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Green synthesis and characterization of zinc oxide nanoparticles using extracts of
Artemisia annua . grown in Togo
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Plant-mediated synthesis of ZnO nanoparticles (ZnONPs) is preferable than the
conventional methods with many applications in medicine and biology. Artemisia annua is
recognized to have antiplasmaodial, antimicrobial activities, so the nanoformulation based
on its extracts and zinc oxide would be of therapeutic benefit. This study aims to
investigate properties of ZNONPs based on Artemisia annua leaves and stems extracts and
zinc acetate. Spectroscopy techniques, XRD, SEM and Energy Dispersive X-ray
Spectroscopy (EDS) were used to investigate the structural and optical properties of the
ZnONPs. The characteristic absorption peak was at 375.5 nm and the excitation at 365 nm
showed wide spectra in visible (450-700 nm). XRD, SEM and EDS analysis confirmed a
pure ZnONPs in wurtzite hexagonal structure with a size of 21.34 - 24.71 nm. These
nanoformulations would be multifunctional and are candidate for treatment of malaria,
cosmetics and optoelectronic.
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1. Introduction

Nanotechnologies occupy an important place in today's society thanks to their multiple
applications in life (medicine, pharmacy, electronics, energy, environment, chemistry, food and
agriculture) [1-3]. They play a real role in the biomedical and pharmaceutical fields thanks to the
ease of synthesis of nanoparticles with the desired physical and chemical properties [4, 5]. Organic
and inorganic nanoparticles have demonstrated antimicrobial and anticancer activities according to
the literature [1, 6-8]. Biosynthesis is an eco-sustainable, environmentally friendly technique that
is attracting great attention nowadays in the manufacture and study of materials against the use of
physical and chemical methods of synthesis. The biosynthesized nanoparticles are obtained by
using as a reducing agent a plant extract, obtained either from roots, leaves, flowers, seeds or fruits
and have unigue and exceptional characteristics. These properties give nanoparticles the possibility
of participating in several mechanisms such as antimicrobial activities and other biomedical
applications. Several types of nanoparticles are manufactured today depending on size and shape
using the types of reducing agents [9, 10]. Indeed, plants are rich in biomolecules and metabolites
(proteins, vitamins, coenzymes, phenols, flavonoids and carbohydrates) which have hydroxyl,
carbonyl and amine functional groups. They are responsible for the bioreduction of metal ions into
nanoparticles as well as their capping for stability and biocompatibility [11, 12]. Silver, gold and
other metals are used to synthesize nanoparticles from plant species but their toxicity towards
animals and humans is a real challenge in their use in medicine [13-16]. Zinc oxide (ZnO) is an
inorganic compound that is often found in crystalline form. ZnO nanoparticle (ZnONPs)
crystalline powder is white with low toxicity and size and shape dependent properties. ZnONPs
have been used for applications in textiles, cosmetics, diagnostics, microelectronics and
optoelectronics and exhibit antimicrobial properties that can treat infectious diseases and animal
pests [17].

The synthesis of ZnONPs from medicinal plant extracts has been the subject of several
studies which have demonstrated their antimicrobial activity [18]. Studies were carried on plants
such as Cassia auriculata [19], Hibiscus rosasinensi [20], Azadirachta indica or neem [21-23],
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Olea europea [24], Aloe barbadensis [25], Aloe vera peel [26], Ocimum tenuiflorum [17] and
Camellia sinensis [27] for biomedical applications. These various studies have demonstrated the
value of the synthesis of ZNONPs based on medicinal plant extracts in the health industry [28, 29].
Biosynthesized ZnONPs are considered non-toxic and biocompatible for biomedical applications
such as drug carriers, cosmetics, etc. [30]. The present study concerns ZnONPs biosynthesized
from plant extracts (Artemisia annua L.) used as a bio-reducer. Artemisia annua L. is known for its
medical value and the extracts from its leaves are believed to have organic molecules that have
antioxidant activities to help reducing zinc to nanoparticles [31, 32].

The Artemisia annua plant is a highly fragrant, alternate-leaved annual herb of the
Asteraceae (Compositeae) family that stands between 30 to 150 centimeters tall. Its taxonomy is
defined as follows by Adjogblé et al. [33] like: Kingdom: Plantae, Branch: Angiosperms, Class:
Dicotyledons, Subclass: Campanulidae, Order: Asteral, Family: Asteraceae, Species: Annua L. It
is native from China but its cultivation is done in tropical countries as well as Togo. The use of
this plant in traditional medicine has been for centuries and the plant is used in the treatment of
malaria and other parasitic diseases. Its leaves are used in herbal medicine and in the
pharmaceutical industry because they contain phyto-constituents responsible for numerous
pharmacological activities against Plasmodiums spp [34], leishmanias and cancerous tumors [35,
36].

