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ABSTRACT 

In this work, zinc oxide nanostructures were synthesized from thymus schimperi leaves extract and ZnSO4.7H2O precursor, and 

antibacterial and photocatalytic activities were studied. The as-synthesized nanostructures were characterized by UV-Vis 

spectrophotometer, powder X-ray diffraction, Fourier transform infrared spectrophotometer and scanning electron microscopy. Powder 

X-ray diffraction patterns revealed that the as-synthesized zinc oxide was hexagonal wurtzite structure with no peaks from other phases 

or impurity. The maximum UV-Vis spectrum peak at about 255 nm also supports the evidence for the formation of zinc oxide 

nanostructures. The presence of functional groups on the surface of the nanostructures from the Fourier transform infrared spectrum 

exhibited that the phytochemicals play a key role in the formation of the nanostructures. The appearance of peak at 595cm-1 in the 

spectrum further corroborates the presence of zinc oxide in the sample. Scanning electron micrographs depict that there was mesh like 

nanostructures on the surface, which are likely to be convenient for catalytic application. The synthesized nanostructures inhibited the 

growth of both gram-positive and gram-negative bacteria, showing its biocidal property. Moreover, Congo red, which is one of the 

carcinogenic textile dyes, has been photodegraded by 83.33% at a pH of 6.5 due to the as-synthesized zinc oxide nanostructures 

indicating its potential application for waste water treatment. 
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1. INTRODUCTION 

 Zinc oxide (ZnO) is a multifunctional material with a wide 

band gap (3.37 eV), high binding energy (60 meV), high therma, 

and mechanical stability at room temperature [1-3]. ZnO is an 

environmentally friendly, non-toxic, biocompatible and 

transparent to the visible range of spectrum [3]. The wurtzite 

crystalline structure is the most stable phase of ZnO at ambient 

conditions. In this structure every zinc atom is tetrahedrally 

coordinated with four oxygen atoms. It has lattice parameters a = 

0.32495 nm and c = 0.52069 nm, ratio of c / a =1.6023, which is 

similar to the ideal value of hexagonal cell c/a = 1.633 [1,2]. It 

belongs to the space group of P63mc and is characterized by two 

interconnecting sub lattices of Zn2+ andO2-. Because crystalline 

ZnO is thermochromic, its color is changing from white to yellow 

when heated in air. It also reverts to white on cooling due to a very 

small loss of oxygen at high temperature to form the non-

stoichiometric Zn1+xO. Since ZnO is an amphoteric oxide, it is 

insoluble in water and alcohol, but soluble in most acids like 

hydrochloric acid and in alkalis which are responsible for visible 

photoluminescence property of the material [4,5].  

 ZnO is a promising semiconductor candidate with possible 

applications in light emitting diodes, dye-sensitized solar cells, 

transparent electrodes [6,7] and optoelectronics [8]. Another 

interesting property of ZnO is the photocatalytic degradation of 

organic pollutants present in waste water [9-11]. ZnO 

nanostructures have also a great application for antimicrobial 

activity in food packaging and processing industries because of 

reactive oxygen species that are induced on their surface 

[6,10,12,11].  

 During the last decades, many different conventional 

methods such as solvothermal [13,14], sol-gel [15,16], solution 

combustion [11], co-precipitation [17,18], calcination [19] have 

been practiced to synthesize ZnO nanostructures. However, these 

methods are usually expensive, labor-intensive and potentially 

hazardous to the environment and living things [6,20]. Some 

problems that are often experienced in synthesizing metal 

nanoparticles are stability, aggregation, control of crystal growth, 

morphologies, sizes and distribution. Recently biological methods 

for the synthesis of ZnO nanostructures using microorganisms, 

enzymes, and plant extracts have been suggested as possible eco-

friendly alternatives to chemical and physical methods [20,21]. 

Plant extract as bio-templates can be an economic and efficient 

alternative for the large scale synthesis of nanoparticles due to its 

simplicity, cost-effectiveness, reproducibility, environmental 

friendliness, and results in stable materials [6,20]. 

