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Highlights 

1. First report on the bioinspired synthesis of triangular-shape zinc oxide nanoparticles (ZnO-

NPs) using Tecoma stans. 

2. XRD investigation confirmed the formation of crystalline ZnO-NPs 

3. TEM images displayed the triangular shape of the synthesized NPs 

4. Photoluminescence studies of NPs displays a sharp emission of blue band at 447 nm  

5. The XPS spectrum revealed the presence of Zn and O in the NPs sample.  

6. The synthesized ZnO-NPs showed high antimicrobial activities  
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Abstract 

The present work reports the first green synthesis of zinc oxide nanoparticles (ZnO-NPs) using 

Tecoma stans leaf extract. The ZnO-NPs have been investigated by X-Ray Diffraction (XRD), 

Ultra Violet-Visible (UV-Vis), Scanning Electron Microscopy (SEM), Transmission Electron 

Microscopy (TEM) and Fourier Transform-Infra Red (FT-IR) analysis. XRD investigation 

confirms the crystalline structure of ZnO. The TEM images show triangular shape ZnO-NPs with 

sizes running from 15-20 nm. The XPS spectrum revealed the presence of Zn and O in the sample. 

Photoluminescence studies of ZnO-NPs displayed a sharp emission of blue band at 447 nm which 

is attributed to the defect structures in ZnO crystal. The presence of alcoholic, phenolic amide 

groups in the plant extracts is responsible for the formation of ZnO-NPs. The synthesized ZnO-

NPs showed a very high antibacterial property against five bacterial strains such as Bacillus cereus, 



Acinetobacter johnsonii, Achromobacter xylosoxidans, Achromobacter spanius and 

Chromobacterium pseudoviolaceum, with the highest zone of inhibition (ZOI) of 24 mm being 

shown against Achromobacter spanius strain. Further, the synthesized nanoparticles displayed 

excellent activities against four fungal strains, where a highest ZOI of 30 mm was observed against 

Penicillium citirinum, hence proving its high efficacy as antimicrobial agents.  

 

1. Introduction  

Nanotechnology is one of the most promising research areas in the modern science and technology. 

It deals with the particle having a one-dimensional size range of 1-100 nm [1]. In the last few 

decades, research on nanoparticles has developed rapidly due to their exceptional electronic 

[2],[3], catalytic [4],[5] [6],[7], optical [8], magnetic [9] and medicinal properties [10]. Presently, 

nanoparticles and nanomaterial’s are finding its applications in various field such as molecular 

self-assembly [11],[12], medication [13],[14],[15], stainable power sources [16],ecological 

remediation [17] and so on.  Fittingly, in recent years synthesis of numerous nanoparticles mainly 

precious metals such as gold, silver and platinum has been reported in literature. However, 

although these nanoparticles are very widely useful, their production involves the use of expensive 

precursors. Hence, researchers are looking for an alternative nanoparticles such as zinc oxide 

nanoparticles (ZnO-NPs), which is more cost-effective and exhibited comparable activity to those 

of precious metal nanoparticles [18],[19],[20]. ZnO-NPs are known to exhibit outstanding 

applications in food packaging [21],[22], plant growth promoter [23], drug delivery [24],[25], anti-

cancer [26], antimicrobial [27],[28]  and degradation of toxic dyes in the environment [29]. Several 

chemical methods are reported in the literature for the synthesis of ZnO-NPs [28]. However, in 

recent years, in search of an eco-friendly, mild and greener synthetic route, researchers have turned 

their attentions towards the synthesis of ZnO-NPs using various plant extracts and microbes 

[30],[19]. ZnO-NPs are largely non-toxic, semi-conducting materials possessing high stability, 

transparency and an excellent photocatalysts.  

 Review of literature revealed that both the chemical and physical properties of 

nanoparticles are dependent on their shape and size [31],[32], Hence, recent years witness an 

increasing interest in synthesizing nanoparticles of desired shape and size for a specific application 

[33],[34],[35],[36],[37]. In the recent past, shape-dependent activities of ZnO-NPs against 

microorganisms and enzymes has been reported where that the pyramidal shape ZnO-NPs shows 



higher activity compared to spherical shape nanoparticles as antimicrobial agents owing to their 

better geometrical match with the enzyme surface due to sharper apexes and edges[31]. 

