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Polydisperse ZnO nanoparticles have been synthesized by a hydrothermal process. Small-angle
X-ray Scattering (SAXS) was performed for particle size distribution analysis of ZnO
nanoparticles. Room-temperature photoluminescence measurements revealed that the ZnO
nanoparticles have a single visible emission peak �600 nm, although polydispersity of the
sample shows no presence on PL spectrum. It seems the orange emission �600 nm is due to the
presence of Zn(OH)2 on the surface of ZnO nanoparticles, instead of the commonly assumed
interstitial oxygen defect.
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1. Introduction

Zinc oxide (ZnO) is a wurtzitic semiconductor with a direct band gap of 3.37 eV at room
temperature [1]. Due to the large-band-gap energy, ZnO becomes an excellent
semiconductor material for applications considered for other wide-band-gap materials
such as GaN and SiC. In addition to this, due to the extremely large exciton binding
energy (about 60meV) [2, 3], the excitons in ZnO are thermally stable at room
temperature, and thus, ZnO has significant advantages in optoelectronic applications.
Although ZnO’s luminescence has been the subject of studies for several decades, the
centers and mechanisms responsible for many of its luminescence properties are still a
matter of controversy. ZnO typically exhibits UV band edge emission and a broad
visible band due to defect emission [4, 5]. It is noted that different types of defects are
responsible for violet, blue, green, yellow and orange-red emissions in ZnO, but the
chemical nature of the defects responsible for the orange emission is less reported.
It was also reported that the size [6], the surface of nanoparticle [7–9] and
fabrication method [10] have an effect on the luminescence properties. A number
of different hypotheses have been proposed to explain the orange emission in ZnO.
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The yellow-orange defect emission observed in ZnO synthesized by a hydrothermal
method is typically assigned to an interstitial oxygen [11, 12], although other hypotheses
such as dislocation related luminescence centers [13] and Li dopants [14] have been
proposed. The green emission is typically associated with oxygen deficiency,
yellow/orange emission is associated with excess oxygen [15]. In this article, we show
the orange luminescence (�600 nm) in ZnO nanoparticles synthesized by the
hydrothermal process, due to the presence of hydroxyl groups on the surface of ZnO
nanoparticles.

2. Experimental section

2.1. Chemical

The zinc acetate dihydrate (98%) Zn(CH3COO)2 � 2H2O, sodium hydroxide NaOH
were from E. Merck Limited, Mumbai-400018, India. These chemicals were directly
used without special treatment.

2.2. Sample preparation

In a typical hydrothermal synthesis process: 1 g of zinc acetate dihydrate was put into
110mL of double distilled water under vigorous stirring. After 10min stirring, 10mL
of 2M NaOH aqueous solution was introduced into the above aqueous solution,
resulting in a white aqueous solution for which the pH value was maintained at 12.
Then the prepared solution was transferred into a stainless steel autoclave, sealed and
maintained at the temperature of 110�C for 4 h. The resulting white solid products were
centrifuged, washed with distilled water and ethanol to remove any ions possibly
remaining in the final products, and finally dried at 60�C in air.

2.3. Apparatus

Particle size distribution of the obtained ZnO nanoparticles were characterized by
small-angle X-ray scattering, carried out on a Rigaku D/MAX-2200H/PC using Cu Ka
radiation (�¼ 1.54056 Å).The transmission electron microscopy (TEM) images were
taken on a Philips CM 12 microscope operated at 110 kV. The photoluminescence
was studied by 325 nm radiation from He–Cd laser (KIMMON) and Mechelle
900 spectrograph.

3. Result and discussion

3.1. The morphology of product

The morphology of ZnO nanoparticles were investigated by transmission electron
microscopy (Philips CM 12). Figure 1 shows the TEM image of ZnO nanoparticles
synthesized by hydrothermal process. Figure 1 confirmed the formation of spherical-
like ZnO nanoparticles. It is also clear that in the hydrothermal synthesis of ZnO
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nanoparticles there is less, not more, agglomeration between the ZnO nanoparticles,

which is a disadvantage of the hydrothermal process. Therefore, due to the small

amount of agglomeration between some ZnO nanoparticles, accurate measurement

of particle size distribution from the TEM study was not possible in an easy manner.

