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Green synthesis of zinc oxide nanoparticles doped Leucas aspera leaf extract
and its photocatalytic applications
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Zinc oxide (ZnO) nanoparticles have been produced from the leaf extract of Leucas aspera
by utilising a straight forward co-precipitation technique in a green synthesis strategy. The
produced nanoparticles are examined by photocatalytic analysis, FTIR, XRD, UV-visible,
and SEM. ZnO-related distinctive peaks were visible in the FTIR spectra. The XRD
investigation verifies that the produced nanoparticles have a hexagonal crystal structure.
Doped ZnO utilising leaf extract has surface morphology that is practically spherical in
shape and has minimal aggregation, according to SEM analysis. ZnO-LA composite's
photocatalytic dye degradation effectiveness against visible light irradiations is
approximately 83%.
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1. Introduction

Numerous technological and industrial fields, including environmental science, food
technology, biotechnology, health, information science, energy, transportation, and so on, are
being modernised in large part thanks to nanotechnology. Because nanotechnology can modify a
material's properties at incredibly small sizes, it has had a tremendous impact on the development
of materials science research. The majority of nanoparticles are created using bottom-up
techniques like hydrothermal, spray pyrolysis, chemical vapour deposition, and sol-gel procedures,
as well as top-down techniques like sputtering, lithography, and ball milling. The size and
structure of the nanoparticles can be manipulated by adjusting the chemical concentrations and
reaction conditions, particularly in chemical procedures. However, these techniques are costly,
dangerous, and poisonous, and often produce unintended byproducts.

Green synthesis techniques are getting a lot of interest as a solution to these problems
because of its affordability, environmental friendliness, and biocompatibility. Zinc oxide (ZnO) is
one of the many metal oxides that has generated a lot of attention in the industrial and commercial
domains due to its numerous uses and distinct characteristics. Using a green synthesis technique,
ZnO nanoparticles are created from a variety of biological sources, including plant, fruit, fungus,
algae, and bacterial extracts. A quick and easy way to create nanoparticles on a wide scale is
through green synthesis, which uses extracts from plants. The plant extract increases the material's
surface area, which helps it function as a reducing agent to lower the particle size. Leucas aspera
fresh leaves are used in traditional medicine and contain a variety of medicinal ingredients. The
current work investigates the structural, optical, and photocatalytic properties of ZnO doped
Leucas aspera leaf extract nanoparticles that are created utilising a straightforward co-precipitation
approach with Leucas aspera leaf extract serving as a capping and stabilising agent.
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2. Experimental methods

The most popular, straightforward, and affordable approach for creating ZnO doped LA
nanoparticles is co-precipitation. In order to create ZnO nanoparticles, 50 millilitres of deionized
water and 0.35 millimetres of zinc acetate dehydrate are combined, and the mixture is constantly
agitated at 85 degrees Celsius for two hours. To get rid of the contaminants, the precipitated
particles are cleaned twice or three times using ethanol. The resulting powder particles are stored
for a day at 100° C in a hot air oven and for two hours at 400° C in a muffle furnace. ZnO doped
LA nanoparticles are created by adding 10 ml of Leucas aspera leaf extract, 0.35 M of zinc acetate
dihydrate, and 50 ml of distilled water. The mixture is then agitated for one hour. The pH of the
solution is maintained at 13 by adding sodium hydroxide pellets. Then the similar drying
procedure used for ZnO is followed to obtain ZnO LA nanoparticles the experimental procedure is

-
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85 °C for 2 hours with stirring ~ Annealed at ~400 °C for ~2 hours ZnO Nanoparticles

Fig. 1. Biosynthesis of ZnO Leucas aspera leaf extract.