Accordingly, owing to its close resemblance to pyramidal structure in terms of sharp apexes and 

edges, triangular shape ZnO-NPs is of particular interest as it has potential to display higher shape-

dependent activities against common pathogenic microbes, compared to its spherical geometry 

counterparts. In the light of this, here we have demonstrated the green synthesis of triangular shape 

ZnO-NPs using Tecoma stans leaf extract as a reducing and stabilizing agent and investigated its 

application as an antimicrobial agents against several pathogenic microbes.  The ZnO-NPs 

obtained were fully characterized by Ultraviolet (UV)-visible spectroscopy, Fourier transform 

infrared (FT-IR), Transmission electron microscopy (TEM), Energy dispersive X-ray 

spectroscopy (EDS) and X-ray diffraction (XRD), Scanning electron microscope (SEM), X-ray 

photoelectron spectroscopy (XPS) and Thermogravimetric analysis (TGA). The as-synthesized 

ZnO-NPs were studied to evaluate its efficacy as antimicrobial agents. From literature, majority 

of the green synthesis of ZnO-NPs obtained spherical shape nanoparticles, whilst preparation of 

triangular shape is rather rare [38]. To the best of our knowledge, this is the first report on the 

biosynthesis of triangular-shape ZnO-NPs using Tecoma stans leaf extract.  

 

2 Experimental 

 

FIGURE 1. Tecoma stans plant  

 

2.1 Preparation of leaf extract 

The fresh Tecoma stans leaves used in the experiment were collected from NIT Silchar campus, 

Assam. Zinc Acetate dehydrate 90 % pure was procured from HiMedia (India). 30 g of leaves was 



collected, washed 2-3 times with tap water followed by double distilled water to remove all the 

impurities present, air-dried and chopped to fine pieces. The chopped Tecoma stans leaves were 

then boiled with 100 ml of distilled water for 30 mins in a 500 mL round bottomed flask. The leaf 

extract obtained after boiling was then filtered using a Whatman filter paper no. 1. Then cooled 

and filtered, the filtrate leaf extract was then finally stored at 4 °C was further utilized for the 

synthesis of ZnO-NPs. 

 

 

2.2. Synthesis of ZnO-NPs 

40 mL of the Tecoma stans leaf extract was added drop wise to the previously prepared zinc acetate 

(2 mM) solution and stirred on a magnetic stirrer at room temperature for 3 h. The preliminary 

ZnO formation was confirmed visually from color change of the reaction mixture from green to 

dark brown which was later confirmed b UV-Visible Spectrophotometer. The reaction mixture 

was then collected in test tubes and centrifuged at 4000 rpm for 15-20 min and the dark brown 

precipitate obtained was finally washed with double distilled water, collected and oven dried over 

night at 60 °C to obtain the as-synthesized ZnO-NPs (before calcination). The dry precipitate of 

as-synthesized ZnO-NPs was then transferred to a ceramic crucible and calcined in a preheated 

furnace at 700 °C for 3 h to obtained a highly stable triangular shape ZnO-NPs, which were kept 

in an air tight container for further characterization. The ZnO-NPs were found to be stable for 3-4 

months. 

 

2.3 Screening of Antimicrobial Property of synthesized ZnO-NPs 

Test microorganisms: 

In vitro antimicrobial screening includes 5 bacterial and 4 fungal strains. The bacterial strains 

includes Bacillus cereus strain SN_SA, Acinetobacter johnsonii strain SB_SK, Achromobacter 

xylosoxidans GCC582, Achromobacter spanius strain GCCSB1 and Chromobacterium 

pseudoviolaceum strain GCC-SO4, having NCBI-GenBank accession number MH482928, 

MH482927, KF031122, MK000623 and MH109305 respectively. The laboratory fungal isolates 

includes Aspergillus niger, Penicillium citirinum, Fusarium oxysporium, Candida albicans. 

Bacterial strains were grown and maintained on nutrient agar medium, while fungi were 

maintained on potato dextrose agar (PDA) medium. 



 

3 Results and discussion 

3.1 UV-Visible spectra analysis 

Figure 6.2 shows the UV-Vis spectra of as-synthesized ZnO-NPs obtained from the reaction of  

Tecoma stans leaf extract and silver nitrate solution. A strong absorption band in the region 350-

415 nm with a sharp peak at 385 nm confirmed the formation of ZnO-NPs. The absorption peak 

at 385 nm corresponds to energy gap value 3.26 eV, similar to the value reported for ZnO nanorods 

[39]. 