 Thyme plant is an aromatic perennial herb that belongs to 

the family Lamiaceae; Thymus Schimperi Ronniger (T. Shimperi) 

and Thymus Serrulatus Hochst. ex Benth is the two endemic 

species which grow on road sides, rocky surfaces and open grass 

lands of the Ethiopian highlands [22,23]. The species, locally 

called “Tosign” (Amharic), “Teshne” (Tigrigna) grow up to 40 cm 

in height and commonly used by Ethiopian farmers for bee and 

cattle forage. The fresh and dried leaves of the plant are used for 

preparing condiment for stew making, in the preparation of 
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“metata ayb” (Ethiopian traditional cheese) and also for tea 

making [22,23]. Traditionally, Ethiopians use it to treat various 

diseases such as gonorrhea, cough, liver and renal diseases, 

stomach pain, kidney problem, hypertension and dermal fungi 

[23]. The antioxidant property was extensively investigated and 

results revealed that thymus schimperi contain a considerable 

amount of phenolic compounds, and has significant antioxidant 

activity [24,25]. 

In this paper, the aerial part of thymus schimperi plant extract was 

used to synthesis ZnO nanostructures using Soxhlet extraction 

method and its antibacterial and photocatalytic activities have 

been investigated. 

2. MATERIALS AND METHODS 

2.1. Materials. 

 All the chemicals used in this work were of analytical 

reagent grade and used without further purification. ZnSO4.7H2O 

with purity of 99%, CR dye with 85% dye content (Titan Biotech 

Ltd., India) and absolute ethanol (Loba Chemie) were bought from 

Fine Chemical General Trading PLC in Addis Ababa.  

2.2. Methods.  

 Aerial parts of thymus schimperi leaves were bought from 

the market place in Debre Berhan Town and taxonomically 

authenticated. The leaves were washed first with excess tap water 

to remove any dust particles and muddy matter followed by 

distilled water and shade dried for 2 days on a white, clean paper 

and powdered with kitchen blender. The powder, then, was packed 

in a clean, transparent and sealed plastic bag for further use. 

In a typical synthesis procedure, 40g of powder was weighed and 

subjected to Soxhlet extraction for 12 hours until the color of 

extract was changed from deep purple to colorless with 500mL of 

distilled water, as shown in Figure 1. 

 
Figure 1. Thymus schimperi extracts preparation using Soxhlet extraction 

method. 

 

 The extract was filtered with Whatman filter paper No. 540 

to remove any unnecessary particles that might have entered into 

the extract and then well capped and put in a refrigerator  at 4 °C 

for subsequent usage as shown in Figure 2(a). 

 
Figure 2. (a) Thymus schimperi extract, (b) 0.2M ZnSO4.7H2O aqueous 

solution, (c) Drop wise addition of 150mL of extract into 300mL of 

precursor while stirring. 

 

 0.2M solution of ZnSO4.7H2O was prepared by dissolving 

exactly 57.508g of the salt in some amount of distilled water first 

and then filling up to the mark of 1L volumetric flask (Figure 2 

(b)). 

 For the synthesis of ZnO nanostructures, 300mL of the 

precursor solution was placed in a well-cleaned 1L beaker. Then, 

while stirring the solution, 150mL of the extract was added drop 

wise with dropping funnel cylinder at room temperature (Figure 2 

(c))When addition of the extract was over, the temperature was 

adjusted to 100 °C for another one hour (until the total volume of 

the precursor and extract is halved) and cooled down to room 

temperature. The resulting precipitate was washed three times 

using distilled water and then with absolute ethanol after each 

centrifugation at 3000 rpm for 5 minutes. The final precipitate was 

oven dried at 70 °C for 12 hours and the dried powder was 

transferred to a ceramic crucible and annealed at a temperature of 

400 °C for 6 hours. The obtained powder was carefully packed for 

the next characterization and application purposes. 

2.3. Characterizations. 

 The crystalline structure of the bio-synthesized ZnO 

nanostructures was investigated by powder X-ray diffraction using 

X-ray diffractometer (Bruker D8 Advance Diffractometer). XRD 

spectrum was recorded from 10° to 80° with 2θ angles using CuKα 

(  =1.54 Å or 0.154nm) radiation operated at 40 kV and 30 mA.  

The average crystallite sizes of the synthesized ZnO 

nanostructures were calculated from the line broadening using 

Scherer formula according to Equation (1).  

D =   
    

       
  , ………………..……… (1) 

where ‘D’ is averaged crystallite size, ‘λ’ is wavelength of the 

incident beam (1.5406Å), ‘β’ is full width at half-maximum 

(FWHM) in radians and ‘θ’ is scattering angle in degree. 

