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BINDING  AGENT  AFFECT  ON  THE  STRUCTURAL
AND  OPTICAL  PROPERTIES  OF  ZnO  NANOPARTICLES

������������	�
����������������������������������

����������	
�	��������	���	��
���������	������	�
���	�����������	��
�
�	���	���� �	�!"

Received: June 09, 2009

Abstract. In this study, different concentrations of hydroxyl-footed methylresorcinarene (HFMR)
are selected to bind zinc acetate in order to investigate its role on the formation of ZnO nanoparticles.
Accordingly, the size of produced ZnO nanoparticles are affected by the existence of the binding
agent as observed by XRD and TEM analysis. The particle size increases from 28 to 43 nm with
increasing amounts of binding agent. The SEM and TEM micrographs show hexagonal morphol-
ogy. The UV-vis absorption and PL spectra show that the absorption edge shifts to red.

1. INTRODUCTION

Zinc oxide is one the most promising materials for
optoelectronic applications because of its wide
band gap (3.37 eV) and large excitation binding
energy (60 meV). ZnO also has great potential
applications in room – temperature UV lasers [1],
sensors [2] and photocatalysis [3,4] due to its
unique electrical and optical properties, such as
low dielectric constant, high chemical stability, and
good photoelectric and piezoelectric behaviors [5].
Different synthetic methods have been used to pre-
pare ZnO nanoparicles, such a hydrothermal [6],
sol-gel [7], precipitation [8], microemulsion [9], and
thermal decomposition [10].

Of these methods, ZnO nanomaterials can be
obtained easily by thermal decomposition of a zinc
salt such as Zn(CH

3
COO)

2
. The high solubility and

low temperature of decomposition make zinc ac-
etate an attractive precursor [11]. Investigations into
the kinetics and mechanism of the thermal decom-
position process have been carried out [1,12]. It
has been observed that with zinc acetate organic
additives affect the shape and size of the ZnO
nanoparticles [13,14]. This process eliminates the
addition of base or acid solutions. Theoretical con-

siderations suggest that the growth of the
nanocrystals could be either controlled by the dif-
fusion of particles, by the reaction at the surface,
or by both factors [15]. Thus, Viswanatha et al. [16]
observe the growth of the ZnO nanocrystals in
water to follow a growth mechanism intermediate
between diffusion-control and surface reaction-
control. The effect of capping agents on the growth
of nanocrystals have been examined by a few work-
ers [17-21].

The aim of this study is to present a method
based on thermal decomposition that creates zinc
oxide nanoparticles of different size and shape. We
present our findings on the affect of adding differ-
ent amounts of a binding agent on the structure,
shape, and optical properties of ZnO nanoparticles.

2. EXPERIMENTAL

Zinc acetate dehydrate, Zn(CH
3
COO)

2
·2H

2
O and

hydroxyl-footed methylresorcinarene (HFMR) [22]
were dissolved in 50 ml methanol. The solution was
stirred for 60 min at room temperature and then
evaporated under vacuum at 40 °C to remove the
solvent. The resulting solid was dried under vacuum
and grounded into a powder. It was then heated at
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Fig. 1. Hydroxyl-footed methylresorcinarene (HFMR) binding agent.

Fig. 2. XRD patterns of ZnO products prepared from zinc acetate and (a) 0 HFMR, (b) 0.015 M HFMR,
(c) 0.023 M HFMR, (d) 0.035 M HFMR, and (e) 0.045 M HFMR.
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Fig. 3. SEM micrographs of ZnO nanoparticles prepared from zinc acetate and (a) 0 HFMR, (b) 0.015 M
HFMR, (c) 0.023 M HFMR, (d) 0.035 M HFMR, and (e) 0.045 M HFMR.

500 °C for 2h. The molar concentration of zinc ac-
etate was 0.091 mol/l for each experiment, but the
molar concentrations of HFMR were 0, 0.015,
0.023, 0.035, and 0.045 M. HFMR concentrations
above 0.045 mol/L produced precipitates during
mixing.