3. Results and discussion

3.1. X-RAY diffraction analysis

The XRD pattern of undoped ZnO NPs is displayed by X-ray diffraction, a non-
destructive analytical method that provides comprehensive information about the chemical
composition and crystallographic structures of natural and manmade materials. The XRD pattern's
prominent diffraction peaks indicate that the sample is crystalline. According to the standard
JCPDS data card, the hexagonal wurtzite crystal structure of ZnO is represented by the standard
diffraction peaks (JCPDS Card No: 00-001-1136). The absence of any impurity diffraction peaks
demonstrated the unadulterated ZnO's purity. Using the Debye-Scherer formula, the average grain
size of the un-doped ZnO NPs was determined from the three most intense peaks. Un-doped ZnO
NPs had an average grain size of 43.72 nm as a result. Fig. 2 displays the typical XRD patterns of
doped ZnO NPs made using leaf extract. Additional peaks corresponding to phases and impurities
associated to zinc were observed in the XRD pattern. The XRD spectrum likewise displayed the
same peak pattern as the doped ZnO NPs XRD spectrum. The sample synthesised by procedure 2
had an average grain size of 43 nm, which was determined by utilising Debye-Scherer's technique
to calculate the three most intense peaks.
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Fig.2. Powder X-ray diffraction pattern of LA doped ZnO NPs samples.

3.2. UV—Vis analysis
The UV-vis absorbance of ZnO NPs doped with synthetic LA was measured between 200

and 1200 nm in wavelength. Figure 3 illustrates how the successful production of doped ZnO NPs
is indicated by the existence of distinct peaks in the UV—vis spectra at 388 nm. The prepared
doped ZnO NPs with a doping concentration of 10 ML leaf extract were compared, and it was
found that the latter's absorption edge was marginally pushed towards lower energy. A decrease in
the band gap may be the cause of this change in the absorption edge, according to a prior report.
Based on optical absorption spectra, the energy band gap values are calculated using the Tauc

relationship (equ. 1).

ahv=A(hv—Eg)nahv=A(hv—Eg)n (N

where n is an index that describes the optical absorption, o is the absorption coefficient, h is the
plank's constant, v is the photon frequency, A is a constant, and Eg is the band gap. For pure LA-
doped ZnO NPs, the predicted band gap energies are 3.25, respectively. When LA leaf extract is
added to ZnO crystals, the band gap energy decreases and the absorption band widens, increasing
the crystals' ability to absorb light. Conflicting results about the impact of doping ZnO NPs with
LA leaf extract on the band gap have been reported in earlier studies. Several factors, such as
particle size, oxygen deprivation, and doped ZnO NPs, can be responsible for the observed
disparity in the less absorption in the visible area, surface roughness, and lattice strain.
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Fig.3. UV-Vis DRS spectra of LA doped ZnO NPs.
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3.3. FT-IR spectral studies

In order to ascertain if biological activities were attributed to synthesised LA leaf extract
doped ZnO nanoparticles or to biomolecules of plant extracts that might be embedded in the
nanoparticle surfaces, FTIR findings were obtained at room temperature and within the 400 cm™!
to 4000 cm ™! range. Because interatomic vibrations cause absorption bands to typically appear in
the fingerprint area of metal oxides. Figure 4 illustrates the hexagonal ZnO wurtzite structure
formed by the unusual Zinc oxide absorption band with stretching mode of ZnO, as revealed by IR
spectra in the current work. This band was found to be between 500 and 590 cm!. The
asymmetric and symmetric stretching H-O-H vibration is the fundamental mode of vibration near
3492.95 cm™!, and it is caused by bending H-O-H vibration bands of chemisorbed water. The
3000-3650 cm ! bands are due to the reversible dissociative absorption of hydrogen on Zn as well
as O site [36]. There were no characteristic peaks in the IR spectra's of synthesized NPs that
indicate the presence of biomolecules and Leucas aspera plant extracts in the synthesized ZnO
nanoparticles through chemisorbed. As in the IR spectra of plant extracts, we can see that there are
characteristics peaks of biomolecules at 871 cm™ (C-H), Hence, biological activities were only
exhibited by the synthesized nanoparticles and plant extract's biomolecules were not involved.
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Fig.4. FTIR spectrum of LA doped ZnO NPs samples.