So a small-angle X-ray scattering study was carried out.

3.2. Particle size distribution from SAXS study

Figure 2 shows the small-angle X-ray scattering pattern from ZnO nanoparticles.

The scattering intensity I (s) from the ZnO nanoparticles follows the Guinier

0 1 2 3 4 5
1

In
te

ns
ity

 (
co

un
ts

)

Two-Theta (degree)

Figure 2. SAXS pattern of ZnO nanoparticles.

30 nm

Figure 1. TEM image of spherical-like ZnO nanoparticle synthesized by hydrothermal process.

Study of ZnO nanoparticles synthesized by hydrothermal process 179

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
8
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



small-angle scattering intensity equation [16]:

IðsÞ ¼ Ie �M � n2 � expðs2 �R0=3Þ

Here Ie, M, n, s and R0 are scattering intensity per electron, the number of grain, the
number of electrons per grain, scattering vector and inertial radius respectively.
The particle size distributions of the ZnO nanoparticles could be calculated by simply
plotting tangents on the curve of the graph log I – s2 (Fankuchen Method) [17]. Figure 3
shows a Guinier plot of scattered intensity from the ZnO nanoparticles. The Guinier
plot of the scattered intensity from ZnO nanoparticles indicated that there is the
formation of polydisperse ZnO nanoparticles by hydrothermal process. Particle size
distribution of ZnO nanoparticles by analysis of Guinier plot of scattered intensity is
28.7wt% particles of 24 nm size, 29.7wt% particles of 12 nm and 41.6wt% of 7 nm.
This particle size distribution calculation was done by grain size analysis program
provided by Rigaku D/Max-2200H/PC.

4. Optical study

Figure 4 illustrates the photoluminescence spectrum of ZnO nanoparticles under
photon excitation of 325 nm. Room-temperature photoluminescence revealed that the
ZnO nanoparticles have an orange visible emission band at �600 nm, whereas no UV
band �384 nm was observed. The orange emission in samples prepared by a
hydrothermal method is due to the presence of Zn(OH)2 on the surface of ZnO
nanoparticles instead of the commonly assumed interstitial oxygen defect [18], and
the quenching of excitonic transition of ZnO nanoparticles is also due to the presence of
Zn(OH)2 on the surface of ZnO nanoparticles [19]. The ZnO sample consists of

Figure 3. Guinier plot of scattered intensity from ZnO nanoparticles.
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nanoparticles of different sizes such as 28.7% of 24 nm, 29.7% of 12 nm and 41.6% of
7 nm; but no significant size effect are observed in PL spectrum. Therefore, the
luminescence properties are due to the possible presence of Zn(OH)2 at the surface of
ZnO nanoparticles. This explanation for orange visible emission and no UV band is
seeming reasonable for the sample synthesized by hydrothermal method, since there is
the possible presence of hydroxyl groups on surface of ZnO nanoparticles synthesized
by the hydrothermal method instead of others.

To summarize, we have investigated the particle size of ZnO nanoparticles by SAXS
study. From the SAXS study, it is clear that hydrothermally synthesized ZnO
nanoparticles are polydispersed. These ZnO nanoparticles are of different sizes viz.
28.7% of 24 nm, 29.7% of 12 nm and 41.6% of 7 nm. There is no size-dependent
emission peak in PL spectrum of ZnO nanoparticles. The orange emission and
quenching of excitonic transition in the sample is due to presence of Zn(OH)2 on surface
of ZnO nanoparticles, instead of the commonly assumed interstitial oxygen defect.
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Figure 4. Room temperature PL spectrum of ZnO nanoparticles synthesized by hydrothermal process.
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[10] D. Li, Y.H. Leung, A.B. Djurišić, Z.T. Liu, M.H. Xie, S.L. Shi, S.J. Xu, W.K. Chan. Different origins of
visible luminescence in ZnO nanostructures fabricated by the chemical and evaporation methods. Appl.
Phys. Lett., 85, 1601 (2004).
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