
 

 https://biointerfaceresearch.com/  529 

Article 

Volume 12, Issue 1, 2022, 529 - 536 

https://doi.org/10.33263/BRIAC121.529536 

 

Synthesis of WO3 Nanoparticles using Rhamnus Prinoides 

Leaf Extract and Evaluation of its Antibacterial Activities 

Asratemedhin B. Habtemariam 1,* , Yihun Alemu 1  

1 Physics Department, College of Natural and Computational Sciences, Debre Berhan University, P. O. Box 445, Ethiopia 

* Correspondence: asratemedhinbekele@dbu.edu.et (A.B.H.);  

Scopus Author ID 57212268225 

Received: 10.03.2021; Revised: 8.04.2021; Accepted: 12.04.2021; Published: 20.04.2021 

Abstract: Tungsten trioxide (WO3) is a transition metal oxide exhibiting unique properties suitable for 

various applications as in electrochromic devices, gas sensors, photocatalysis, and antimicrobial 

activities. Preparation of WO3 nanostructures with controlled crystal structure and morphology is, thus, 

receiving greater attention. In this study, a facile and eco-friendly method was employed to successfully 

synthesis tungsten trioxide nanoparticles with monoclinic structure from Rhamnus prinoides plant leaf 

extract and sodium tungstate precursor. The obtained powder was characterized by X-Ray Diffraction 

(XRD), Scanning Electron Microscopy (SEM), and Fourier Transform Infrared (FTIR) spectroscopy. 

Antibacterial activities of the synthesized WO3 nanoparticles were evaluated against Gram-positive and 

Gram-negative bacteria such as Staphylococcus aureus, Listeria monocytogenes, Escherichia coli, and 

Salmonella typhimurium.  
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1. Introduction 

Tungsten trioxide (WO3) is a wide bandgap transition metal oxide semiconductor 

exhibiting a wide variety of novel properties useful for advanced technological 

applications  [1,2]. WO3  is a naturally existing oxide with less toxicity to living things and 

environmentally benign; chemically stable over a wider temperature range, and has unique 

electrical and optical properties, which renders its fascinating properties [2]. Commonly known 

applications of crystalline WO3 nanoparticles include chemical sensing  [3,4], biosensing  [5], 

and photocatalysis  [6-8]. Its antimicrobial activity against human pathogens has also been 

materialized in recent times  [2,9,10].   

Rhamnus prinoides L'Herit (Rhamnus prinoides) is an endemic plant to Ethiopia which 

grows to a height of about six meters, ecologically widespread, and locally cultivated from 

medium to high altitudes (1000-3200 m)  [11]. It is commonly known as 'Gesho' (Amharic), 

and is widely planted in gardens  [11,12]. In Ethiopia, Rhamnus prinoides are traditionally used 

to prepare alcoholic beverages, 'tella' and 'tej' (Amharic), and treat different kinds of bacterial 

infections. Intensive studies on Rhamnus prinoides revealed that it exhibits strong antioxidant 

properties due to polyphenols' presence in sufficient amounts  [11]. Moreover, the 

antimicrobial activities of crude extracts from leaves, bark, and root of Rhamnus prinoides had 

been studied extensively  [12,13].  

So far, many different protocols have been employed for the synthesis of WO3 

nanoparticles, such as precipitation  [10,14], hydrothermal  [15-18], solution 
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combustion  [19,20], spray pyrolysis  [21], and biomimetic  [22]. An alternative, inexpensive, 

and environmentally friendly technique for synthesizing metal oxide nanoparticles is the 

biological method that uses bacteria, fungi, or plant materials  [23-26]. To the best of the 

researchers' knowledge, the synthesis of WO3 nanostructures via plant extract has been 

attempted very recently  [27]. This research successfully synthesized WO3 nanoparticles from 

Rhamnus prinoides leaf extracts and evaluated their antibacterial activity against pathogenic 

bacteria (Staphylococcus aureus and Escherichia coli). 

2. Materials and Methods 

2.1. Materials and synthesis. 

 Analytical reagents such as sodium tungstate (Na2WO4.2H2O, 99.99% purity) powder 

and hydrochloric acid (HCl, 30%) (Sigma Aldrich) were used without the need to purify 

further. Freshly collected, healthy leaves of Rhamnus prinoides (gesho) were taxonomically 

identified and cleaned with running water followed by distilled water. The leaves were shade 

dried for two weeks at room temperature until all moisture was lost. The dried leaves were then 

finely crushed and packed in a clean, transparent plastic bag and sealed until use. 