3. CHARACTERIZATION

The UV-vis absorption spectra were taken with a
Hewlett Packard8453 spectrometer of ethanolic
nanoparticle solutions made by sonication of the
products in ethanol. The fluorescence measure-

ments were also done with ethanolic solutions of
nanoparticles but with a Perkin – Elmer LS 50B
luminescence spectrometer and with a 250 nm
excitation wavelength. The SEM was done with a
Philips XI30 ESEMFEG. The TEM analysis was
done with a Tecnai F300 transmission electron
microscope, images taken after suspending the
nanoparticles in 95% ethanol. Crystal structure
identification and crystal size analysis were per-
formed with a X-ray diffractometer XDS 2000,
Scintac Inc., USA with CuKα radiation source and
scan rate of 2°/min.

#�$ #%$ #�$
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Fig. 4. TEM micrographs of ZnO nanoparticles prepared from zinc acetate and (a) 0 HFMR, (b) 0.015 M
HFMR, (c) 0.023 M HFMR, (d) 0.035 M HFMR, and (e) 0.045 M HFMR.

4. RESULT AND DISCUSSION

Hydroxyl-footed methylresorcinarene (HFMR) has
eight hydroxyl groups on one of its rims and four
on its other (Fig. 1). These oxygens can bind zinc
cations and potentially alter the size of ZnO
nanoparticles during crystal growth. Once the zinc
acetate and HFMR are heated the carbons and
hydrogens will burned away, leaving ZnO
nanoparticles.

XRD analysis after heating showed that all of
the ZnO products have the wurtzite structure [23].
The XRD patterns of the products show good crys-
tallinity for all of the different amounts of HFMR
(Fig. 2). The XRD peaks corresponds to the (100),
(002), (101), (102), (110), (103), (200), (112), and
(201) planes of ZnO in the wurtzite structure corre-
sponding with JCPDS (Card Number 36-1451). At
the same time, no diffraction peaks from other spe-
cies could be detected, which indicates that all the
precursors have been completely decomposed and
no other crystal products have been retained after

the decomposition process. All samples have a
preferred orientation along the (101) plane. Its ob-
served that the preferred orientation of (101) for
the ZnO nanoparticles, are slightly shifted to the
right when HFMR was present when compared to
ZnO prepared without HFMR (Fig. 2).

The particle size D of the samples was deter-
mined using the Scherrer formula [24]:

D
B

=
0 9.

cos
.

λ

θ� �

where D is the particle size, λ the X-ray wavelength,
θ the Bragg’s angle in radians, and B the full width
at half maximum of the (101) peak in radians. The
average particle size of the products was found of
26-44 nm. Its observed that the particle size is in-
creased as the amount of HFMR increasing.

The SEM micrographs clearly show the spheri-
cal shape of the ZnO nanoparticles whether pre-
pared with or without HFMR (Fig. 3). They also
show the morphological homogeneity of the mate-
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Fig. 5. UV-vis spectra of ZnO nanoparticle solutions prepared from zinc acetate and (a) 0 HFMR,
(b) 0.015 M HFMR, (c) 0.023 M HFMR, (d) 0.035 M HFMR, and (e) 0.045 M HFMR.

rial. The TEM images show the distribution of
nanoparticle sizes (Fig. 4). The images show a
hexagonal nanoparticles, which in accord with the
XRD. The average particle size of the samples was
found of 24 - 43 nm. Addition HFMR to the zinc
acetate doesn’t change ZnO nanoparticles shape,
but it does cause an increased in nanoparticle size
especially for higher amounts of HFMR. There was
observed a small difference between nanoparticle
size measured by XRD and TEM. The reason for
this is well known.

HFMR in methalonic solution may form long
chains through hydrogen bonding between HFMR
molecules. This long chains are well-known to be
flexible. Therefore, HFMR with flexible long chains
is not able to confine the dimensions of produced
ZnO. So the produced ZnO is easy to form ag-
glomeration as shown in Figs. 4b - 4d. For this rea-
son HFMR is not suitable to bind zinc acetate for
preparing controlled –size ZnO nanoparticles by
thermal decomposition method. The difference in
the obtained values of the particle size of produce

ZnO nanoparticle is due to the fact that TEM mea-
surements is based on the difference between the
visible grain boundaries. while XRD calculations
measure the extended crystalline region that dif-
fracts X-rays coherently. So, the XRD method has
a more stringent criterion and leads to smaller sizes
[25].

