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Abstract: ZnO nanoparticles were synthesized via novel Sol-gel route. The effects of pH variation as well as ageing were 
studied. The nanoparticles were synthesized with two different pH levels viz. pH 7 and pH 10. It was found that the size 
of the nanoparticles increased from 19 to 39.6 nm with increase in pH level from 7 to 10. Further the effect of ageing on 
the ZnO nanoparticles was studied. It was found that the crystallite size as well as the crystallinity of the nanoparticles in-
creased with ageing. The crystallite size increased from 19 to 32.8 nm for pH 7 and from 39.6 to 42 nm for pH 10 with 
ageing. The intensity of the XRD peaks increased drastically with ageing primarily due to increase in crystallite size of 
nanoparticles. The nanoparticles were further characterized using TEM. The particle size obtained by TEM was same as 
crystallite size obtained by XRD. The synthesized ZnO nanoparticles can be used as a suitable material for application in 
quantum dot sensitized solar cells (QDSSCs). 
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INTRODUCTION 

Zinc oxide (ZnO) is a piezoelectric, dielectric and trans-
parent oxide semiconductor, with a direct band gap of 
3.37eV at room temperature and a large excitation binding 
energy (60 meV), which is 2.4 times the effective thermal 
energy (25meV) at room temperature [1]. As in most II-VI 
materials, the bonding in ZnO is largely ionic, which ex-
plains its strong piezoelectricity. In addition, ZnO is the 
hardest of all II-VI semiconductors due to the high melting 
point (2248 K) and large cohesive energy (1.89 eV), there-
fore more resistant to wear. Electron mobility in ZnO single 
crystals is about 200 cm2/V.s [2]. ZnO crystallizes in three 
forms: hexagonal wurtzite, cubic zinc blende, and the rarely 
observed cubic rocksalt. Hexagonal wurtzite is the main sta-
ble crystal structure of ZnO at room temperature [3]. ZnO 
has several fundamental advantages over its chief competitor 
GaN, due to its high energy radiation stability and amenabil-
ity to wet chemical etching. It is highly transparent and has 
good electrical conductivity, that is why it is extensively 
used for various applications such as gas sensor and photo-
voltaic devices [4-8].  

ZnO is being extensively used in the fabrication of a new 
class of solar cells namely quantum dot sensitized solar cells 
(QDSSCs) [9]. It is expected to be an alternating material for 
TiO2 because of its properties such as being environment 
friendly, stability, and that it can be synthesized into differ-
ent shapes and sizes very easily. The schematic diagram of a 
sandwich type QDSSC using ZnO nanoparticles as front  
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electrode, a thin platinum sheet as counter electrode, quan-
tum dots (QDs) as sensitizer and an electrolyte (I

- 
/ I3

-
) is 

shown in Fig. (1). The front ZnO electrode passes the pho-
tons in the visible range to the underlying QD layer. QDs are 
excited by uptake of energy contained in photons. The exci-
tation process creates excitons in the QDs. The electrons are 
then fastly injected into the conduction band of ZnO. The 
injected electron in the conduction band of ZnO percolates 
through the porous ZnO structure and is fed to the ITO layer. 
Through ITO, the electron moves to the external circuit. At 
the Pt counter electrode, triiodide (I3

-
) is reduced to iodide  

(I
-
) by taking the electrons from Pt electrode. I

-
 is transported 

through the electrolyte towards the ITO photoelectrode, 
where it reduces the oxidized QD. The QD is then ready for 
the next excitation/oxidation/reduction cycle. So, here we 
can see that ZnO layer plays a major role in functioning of 
QDSSC.  

 

Fig. (1). Schematic diagram of QDSSC using ZnO as front  
electrode. 
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As compared to other techniques for the synthesis of ZnO 
nanoparticles such as solid state reaction method and hydro-
thermal synthesis, sol-gel technique has a number of advan-
tages such as simplicity, low cost, excellent homogeneity as 
well as purity of the product (due to availability of highly 
pure raw materials that can be mixed to atomic levels), rela-
tively low processing temperatures such as room tempera-
ture. The other advantages of sol gel process are that the 
composition and size of the nanoparticles can be controlled. 
Sol-gel processing has been found to be an economical, con-
venient and non vacuum method to synthesize homogenous 
and high quality nanoparticles. This technique is especially 
useful for growth of ZnO nanoparticles as well as films, 
since zinc belongs to the group of elements, that form po-
lymeric hydroxides easily, a fundamental requirement for 
sol-gel chemistry.  

In the present work, we have synthesized ZnO nanoparti-
cles via novel sol-gel route. Effect of pH variation and age-
ing on the structural properties of synthesized ZnO nanopar-
ticles were studied. As the demand of renewable energy 
sources is increasing day by day, solar cells such as QDSSCs 
are extensively researched for better efficiency. As discussed 
earlier also, the front transparent conducting oxide (TCO) 
layer of QDSSC is made up of wide bandgap semiconductors 
such as ZnO. So the synthesized ZnO nanoparticles will be 
used in QDSSCs. 

MATERIALS AND METHODOLOGY 

Sol-gel is one of the well known techniques for the syn-
thesis of ZnO nanoparticles as it is easy, has good control 
over particle size and low cost processing [10]. Nanoparti-
cles were prepared by dissolving 0.2M Zinc acetate dihy-
drate [Zn(CH3COO)2.2H2O] in methanol at room tempera-
ture. Then the solution was mixed ultrasonically for 2 hours 
at 25°C to obtain transparent and clear solution. NaOH was 

then added for the desired pH level (pH 7 and 10) in the sol 
[11]. The solution was again stirred ultrasonically for 60 
min. The resulting solutions were divided into two parts and 
kept undisturbed for different time periods. Precipitates col-
lected at the bottom were filtered and washed with excess 
methanol to remove the starting material. Precipitates were 
dried for 15 min at 80°C on hot plate. 

