Development and biomedical application of
nanocomposites: in situ fabrication of ZnO-
PbO nanocomposite through microwave
method
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A novel nanocomposite of ZnO-PbO with flower-like nanostructure was fabricated from zinc
acetate and lead nitrate as principle raw materials via an in situ process. The novelty of this study
consists in the use of a common approach for fabricating of ZnO and PbO nanoparticles
simultaneously. From these experiments the conclusion might be drawn that Zn(NH,),* " ions and
Pb(OH), act as precursors for the nucleation and growth of ZnO and PbO respectively under
microwave irradiation. The precursors formation were carried at two stages: reaction between
zinc ions and lead nitrate with ammonium ion and hydroxide sodium respectively. The average
crystalline size of Zno and PbO has been analysed by X-ray diffraction (XRD) pattern and
estimated to be 43-5 and 54-5 nm for ZnO and PbO respectively. Brunauer-Emmet-Teller (BET-
N,) analyses of as prepared material demonstrated that this nanostructure material has a high

specific surface area, as high as 150 m? g~

which can be promising targets for adsorbent

materials. The Formation mechanism of ZnO-Pbo nanocomposite is also studied.
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Introduction

Expansion of knowledge has been witnessed in various
fields of sciences and technology; however, remarkable
advances still appear through more recent fields namely
nanotechnology. Although the appearance of nanoscience
can be related to the nineteenth century field of collide
chemistry, the primary studies has commenced since 1980s
and are still significantly developing at a fast rate.'
With the quick development of nanotechnology,
nanocomposites have demonstrated better mechanical
properties than conventional composites which are made
of micrometre size components.® It is worth noting,
nanocomposites composed of a multiphase which one of
the phases is in the nanocrystalline regime. Indeed, it can
generally improve composite mechanical properties.*
Accordingly, due to various applications in industries,
nanocomposites based on nanooxide have been consider-
ably studied. It can be related to the unique properties of
metal oxides are used in the fabrication of microelectronic
circuits,” thermo electronic,® semiconductors,” sensors,’
pigments,” photo electronic properties,'® fuel cells and
optic thermo electronic.!’ Among nanooxides, Zinc oxide
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and Lead oxide have been more popular with scholars,
since Zinc oxide is a sufficient candidate for making
catalysts,'? solar cells,'* ultraviolet protection films,'*
electromagnetic detectors and piezoelectric.'>™!”

Using chemotherapeutic drugs can control growth
rate of tumors. However, because of toxic substance a
fair assessment of this method is still a difficult issue.
Efforts are made to be able to reduce this problem
through tumor targeting drug delivery system. In order
to achieve the objective, ZnO or ZnS based materials
have been recently synthesised for quantum dot which
can be biofriendly candidate for biological technology
application. Moreover, photoluminescent semiconduc-
tor quantum dots (QDs) have gained considerable
attention as biological labels, fluorescent and bioima-
ging and fluorescence labelling. In this regard, embed-
ding of ZnO QDs on silica nanospheres results in
significant increase in photoluminescence intensity.'®
Recently, it has been reported that nano ZnO QDS on Si
nanospheres can be a good candidate for tracking cancer
cells in cell therapy.'” The doping nano ZnO with low
concentration of Mn "2 increases the luminescence and
band-gap energy ZnO. Therefore, drug loaded chitosan
encapsulated ZnO:Mn "2 QDs can be utilised as deliver
tumour targeted drugs.’® Another relevant study was
achieved by Chandrasekaran et AL>' who synthesised
ZnS(Cd) nanorod for drug carrier and bioimaging.