Weighed 30 gm of Rhamnus prinoides leaves were boiled using 500 mL distilled water 

at 50 ºC for 1hour. The aqueous extract (pH of 5.9) was then cooled down to room temperature, 

filtered using Whatman No.1 filter paper, and stored at 4 °C for further use (Figure 1(a)). On 

the other hand, a 0.25 M solution of sodium tungstate was prepared by adding 82.5gm of the 

salt into 500 mL distilled water with continuous stirring while heating gently until the salt 

uniformly mix (Figure 1(b)). 

In a typical synthesis procedure, 250 mL of aqueous leaf extract of Rhamnus prinoides 

was poured slowly into 250 mL of 0.25 M sodium tungsten precursor solution. The mixture 

was gradually heated at 100 ºC under continuous magnetic stirring for 1hour until the mixture 

color changes from brown to greenish (Figure 1(c)). The mixture mentioned above was then 

acidified by drop-wise addition of 5 mL HCl (30%) under continuous stirring until a greenish 

precipitate of WO3·nH2O was obtained. The complete chemical reaction is as given in 

Equations (1) and (2)  [1]. 

Na2WO4·2H2O + 2HCl + H2O → H2WO4·3H2O + 2NaCl     (1) 

H2WO4·3H2O →WO3 + 4 H2O        (2) 

After cooling down to room temperature, the resulting mixture was washed three times 

with distilled water after each centrifugation at 3500 rpm for 5 minutes to remove any unwanted 

impurities.  

 
Figure 1. (a) Aqueous extract of Rhamnus prinoides leaf; (b) Sodium tungstate precursor solution; (c) Mixture 

of Rhamnus prinoides and precursor; (d) WO3 nanopowder after annealing at 600 ºC. 
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Finally, the green precipitate was collected with a Petri dish and dried in a microwave 

oven at 100 ºC. The dried powder was then annealed under air at a temperature of 600 ºC  [28] 

for 2 hours, and the resulting pale yellow powder, Figure 1(d), was carefully packed for the 

next characterization and application purposes. 

2.2. Characterizations. 

For phase identification, X-ray diffraction (XRD) patterns were recorded using an X-

ray diffractometer, operating with CuKα radiation (λ=1.540598 Ȧ) at a voltage of 40 kV and 

current of 30 mA. The XRD patterns of all randomly selected powder specimens were recorded 

in the 2𝜃 range from 10° to 80° with a step size of 0.02 and a scan speed of 3°/min. 

The average crystallite size 'D' was calculated from intense peaks using Scherrer's 

Equation (3). 

D = 
𝑘 𝜆

𝛽 𝑐𝑜𝑠 𝜃
,      (3)        

where  ′𝑘′ is the Scherrer's shape factor with value 0.9, 'λ' is the wavelength of radiation,  

′𝛽′  is the full width at half maximum (FWHM) and  ′𝜃′ is the diffraction angle. 

The lattice parameters for the monoclinic structure were calculated from the powder 

XRD pattern using Equation (4):  

1

𝑑2  = 
1

𝑠𝑖𝑛2  𝛽  
( 

ℎ2

𝑎2  +  
𝑙2

𝑐2  −  
2 ℎ𝑙 𝑐𝑜𝑠𝛽

𝑎𝑐
) + 

𝑘2

𝑏2 ,     (4) 

where 'a', 'b' and 'c' are lattice parameters, 'd '  is the inter-planar spacing, and 'h', 'k', 'l' are 

miller’s indices.                                          

Fourier-transform infrared instrument having the range of 4000cm-1 to 400cm-1 was 

used to record spectral analysis. Morphological studies of WO3 nanorods synthesized from 

Rhamnus prinoides leaf extract were analyzed by scanning electron microscopy, SEM model 

JSM-IT300LV, in the micrometer scale. 

2.3. Phytochemical test of Rhamnus prinoides. 

The presence of bioactive compounds in the leaf extract of Rhamnus prinoides was 

examined, and the result is shown in Table 1. 

Table 1.  Phytochemical test of Rhamnus prinoides. 

Alkaloids Tannins Flavonoid            Saponin         Terpenoids          Steroids      Glycosides 

    ++                         +                             +                          +                         +                           +                        ++ 

++ = Strong presence of component and + = presence of component. 

2.4. Antimicrobial activity. 

The antibacterial activity of WO3 nanoparticles was tested for Gram-positive and Gram-

negative bacteria using the agar well diffusion method. Listeria monocytopens (Lm) and 

staphylococcus aureus (Sa) were taken as Gram-positive bacterial. Salmonella typhimurium 

(St) and Escherichia coli (Ec) were taken as Gram-negative bacteria. Candida albicans (Ca) 

was yeast which was extracted from the patient. Escherichia coli, a broad-spectrum antibiotic, 

was used as control. 

