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Short Communication

Sol-gel Synthesis and Structural Properties of Cu Doped ZnO Nanoparticles
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We report here a sol-gel method to synthesize undoped and Cu doped ZnO nanoparticles. The nanopar-
ticles were characterized using X-ray diffraction technique to understand the crystallographic properties.
The results indicate the formation of pure and Cu doped ZnO nanoparticles. The growth was found to be
anisotropic. The low concentration of Cu doping does not influence the particles size of ZnO. We have suc-
cessfully synthesized undoped and Cu doped ZnO nanoparticles using a simple and cost effective sol-gel
method. The synthesized nanoparticles exhibit high crystallinity and Cu doping was further confirmed
from X-ray diffraction. The diffraction pattern also suggests that the growth of hexagonal ZnO is aniso-
tropic. However due to this low percentage of Cu doping, no significant change in particle size was ob-
served. In this paper, we report a very simple and cost effective sol-gel method to synthesize ZnO nanopar-
ticles followed by typical structural characterization.
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1. INTRODUCTION

Zinc oxide (ZnO) is a potential material in the present
material research because of its unique size dependent
tunable properties [1]. It is II-VI semiconductor with high
band gap ~ 3.4 eV and large binding energy (~ 60 meV)
for exciton at room temperature [2]. This has made ZnO a
potential material for stable and short wavelength UV
lasing. Huang et al. have successfully demonstrated UV
lasing from ZnO nanorods grown on GaAs substrate by
vapor-liquid-solid method [3]. ZnO usually crystallizes in
wurtzite structure with alternatively stacked Zn and O
ions along the c-axis of the hexagon [4]. But the structure
is non-centrosymmetric, due to which ZnO exhibits piezo-
electric property. Wang et al. have already demonstrated
the piezoelectric property of ZnO nanorods and its use in
pollution free energy generation from mechanical vibra-
tion [5]. ZnO exhibits high optical transparency in visible
wavelength of the electromagnetic spectrum. It also has
good electrical conductivity. Possession of this visible light
transparence and high conductivity makes it a potential
material to be used as transparent electrode in solar cell
and other photonic/optoelectronic devices [6] ZnO is a
very popular material for its excellent and efficient photo-
luminescence property. Due to its high band gap, the
photoluminescence from ZnO is usually observed in the
UV region. However, during the crystal growth, several
defects like vacancies, interstitials and anti-sites appear
[7-11]. Energy states are created in between the conduc-
tion band and valence band of ZnO. Thus these defect
states with energy lower than the band gap give rise to
the visible photoluminescence from ZnO nanostructures.
Researchers have reported visible emission (violet, blue,
green) from varieties of ZnO nanostructures. Several
methodologies have already appeared in the literature to
synthesize ZnO nanostructures. These includes: chemical
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and sol-gel method, sputtering (dc and ac), vapor-liquid-
solid, electrochemical, physical and chemical evaporation
and spray pyrolysis method [12-13]. Sol-gel method is a
very popular and simple technique to synthesize ZnO
nanoparticles. It does not require the maintenance of
sophisticated experimental parameters like low pressure,
high temperature, flow of carrier gas and many more.
Here, in this paper, we report a very simple and cost ef-
fective sol-gel method to synthesize ZnO nanoparticles
followed by typical structural characterization.

2. MATERIALS AND METHOD

All chemicals used in this experiment were used as
supplied by Merck (99.99 % pure). To synthesize pure
ZnO, aquatic solution of zinc acetate dehydrate was pre-
pared by dissolving 2.195 g in predetermined amount of
water. 1.048 g of LiOH was dissolved in predetermined
amount of water to prepare 1 M solution. These two solu-
tions were mixed and magnetically stirred for 2 hours at
room temperature. At the end of the reaction the white
precipitate collected, washed with distilled water and
dried at 100 °C for characterization.

To synthesize Cu doped ZnO, we followed the same
experimental process as described in the above section.
We additionally used CuClz solution of predetermined
concentration. By varying the concentration of CuCls, the
% of Cu doping was varied.

The X-ray diffraction (XRD) experiment was carried
out in a Rigaku X-ray diffractometer and the data were
collected over the angular range 30°< 260< 70° with step
size of 0.02°. Cu-Ka radiation (wavelength ~1.5418 A) was
used as the source of X-ray. The detector was an ioniza-
tion chamber type to count for the intensity of the dif-
fracted beam.
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3. RESULTS AND DISCUSSION

Typical XRD patterns of undoped and Cu doped ZnO
nanoparticles are shown in Fig. 1. Sharp diffraction peaks
were observed indicating that the synthesized material is
highly crystalline.