Also, it has been found that Lead oxide is utilised
for gas sensors,® and storage batteries as specialised
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material.**?* Furthermore, nano PbO improves sintered
density, electrical resistivity and permeability.>*

Although, nanomaterials can be produced by several
methods including, mechanical alloying,?® disintegrated
melt deposition (DMD),?® sol-gel reaction,?’ hydro-
thermal process,”® thermal evaporation,” chemical
vapour deposition,®® and solution growth process.®!
There are a number of malfunctions for the synthesis
of nanocomposites. The most notable problems in this
regard are those related to the requirement of expen-
sive and advanced equipment as well as complexities of
controlling procedure.’**  Previous studies have
showed that the usage of microwave heating for
chemical synthesis has sharply increased in recent
decades due to fast synthesis, low cost, simple process
and reliability.>*3°

Notwithstanding, extensive investigations have been
performed in the field of nanotechnology, ZnO-PbO
nanocomposite has not been simultaneously prepared
yet. Therefore, the present authors were persuaded to
make ZnO-PbO nanocomposite through thermal
decomposition technique by microwave due to simpli-
city, fastness and cheapness. It is well conceived that
adequate data is not available for physical-chemical
properties of ZnO-PbO nanocomposite. Hence, this
study can hopefully generate an opportunity for other
researchers to fill this gap.

Experimental

All the raw materials were of analytical grade and were
purchased from Merck, Germany. A primary solution
was prepared by adding 25 mL ammonium hydroxide
(NH4OH) into 75 mL distilled water and stirred. The
initial pH of the solution was about 10-5. Then, 2 g zinc
acetate [Zn(CH;00),.2H,0] powder was gradually
added into the solution and stirred at room temperature
until zinc acetate were completely solved resulting in a
colourless precursor with pH of 9. Following this step,
1 g lead nitrate (PbNO3) was added into the aforemen-
tioned solution while stirring, until pH reached 8. After
dissolving the Pb(NO3), completely, NaOH solution of
1 mol was added into the above solution and stirred for
30 min. Ultimately, the pH of the solution reached 9-5.
Then, 50 cc of the obtained solution was heated in
microwave oven (EMS-820) for 5 min.

After microwave processing of the solution, the
mixture was cooled to room temperature, resulting in
a white precipitate. It was washed with deionised water
and acetone several times to remove the impurities and
residual materials. Then, it was dried in an oven at 60°C
for 24 h and examined in terms of its structural and
chemical.

Morphologies of the obtained powders were investi-
gated by scanning electron microscopy (SEM, Philips
XL30). The nanostructures of the synthesised materials
were observed by transmission electron microscopy
(FEG-TEM, Philips-CM200). The crystalline structure
of the aforementioned powders was characterized by X-
ray diffraction (XRD) analysis (Bruker D8 Discoverwith
Cu K, radiation (A=1-54505 A) and Bragg angle
ranging from 5 to 80°. The composition, quality and
molecular structure of the synthesised material were
characterised by the Fourier transform infrared (FTIR,
Bruker, Vector33) spectroscopy. The measurements
were performed on the transmission mode in the
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1 X-ray diffraction pattern of powder and identified

phases

mid-infrared range (500-4500 cm™ ") at the resolution
of 4 cm™!. The BET-N, measurements were performed
using Micromeritics Gemini 2375equipment.

Results and discussion

X-ray diffraction was performed with Cu K, radiation at
tube parameters of 40 kV/40 mA using a Bruker D8.
Discover XRD? micro-diffractometer equipped with the
general area diffraction detection system (GADDS) and
Hi-Star 2D area detector. The detector distance to the
centre of diffraction was kept at 300 mm, which
approximately covered the area of 20° in 20 and 20° in
x with 0-02° resolution. In order to provide information
from several grains in a single exposure, a large 0-8 mm
X-ray beam size was selected and both in-plan oscilla-
tion and rotation were applied during the exposure.
Four frames were collected and merged to cover the
interval of 20 from 5 to 80°. The exposure time was 300 s
per frame. Merged frames were imported to the
DIFFRACP"Y EVA software for peak identification
and phase analysis. Figure 1 shows the XRD pattern of
synthesized powder using EVA software. Matching
peaks with ICDD (International Center for Diffraction
Data) database cards for different oxide phases were
identified.