Thus, in the present study, the objective is to investigate the biosynthesized ZnONPs
based on Artemisia annua leaves and stems as reducing agents and zinc acetate as a precursor by
different techniques for their potential applications. UV-Visible and Fluorescence spectroscopies,
X-Ray Diffraction, Scanning Electron Microscopy, Energy-Dispersive X-ray analysis technics
were used to perform the properties of the synthesized ZnONPs.

These results will give the characteristics of the ZnO@Artemisia complexes and will
strengthen their potential use in the biomedical industry.

2. Material and methods

2.1. Chemical and instrumental

Extra pure salt of Zinc acetate dihydrate (Zn(CH3;COOQ),.2H,0) was purchased from
DEAJUNG CHEMICALS & METALS Co. LTD, Korea (N° 8596-4405, CAS N° 5970-45-6). All
chemicals in this experiment were of analytical grade. A solution of zinc acetate (Zn (CH3;COOQ)s,.
2H,0) with a concentration of 1mol.L™ is obtained by dissolving 219.5 g of solid zinc acetate in
one liter of distilled water with continuous magnetic stirring. A 2 mol.L™ concentration of sodium
hydroxide (NaOH) solution was prepared by dissolving 80 g of sodium hydroxide tablets in one
liter of distilled water.

The materials used are:

— Magnetic stirrer coupled with a hot plate (0°C-310°C), pHmeter (CHAUVIN
ARNOUX Group / PSD1 pH METER), Centrifuge (Biobase), Whatmann filter paper, an oven and
glassware (beakers, burette, Erlenmeyer flasks, a graduated cylinder), BUCHI Rotavapor R-100
fitted with a B-100 water bath heating to 40 °C, coupled to a vacuum pump V-100, UV/VIS-
Spectrophotometer (UV-5200PC, SHANGHAI METASH INSTRUMENTS, Co.LTD) at the
Department of Chemistry of the University of Lomé.

— The SILVA NOVA (StellarNet, USA) spectrometer were used at LPMCS.

— A Siemens D5005 X-ray Diffractometer, with Cu for cathode at wavelength
1.5406A4 was used at the Laboratory of Crystallography and Molecular Physics, University Felix
Houphouet Boigny, Abidjan, Céte d’Ivoire.

— The surface analysis was done on a JEOL JSM-6010plus/LA Analytical Electron
Microscope of Elizabeth City State University (North Carolina, USA) using Electron Dispersive
X-ray spectroscopy (EDS) to determine the composition of the material.
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2.2. Collection of plant material

The stems and leaves, cut and dried, of Artemisia annua are purchased from the Sisters
Hospitallers NDC at the Divine Misericode farm in Bakakopé (6°39'00.0 "N; 0°54'00.0" E),
Municipality of Agou2 (Prefecture of Agou, Plateaux Region, Togo). Bakakopé is located 7 km
from Amoussoukopé with is about 75 km from Lomé on the National Road N5. The products are
stored at room temperature in the laboratory before being transformed into powder thanks to the
electric mill for future use.

2.3. Preparation of the Artemisia annua extract by maceration

The extracts of Artemisia annua were prepared by maceration using ethanol and a
hydroalcoholic solution (water (V)/ethanol (4V)), respectively. A sample (100 g) of Artemisia
annua powder is introduced in each solvent and the maceration was carried out gradually. First,
500 mL of each solvent are added to each 100 g of powder in a bottle and the mixture is stirred
well regularly. After 24 hours, the contents of the bottle are filtered using Whattman n° 1 filter
paper. The filtrate obtained is stored in a flask. Then 500 ml of each solvent are added to the
residue obtained during the first 24 hours of filtration and proceed as previously. This is repeated
three times for each solvent. The filtrates obtained are subjected to evaporation to remove the
solvent using BUCHI Rotavapor. The collected extracts are stored in the refrigerator at 4°C for
characterization and future exploitation.

