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Abstract— Cu-doped ZnO powders were prepared by chemical bath method varying the reaction time at constant
synthesis temperature of 80°C and annealed at room temperature. The effect of reaction time on the thermal stability,
structure, morphology, optical and luminescence properties of Cu-doped ZnO nanostructures were investigated. The
thermogravimetric analysis (TGA) and differential thermogravimetric (DTGA) analysis showed that the best thermal
stability is obtained for the sample synthesized for 15 min. The X-ray diffraction (XRD) patterns of the Cu-doped ZnO
nanostructures correspond to the various planes of a single hexagonal ZnO phase. The XRD results show that the
Zn(OH), peaks progressively disappear with increasing the reaction time. An increase in reaction time the XRD peaks
changed to the pure hexagonal ZnO structure. The diffraction peaks intensity increasewith an increase in reaction time.
The estimated average crystallite sizes calculated using the XRD spectra were found to be42 + I and 50 £ 1 nm for
samples synthesized at 5 and 15 minutes respectively. It was observed that the estimated average grain sizes increases
with an increase in reaction time. The surface morphology study revealed that the grains are irregular at low reaction
time but flower-like at high reaction time. The UV-Vis spectra and the band gap energy showed a red shift with an
increase in reaction time. The highest luminescence intensity was found for the Cu-doped samples synthesized at 5 min
and further increase in reaction time the was decrease in luminescence intensity.
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1. INTRODUCTION various reaction times using sonochemical method [8],

hydrothermal [9-10], sol-gel, combustion method,
Zinc Oxide (ZnO) is well known as a promising electrochemical deposition and pulse laser deposition
optoelectronic material (e.g. Light emitting diodes, solar  method. But those methods require a lot of time to get
cells, UV sensors and biosensors) with a wide band gap of  final yield, need high reaction and annealing temperatures
3.37 eV at room temperature, large exciton binding to get rid of Zn(OH), difficult to operate, accurate gas
energy of 60 meV[1-3].ZnO is a material that has been  concentrations, and flow rate. So it is very important to
the subject of a considerable number of research studies,  find a simple, low temperature method for the synthesis
mostly on the basis of the unique electrical, optical and  and annealing of ZnO nanostructures and find the way to
magnetic properties of material [4]. This material is  control the growth parameters. Compared with the above
knownto have many advantages compared to other synthesis processes, the ZnO nanostructures were
semiconductors (e.g. ZnS,ZnSe and GaN) andpossesses  synthesized using the chemical bath deposition method
excellent chemical stability, nontoxicity, easy growth at  (CBD). This synthesis method showed some advantages
low cost, and can be synthesized within a few minutes[5-  compared with the others such asis a simple, cheap and
7].1t alsohas a rich familyof nanostructured materials. A convenient process to prepare semiconducting materials.
reduction in grain size to nanometer scale and a changein  CBD is a low temperature technique which uses a
morphology results in various interesting properties solution (almost always aqueous) which produces a
compared to their bulk properties. crystal size that is often very small and homogeneity and

lastly can be utilized industrially. There are several
Several methods have been used and developed for the  parameters in the CBD method that can be varied such as
synthesis of ZnO at various reaction times. In many of temperature of the bath, the reaction time [7], pH and
them, the main objective is to reduce the cost of chemical  .gncentration of precursors [7].Yang et al prepared Eu’*
synthesis, and to produce materials for technological  goped ZnO at various reaction times. It was observed that
applications. Many researchers have synthesized ZnO at by varying the reaction time the nanosheets aggregate
changed to the cactus-like microspheres assembled with
single-crystal nanosheets[11]. Other researchers also
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observed that the needle-like hexagonal rods changed to
the flower-like structures with the increase in the reaction
time [9]. It has been reported that the reaction time is
largely influencing the ZnO nanostructures diameters,
longer reaction time leads to larger diameter of
nanostructures [8]. Also other researchers found that the
morphology of the ZnOnanostructures does not depend on
the reaction time[7]. They said this is due to the high
molar concentration of zinc acetate. Following their
footsteps we have reduced the amount of zinc acetate
precursor. In this communication, we report the effect of
the reaction time on the thermal stability, structure,
morphology, optical and luminescence properties of the
Cu-doped ZnO nanostructures synthesized by chemical
bath deposition method.