The XRD measurements were carried out using Bruker 
AXS – D8 discover diffractometer. The crystallite size calcu-
lated from the XRD measurements was confirmed by using 
TECNAI G2 T30, u-TWIN TEM.  

RESULTS AND DISCUSSION 

The XRD spectra of ZnO nanoparticles are shown in Fig. 
(2). The nanoparticles are highly crystalline as can be seen 
from the XRD pattern in which broad peaks with high inten-
sity are extended over the 2  scale. The diffraction peaks are 
observed at 2  value of 36.25, 47.54, 56.55, 62.87, 66.38, 
67.91, 69.05 and 76.95° corresponding to the lattice planes 
(101), (102), (110), (103), (200), (112), (201) and (202) re-
spectively, indicative of hexagonal wurtzite structure of ZnO 
[12]. All the peaks are matched with standard JCPDS card 
no. 50664. The broadening of the diffraction peaks gives an 
idea about the small particle size of the synthesized ZnO. 
Crystallite size (D), was calculated by using Debye Scher-
rer’s formula, 

 

D =
K

Cos

 (1) 

Where, K is the particle shape factor which depends on 
the shape of the particles and its value is 0.94 for spherical 
particles,  is the CuK  radiations (1.54 Å),  is the full 
width at half maximum (FWHM) of the selected diffraction 
peak corresponding to 101 plane and  is the Bragg angle 
obtained from 2  value corresponding to the same plane. The 

 

Fig. (2). XRD spectra of ZnO nanoparticles (a) pH 7 (b) pH 10 (c) ageing pH 7 (d) ageing pH 10. 
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crystallite size for pH 7, pH 10, ageing pH 7 and ageing pH 
10 are obtained to be 19, 39.6, 32.8 and 42 nm respectively. 

EFFECT OF PH 

 The ZnO nanoparticle growth from zinc acetate dihy-
drate precursor using sol–gel process undergoes four stages; 
solvation, hydrolysis, polymerization and transformation into 
ZnO nanoparticles. The zinc acetate dihydrate precursor was 
first solvated in methanol, and then hydrolyzed which results 
in a colloidal–gel of zinc hydroxide (Eq. 2). This zinc hy-
droxide splits into Zn2+ cation and OH- anion (Eq. 3), fol-
lowed by polymerization of hydroxyl complex to form ‘‘Zn–
O–Zn’’ bridges and finally transformed into ZnO (Eq. 4) 

ZnO(CH3COO)2.2H2O+2NaOH Zn(OH)2 + 2CH3COONa + 2H2O (2) 

Zn(OH)2 + 2H2O  Zn(OH)4
+2 + 2H2+ (3) 

Zn(OH)4
+2 ZnO + H2O +2 OH

-
 (4) 

When pH is low i.e. concentration of OH
- is low, the 

growth of ZnO particle does not proceed due to lack of 
Zn(OH)2 formation in the solution. In this study, the growth 
of ZnO nanoparticles in zinc acetate solution was observed 
from a solution having pH of 7. A solution with a pH 7 
would have less OH

- concentration, so the crystallite size is 
small (19 nm) and the diffraction peaks are less intense 
which can also be seen from XRD pattern. Since pH controls 
the rate of ZnO formation, it affects the size and their way of 
combination to get stable state. The larger crystallite size 
(39.6 nm) was obtained when the pH of the solution was 
increased to 10. As the freshly formed nuclei in the solution 
are unstable, it has a tendency to grow into larger particles.  

EFFECT OF AGEING 

XRD patterns of the nanoparticles having pH 7 and 10, 
after ageing are shown in Fig. (2c) and (2d) respectively. By 

increasing the ageing period, the FWHM and intensity is 
observed to be changed. Intensity of the diffraction peak 
increases due to grain growth of the zinc oxide, due to the 
Ostwald ripening [13]. Ostwald ripening is an observed phe-
nomenon in solid solutions or liquid sols which describe the 
change of an inhomogeneous structure over time. Due to 
large ageing period, small sol particles dissolve and redeposit 
into larger sol particles and hence the grain size increases 
[14]. 

TEM images of the ZnO nanoparticles with different pH 
levels and ageing period are shown in Fig. (3). The results 
from TEM images are consistent with the observations from 
XRD. Hexagonal shaped ZnO nanoparticles have been ob-
served. The particle size is increasing with increase in pH 
value as well as with ageing period.  

CONCLUSION 

In summary, the effects of pH variation as well as ageing 
on the structural properties of Sol-gel synthesized ZnO 
nanoparticles were studied. It was found that the size of the 
nanoparticles increased from 19 to 39.6 nm with increase in 
pH level from 7 to 10. The crystallite size as well as the crys-
tallinity of the nanoparticles increased with ageing. The crys-
tallite size increased from 19 to 32.8 nm for pH 7 and from 
39.6 to 42 nm for pH 10 with ageing. The synthesized ZnO 
nanoparticles will be used as front wide-bandgap electrode in 
QDSSCs. 
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Fig. (3). TEM images of ZnO nanoparticles (a) pH 7 (b) pH 10 (c) ageing pH 7 (d) ageing pH 10. 
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