 

 

FIGURE 2. UV-vis absorption spectra of as-synthesized 

ZnO-NPs from Tecoma stans leaves extract 

 

3.2 XRD of ZnO nanoparticles 

The XRD analysis of the as-synthesized ZnO-NPs from Tecoma stans leaf extract is shown in 

Figure 6.3. The sharp and narrow diffraction peaks indicate that the prepared ZnO-NPs is well 

crystalline in nature. The diffraction peaks at 2θ values of 31.80°, 34.75°, 36.37°, 47.77°,56.72°, 

62.97°, 66.25°, 67.95°  and 69.11° are observed with respect to (100), (002), (101), (102), 

(110),(103), (200), (112) and (201) with matching (JCPDS No. 36-1451) respectively in Figure 3. 

The mean crystallite size (D) of the NPs was calculated from the XRD line broadening 

measurement using Debye-Scherer's formula (1),  



𝐷 = 0.89𝜆/(𝛽𝐶𝑜𝑠𝜃)                              (1) 

 Where 𝜆 is the wavelength (Cu Kα), 𝛽 is the full width half-maximum (FWHM) of the ZnO (101) 

line and θ is the diffraction angle. The calculated crystallite size is 20.42 nm. The crystalline nature, 

particle size and the phase form confirmation was further studied from HR-TEM [40]. 

 

 

FIGURE 3. X-ray diffraction profile of 

biosynthesized ZnO-NPs from Tecoma stans leaves 

extract 

 

3.3 FT-IR Analysis 

FTIR analysis is carried out usually to find out the presence of functional groups and possible 

relationships between plant biomolecules and metals also to measure the IR radiation absorbed by 

the synthesized nanoparticles against the wavelength. FT-IR spectra of Tecoma stans leaf extract 

and as-synthesized ZnO-NPs has been shown in Figure 4. The FT-IR estimations confirmed the 

presence of biomolecules present in the leaf extract. Prominent peaks at 3282 and 3302 cm-1 are 

because of the extending vibrations of O-H in alcohols and phenolic mixes and N-H in auxiliary 

amides. The groups at 1642 and 1638 cm-1 are for amide I and amide II groups, respectively. The 

groups at 2120 and 2126 cm-1 are due to alkynyl C-C stretching aromatic stretching bands of the 

various bioactive compounds. Generally, metal oxides are characterized by intrinsic absorption 



bands below 1000 cm−1 (the so-called fingerprint region) due to inter-atomic vibrations; hence, 

accordingly, the less intense peak at 798 cm-1 identify the presence of ZnO-NPs (Figure 4a) [41]. 

 

 

FIGURE 4. FT-IR spectrum of biosynthesized (a) as-

synthesized ZnO-NPs and (b) Tecoma stans leaves extract 

 

3.4. TEM Analysis 

The crystalline nature and the size of the particles of synthesized ZnO-NPs (after calcination at 

700 °C for 3 h) was studied by TEM [42]. The TEM images at different magnifications and selected 

area electron diffraction (SAED) patterns are depicted in Figure 5. The TEM image showed that 

the synthesized ZnO-NPs are well dispersed and are mostly triangular in shape with particle size 

range from 15 to 20 nm. The SAED pattern confirmed the crystalline nature of the nanoparticles. 

The nanoparticles size distribution graph is depicted in Figure 5f. 

 

 



 

FIGURE 5. (a-c) TEM images at 20, 100 and 200 nm scale, (d) HRTEM image at 2 nm scale 

and (e) SAED pattern and (f) nanoparticles size distribution graph of biosynthesized ZnO-NPs 

from Tecoma stans leaves extract 

 

3.5 SEM-EDX analysis 

The SEM images confirmed the triangular shape, well dispersed nanoparticles with average 15-20 

nm sized nanoparticles and a mean size of 20.42 nm (Figure 6a). To study the chemical 

composition and further information of the metallic nature of the synthesized nanoparticles, we 

have studied the EDX [43]. In this study generally interaction takes place between X-rays and the 

compound to be investigated which results in reflection of the peak of metal or compounds present 

in the sample. The obtained peak amplitude shows the presence of particular elements in the 

compound. The EDX analysis with elemental compositions of the synthesized ZnO-NPs is 

depicted in Figure 6b. 

