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INTRODUCTION

Recently, there has been a growing stipulate for the growth
of nano sized semiconductors than bulk due to their noteworthy
electrical and optical properties. Zinc oxide has attracted much
interest as a potential nanomaterial due to the inexpensive and
n-type semi conductor of wurtzite structure with wide band
gap of 3.2-3.3 eV. ZnO have widely been used in various appli-
cations such as solar cells, photo catalyst, biosensors, photo
luminescent material and antimicrobial activity [1-5]. Several
methods were adopted for the production of nanoscale ZnO
such as vapour deposition [6], precipitation [7], sonochemical
method [8], laser ablation [9], oxidation process [10], solvo-
thermal and hydrothermal methods [11], a polymerization
method [12] and sol-gel synthesis [13].

Among these methods, sol-gel technique is inexpensive,
simple and produces high purity with large surface area of
ZnO nanoparticles. In regulate to prove ZnO nanoparticles
from endure impulsive development and aggregation, many
scientist have attempted to utilize a variety of organic ligands
[14]. Adding organic compounds such as poly(ethylene glycol)
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(PEG) [15,16], poly(vinyl alcohol) (PVA) cetyltrimethyl ammo-
nium bromide (CTAB) [17], starch [18] are some of the protec-
ting as well as stabilizing agents make use of to organize the
growth, shape and dimension of the nanoparticles. Hence,
present work designed to develop a simple route to prepare
ZnO nanoparticles utilizing various stabilizing agents such
PEG, PVA and starch by sol-gel method. Among the stabilizing
agent, starch has a superior chemical reactivity compared to
other polymerization agents and it provide as a terminator
mounting ZnO nanoparticles owing to its long chain made
with glucose, consequently, the atom cannot approach jointly
easily and nanosized ZnO particles are acquired. The crysta-
lline nature, morphology and size were investigated by using
X-ray diffraction (XRD), Fourier transform infrared (FT-IR)
spectroscopy, scanning electron microscope (SEM) and trans-
mission electron microscope (TEM), respectively.

EXPERIMENTAL

Zinc acetate dihydrate (Sigma-Aldrich), Starch (Sigma-
Aldrich), ammonium hydroxide (Sigma-Aldrich), ethanol



(Sigma-Aldrich), poly(ethylene glycol), poly(vinyl alcohol)
and aluminium chloride monohydrate (Sigma-Aldrich) were
used. Distilled water was used throughout this study.

Synthesis of ZnO by sol-gel method: To prepare pure
ZnO NPs, about 2.112 g of zinc acetate dihydrate dissolved in
100 mL of distilled water and heated for few seconds to get a
clear solution. Then it refluxed at 78 °C for 1 h. Meanwhile,
5 g of PEG liquefy in 100 mL of demineralized water and
mixed for 0.5 h 75 °C to attain homogenous gelly solution.
Then the refluxed reaction mixture (sol) was cooled to room
temperature. The pH of the acquired sol is maintained to 7.2
by using 15 to 20 drops of ammonium hydroxide. Then this
sol was added to the PEG solution by continuing vigorous
mixing under magnetic stirrer. After the mixture achieved
gelatinized state, it kept aging for few hours at room tempe-
rature. Then the sol-gel mixture filtered through the filter paper
of Whatmann No. 42 and the gelatinous mixture dried by hot
air oven at 90-100 °C for 2-4 h. Dried mixture is calcined in
muffle furnace. At the end, the materials were attained with
ease by calcining ZnO-PEG at 700 °C for 5 h. The same proce-
dure was repeated for PVA and starch stabilizers.

Synthesis of Al doped ZnO NPs by sol-gel method: The
Al impregnated ZnO nanoparticles were synthesized by the
sol-gel method using aluminium trichloride as metal precursor
and ethanol as a solvent. 10.39 g of zinc acetate dihydrate and
0.006 g of AlCl3

 in 100 mL ethanol was refluxed at 70 °C.
Subsequently 2 g of starch is dissolved in 100 mL hot distilled
water at 60 °C. Then starch solution is added to the obtained
solution drop-by-drop stirred constantly using the magnetic
stirrer for 1 h until the dissolution occurs. Then NH4OH is
added to maintain the pH of the sol around 7.2. After the comp-
letion of the reaction the solution was allowed to settle down
for 24 h. The supernatant solution was discarded and the rema-
ining solution was filtered by Whatman filter paper 40 and
centrifuged. The powdered Al doped ZnO nanoparticles were
achieved at 90 °C. Then dried powder is calcinated above 700
°C for 6 h in muffle furnace.

Characterization techniques: The crystalline nature of
ZnO-starch nanoparticles was analyzed by using XRD
technique. The diffraction intensity was identified between
10° to 90° (2θ). The absorption peaks of ZnO-starch nano-
particles were studied using FTIR spectrophotometer and
recorded over the wave number of 4000-400 cm-1. The surface
morphology, structure and size of ZnO-starch nanoparticles
were studied by utilizing scanning electron microscope (SEM)
and transmission electron microscope (TEM), respectively.