3.4. Surface morphology and composition analysis

SEM examination is utilised to examine the morphological structures of the synthesised
nanoparticles. The SEM pictures of LA leaf extract ZnO nanoparticles are displayed in Fig. 5. The
low magnification photos made it evident that there hasn't been a complete separation of the
particles and that they are agglomerated. Weak physical forces are detected to hold the particles
together at greater magnifications. Low magnification SEM pictures of the ZnO nanoparticles are
shown in Fig. 5(a—d). When compared to pure ZnO, it is evident that the particles have completely
separated and are not as agglomerated.The SEM pictures (Figs. 5c and d) obtained at higher
magnification demonstrate that the morphological structure of ZnO nanoparticles doped with LA
is nearly spherical. Fig. 5e displays the elemental composition of the nanoparticles that were
studied using an EDX spectrum. The production of impurity-free LA-ZnO nanoparticles is
confirmed by the EDX spectrums of the two samples: the pure ZnO sample proves the presence of
only zinc and oxygen, while the LA-ZnO sample reveals the presence of carbon, zinc, and oxygen.
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Fig. 5. (a-¢) SEM images of LA doped ZnO and (d) EDAX spectra of LA@ZnO NPs.

3.5. Photocatalytic studies

ZnO and leaf extract doped ZnO nanoparticles were tested for their capacity to break
down the methylene blue (MB) dye when exposed to sunshine. When the irradiation period
increases, the dye solution's colour gradually changes from blue to colourless, and the amount of
MB dye absorbed continuously decreases (Figure 6). This finding is in line with earlier research on
ZnO and doped ZnO NPs' photodegradation of MB. In the absence of catalysts, the breakdown of
MB dye was also investigated in the presence of sunshine. As can be observed in Figure 7, in the
absence of these catalysts, there was very little MB dye degradation. Additionally, prior findings
have shown that a minimum of MB is degraded through photolysis under sunlight.Figure 7. MB
dye degradation under sunlight irradiation without using the synthesized NPs.
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Fig. 8. (a-b) Temporal degradation curve of MB dye using LA doped with ZnO exposed to visible light.
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Fig.6. UV absorption spectra of MB using LA doped ZnO NPs.
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Fig.7. Impact of the LA doped ZnO catalyst dosage on the degradation of the MB dye.
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The practical photocatalytic device and waste water treatment uses depend on
reproducibility and long-term stability. Under the same experimental circumstances, all catalysts'
stability tests were evaluated over five cycles.The relationship is used to compute the absorption
percentage of each specific substance. Degradation % = (Co-C)/Cox100 %; where Co is the initial
concentration of MB, whereas C is concentration of the dye at various interval times (mole/l),
meantime t is the illumination time (min) and k is the reaction rate constant. The experiments are
carried out to assess the influence of the catalyst with visible light radiation on the degradation of
MB dye and to generate a first-order kinetic constant illustration of C/Co, as shown in Fig. 8(a-
b).The photodegradation efficacy of both dyes has not declined much. After seven cycles of
operation, only 2.5 percent of the catalyst's initial degrading effectiveness was lost. Because of
this, the catalyst that was gathered is more resilient against the phenol and MB dyes' degradation
in the presence of visible light. With time, the photodegradation of MB by doped ZnO NPs under
solar radiation increased. The mechanism of ZnO doped LA leaf extract-induced photodegradation
of MB is shown in Fig. 9. In fact, water molecules and the highly reactive O," combine to make
hydrogen peroxide (H,O;), which subsequently reacts with e- in the conduction band to form
hydrogen peroxide. This photocatalytic experiment's outcomes showed that doping Mg ions
enhanced the ZnO photocatalyst's capacity for photocatalysis.

H+OH

H;O

Fig.9.LA doped ZnO catalysts' photocatalytic mechanism when exposed to visible light.

4. Conclusion

Leaf extract from Leucas aspera is an affordable, non-toxic, and environmentally friendly
green synthesis method that is effectively used to create both pure and doped ZnO nanoparticles.
When compared to pure ZnO nanoparticles, the average particle size derived from the XRD
pattern shows that the LA doped ZnO nanoparticles have smaller particle sizes. ZnO doped LA
leaf extract nanoparticles' functional groups were detected by FTIR analysis. For the ZnO
nanoparticles, it is discovered that the band gap energy is lower. The structure of the synthetic
particles is verified by SEM pictures they all seem to be hexagonal wurtzite and somewhat
agglomerated. Prepared doped LA-ZnO NPs were found to be crucial to the photocatalytic activity
in the study of photodegradation under visible light irradiation. The LA in the ZnO doping acted as
an electron scavenger, preventing electron-hole pairs from recombining on the surface of ZnO
nanoparticles and thereby enhancing charge transfer.
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