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The study here deals with the plant synthesis of cadmium oxide nanoparticles using flowers extract of Achillea wilhelmsii as the
reducing agent. The photosynthesis is carried out at room temperature in the laboratory ambience. The aqueous cadmium ions
when exposed to flower extract were reduced and resulted in their nanoparticles. The synthesized nanoparticles were characterized
using techniques such as scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FTIR), and UV-visible
absorption spectroscopy. Stable cadmium oxide nanoparticles were formed by treating aqueous solution of cadmium chloride

(CdCl,) with the plant flower extracts as reducing agent.

1. Introduction

In the field of nanotechnology, development of rapid, simple,
cost-effective, and ecofriendly procedures for the synthesis
of nanoparticles is worth. Furthermore, the improvement of
experimental processes for the synthesis of these nanoparti-
cles of different sizes, shapes, and controlled dispersity has
many important [1]. These factors strongly affected of the
physical and chemical properties and their potential appli-
cation in optoelectronics [2, 3], electronic [4, 5], recording
media [6], sensing devices [7, 8], catalysis [9], biomolecular
detection [10], and medicine [11, 12]. To now, several
methods have been reported for the synthesis of nanoma-
terials. However, biological synthesis of nanoparticles has
received extensive interest due to chemical methods that
are capital intensive, toxic, and have low productivity [13].
Several biological methods using microorganisms (including
bacteria, fungi, actinomycetes, and yeast), enzymes, and
plants or plant extracts have been suggested. But production
of nanoparticles using plants has drawn attention of scientists
because of its rapid, economical, eco-friendly protocol and it
provides a single-step technique for the biosynthesis process
[14]. Biosynthesis of nanoparticles can be categorized into
intracellular and extracellular synthesis according to the place
where nanoparticles are formed. The extracellular synthesis

is more preferred over intracellular because extracellular
synthesis makes the downstream processing less laborious
and also is effective in cost-cutting of the entire process
during industrial applications [15]. The use of environmen-
tally benign materials like plant leaf and flower extract,
bacteria, and fungi for the synthesis of nanoparticles offers
numerous benefits of compatibility for pharmaceutical and
biomedical applications as they do not use toxic chemicals
in the synthesis protocols [16-18]. In contrast with noble
metals, such as silver and gold, the synthesis of cadmium
(Cd) nanoparticles is much more challenging, since these
nanoparticles are fairly unstable in aqueous solution. How-
ever, cadmium oxide (CdO) nanoparticles cost significantly
less than silver and gold; therefore, these are economically
attractive. When cadmium nanoparticles are exposed to air,
surface oxidation occurs and ultimately aggregation appears
in a short time [19]. Oxide nanomaterials applied as cata-
lysts and starting materials for preparing highly developed
structural ceramics [20]. CdO as important semiconductor
has promising applications in catalysts [21], sensors [22],
solar cells [23], and other optoelectronic devices [24-26].
In the present study, a simple, rapid and green biosynthetic
method using Achillea wilhelmsii plant has been investigated
for producing cadmium oxide nanoparticles. To the best
of our knowledge, the exploitation of phytosynthesis of
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FIGURE 1: Flower of A. wilhelmsii plant.

CdO nanoparticles using plant is so far unexplored and
underexploited. Phytosynthesis of cadmium oxide nanopar-
ticles from Achillea wilhelmsii flowers is carried out at
room temperature and it is advantageous over chemical and
physical procedures as it is a cost effective, economic, and
environmentally friendly method, where it is not necessary
to use high pressure, time, energy, temperature, and toxic
chemicals.

2. Experimental Details

2.1. Biosynthesis of CdO Nanoparticles. Flowers of Achillea
wilhelmsii plants (Figure 1) were used to make the aqueous
extract. About 25 gram of the flowers was thoroughly washed
in distilled water for 15min, air-dried, and cut into fine
pieces. The pieces were boiled in an Erlenmeyer flask with
100 mL of sterile distilled water for 10 min in order to remove
the dust particles. Flower broth was sterilized by filtration
(0.45 ym) and kept at 4°C for further experiments and used
within a week. In a typical experiment, 25mL of broth
was added to 25 mL of 10 mM aqueous cadmium chloride
(CdCl,) solution and incubated at room temperature. After
few minutes, the culture solution was observed to have dis-
tinctly deposited precipitate at the bottom of the flask leaving
the colloidal supernatant at the top. The precipitated CdO
nanoparticles obtained were purified by repeated centrifu-
gation at 14,000 rpm for 5 minutes followed by redispersion
of the pellet in deionized water. The biotransformation and
stability assessment of ions to nanoparticles was occasionally
monitored by means of UV-Vis spectrophotometer and with
other characterizing techniques.

2.2. Characterization of CdO Nanoparticles

2.2.1. UV-Vis Absorbance Spectroscopy. The bioreduction
of cadmium ions in solution was monitored periodically
by measuring the UV-Vis spectrophotometer analysis. UV-
visible spectroscopy analysis was carried out by a computer
controlled at the wavelength 300-600 nm of UV-vis spec-
trophotometer (Spekol 1500, Analytik Jena AG) possessing
a scanning speed of 300 nm/min and at a resolution of 1 nm.
Amount of 0.2 mL of the suspension was diluted in 2 mL of
deionized water and measured at room temperature.
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FIGURE 2: UV-Vis absorption spectra for CdO nanoparticles.