 

 

 



 

 

 

FIGURE 6. (a) SEM (b) EDX analysis of biosynthesized 

ZnO-NPs from Tecoma stans leaves extract 

 

3.6 XPS analysis 

The XPS analysis is used to identify the surface elements of the sample and results of the analysis 

is illustrated in Figure 7.  The XPS spectrum revealed the presence of Zn and O in the sample. 

Small amount of carbon seen in Figure 1a is due to hydrocarbon from plant extract residues. The 

oxygen spectrum deconvoluted into two parts as shown in Figure 7c, the peak at 530.01 eV is 

attributed to O2- from ZnO and peak at 531.89 eV is due to sample surface adsorbed water and O2. 



From Figure 1c, the peaks obtained at 1021.5 and 1044.6 eV for Zn 2p3/2 and Zn 2p½ respectively 

are attributed to Zn ions bonded to O ions [44].   

 

FIGURE 7. XPS analysis of biosynthesized ZnO-NPs from Tecoma stans 

leaves extract 

 

 

 

 

 

 

 



 

3.7 TGA analysis 

In Figure 8, the TG curve of the as-synthesized ZnO-NPs shows a gradual weight loss from 90-

100 °C due to the evaporation of water present in the nanoparticles and continuous weight loss 

occurred between 250-650 °C. Later, a plateau region is formed at a temperature above 650 °C 

which confirmed the formation of highly stable ZnO-NPs. Hence, calcined at a temperature of 700 

°C and above seems to guarantee the formation of stable ZnO-NPs. Accordingly, we have calcined 

the as-synthesized ZnO-NPs at a temperature of 700 °C for 3 h. 

 

 

FIGURE 8. TGA analysis of biosynthesized ZnO-

NPs from Tecoma stans leaves extract 

 

3.8 Photoluminescence Study 

Photoluminescence (PL) studies were performed to emphasize its emission properties as shown in 

Figure 9. The photoluminescence of ZnO sample suggested a sharp emission of blue band at 447 

nm have been observed from the prepared ZnO-NPs sample may be in correlation with the defect 

structure in ZnO crystal [45].  

 

 



 

FIGURE 9. Photoluminescence analysis of ZnO-

NPs from Tecoma stans leaves extract 

 

3.9 Antimicrobial activity 

Antimicrobial activity was performed by agar well diffusion method, with slight modifications. 

Freshly prepared molten Muller Hinton Agar (MHA) media for bacterial culture and Potato 

Dextrose Agar (PDA) media for fungal culture were poured to uniform depth of 5 mm and allowed 

to cool at room temperature [46],[47],[48]. After solidification, wells were made in MHA media 

by 6 mm sterilized cork borer. 1-2 drops of media were poured in the bottom with the help of 

sterile micropipette. 1-2 ×107 cfu/mL of test microorganisms were spread on the surface of MHA 

media using a glass spreader. 50 µL of ZnO-NPs of three different concentrations (1.0 mM, 0.5 

mM and 0.25 mM) were then filled in three wells. DMSO was also used as negative control. The 

plates were then incubated for 24 h at 37 °C for bacterial culture and 48 h at 25 °C for fungal 

culture. 

The antibacterial activity of ZnO-NPs was evaluated by measuring the zone of inhibition 

(ZOI) in millimeter. ZnO-NPs displayed a very high antibacterial activity as shown in Figure  10 

and Figure 11 and Table 1 and was found that  Achromobacter spanius strain GCCSB1 showed 

highest ZOI of 24 mm at 1.0 mM, 11 mm at 0.5 mM and 5 mm at 0.25 mM, followed by 

Acinetobacter johnsonii strain SB_SK 22 mm at 1.0 mM, 17 mm at 0.5 mM and 0 mm at 0.25 

mM, Achromobacter xylosoxidans GCC582 showing 20 mm at 1.0 mM, 18 mm at 0.5 mM, and 

12 mm at 0.25 mM, Chromobacterium pseudoviolaceum strain GCC-SO4 showing 20 mm at 1.0 



mM, 12 mm at 0.5 mM, and 7 mm at 0.25 mM and Bacillus cereus strain SN_SA showing the 

least among the five bacterial strains with 17 mm ZOI at 1.0 mM, 6 mm at 0.5 mM, and no 

inhibition was observed at 0.25 mM. 

