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INTRODUCTION 

As one of the most significant metal oxide nanoparticles, zinc oxide is commonly used in different fields due to their 

unique physical and chemical properties[1, 2]. It optical characteristic of having wide bandgap (3.2-3.7 eV) with strong 

binding energy (60meV) was a plus point for developing optoelectronic and nanoelectronic application devices [3, 4]. 

Broad band gap character evolution can be affected by the small size of the ZnO nanostructures (average diameter < 

100nm). Zinc oxide can also be used in other industries, including concrete processing, photocatalysis, electronics 

industries [5]. The biocompatible ability of ZnO nanostructures that can be used together to inhibit microbial growth has 

been established in a few reported studies [6-10]. Besides, due to their wide surface area and high catalytic activity, ZnO 

nanostructures have a great advantage of being added to a catalytic reaction phase [11]. Since zinc oxide has various 

physical and chemical properties depending on the morphology of nanostructures, it is important to investigate not only 

different methods of synthesis but also the physical and chemical properties of synthesized zinc oxide in terms of its 

morphology. 

 

Many methods had been described in synthesising ZnO nanoparticles such as wet chemical, hydrothermal, sol-gel and 

green synthesis method [12-16]. Herein, the hydrothermal process with emulsifying agent Sodium Tricitrate (ST) was 

used for the synthesis of ZnO nanostructure. The hydrothermal method is well known for it direct method with cost-

effective and ecologically advantageous in synthesising nanomaterials [17-20]. The creation of ZnO particles exploited 

the effect of trisodium citrate on the shape and size of the crystal used as a capping agent [21]. The citrate ions from TS 

strongly interacted with metal ions and significantly altered the crystal morphology [22].  

 

This study aimed to synthesise smaller size (average diameter < 20 nm) of ZnO nanostructures with the aid of ST as 

both the structure influencer and capping agent. As the size of ZnO Nanostructures obtained is smaller, the surface area 

would widen which influenced to the better the optical character of the nanostructures. 

 

MATERIALS AND CHARACTERISATION 

Materials: All materials were purchased from the commercial market with high purity (95%) and used without further 

purification. Zinc powder (Zn) as the starting materials, Trisodium Citrate (Na3C6H5O7) as a capping agent and distilled 

water as dispersing solvent were used to prepare ZnO nanoparticle.  

 

ABSTRACT – Due to its interesting physical and chemical properties, zinc oxide (ZnO) is 

considered one of the front runners of numerous metal oxide semiconductors. In this 

paper, ZnO nanostructure are synthesised by hydrothermal method with trisodium citrate 

(TC) as the emulsfying agent. The mean diameetr of ZnO nanostructure are observed 

with increment of reaction temperature. The mean size results into no change to mean 

diameter upon increment of reaction temperature but the cumulative frequencies of size 

distribution showing ZnO nanostructure synthesised in higher temperature to have 

narrower size distribution. The addition of TC also results into much smaller ZnO 

nanostructure with mean diameter 8nm 
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Preparation of ZnO nanoparticles: 0.4g of ZnO powder and 0.2g Trisodium CIntrate (TC) powder is diluted in 100ml 

of distilled water in a beaker. The mixture is then placed on a heated plate and stirred continuously with a heated 

temperature of 90˚C for 1 hour and 30 minutes. Upon the process, the beaker is then left cooled in the open air, which 

helps in terminating the regrowth of ZnO nanostructure. The mixture of the pure ZnO solution is then rinse with distilled 

water and centrifuged to evacuate other impurities. The process of rinsing and centrifuging are repeated for three times. 

The step is then repeated with two other reaction temperature of 70 and 50°C. Details summary of sample preparation are 

as shown in Table 1. 