The optical properties of the ZnO nanoparticles,
prepared without and with HFMR were studied by
UV–Vis absorption spectroscopy. The inset in Fig.
5 shows the room temperature optical absorption
spectra of the ZnO nanoparticles, prepared with-
out and with HFMR. The UV-vis absorption spec-
tra of the ZnO nanoparticles, prepared without and
with HFMR, have absorptions from 362 – 369 nm
(Fig. 5). A clear shift in the absorption onset is dis-
cernible in ZnO nanoparticles prepared with HFMR
(see Fig. 5). The absorption edge cut off increases
from 362-369 nm for 0-0.045 M HFRM, respec-
tively. The observed red shift of ZnO nanoparticles
implies that the particle size increases with in-
creased added HFMR. Band gaps of 3.43-3.37 eV
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Fig. 6. PL spectra of ZnO nanoparticle solutions prepared from zinc acetate and (a) 0 HFMR, (b) 0.015 M
HFMR, (c) 0.023 M HFMR, (d) 0.035 M HFMR, and (e) 0.045 M HFMR.

are calculated for the ZnO nanoparticles obtained
from 0 to 0.045 M HFMR. It is reasonable to ex-
pect the band gap, E

g
, to decrease with increasing

the particles size of ZnO prepared with HFMR.
Compared to the bulk ZnO, the observed red shift
in ZnO nanoparticles may be due to the size effect
[26].

Fig. 6 displays the photoluminescence spectra
at room temperature of ZnO nanoparticles prepared
without and with HFMR. The PL measurements
were performed at excitation wavelength of 250
nm. The original ZnO nanoparticles without bind-
ing agent (HFMR) showed the highest emission,
while the binded nanoparticles showed gradually
decreasing intensity by increasing the concentra-
tion of HFMR. For all the samples, a blue-green
emission peak (500 nm) and a UV emission peaks
at 362, 364, 361, 370, and 372 nm for ZnO
nanoparticles prepared with 0, 0.015, 0.023, 0.035,
or 0.045 M HFMR, respectively. The highest en-
ergy peak corresponds to the absorption peak in
the UV-vis measurements and the band-gap of

ZnO. The band edge emission shifts to the red with
increasing the concentration of binding agent
HFMR, reflecting the change in the exciton energy
in the absorption spectra and an increasing in par-
ticle size of ZnO nanoparticles (see Fig. 6). It moves
to larger wavelength as the nanoparticle size in-
creases. The blue-green emission at 500 nm has
been extensively investigated [27]. A single ionized
oxygen vacancy results in green emission of ZnO
nanoparticle, because of recombination of a photo-
generated hole with a single ionized electron in the
valence band [28].

5. CONCLUSIONS

ZnO nanoparticles have been successfully synthe-
sized from zinc acetate by thermal decomposition.
Changing the amount of zinc binding agent, HFMR,
caused an increase in ZnO nanoparticle size. XRD
results reveal a hexagonal crystal structure for the
ZnO and a nanoparticle size range from 24-40 nm.
The nanoparticle size range observed by TEM im-
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ages was a little larger, 28-43 nm. The SEM and
TEM micrographs clearly show microstructural
homogeneities with hexagonal shape for the
nanoparticles prepared without and with HFMR
binding agent. HFMR is not suitable to bind zinc
acetate for preparing well-controlled ZnO
nanoparticles through this thermal decomposition
method. Optical absorption spectra is also con-
firmed that the binding agent was not effective in
confining ZnO nanoparticles. The UV-vis and ab-
sorption spectra show that the absorption-edge is
shifted to the red with increased amounts of bind-
ing agent, which is due to an increase in
nanoparticle size.
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