 

FIGURE 10. ZOI caused by ZnO-NPs against five pathogenic bacteria: a) Bacillus 

cereus, b) Acinetobacter johnsonii strain SB_SK, c) Achromobacter xylosoxidans 

GCC582, d) Chromobacterium pseudoviolaceum strain GCC-SO4. e) Achromobacter 

spanius strain GCCSB1. (i) 0.25 mM (ii) 0.5 mM (iii)1 mM 

  

 

 

 

 



  

FIGURE 11. Antibacterial activities of ZnO-NPs at different concentrations 

against five pathogenic bacteria; a)  Bacillus cereus strain SN_SA, b) 

Acinetobacter johnsonii strain SB_SK, c)   Achromobacter xylosoxidans 

GCC582, d) Achromobacter spanius strain GCCSB1, e) Chromobacterium 

pseudoviolaceum strain GCC-SO4)   

 

Table 1: Antibacterial activity of ZnO-NPs against five pathogenic bacteria at three 

concentrations 

Test microorganisms Test sample Test sample Test sample Control 

Bacterial isolates 1.0 mM 0.5 mM 0.25 MM DMSO 

1. Bacillus cereus strain 

SN_SA 

17 6 0 0 

2. Acinetobacter johnsonii 

strain SB_SK  

22 17 0 0 

3. Achromobacter xylosoxidans 

GCC582, 

20 18 12 0 



4. Chromobacterium 

pseudoviolaceum strain 

GCC-SO4 

20 12 7 0 

5. Achromobacter spanius 

strain GCCSB1 

24 11 5 0 

 

The antifungal  activity of ZnO-NPs was also evaluated which also displayed very high 

antifungal activity as shown in Figure 12, Figure 13 and Table 1 and was found that among the 

four fugal strain studied for antifungal activity the Penicillium citirinum, showing 30 mm ZOI at 

1.0 mM, 22 mm at 0.5 mM, and 11 mm at 0.25 mM, followed by Candida albicans showing 19 

mm at 1.0 mM, 14 mm at 0.5 mM, and 9 mm at 0.25 mM,   Fusarium oxysporium showing 18 mm 

at 1.0 mM, 12mm at 0.5 mM, and 10 mm at 0.25 mM, and Aspergillus niger showing the least 

antifungal activity 14 mm at 1.0 mM, 10 mm at 0.5 mM, and 8 mm at 0.25 mM respectively. 

 

FIGURE 12. ZOI caused by ZnO-NPs against 

four pathogenic fungi; a) Aspergillus niger, b) 

Penicillium citirinum c) Fusarium oxysporium, 

d) Candida albicans (i) 0.25 mM (ii) 0.5 mM 

(iii)1 mM 



 

 

 

Figure 13. ZOI caused by ZnO-NPs against four pathogenic fungi a) 

Aspergillus niger b) Penicillium citirinum c) Fusarium oxysporium d) 

Candida albicans at concentration  

 

Table 2: Antifungal activity of measurement of ZOI against pathogenic fungi 

Test microorganisms Test sample Test sample Test sample Control 

Fungal isolates 1.0 mM 0.5 mM 0.25 mM DMSO 

1. Aspergillus niger 14 10 8 0 

2. Penicillium citirinum 30 22 11 0 

3. Fusarium oxysporium 18 12 10 0 

4. Candida albicans 19 14 9 0 

 

4 Conclusion 

Herein, we reported a facile biosynthesis of zinc oxide nanoparticles were synthesized using 

Tecoma stans leaf extract. The XRD and TEM investigation demonstrated of the crystalline nature 



and triangular shape of ZnO nanoparticles, respectively. The band hole of the ZnO-NPs was 

evaluated from the UV-vis assimilation, and it was seen that there was a sharp move in the 

ingestion edge with increase in temperature. From the TEM images, the average size of the ZnO-

NPs was observed as 20.42 nm. The peaks obtained at 1021.5 and 1044.6 for Zn 2p 3/2and Zn 2p 

½ respectively in the XPS analysis were attributed to Zn ions bond with O ions. The synthesized 

ZnO-NPs showed a very high antibacterial and antifungal property attributed to the excellent edges 

fitting of the synthesized triangular shape nanoparticles to the cell wall of the tested 

microorganisms.  
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