RESULTS AND DISCUSSION

XRD: The XRD patterns of ZnO-starch nanoparticles
and Al doped ZnO-starch nanoparticles were shown in Fig. 1.
The strong sharp diffraction peaks indicate that the ZnO nano-
particles are well crystallized. The well resolved diffraction
peaks at 31.84°, 34.56°, 36.42°, 47.51°, 56.72°, 62.65°, 66.43°,
68.23°, 69.45°, 72.75°, 76.80° and 89.83° which corresponds
to ZnO-starch nanoparticles. Similarly, the diffraction patterns
of the Al doped ZnO-starch nanoparticles, which shows the
peaks at 15.81°, 22.10°, 27.82°, 29.4°, 31.6°, 34.3°, 36.1°,
47.4°, 56.5°, 62.8°, 66.3°, 67.9°, 69.0°, 76.9° and 89.7°,
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Fig. 1. XRD patterns of ZnO-starch nanoparticles and Al doped ZnO-starch
nanoparticles

respectively. From this XRD pattern, we observed that the
peaks assigned to diffractions from various planes correspond
to the hexagonal wurtzite structure of ZnO [18]. The average
particle size (D) were determined utilizing Scherrer’s equation

D = 0.9λ/(β cos θ) (1)

where λ, β and θ are the X-ray wavelength (0.154 nm), full
width at half maxima (FWHM) of the diffraction peak and the
Braggs diffraction angle, respectively. By applying the above
formula the crystalline ZnO nano particles synthesized through
stabilizers of PEG, PVA and Starch were found to be 25 ± 7,
23 ± 7 and 19 ± 5 nm, respectively and also the size of the Al
doped ZnO nanoparticles decreased in the particles size 13 nm.
This may be owed to reduced sintering rate that happen through
the sol-gel method [19]. These results confirm that the growth
of ZnO nanoparticles size and Al loaded ZnO nanoparticles,
which can be controlled in Starch than PVA and PEG. Starch
act as a good stabilizing agents when compared with PVA and
PEG.

FT-IR: FT-IR spectrum of ZnO NPs obtained by sol-gel
method using starch as stabilizing agent, which is shown in
Fig. 2. The characteristic peaks between 3788 and 3350 cm-1

of all the three samples are corresponding to the O-H stretching
vibration of Zn (OH)2. It can be contributed to the free –OH as
well as the O-H bonded stretching. The peaks at 1483-1397
cm-1 and 720 cm-1 are related to the C-H bending vibrations of
CH2, CH3 groups in various stabilizing agents. The stretching
symmetric mode C=O of vibration bands due to zinc acetate
dihydrate of PEG, PVA and starch are obtained at 1570, 1570
and 1569 cm-1, respectively. The peaks from the range of 1123
to 986 cm-1 corresponds to broad C-O stretching vibration.
The peak at 720 and 719 cm-1 also at 657 to 656 cm-1 arises due
to the out of plane bending of O-H bond. The band of Starch
shows exact peak of ZnO and Al doped ZnO at 435 cm-1 and
389.90 cm-1, respectively is attributed to the stretching of ZnO
and also due to the presence of Al into ZnO lattice [20].

SEM with EDX: The surface morphology and chemical
composition of ZnO-starch nanoparticles and Al doped ZnO-
starch nanoparticles were investigated using scanning electron
microscopy with an energy dispersive X-ray (EDX) spectro-
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Fig. 2. FT-IR spectra of ZnO-starch nanoparticles and Al doped ZnO-starch
nanoparticles

scopy analysis (Fig. 3). It was clearly observed that the most
of particles are well defined hexagonal structure of ZnO-starch
nanoparticles and Al doped ZnO-starch nanoparticles (Fig. 3a
& 3b). To determine the purity and chemical composition of

the sample, energy dispersive X-ray (EDX) analysis was carried
out and shown in Fig. 3c. The results indicate that Al doped
ZnO-starch nanoparticles obtained of high purity. The external
of the Al doped ZnO-starch nanoparticles also confirmed
elements of C, O, Zn and Al. The EDX spectra shows that the
sample consists of exclusively Zn = 72.94 %, Al = 1.31 % and
O = 25.75 %. So, considering the detection of elements in the
sample, we obtained high purity of Al doped ZnO nanoma-
terial. The starch stabilized nano ZnO shows uniform size
distribution and high crystalline nature with reduced particle
size [21]. These results are consistent with the XRD data.

TEM: The structure and size of ZnO-starch and Al loaded
ZnO-starch nanoparticles was clearly seen in the TEM images
and presented in Fig. 4. Fig. 4a illustrates ZnO-starch nano-
particles were dissolved in the solution system at the nanoscale
with uniform and the particles size ranges approximately 19-25
nm. The formed ZnO nanoparticles might be bind with hydroxyl
(O-H) groups on the starch molecules to form uniform size of
ZnO-starch nanoparticles without aggregation [22]. The TEM
image of Al doped ZnO-starch nanoparticles were shown in
Fig. 4b, which clearly revealed that the aluminium particles
are well dispersed and appear to be black dots in the image
and also show the particles size 13 nm.
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Fig. 3. SEM image of (a) ZnO-starch nanoparticles, (b) Al doped ZnO-starch nanoparticles and (c) EDX analysis of Al doped ZnO-starch
nanoparticles

Fig. 4. TEM images of ZnO-starch nanoparticles and Al doped ZnO-starch nanoparticles
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Conclusion

In summary, size and shape controlled ZnO nanoparticles
and Al loaded ZnO NPs were successfully synthesized using
different stabilizing agents like PEG, PVA and starch. Based
on the synthesis carried out and from the characterization
results obtained were ZnO-starch and Al doped ZnO nano-
particles were successfully produced through single step sol-
gel method using PEG, PVA and starch as stabilizer and their
yield is high. The FT-IR and XRD results clearly show the
formation of ZnO NPs and Al doped ZnO NPs are highly pure.
The average crystalline size is reduced by starch around 19
nm of ZnO where as Al doped ZnO still reduced in the size 13
nm. The obtained ZnO nano particles seem to be spherical
ellipse shape. Hence the synthesized nano ZnO and Al doped
ZnO could be used in optoelectronic devices, solar cells as
photo catalysts and in membrane applications.
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