Hexagonal ZnO (36-1451) with cell constant of
a=0-3248 A and C=0-5206 A is the majority phase.
Other peaks were matched with Tetragonal Lead Oxide
(01-0579). The sharp diffraction peak indicates that the
produced composite has high crystallinity. Almost all
peaks were identified by three oxide phases, indicating
that pure powder was obtained. In fact, impurity level
was less than a detectable level by X-ray diffraction. The
average crystallite size of particles was determined by
Scherrer formula as follows*®’

kA

- Dcos(0) M

where d is the average crystallite size of powder, A the
wavelength of Cu K, radiation (A=1-54505 A), D the
full width at half maximum (FWHM) intensity of
selected peak in degree, 0 is the Bragg’s diffraction
angle and K is a constant usually equal to 0-9.%® For
each phase a certain peak was selected which was far
enough from other peaks to be considered a single one.
A Pearson VII function was implemented for curve
fittings. The average crystallite size for ZnO was
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2 Images (SEM) of synthesised ZnO-PbO nanocomposite at two different magnifications

determined as 43-5 and 54-5 nm for PbO, using (002)
and (110) peaks respectively.

In order to study of the attained nanopowder
morphology, SEM features were utilised. Figure 2a
displays the nanostructures of synthesised powder which
is similar to cauliflower Fractal form. Indeed, nanos-
tructures were designed as regular and well dispersive
with a diameter in the range of 1-2-8 um. The bigger
magnification image was illustrated in Fig. 2b. It can
also be observed that nanocomposite of ZnO-PbO were
made of several sharp tip petals with a diameter in the
range 300-500 nm and length of 600-1100 nm.

Transmission electron microscopy (TEM) was used to
study the nanostructure morphology in more details and
to support the SEM investigations as observed in Fig. 3.
The Fig. 3a shows high magnification of TEM image
obtained from an individual flower. The black colour is
easy to detect, and the cauliflower Fractal-like nanos-
tructure composed of 21 petals is also clearly observed.
Moreover, all the petals were led to a central core
(peduncle) with an average diameter of about 1570 nm.
In order to do more exploration, detached petals were
studied as well. Figure 35 shows the dimensions of a
three petals with the average length and average
diameter of 240 and 94 nm respectively. In addition, it
is observed that petals have a sharp tip. The composition
of the petal like nanostructure was analysed with the
EDX-equipment on the FE-SEM. The EDAX analysis
of the selected petal (green colour in Fig. 35) showed
that this area is mainly composed of zinc, lead and
oxygen with quantities of weight percentage as 26-95,
44-8 and 13-09 respectively as observed in Fig. 3¢. The
peak displaying the Cu K irradiation is related to copper
TEM grid which was used in the experiment (Fig. 3c¢).

The molecular structure and composition of nano-
powder were explored through the FTIR spectroscopy
(Fig. 4). It can be seen from the figure that the FTIR
spectrum of synthesised nanocomposite was obtained in
the range of 500-4500 cm™~'. The observations provide
evidence for the presence of zinc oxide and lead oxide.
The bands between 465-530 and 1633 cm ™! are related
to Zn-O bands. It is also observed that Pb—-O band is
located at 714 cm™'. The stretching mode of vibration in
C=0 is seen at 900 cm ™ '. The peak at 1380 cm ™! is
attributed to symmetric C-O band. The band at
1550 cm ™! is related to N-H band. There are peaks at
3271 and 3435 cm™! which correspond to the band of
C-H and O-H respectively.