 The optical characterization of ZnO nanostructures was 

carried out using UV-Vis Spectroscopy (Perkin–Elmer lambda 

950 UV/VIS/NIR/ spectrometer) in the wave length region of 

200nm - 800nm by suspending small amount of the powder in 

absolute ethanol solvent. The degree of crystallinity can be 

calculated by using the following relation: 

   
                         

                                          
    ...(2) 

The band gap energy, the energy required for the transition of 

electron from a state of lower energy (E1) to state of higher energy 

(E2) is equivalent to the energy of electromagnetic radiation 

(photon energy) that causes transition. It is given by Equation (3). 

  =    –    =  
  

 
  ,  …..……………….(3) 

where    is band gap energy, ‘h’ is Planck’s constant, ‘c’ is speed 

of light and ‘λ’ is the related wavelength of the sample. 

FTIR spectroscopy was used to get detail information about the 

surface chemistry of nanostructures and functional groups attached 

to the ZnO nanostructures surface. Perkin Elmer,  
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65 Spectrophotometer at the scanning range of 4500 cm-1 - 400 

cm-1 was used for FTIR studies.  For FT-IR characterization, the 

sample was uniformly mixed with KBr powder and compressed to 

make a thin transparent pellet suitable for FT-IR analysis. ZnO 

generally gives vibrational phonon in fingerprint region from 400 

cm-1- 600 cm-1 arising from inter-atomic vibrations [16]. The IR 

spectra of ZnO nanostructures greater than 600 cm-1 is due to 

some other carboxylic and hydroxyl groups like O-H, C=O, C-H, 

C-O, which are attached to zinc oxide nanostructures during 

synthesis [17].  

 To study the morphology of the synthesized ZnO 

nanostructures, JSM-6480 LV SEM machine at an accelerating 

voltage of 30 kV with a tilt angle of 45° was employed.  The slide 

was coated with platinum and after the platinum coating SEM 

image was recorded. For SEM characterization, sample powder 

was placed on a sample holder followed by coating with a 

conductive metal. The sample was then scanned with focused fine 

beam of electrons to obtain the surface characteristics of the 

sample from the secondary electrons emitted from the sample 

surface. 

2.4. Antibacterial activity test. 

 The antibacterial activity of ZnO nanostructures was tested 

for gram-positive and gram-negative bacteria. Escherichia coli (E. 

coli) was taken as gram-negative and Staphylococcus aureus (S. 

aureus) as gram-positive bacteria. Initial concentration was 

prepared by dispersing 0.5g of the synthesized ZnO powder in 

2mL of dimethyl sulfoxide (DMSO) solvent. Then, two successive 

serial dilutions were made by taking 1mL of the mixture and 

adding 2 mL of the solvent. Ampicillin (Am) and 

chloroamphenicol (c) drug solutions were used as a standard for 

comparing with the inhibition diameters of ZnO suspensions. 

 To study the antibacterial activity of the prepared ZnO 

powder dispersed in the solvent, first, the bacteria were taken from 

poster, and then grown in nutrient broth culture by incubating at 

37 °C for 24 hours. Then after, they were transferred into Petri 

dish which was coated with Muller Hinton Agar. With the help of 

paper disk, the different concentrations of ZnO powder were 

applied to the gram-negative and gram-positive bacteria and then 

incubated at 37 °C for 24 hours.  

2.5. Photocatalytic degradation of Congo red dye. 

 To study the photocatalytic efficiency of the as-prepared 

ZnO nanostructures, 8 W Hg-lamp was used as UV light source. 

First, 100 mL of 8.8 ppm of the dye was prepared in 150 mL 

beaker. Then, 0.25 g of the ZnO powder was added and 

thoroughly mixed with a shaker at 150 rpm for 40 minutes to 

achieve the adsorption/desorption equilibrium between the dye 

and the ZnO catalyst. Then, the beaker was exposed to the 

radiation and 5 mL of the stirred mixture pippeted out at 20 

minutes time intervals. After that, the 5mL mixture was 

centrifuged and the absorbance of the centrifuged measured using 

UV-Vis spectrophotometer at the maximum absorbance (     

        of pure Congo red dye. The same procedure was 

repeated with 0.05g catalyst loading. Moreover, the absorbance 

values in the absence of catalyst with light source and in the 

absence of light source with catalyst loading were also measured. 