The pattern was indexed with hexagonal unit cell
structure using the standard JCPDs Card No. 36-1451
with the presence of the diffraction peaks in the order
(100), (002), (101), (102) , and (110).
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Fig. 1 - XRD pattern of undoped and Cu doped ZnO [(a) undoped
7m0, (b) 2 %, (c) 4 % and (d) 6 % Cu doped ZnO]

The data are very consistent with the JCPDS data.
Some additional peaks appeared at 39.32° and 40.68°,
respectively, for Cu-doped ZnO samples which are the
diffraction peaks of Cu. This indicates that Cu is success-
fully doped in ZnO. No peak of CuO was observed; this
indicates that there is no CuO phase mixed with the ZnO
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Fig. 2 — Schematic of the Cu doping in ZnO crystal

The crystal structure of ZnO is hexagonal/wurtzite.
The Zn?" and O2%- ions are alternatively stacked along the
c-axis of the hexagon. The top face is terminated with the
Zn%* ion, while the bottom face is terminated by O2- ion.
Thus there exists a dipole moment along the c-axis. These
two faces are polar in nature. The other faces are non-
polar. Thus the energies of different facets are different.
This indicates that growth rate of different planes will be
different. This growth rate plays an important role in
determining the morphology of the nanostructures. In our
case we also observe the variation of intensity of different
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diffraction peaks that indicates the anisotropic growth of
undoped and Cu doped ZnO nanoparticles. The growth
rate of different diffraction peak follows the following
order: (102) > (110) > (002) > (100) > (101). In this context
it is worthy to mention that the higher the growth rate,
the lower multiplicity of the plane is. We also observed
that the intensity of (002) plane has been changed due to
Cu doping. This is because, during chemical reaction Cu?*
ions are released in the solution and preferentially at-
tached to the (001) plane towards the Zn?* ions site. Thus
the growth rate increases resulting in the decrease of the
multiplicity of (001) plane. A schematic of Cu2* ion incor-
poration in ZnO crystal is shown in Fig. 2.

Scherrer formula was employed to estimate the crys-
tallite size as given by

R=0.89 1/ B cos¥,

here f1is the full width at half maxima and 1 is the wave-
length of the X-ray used in the diffraction experiment.
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Fig. 3 — Gaussian fitting of (101) peak of undoped and Cu doped
ZnO

For this calculation we choose the highest intensity
peak (101) and used Origin 6.1 software to fit it as Gauss-
ian type (see Fig. 3). No significant change in particle size
was observed due to Cu doping and average particle size
was calculated to be 24 nm.

4. CONCLUSIONS

In conclusion, we have successfully synthesized un-
doped and Cu doped ZnO nanoparticles using a simple
and cost effective sol-gel method. The synthesized nano-
particles exhibit high crystallinity, and Cu doping was
further confirmed from X-ray diffraction. The diffraction
pattern also suggests that the growth of hexagonal ZnO is
anisotropic. However due to this low percentage of Cu
doping, no significant change in particle size was observed.
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30J1b-T€JIb CHHTE3 TA CTPYKTYPHI BiacTuBocTi HanodyacTuHOK ZnO serosanux Cu
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B pobGoTi OyB BHKOpPHCTAHUI METOH 30JIb-TeJIb CHHTe3y HaHodacTHHOK ZnO, HemeroBamwmx i JreroBanux Cu.
Kpucramiuna crpykrypa HanouacTuHok ZnQO Oysa mocirimxeHa MeTomoM peHTreHorpadgii. Orpumani pesyabraTu
CBITUATH IIPO YTBOPeHHs uucTuX 1 jJeroarux Cu HanouactnHok ZnO. BusiBieno, 1m0 picT HAHOYACTUHOK € aHI30T-
pornuum. Husbka konuenrparis serysars Cu He BiumBae Ha po3mip dactuHok ZnO. Mu ycminmHo cuHTe3yBain
ranoyactuHku Zn0, Heseroasi i1 jeroBari Cu, BUKOPHUCTOBYIOUH MIPOCTHH 1 €KOHOMIYHO e(DeKTUBHMUIA 30JIb-TeJIb
mertox. CunresoBani HaHoyacTuHkY Zn(O JeMOHCTDPYIOTH BHCOKY KPHCTAJIYHICTH, a jeryBaHHs Cu IigTBepIKy-
€TBCSI PEHTTEHIBCHKO0 nudpakiien. Judparrorpama Takox CBIIYUTH IIPO Te, IO 3POCTAHHS I'eKCATOHAILHOIO
ZnO e anizorporruM. [Ipore, BHACTIIOK HU3BKOrO BifcoTKA JieryBaHHsA Cu, CyTTEBUX 3MIH y PO3Mipi YACTHHOK He
crrocTepirasocs. Y maHii pobOTI HABEAEHO JysKe MPOCTHH 1 eKOHOMIYHO e(eKTHBHUN METOJ 30JIb-TeJb CHHTEe3y
HAHOYACTUHOK ZnO 3 TUIIOBUMU CTPYKTYPHUMH XapPAKTEPUCTUKAMHU.

Kmiouosi cnosa: ZnO, Jlerysanus, Penrrenisebka qudpakinia, Kpuceras, Amisorpormis.
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