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Abstract 
ZnO is among leading metal oxide nanoparticles (MO-NPs). The conventional physical and chemical synthesis 

protocols require use of sophisticated equipment and many chemicals which may be hazardous. In this research, 

ZnO-NPs were prepared via a straightforward environmentally benign technique; employing Tithonia 

diversifolia as a reductant. Zinc nitrate solution was mixed with TDLE in the ratio of 3:1 respectively and 

incubated in an ultra-sonication bath.  The precipitates were centrifuged at 5000 rpm for 15 minutes followed 

by washing with distilled water. A peak at 374 nm, as measured by UV-Vis, confirmed formation of nano-

ZnO.Presence of ZnO was shown by a new peak at 668.35 cm
-1

 in the ZnO-TDLE FTIR spectrum. The 

crystalline size of the sample was estimated as 20.91 nm by Debye-Scherer formula. Identification and 

quantification of elements was performed by X-Ray Fluorescence (XRF) analysis, which showed 91.823% Zn in 

the sample. The synthesized nano-ZnO showed promising antibacterial activity. The bioactive nature of ZnO-

NPs, as demonstrated in this research, puts the nano-ZnO at pole position for the formulation of novel 

antimicrobial agents. 
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I. Introduction 
ZnO is currently among the most fascinating MO-NPs [1, 2]because of its unique chemical and 

physical properties [3]. No wonder, it is applied widely[4]in fields such as nanomedicine [5],chemistry, 

agriculture [6],environment [7]and technology. Consequently, there is need of exploring new synthesis 

protocols; besides establishing a cutting-edge understanding of its properties. 

Physical methods of synthesizing MO-NPsare well established but their utilization to fullness has 

remained elusive due to requirement of sophisticated equipment and scaling-up challenges. Although chemical 

methods are cheaper, fast and easy to scale up; but they involve use of many reagents [8, 9]. Biological 

synthesis which is considered eco- friendly [1-2, 4-7], fast, clean[10] and less-costly [11]is currently being 

explored. Plant extracts, living matter residue, wastes, bacteria and fungi have been found to aid in formation of 

ZnO-NPs as reducing and stabilizing agents. Synthesis aided by plant extracts is preferred [9] because(i) plant 

extracts can be found in plenty, (ii) it is easier scaling up production and (iii) it is a one-step synthesis. 

Plants contain phytochemicals [4, 7] that act as reductants as well as stabilizing agents [11]. Using 

environmentally benign materials [12-13] like leaf extract for synthesis of safer and biocompatible MO-NPs [1] 

is gaining currency. ZnO NPs of various shape, size and properties have been synthesized. In one research, zinc 

acetate and Azadirachta indica yielded nano-ZnO (25 nm) [14].Mushtaq and coworkers synthesized ZnO-NPs 

(14.18 nm) using Rubia cordifolia[15]. The synthesized NPs wereactive against S. aureus and E. coli. These 

studies have proven the efficacy of plant extracts as reductants [16]in synthesis of MO-NPs. 

The demand for cheaper, safer and biocompatible ZnO-NPs overwhelmingly outstrips the current 

supply. Use of plants as reductants for synthesizing MO-NPs has emerged as a favorite area of research. Various 

plants such as Moringa oleifera[1],Calotropis gigantean [6],Pentatropis capensis[10],Pongamia pinnata[13], 

and Camellia sinesis[17]have been used to prepare ZnO-NPs; it will be interesting to see how T. diversifolia 

would assist in the preparation of ZnO-NPs. 

This research thus deals with rapid preparation of ZnO-NPsusing TDLE and evaluation of their 

antimicrobial properties. Surge in drug resistance and emergence of infectious diseases, calls for urgent 

formulation of novel MO-NPs as bioactive agents [16-18]. 
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II. Materials and Methods 
2.1 Materials 

T. diversifolia was randomly sourced fromMt. Elgon, Kenya. Zinc nitrate hexahydrate and NaOH (analytical 

grade) were obtained from Merck Co. Dimethyl sulphoxide (DMSO) was purchased locally. 

 

 
Photo 1: Tithonia diversifolia (photo taken by Bonface Juma) 

 

2.2 Methods 

2.2.1 Preparation of Leaf Extract of Tithonia diversifolia 

The extract was prepared following the protocol employed in past research [19]. The leaves were washed with 

distilled water and dried overnight at 70˚C. They were then ground into powder and 8 g of the crushed sample 

dissolved in 100 ml of distilled water in 250 ml round-bottomed flask. The mixture was heated at 70˚C for half 

an hour. It was cooled and then filtered to obtain TDLE which was preserved at about 2˚C. 