3. RESULTS  

3.1. X-Ray Diffraction (XRD). 

 The diffraction patterns in Figure 1 revealed that ZnO 

nanostructures with hexagonal wurtzite structure were 

successfully synthesized. The peak position at 2 angles of 31.73°, 

34.41°, 36.22°, 47.51°, 56.53°, 62.83°, 66.30°, 67.89° and 69.00° 

which are indexed to the miller reflection planes of (100), (002), 

(101), (102), (2 ̅0), (103), (200), (2 ̅2), (201) and match well with 

the diffraction pattern in the crystallography open database card 

no. 00-900-4180. There were no other peaks from other phases or 

impurity observed which indicates the high purity of the sample. 

 
Figure 3. XRD Patterns for the as synthesized ZnO nanostructures. 

 

 The average crystallite size (D) of the as-synthesized ZnO 

nanostructures, calculated from the prominent peaks, excluding 

the very small peak, using Scherer’s equation (Equation 1) is 4.58 

nm. The XRD peaks are not so sharp rather are broader and this 

may be attributed to the smallness of the synthesized 

nanostructures. In addition, the degree of crystallinity (DC) of the 

powder was 54.8 % as calculated using Equation (2). 

3.2. UV-Vis absorption spectrum of the as-synthesized ZnO 

nanostructures. 

 The UV-Vis absorbance spectrum of ZnO nanostructures 

depends on several factors such as particle shape, size, synthesis 

method employed and reaction temperature, but generally lies 

around 355 nm. The maximum absorbance was observed at 255 

nm, as shown in Figure 4 below. 

 
Figure 4. UV-Vis absorption spectrum of the as-synthesized ZnO 

nanostructures (inset shows approximate value of band gap energy). 

 

 From the absorbance spectrum, the band gap energy,    of 

the synthesized powder was estimated using Tauc plot and a value 

of 3.65 eV was obtained, which is higher than the literature value 

3.37 eV for bulk ZnO. In the presence of hexadecylamine capping 

agent T. XABA et al. synthesized ZnO nanostructures by chemical 

method and  reported  blue shifted peak absorption due to the 

smaller size of the crystals and quantum confinement effect [26]. 

The result obtained in this research work, also, was blue shifted 

and it is in good agreement with earlier reports. 
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3.3 SEM images of the ZnO nanostructures. 

 To identify sample morphology, SEM images were taken 

and the result, as shown in Figure 5, revealed that mesh like 

nanostructures was observed in the prepared sample. These 

structures might be responsible for enhancing the catalytic activity 

of the powder towards the degradation of the Congo red dye by 

providing a number of adsorption sites on the surface of the ZnO 

sample.  

 
Figure 5. SEM images of the as-synthesized ZnO nanostructures. 

 

3.4. FTIR spectrum of ZnO nanostructures. 

 FTIR is used to identify the nature of functional groups 

present in the samples. The spectra for both T. schimperi extract 

and ZnO powder were measured and the result is shown in Figure 

6 (a) and (b) below, respectively. For the plant extract, the broad 

peak in the FTIR spectrum between about 3650 cm-1  and 3130 

cm-1 belongs to the O–H bond stretching vibration and the strong 

peak at 1639 cm-1 is attributed to C=C bond stretching in benzene 

ring which occurs in thymol and carvacrol constituent compounds 

of the extract. For ZnO powder, the weak peak at 595 cm-1 is 

attributed to the Zn–O bond vibration while the rest peaks at 3411 

cm-1, 3190 cm-1, 2923 cm-1, 1588 cm-1, 1399 cm-1, 1052 cm-1 are 

due to the OH stretching, C-H (alkyl) stretching, C=C bond (in 

benzene ring) stretching, C-O bond stretching that come from the 

extract on the surface of the ZnO powder. 

 
Figure 6. An FTIR spectrum of (a) T. Schimperi leaves extract and (b) 

ZnO powder. 

 

3.5. Antibacterial activity. 

 The antibacterial activity of ZnO nanostructures was tested 

against some gram-positive and gram-negative bacteria [27]. The 

antibacterial activity of the as-prepared ZnO powder suspended in 

DMSO solvent was tested on S. aureus (gram-positive) and E. coli 

(gram-negative) bacteria by preparing 2 different concentrations of 

the powder using the disk diffusion method. 