 

Table 1: Summary of the parameters used in the preparation of each sample 

 

Sample Volume of solvent 

(ml) 

Mass of ZnO (g) Mass of TC (g) Reaction 

Temperature (°𝑪 ) 

1 100 0.4 - 90 

2 100 0.4 0.1 70 

3 100 0.4 0.4 50 

 

 

Characterisation methods: The morphological structure of the synthesised ZnO and ZnO-TA nanostructures is 

characterised by the transmission electron microscope (TEM) to monitor the nanostructures' size where 8 to 10 ml of 

concentrated ZnO Nanostructure are diluted with distilled water. The solution is vigorously shaken and poured into the 

sample vial. The sample vial is then undergo sonication in the sonicated bath. After about 20 minutes of sonication, the 

sample is ready for TEM analysis. A drop of sample is drop onto Au (gold) substrate. The samplea are leave to dry for 

24 hours before placing into blank microscope slide. The sample are ready to be observe under TEM. The size of the 

sample are measured by using Gatan Micrsoscopic Suite Software whicha are directly used after monitoring on to the 

sample at TEM. 

 

RESULT AND DISCUSSION  

Morphological Structure  

The TEM images of as- synthesised ZnO nanostructure at the temperature of 90, 70 and 50°C are as shown in 

Figure 1, 2 and 3 respectively. The size distribution is plotted from the figure, which can be observed that the ZnO 

nanostructure has a tiny size with an average diameter of 8 nm for the nanostructure synthesised in different temperatures, 

respectively. As noticed, as the synthesised temperature increased, the cumulative frequencies of the ZnO nanostructure 

showing steeper gradient, which indicates the presence of narrower size distribution of nanostructure. Thus, we can 

observe that the range size for ZnO nanostructure synthesised at 70 and 90°C are generally smaller than the nanostructure 

synthesised at 50°C. This is believe happened due to aggregation that occurred. The presence of ST generally enhanced 

resulting in really small diameter of the ZnO nanostructure. 
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Figure 1: TEM image and size distribution chart of synthesised ZnO nanostructure synthesised at temperature 𝟗𝟎°C.  

 

Figure 2: TEM image and size distribution chart of synthesised ZnO nanostructure synthesised at temperature 𝟕𝟎°C. 

 

 

Figure 3: TEM image and size distribution chart of synthesised ZnO nanostructure synthesised at temperature 𝟓𝟎°C. 
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As the reaction temperature is higher, the ionization and deposition rate take place faster. Thus, this result in the 

size of particle synthesised to be narrower [23]. Besides, the ZnO nanostructure synthesised in higher temperature also 

results in a high density of ionization oxygen deficiencies which will enhance the optical character of the nanoparticle 

[24]. Whilst, the TC added serves as a surfactant which allows the solvent's surface tension to be quickly dispersed and 

reduced. Further, it also serves as a reaction hosting microreactor and a steric stabilizer to prevent aggregation [25, 26]. 

The interaction of Na3C6H5O7 with ZnO growing species suppressed the growth process and reduced crystallite size. As 

more citrate ions were present in the precursor solution, the ions repelled each other which inhibit their ability to cap or 

interact with ZnO growing species [27]. The citrate anions can adsorb the positive charged Zn, thus suppressing the crystal 

growth of ZnO [28]. Once the ZnO nanoparticle is synthesised and capped with citrate, they become negatively charged 

and resulting electrostatic repulsion where ZnO nanostructure could be repelled from the wall and transfer back to the 

bulk solution. But, as ZnO nanostructure reach stabilisation throughout times, no electrostatic attraction exists which 

result in no fouling between the nanostructure [29, 30]. The nucleation of the nanostructure could be enhanced during the 

citrate reduction which assembles the ZnO in form of the multi-molecular complex [29]. 

 

CONCLUSION 

In conclusion, the reported study presented that ZnO nanostructure can be produced through the simple hydrothermal 

method and addition of Trisodium Citrate (TC) would enhance in producing the smaller size of ZnO nanostructures with 

mean diameter 8nm. Higher reaction temperature results into narrower size distribution which able to indicate that it 

generally has a smaller size of ZnO nanostructure. These results are due to the faster rate of ionisation that occur upon a 

higher reaction temperature.  
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