the influence of reactant ratios on the size of 
ZIF-8 nanoparticles, it is evident that reactant ratios play a significant regulatory role in the 
synthesis of ZIF-8 particles. When the molar ratio of zinc acetate to dimethylimidazole is 1:4, the 
synthesized ZIF-8 particles exhibit a uniform size distribution. This may be attributed to the fact 
that this ratio results in a closer approximation to the ideal conditions for structural formation, 
facilitating uniform crystal growth. Secondly, we explored the impact of reaction temperature on 
the size of ZIF-8 nanoparticles. The results indicate that under different temperature conditions, 
the size of synthesized ZIF-8 particles undergoes changes, with size decreasing initially and then 
increasing as temperature rises. This phenomenon, related to changes in crystal nucleation and 
growth rates, further highlights the significance of reaction temperature in ZIF-8 synthesis. 

Regarding photocatalytic hydrogen production performance, we investigated the performance 
of ZIF-8 nanoparticles of different sizes in photocatalytic hydrogen production reactions. The 
results reveal that ZIF-8 nanoparticles with sizes of 200 nanometers, 500 nanometers, and 
1 micron exhibit hydrogen production rates of 8.1, 18.3, and 10.3 µmol∙g-1∙h-1, respectively. This 
trend demonstrates the notable impact of ZIF-8 particle size on its photocatalytic hydrogen 
production performance, with an optimal particle size that maximizes photocatalytic performance. 
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This could be closely related to pore size, where an appropriate pore size can provide better 
catalytic activity. Among ZIF-8 particles of different sizes, ZIF-8 particles with a size of 
500 nanometers exhibit superior photocatalytic hydrogen production performance, likely due to 
their pore size being more compatible with the requirements of the photocatalytic reaction. 

These findings unveil a novel approach to optimizing photocatalytic hydrogen production 
materials, presenting groundbreaking insights into the potential of MOF materials like ZIF-8 in 
energy conversion. By advancing our understanding of these material properties, we underscore 
the pioneering role such materials could play in the forefront of clean energy solutions. 
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