 
Figure 7. Antibacterial activity of ZnO powder on S. aureus and E. coli 

bacterial strains, only 0.125 mg/L concentration of ZnO on the bacteria is 

shown. 

 The results show that both concentrations inhibited the 

growth of bacteria and the calculated mean inhibition diameters as 

well as the activity index values are tabulated in table 1 below 

 

Table 1. Inhibition diameter values of the ZnO powder on S. aureus and E. coli bacterial strains. 

S/N Name of       

Bacteria 

Type of 

bacteria 

Concentration 

(g/mL) 

Inhibition 

diameter (mm) 

Activity 

index 

(a) S. aureus Gram    0.125 9.83 0.385 

(b) E. coli Gram    0.125 10 0.392 

(c) S. aureus Gram    0.065 7.3 0.266 

(d) E. coli Gram    0.065 7 0.255 

 

The inhibition diameter (mm) is taken as the mean of the 

perpendicular diameters of the inhibition zone for the three spots 

with a ruler and the activity index is obtained by dividing the 

inhibition diameter of the samples to that of the inhibition 

diameter of the reference solution, chloramphenicol drug solution, 

in (a) and (b), and ampicillin solution (c) and (d) which come out 

to be 25.5 mm, and 27.4 mm, respectively. 

3.6. Photocatalytic activity. 

To study the degradation efficiency of ZnO powder, first 

the maximum absorbance of the Congo red dye, without the 

presence of the catalyst, with concentration of 8ppm and pH = 

6.55 was measured between the wavelength range of 330-700 nm 

and it was observed at a wavelength of 498 nm, which is the same 

as the value indicated on the label of the Congo red stock 

chemical. The resulting spectrum is shown in Figure 8 below. 

 
Figure 8. UV-Vis absorbance spectrum of Congo red dye. 

 

The absorbance of 5 mL of the mixture was pippeted out 

at subsequent intervals of 20 minutes for the duration of 3 hours 

and centrifuged for 5 minutes at 2000 rpm, and then the 
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the time interval. Visually also the color of the solution went 

fading as shown in Figure 9 and Figure 10, below. 

The degradation efficiency, calculated using Equation (5) below 

after 3 hours was 83.33%. 

 
Figure 9. Degradation of Congo red dye in the presence of UV light and 

catalyst. 

 

                       
     

  
     …............ (5) 

where,    and    are he absorbance of the mixture before 

irradiation and after irradiation time  . 

There was no significant change observed in the 

absorbance when the dye solution was irradiated with UV-light in 

the absence of the catalyst as well as in the presence of catalyst 

but without light, the data, as a result, are not presented. 

 
Figure 10. Decoloration of Congo red dye; (a) Congo red dye + UV-light 

without catalyst loading; (b) Congo red + catalyst but without light; (c) 

Congo red + catalyst + UV-light. 

 

4. CONCLUSIONS 

 In conclusion, an efficient, low-cost and environmentally 

friendly method has been developed for the synthesis of pure ZnO 

nanostructures from thymus schimperi leaves extract via Soxhlet 

extraction method and ZnSO4.7H2O precursor. XRD patterns 

showed that wurtzite hexagonal phase with no other peaks was 

observed in the diffractogram, indicating the high purity of the 

sample. The UV-Vis maximum absorbance at 255nm also 

indicates the presence of ZnO, which is in good agreement with 

literature values. Moreover, FTIR peak at 595 cm-1 is attributed to 

Zn-O bond vibrational frequency, which also confirms the 

formation of ZnO. In addition to ZnO peak, other peaks in the 

spectra suggest the presence of surface functional groups derived 

from the extract used for synthesis.  

 Finally, the antibacterial activity and photocatalytic activity 

for the decoloration of Congo red dye was studied. The as-

synthesized ZnO nanostructures were active towards gram-

positive S. aureus bacteria and also gram-negative E. coli bacteria 

with slightly higher inhibition observed for E. coli bacteria. In the 

presence of UV light, the Congo red dye was decolored and has 

been degraded by 83.3% within 3 hours exposure time and that the 

presence of light source and catalyst are important for the 

degradation of the dye. Moreover, using high voltage lamp or 

convenient sunlight and also adjusting the pH of the solution may 

potentially improve the rate of decoloration of the dye. 
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