2.2.2 Preparation of nano-ZnO Particles 

Exactly 150 ml of zinc nitrate (0.06 M) was briefly agitated and 50 ml of TDLE (mixing ratio of 3:1) added 

followed by drops of 2M NaOH to raise pH to 10. The mixture was incubated in an ultra-sonication bath at 

80˚C. After 2h, the precipitate was washed three times in a centrifuge (5000 rpm for 15 minutes). It was dried at 

100˚C for 24 h and stored at room temperature. 

2.2.3 Characterization of the Samples 

Properties of nano-ZnO were studied by XRD [15, 20], UV-Vis [9, 21], FTIR[4]and XRF [21]. 

2.2.4 Antibacterial Bioassays 

The antibacterial bioassay was performed by agar disc diffusion method [1]. Discs were soaked in 150 

µl[15]ZnO suspension (in 0.5% dimethyl sulphoxide) and placed onto agar plates containing the microbes. The 

plates were stored at 37 °C for 24 h [1]. Positive controls (Gentamicin, Ampicillin, Penicillin, Streptomycin and 

Ciprofloxacin) and negative controls (TDLE and DMSO) were used. Zone diameters were measured using a 

ruler. The bioassays were carried out in triplicate. 

 

III. Results 
3.1 Colour Changes 

When colourless zinc nitrate was added to dark brown TDLE, the mixture turned to green yellow within five 

minutes signifying possible conversion of Zn (II) ions to Zn [10]. After 2 h the mixture eventually turned to an 

off-white colour, an indication of nano-ZnO formed. 

 

 
Figure 1: Synthesis of ZnO NPs using TDLE; I- TDLE, II- incubation in a sonicator, III- after 2 h and IV- 

synthesized ZnO NPs. 
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3.2 UV-Vis Analysis 

Formation of MO-NPs can be confirmed by UV-Vis measurements [21]. In this study, UV-Vis 

Spectrophotometer model SPECORD 200 PLUS (analytikjena), Germany model was used.Under optimized 

conditions, maximum absorption (λmax ) was observed at 374.0 nm. This is in line with previous 

studiesinvolving synthesis of ZnO-NPs, where λmax =372.0 nm [9] was observed. In another research, similar 

results were obtained where λmax  was found to be at 370.0 nm [22]. The energy band gap (3.316 eV) was 

determined using equation 1 [9]. This value agrees with the theoretical band gap of ZnO which is reported as 

3.37 [23]. 

Energy band gap = 
1240

λmax
 ……………………………………………………… Equation 1 

Time was used to optimize the reaction; whereby increase in time from 10-120 minutes led to 

sharpening of peaks [5]. A sharp peak with high absorbance was realized at 120 minutes.Alkaline solutions are 

known to aid faster formation of small-sized NPs. In this work, increase of pH from 8-10 was accompanied by 

sharpening of peaks and increase in absorbance. Maximum absorbance was realized at pH=10. Increasing 

concentration of Zn(NO3)2 from 0.06 to 0.1 M witnessed increase in peak broadening. Thus, increasing Zn2+ 

beyond threshold [5] hinders formation of ZnO-NPs. Mixing Zn(NO3)2 and TDLE in the ratio of 3:1 

respectively resulted into a sharp peak with increased absorbance. Mass of TDLE per 100 ml of water witnessed 

a sharp peak and higher absorbance at 8g. 

 

 
Figure 2:Spectrum (UV-Vis) of ZnO-TDLE-NPs; a. at different reaction times and b. at optimized 

conditions 

 
Figure 3: Optimization of parameters; i. pH, ii. concentration of Zn(𝐍𝐎𝟑)𝟐, iii. mixing ratios and iv. mass 

of T. diversifoliaper 100 ml water 
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3.3FTIR Characterization 

The FTIR spectrum was scanned from 4000 cm
-1

 to 500 cm
-1

 using FTIR spectrophotometer model 

IRTracer (SHIMADZU). The shifting, disappearance, broadening and emergence of new peaks revealed 

participation of phytochemicals in the synthesis of ZnO-NPs. A strong IR peak at 3282.9 cm−1 assigned to –OH 

stretch[19]shifted to 3428.53 cm−1. There was emergence of a new small peak at 2359.95 cm−1. A peak at 

1634.7 𝑐𝑚−1, assigned to C= C, shifted to a lower wavenumber of 1560.44 𝑐𝑚−1. New peaks emerged at 

668.35, 918.13 and 1029.04 cm−1 which could be assigned to ZnO stretch. 

 

 
Figure 4: FTIR spectrum of TDLE 

 

 
Figure 5: Spectrum (FTIR) of synthesized nano-ZnO 

 

3.4XRD 

The synthesized nano-ZnO was hexagonal wurtzite [21]and highly crystalline with crystalline size estimated as 

20.91 nm (from most intense peak) using Debye-Scherer formula [5, 20]. 