Regarding the performed tests, the mechanism of

ZnO-PbO nanocomposite formation can be explained in
more details. At the first step, 75 cc H,O was added to
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Images (TEM) of ZnO-PbO nanocomposits observing: a
high magnification image of synthesised ZnO-PbO
nanocomposite, b three petals and ¢ EDAX of green
point on one petal
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4 Typical FTIR spectrum of Zno—-PbO nanocomposite

25 cc ammonium hydroxide to form a primary solution
including NH; " and OH™ ions as follows

NH;(eq)+H,0=NH; +OH ™~ )

For the formation of zinc ammonium complexes,
[Zn(CH5COO0),.2H,0] was added to the earlier solution.
It significantly dissolves in the solution so that Zn>*
jons were made. Therefore, Zn>* ions interact with
NH, " ions to form Zn(NHy),*" as follows

Zn®* +2NH,* =Zn(NHy),*" 3)

Solution pH still remained in alkaline case, although
released ions (e.g. CHCOO™) can decrease solution pH.
This phenomenon can be related to two factors. First, it
may be induced by ammonium ions which makes
complex agents and form complexes of zinc ammonium.
Second, the presence of OH™ was derived from
decomposition of NH3(eq) could control the pH of the
solution(equation 2) . Hence, the final solution had a
trend to stay in alkaline case.

Previous studies have demonstrated that Zn(NH,), 4"
complexes are more stable than Zn(OH),>~ complexes
at pH=9.% Therefore, most Zn ions tend to stay in
Zn(NHy), ** form at pH=9. Consequently, Zn(OH), >~
ions act as an essential element for the formation of ZnO
nuclei. According to literature, kinds of methods are
utilised to fabricate lead oxide. Among them, PbO
nanocrystals can be prepared by the thermal decom-
position of Pb(OH), at 180°C under P=1 at.** Here, in
our investigation, lead nitrate and hydroxide sodium
were used to make lead hydroxide as follows

Pb(NO3), +2NaOH =Pb(OH), + 2NaNOs (4)

Under microwave irradiation, Pb(OH), and Zn(NHy),**
complexes creative PbO-ZnO primary nuclei. It can be
illustrated by the equations following

Pb(OH),—PbO + H, (5)

Zn(NHy),** +2(0OH)” >ZNO+2NH,* +H,0 (6)

The ZnO-PbO nanocomposite morphology architecture
can be explicated in terms of the following reasons.
Firstly, primary nuclei of ZnO-PbO were produced
during microwave radiation and they were served as the
primitive nucleation. Second, gathering of crystals make
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three-dimensional clusters which cause nucleation con-
tinuation and growth. Therefore, self-assembly of clusters
seems to create a flower-like ZnO-PbO nanocomposite.
Seemingly, growth process is not an easy method due to
several reasons. It was found that intermolecular forces
(e.g. Van der Waals) and ions absorption on the surfaces
of nuclei have a great effect on the growth. Earlier
researches indicate that ammonium ion is absorbed on
the surfaces of acquired crystal due to high surface
energy.*! Thus, it is expected that ammonium ion can be
effective on growth orientation of crystals.

In order to study the specific surface area and porous
nature of the ZnO-PbO nanocomposite, a Brunauer—
Emmett-Teller (BET) gas sorption measurement was
performed. The BET specific surface area of the sample
calculated from the N, isotherm at 77 K was found to be
as high as about 150 m? g~ !. Hence, the nanocomposite
obtained here has an extremely high BET area, which is
of great interest in catalysts, sensors and absorbents.

Conclusions

In situ ZnO-PbO nanocomposite was successfully
synthesized for the first time using microwave method
including several advantages, e.g. simplicity, high rate,
low cost and easy access. In this study, zinc acetate
[Zn(CH300),.2H,0] and lead nitrate (PbNO;3) were
respectively utilised as ZnO and PbO precursors in
alkaline media derived from ammonium hydroxide
(NH4OH) and sodium hydroxide (NaOH). The mor-
phology of the obtained nanocomposites is flower-like,
which in petals have grown from all sides of peduncle
with average length and average diameter of 175 and
375 nm respectively. Observation of as prepared mate-
rial under EDAX test revealed that petals composed of
zinc, lead and oxygen.
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