2.4. Green synthesis of ZnONPs

The two ethanolic and hydroethanolic extracts of Artemisia (500 mg) are introduced into
100 mL of their respective solvent to obtain a concentration equal to 5 mg.mL™. The final solution
was successively diluted four times to obtain the five concentrations of 5 mg.mL™, 3 mg.mL™, 2
mg.mL?, 1 mg.mL™ and 0.5 mg.mL™ for the biosynthesis. 50 mL of a zinc acetate solution (1
mol.L™) are added to 5 mL of each type of Artemisia extract of concentration previously defined in
a beaker. The mixture of yellowish color with an average pH equal to 5.46 is stirred at 400 rpm at
room temperature for approximately 2 hours. Then, a 2 mol.L™* NaOH solution is added drop by
drop to reach pH = 11. The mixture is then stirred rigorously at 1000 rpm for more than one hour.
A white precipitate forms at the bottom of the beaker. The supernatant was decanted. The white
product is washed several times with deionized water to remove impurities and then centrifuged at
2000 rpm for 10 minutes. After centrifugation, the white precipitate is collected, filtered through
Whatman n°1 paper and then dried in a vacuum oven at 60 °C. A white powder of ZnONPs is then
obtained which is calcined in an oven at 400 °C for 1 hour for future use.

2.5. Characterization of ZnONPs

The synthesized ZnO powders are subjected to different characterization techniques to
collect optical information, crystal structure and particle sizes. Optical properties of the
synthesized ZnONPs were investigated using UV-VIS - Spectrophotometer (UV-5200PC, 190 -
1100 nm) with a quartz cuvette of 1 cm optical path. ZnONPs powders were dispersed in distilled
water and NaOH, respectively for the measurements. Fluorescence spectroscopy was performed on
ZnONPs using the SILVA NOVA spectrophotometer. The dissolved samples are excited with a
LED of wavelength A = 365 nm. The identification of ZnONPs and its structural phase were
performed using a Siemens D5005 X-ray Diffractometer in the range of 26=10 °-90 °, with Cu for
cathode at wavelength 0.15406 nm. The average size of the ZnONPs was estimated using XRD
Crystallite (grain) Size Calculator [37] from the Scherrer formula,

D = KA\/Bcoso (1)

Where D is the average particle size in nm, A is the wavelength of the X-ray (nm), B is full width at
half maximum (radians) of the diffraction peak, K is the Scherrer constant set at 0.94 [38] and 6 is
the Bragg angle (radians).

The surface morphology of ZnONPs was investigated using JEOL JSM-6010plus/LA
Analytical Electron Microscope and the chemical composition was analyzed by energy dispersive
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X-ray spectroscopy (EDS). The ZnONPs were spread on a carbon tape so that it could be held
under microscope and also to provide a conductive path.

3. Results and discussions

3.1. UV-Visible analysis

UV-Visible spectroscopy were carried out on biosynthesized ZnONPs in the range from
190-600 nm. Spectra of biosynthesized ZnONPs from different plant extract concentration (a- 5
mg/L, B- 3 mg/L, c- 1 mg/L) of hydroethanolic extracts and ethanolic (A-1 mg/L) were presented
on the fig.1. The biosynthesized ZnONPs spectra exhibited absorbance peak at 375.5 nm that
confirmed their nanoscale size and it shifted to higher wavelength for ZnONPs base on small
concentration of plant extract (Fig.1 - inset). ZnNONPs from lower concentration of plant extract
spectrum showed an absorbance at 380.5 nm [39, 40].
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Fig. 1. Normalized absorption spectra of ZnONPs with Hydroethanolic extrats (a-5 mgL™?, B-3 mgL™?, c-1
mgL™) and Ethanolic extract (A-1 mgL™) of Artemisia annua.

The energy deviation, obtained from the equation (2):
Eg=1239.83 /1 2)

where Eg is the energy of the band expressed in eV and A (nm) is the maximum absorbance
wavelength, was found 3.29 eV.

3.2. Fluorescence spectroscopy

The Normalized fluorescence spectra of the ZnONPs in distilled water and NaOH at an
excitation wavelength of 365 nm is shown in fig. 2 for different samples. Fluorescence spectra of
synthesized ZnONPs showed wide, very stable and strong emission band of visible range (450-700
nm) from blue to red emission and centred at 557 nm and 550 nm for sample dissolved in distilled
water and NaOH, respectively. These results would correspond to the emission due to zinc and
oxygen vacancies and the energy gap between the interstitials [41].
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Fig. 2. The Normalized fluorescence spectra of ZnO nanoparticles with (A, B)-Ethanolic and (C,
D) -Hydroethanolic extrats of Artemisia annua (0.5mgL™, ImgL™, 2mgL™, 3mgL*, 5SmgL™)

3.3. XRD analysis

The size of particles and crystallinity of the samples were performed by using XRD
analysis. The fig. 3 presents the XRD patterns of the ZnONPs. The sharp diffraction peaks were
indexed as (100), (002), (101), (102), (110), (103), (200), (112) and (201) where the two strong
peaks correspond to (100) and (101). The ZnONPs Bragg’s reflections peaks were found at 26
value of 31.70, 34.38, 36.22, 47.5, 56.58, 62.82, 66.38, 67.96, 69.04, respectively. The narrow and
sharp peaks from the patterns confirmed the well crystalline nature of the biosynthesized ZnONPs.