 

Table 1: Summarized properties of ZnO-TDLE-NPs 
Lattice parameters a=3.22461Å, b=3.22461Å, c=5.19180Å 

Angles α=90˚, β=90˚, γ=120˚ 

Space group number and name 186, P63mc 
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Figure 6: XRD scan of the synthesized ZnO-NPs 

 

3.5X-Ray Fluorescence Analysis 

XRF was used for identification and quantification of elements in the sample, whereby 91.823% was 

assigned to Zn. The high content of Zn in the sample is a clear indication of complete reduction of zinc nitrate to 

ZnO-NPs and also absence of impurities. This research, in fact, reports a much higher content of Zn compared 

to 14.96% reported earlier by Khaing and co-workers [21]. 

 

Table 2: Elemental analysis of ZnO-TDLE NPs by XRF 
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3.6Antimicrobial Potential of the Synthesized ZnO NPs 

One-way ANOVA was used to analyze data using JASP software version 0.12.2. The highest activity 

(mm) was reported against B. subtilis (14.0±1), a Gram positive while the lowest was reported against S. 

typhi(6.67±0.58), a Gram negative.The activity of ZnO-NPs against E. coliwas reported as 10.6±0.58 mm; this 

agrees well with results earlier reported [24]. It is interesting to note that the current research observed higher 

antibacterial activity than previous studies done by Fatimah (2018) [20] and Meruvu et al. (2011) [25]. 

Elsewhere, researchers analyzed antimicrobial potential of ZnO NPs against E. coli using agar well diffusion 

[15]. They obtained zone inhibitions of 12, 14 and 15 mm at 70, 100 and 150 µl of ZnO NPs respectively. 

 

Table 3: Antibacterial bioassays 
Treatment Zonediameter±SD (mm) 

B. subtilis S. aureus E. coli S. typhi 

ZnO NPs 14.0±1f 8.67±0.58h 10.6±0.58g 6.67±0.58i 

Ciprofloxacin 31.67±0.58a 31.0±1a 30.33±0.58a 26.33±1.53b 

Gentamicin 20.7±0.58d 23.67±0.58c 15.0±1e 16.67±0.58e 

Streptomycin 21.33±1.53cd 21.33±2.31c 15.0±1e 17.0±1e 

Ampicillin - 7.0±1.73h - - 

Penicillin - 6.67±1.16h - - 

TDLE - - - - 

DMSO - - - - 

-: No antibacterial activity reported. 

Note: means followed by the same superscript (a-i) in the same column or row are not significantly different as 

determined by one-way ANOVA at 95% confidence levels. 

 

 
Graph 1: Antimicrobial activity of ZnO-TDLE-NPs and its Control Treatments 

 

 
Plate 1: Zone of inhibition of ZnO-NPs, Streptomycin, Penicillin, Ampicillin, Ciprofloxacin, Gentamicin, 

TDLE and DMSO against- S.a (S. aureus), B.s (B. subtilis), E.c (E. coli) and S.t (S. typhi)  

 

IV. Discussion 
Size, shape, chemical composition and even the type of plant extract used determine the efficacy of 

MO-NPs inhibiting growth of microbes. T. diversifolia has been demonstrated to aid in the formation of ZnO-

NPs (20.91 nm) with antimicrobial potential.ZnO-NPs are much smaller as compared to bacteria 
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[26];consequently, it is much easier for them to stick to the cell membrane of bacteria, damaging it and 

eventually death of the cell. Formation of ROS (H2O2, OH−, O2&O2
−) is thought to be the main antibacterial 

activity mechanism [27]. ROS species react with H+ to yield H2O2[26] which can easily cross into the cell via 

the cell membrane. The entry of H2O2 into the bacteria cell compromises the genetic materials; eventually the 

cell dies. 

 

Table 4: Comparison studies 
Method Precursors Crystalline 

size (nm) 

Antimicrobial activity (mm) References 

Biological Zinc nitrate, Tithonia 

diversifolia  

20.91 S. aureus-8.67, B. subtilis-14, E. 

coli-10.6, S. typhie-6.67 

Current study 

Biological Zinc nitrate, Rubia 
cordifolia 

14.18 S. aureus-15, E. coli-15 [15] 

Biological Zinc acetate dihydrate, 

rice bran 

17.76 S. aureus-7.3, E. coli-7.6 [20] 

Chemical 
(Precipitation) 

Zinc acetate, 
ammonium carbonate 

30.00 B. subtilis-8, E. coli-7 [25] 

 

V. Conclusion 
A „green‟ method for preparation of ZnO-NPs through bio-reduction of Zn

2+
 using TDLE was 

demonstrated. FTIR confirmed participation of phytochemicals as reductants. The obtained nano-ZnO was 

highly crystalline with crystalline size of 20.91 nm. The synthesized ZnO-NPs particles showed promising 

antimicrobial potential. 
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