2.2.2. Field Emission Scanning Electron Microscope (FESEM).
Using FESEM technique, the size, shape, and morphology
of the CdO nanoparticles were examined. Dried suspension
of gold nanoparticles is synthesized by reduction between
cadmium ions, and flower extract of A. wilhelmsii plant was
used for analysis. The FESEM (Hitachi S-41 FESEM, model
XL30) was applied at an accelerating voltage of 25 kV.

2.2.3. Fourier Transforms Infrared Spectroscopy (FTIR). To
identify the possible biomolecules responsible for the reduc-
tion of the Cd ions and capping of the bioreduced CdO
nanoparticles synthesized by the flower broth, FTIR measure-
ments were carried out. After entire reduction of cadmium
ions by the flower extract of A. wilhelmsii plant, the solution
was centrifuged at 10,000 rpm for 15 minutes. The pellet was
washed three times with 20 mL of deionized water to get rid
of the free proteins/enzymes that are not capping the CdO
nanoparticles. For FTIR measurements, the samples were
dried at 60°C, and 0.01 g of CdO nanoparticles pellet grinded
with 0.1 g of KBr pellets and pressed into a tablet form by
pressing the ground mixed material with the aid of a bench
press. The resulting pellet was transparent and was used to
test the surface functional groups by IR spectroscopy (SHI-
MADZU FTIR-8300, Japan) where it was scanned between
4000 and 500 cm ™" at a resolution of 4 cm~
mode.
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3. Results and Discussion

The reduction of cadmium ions and flower extract lead to
the formation of nanoparticles at room temperature. During
this reaction, synthesis of cadmium oxide nanoparticles
reduced by A. wilhelmsii plant made the color of leaf extract
change. This change of color was recorded by means of
the UV-vis spectrophotometer [27]. Absorption spectra of
CdO nanoparticles formed in the reaction media after 30
minutes had an absorbance peak at near 300 nm (Figure 2).
The formation of CdO nanoparticles as well as their mor-
phological dimensions by the FESEM study demonstrated
that the average size of particles was 35nm. The shapes
were spherical and irregular (Figure 3). The image shows
the CdO nanoparticles synthesized by the flower extract of
A. wilhelmsii plant. FTIR was used to recognize the possible
biomolecules responsible for the reduction of the Cd ions and
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FIGURE 3: FESEM images of CdO nanoparticles at 500 nm scale.
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FIGURE 4: FTIR spectra of capped CdO nanoparticles synthesized
using the flower extract of A. wilhelmsii plant.

capping of the bioreduced CdO nanoparticles synthesized by
the flower extract. Figure 4 shows that FTIR peaks at 1103,
1465, 1643, 2360, 2862, 2931, and 3440 cm ™" represent the
diverse functional groups of the adsorbed biomolecules on
the surface of the CdO nanoparticles. The absorption peak at
around 1103 cm™' confirmed the binding of -OCH; group,
peakat 1465 cm™"' corresponding to the C-N stretching mode
of the aromatic amine group. The peak at 1643 cm™' can be
assigned to the amide I band of the proteins and aromatic
rings. 2360 cm™' confirmed to the C-C 2862 and 2931 cm ™"
indicated the secondary amines and C-H stretching vibration
modes in the hydrocarbon chains (CH aliphatic). Finally,
3440 cm™' was related to N-H stretching. The variations
in the peak positions indicated, presumably, some metabo-
lites such as tannins, flavonoids alkaloids, and carotenoids
which are abundant in flower extract and produce the CdO
nanoparticles.

4. Conclusions

In this work, biological synthesis of CdO nanoparticles
through using flower broth of A. wilhelmsii has been exhib-
ited. We characterized these nanoparticles using UV-visible,
FTIR, and FESEM. We presume that some components
such as tannins, flavonoids, alkaloids, and carotenoids were
mainly responsible for the reduction of cadmium ions and the
stabilization of the nanoparticles. Advantage of this method
is convenient for synthesis of CdO nanoparticles in normal
laboratory conditions, in low cost. Biological production
of CdO nanoparticles has demonstrated that it is simple,

rapid and green method for producing CdO nanoparticles
at room temperature and extracellularly without adding
different physical and chemical steps. The reproducibility of
nanoparticle biosynthesis with respect to size and shape of
produced CdO nanoparticles and time of formation of those
is satisfactory. These results show promise for the develop-
ment of a green process for oxide nanoparticles synthesis.
This new method is rapid time scales for biosynthesis of
metallic oxide nanoparticles using environmentally benign
natural resources as an alternative to chemical synthesis
protocols as reductant for synthesizing CdO nanoparticles. In
future, it would be important to know the precise mechanism
of biosynthesis and to technologically engineer the nanopar-
ticles with the aim of attaining better control over size, shape,
and complete monodispersivity.
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