The intense peak in direction (101) confirmed the hexagonal wurtzite phase of the biosynthesized
ZnONPs.
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Fig. 3. XRD pattern of ZnO nanoparticles with Hydroethanolic extrats of Artemisia annua (A-@1 mgL™, B-
@3 mgL™, C-@5 mgL™).

These findings are in agreement with the results that confirmed the crystalline nature of
nanoparticles reporting a similar kind of peak indices for ZnONPs synthesized using different
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extracts of Cassia fistula and Melia azadarach [42], Calotropis gigantean [43], Fungus
(Aspargillus niger) [44], Scadoxus multiflorus [45], Cymodocea serrulata [46], L. nobilis [40], P.
hysterophorus L. [47], Nyctanthes arbor-tristis [48] and green crops [49]. The average size of the
ZnONPs was estimated using XRD Crystallite (grain) Size Calculator [37] from the Scherrer
formula. XRD analysis revealed the average size (nm) for the three samples from hydroethanolic
extrats of Artemisia annua (A-@1 mgL™, B-@3 mgL™, C-@5 mgL™) as 21.34, 24.00 and 24.71,
respectively. The particle average sizes obtained for the synthesized ZnONPs were in agreement
with the previous findings [50].

3.4. SEM-EDS analysis

Scanning electron microscopic images confirmed the surface morphology of zinc oxide
nanoparticles (Fig.4.A, Fig.5.A). Agglomerated ZnO nanoparticles were found in clusters with
rough surface. Spherical shaped can be observed for the biosynthezed ZnONPs (Fig.4.A) as
reported for Eichhornia crassipes leaf extract [51], H. rosa-sinensis [52], Calotropis gigantean
[53] and Zingiber officinale [54].
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Fig. 4. A- SEM Image of agglomerated, B- EDS spectrum of ZnONPs @Ethanolic extract of Artemisia
annua.

Fig. 5. SEM image of agglomerated ZnONPs @ Hydroethanolic extract with trace elements maps.
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Fig. 6. EDS spectrum of ZnONPs @ Hydroethanolic extrats of Artemisia annua.

The Energy Dispersive X-ray spectrometry (EDS) analysis confirmed the formation of
pure ZnONPs from the biosynthesis based on ethanolic extraction with the elements Zn and O
(Fig.4.B). The Zn content was 79.23% while O content was 20.77%. The EDS results indicated
that ZnONPs were pure and traces of impurities concerning ZnONPs from the biosynthesis based
on hydroethanolic extraction with the elements (%) Zn (18.66) and O (33.01), C (46.49), Al (1.74)
and Ca (0.11) can be observed on the Fig. 6.

The carbon peak observed could result from some carbon deposition during the calcination
of the ZnONPs [50]. The purity, elemental composition and stoichiometry of the synthesized
ZnONPs were performed by using EDS analysis. The fig.5 and Fig.6 indicate single peaks of Zn
and O between 0 and 2 keV, and the two peaks of zinc between 8 and 10keV. Similar results were
reported concerning the same peak position for biosynthesized ZnONPs using Calotropis
gigantean [43], Fungus (Aspargillus niger) [44], Scadoxus multiflorus [45], Cymodocea serrulata
[46] and L. nobilis [40].

4. Conclusion

Biosynthesis of zinc oxide nanoparticles using Artemisia annua leaf extract is proven to be
efficient and environmentally friendly. The synthesized zinc oxide nanoparticles were
characterized using UV-Visible, fluorescence spectroscopies and XRD, SEM and EDS techniques.
The synthesized ZnO nanoparticles show an absorption peak at 375.5 nm and it moves towards the
visible region due to the extract concentration used. The synthesized ZnO nanoparticles exhibit
photoluminescence in the visible region (450-700 nm) and it is observed that no defect state is
created in the visible region. The XRD analysis confirms the formation of nanoparticles with a
particle average size (nm) of 21.34, 24.00 and 24.71, respectively and in the hexagonal wurtzite
phase which is the form with the greatest stability of zinc oxide under ambient conditions.

The structural characterization of the synthesized nanoparticles shows a crystalline
structure and the hexagonal wurtzite structure of ZnO does not change despite the use of Artemisia
annua but a visible redshift is observed. The present work proves that it is a simple and
inexpensive method to produce ZnO nanoparticles using a medicinal plant like Artemisia annua.
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