To study the antimicrobial activity, the synthesized WO3 powder was first dispersed in 

the solvent. The microbial was grown in nutrient broth culture by incubating at 37 ºC for 24 

hours. It was then transferred into a Petri dish coated with Muller Hinton Agar with the help of 

a paper disk. The powder's different concentrations were applied to the Gram-negative and 
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Gram-positive microbial in the petri dish at 37 ºC followed by  24 hours incubation. Finally, 

inhibition diameter measurement was carried out. 

3. Results and Discussion 

3.1. Powder X-ray diffraction (XRD). 

For phase identification and crystallinity study of the synthesized nanoparticles,  XRD 

characterization of the powder sample annealing at 600 ºC was used. The XRD peaks, Figure 2, 

which appeared at 2𝜃 = 23.15º, 23.66º, 24.36º, 26.65º, 28.35º, 33.31º,  34.18º, 35.61º, 41.93º, 

47.24º, 48.34º, 50.04º, 56.60º, 62.28º corresponds to  miller indices (0 0 2), (0 2 0), (200),  (120), 

(1 1 1), (0 2 1), (220), (121), (221), (002), (040), (140), (141), and (340), respectively.These 

peaks are indexed to the monoclinic crystal structure of WO3 as confirmed by JCPDS card no.00-

020-1324.   

 
Figure 2. XRD patterns of biosynthesized WO3 nanoparticles annealed at 600 ºC.  

 

The average crystallite size was calculated from prominent peaks with miller indices 

(200), (111), (140), and (141) using Equation (3) to be 60 nm.  

3.2. Fourier-transform infrared (FTIR) spectroscopy. 

FTIR spectrum of Rhamnus prinoides plant extract was taken before annealing the powder 

sample. The band at 3668.3 cm-1 was assigned to the  O–H stretching vibration of Rhamnus 

prinoides plant extract  [15]. The peaks at the wavenumber of 2983.2 cm-1 and 2902.4 cm-1 are 

assigned to the anti-symmetric stretching vibrations of the –CH2– and –CH3 group present in the 

carbon chain of the plant  [15]. In Figure 3(a), the peaks at 1722.6 cm-1, 1605.8 cm-1, 1389.4 cm-

1, 1327.4 cm-1, 1216.4 cm-1 and 1116.1 cm-1 are also O–H stretching and bending modes  [15].  

 
Figure 3. FTIR spectrum of (a) Rhamnus prinoides extract; (b) WO3 nanoparticles. 
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 The sharp peaks at 1067.8 cm-1 and 493.8 cm-1 are related to the WO-OH.  FTIR 

spectrum of WO3 nanopowder, Figure 3(b),  was indexed to 3668.3 cm-1, 2983.2 cm-1, 2905.3 

cm-1, 1395.2 cm-1, 1246.6 cm-1, 1067.8 cm-1 and 597.6 cm-1. The sharp peak at 597.6 cm-1 is 

attributed to the O–W–O stretching vibration mode  [29].        

3.3. Scanning electron microscope (SEM). 

SEM micrograph analysis of the synthesized tungsten trioxide nanoparticles after 

calcinating at 600 ºC was recorded. Figure 4 shows the particle size distribution, which reveals 

the formation of spherical shapes nanoparticles. The crystallite size of the synthesized tungsten 

trioxide nanoparticles is in the range of 60 nm. Imagej was utilized to calculate the average 

crystallite size, and it was confirmed by the XRD result.  

 

Figure 4. SEM images of biosynthesized WO3 nanoparticles. 

3.4. Antibacterial activity. 

The synthesized WO3 nanoparticles exhibited strong antibacterial activity for both 

250mg/mL and 125 mg/mL concentrations. As shown in Figure 5, the inhibition zone was 

measured for Listeria monocytopens (Lm), Staphylocous aureus (Sa), Salmonella typhimurium 

(Sa), and Escherichia coli (Ec) and Candida albicans (Ca) in agreement with previous 

findings  [9,10]. 

 

Figure 5. Antibacterial activity of WO3 powder on S. aureus and E. coli bacterial strains. 
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4. Conclusions 

In conclusion, spherical tungsten trioxide nanoparticles exhibiting monoclinic phase were 

successfully synthesized through the biological synthesis method from sodium tungstate precursor 

and Rhamnus prinoides leaf extract. Antimicrobial studies of the as-synthesized nanoparticles 

show significantly observable bacterial growth inhibition. 
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