2. EXPERIMENTAL DETAILS.

2.1 Procedure

All the chemicals used for the preparation of the nano-
powders were of analytical grade. It includes zinc acetate
(Zn (CH3CO00),.2H,0, copper acetate
(Cu(CH3CO0),.2H,0, thiourea (NH,CSNH,) and
ammonia (25% NH;). During the preparation of the nano-
powders, ammonia was used as a complexing agent. The
Cu-doped ZnO precursors were prepared by dissolving
0.46 M of zinc acetate and 0.4 mol% of copper acetate
together in 200 mLof deionized water. 0.18 M thiourea
was dissolved in 200 mL of deionized water and 123.5
mL of ammonia were dissolved in 200 mL of deionized
water, separately. Then a magnetic stirrer was used to stir
each of the mixtures for overnight at room temperature to
ensure homogenous distribution of the solution reagents.
The chemical bath solution was prepared as follows: 60
mL of zinc and copper acetate mixture, thiourea and
ammonia solutions were mixed. An equal volume ratio
(1:1:1) was considered for each solution in the following
order: 60 mL quantity of zinc and copper acetate mixture
was first added to the beaker which was placed in the
water bath, followed by addition of 60 mL of thiourea
solution and the mixture was stirred for few 5 seconds,
following that, 60 mL of ammonia solution was then
added fast in the mixture, while continuously stirring [7].
The beakers were removed from the bath at various
reaction time intervals (30s, 5 min, and 15 min). It has
been observed that the quantity of final yield or
precipitates decreases with an increase in reaction
time.Water bath was maintained to be at a constant
desired temperature of 80°C. The white precipitates were
then formed within 30 s after adding ammonia solution.
The precipitates increase with an increases in the molar
concentration of zinc acetate. The precipitates were then
left overnight and filtered thereafter. The precipitates
were later washed with 60 mL of ethanol and secondly
with 60 mL of acetone. The obtained precipitates were
dried at ambient conditions for 3 days. The powders were
then ready to be characterized [7].
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2.2 Characterization

Thermal analysis carried out by thermogravimetric
analyses (TGA) and differential thermogravimetric
analyses were performed in a Perkin-Elmer TGA7
thermogravi- metric analyzer. Three samples of Cu-doped
ZnO were weighed masses of range 5-10mg and
werestudied between 20 and 600 °C. The heating rate
was10 °C min™ and thegas (N2-8% H2) with aflow-rate
of 120cm® min™.The crystal structures of the samples
were determined with a Bruker AXS Discover
diffractometer.Operating at40kV and 40mA, and using
CuKa = 1.5406 ° A with a scan step of 0.05° in 26 and a
scan speed of 40/min. The morphology of the prepared
nanoparticles were determined with a scanning electron
microscopy (SEM) using a Shimadzu model ZU SSX-550
Superscan. For SEM measurements, the probe size was
115 nm, the probe current 0.02 nA, and the accelerating
voltage 5.0 keV. The reflectance measurements were
carried out in the 200 to 800 nm wavelength range using a
Perkin Elmer UV/Vis Lambda 20 Spectrophotometer. The
integrating sphere was used for the reflectance
measurement by diffusion and reflection method. The
powders were not suspended in any liquid media and set
in the spectrophotometer by putting the powders into a
black plastic cell. The bottom of the cell was fully
covered with the powder. Photoluminescence
spectroscopy (PL) measurements were done on using a
SPEX 1870, 0.5M Spectrometer, equipped with a 325 He-
Cd laser as the excitation source.

2. RESULTS AND DISCUSSIONS

3.1 Thermal Analysis

Zn0:0.4mol% Cu at 80°C

30s
—5min
15 min
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Fig. 1: Thermogravimetric measurements for Cu-doped
ZnOnanostructures prepared at different reaction times but
at a constant synthesis temperature of 80°C.

Thermo-gravimetric analysis is a technique by which one
can measures the mass loss with respect to the
temperature. The thermal behaviors of the Cu-doped
ZnOnanopowders synthesized at various reactions times
were studied by thermogravimetric analysis (TGA) and
differential thermogravimetric measurements (DTGA).
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From Fig. 1 and 2 of TGA and DTGA curves it is clear
that for Cu-doped ZnOnanopowder synthesized at short
reaction time (30s) showed multy (six)degradation steps,
meaning several organic materials are degrading or
evolving as degree of volatiles. The first step is from 40-
91°C which may be due to the evaporation of ethanol and
acetone. The second and major step of weight loss is from
91-147°C is due to the physically adsorbed water, leaving
ZnO and Zn(OH), behind.Third step is from 147-228°C
there is decomposition of unreacted acetates ions. Fourth
step between 228-304°C shows the degradation of
ammonia. Fifth step which is from 304-366°C may be due
to the relaxation of ZnO skeleton.Sixth step a weight loss
was observed from 366-476°C, indicating the
condensation of adjacent hydroxyls and segregated
hydroxyls on ZnO surface, in that order. The estimated
total weight loss for the sample synthesized at shorter
reaction time is 32.5 wt% and it has lower residues.The
observed weight loss in the temperature range 200 —
476°C mainly due to phase transformation from Zn(OH),
to ZnO[12-13]. The Cu-doped ZnOnanopowders
synthesized at higher reaction times, 5 and 15 minutes
have single step degradationfrom 77-227°C and 90-247°C,
respectively. The observed weight loss is due to solvent
evaporation. The weight loss for Cu-doped
ZnOnanopowders synthesized at reaction times of 5 and
15 min is 9.6 and 7.7 wt%, respectively. It is clear that as
the reaction time of the CBD increases the amount of
organic materials decreases. From the Fig. 1 it is observed
that the final residues increase with an increase in reaction
times. It can be observed that the best reaction time for
preparing ZnOnanopowders using the CBD method is 15
minutes which is highly stable.No further degradation and
thermal effect were observed at temperatures in the range
of 477 — 600 °C indicating that a higher temperature is
required to conclude a sintering process.

30s
— 5min
15 min

Zn0:0.4mol% Cu at 80°C

DTG ( %/°C)

L T lJ L]
100 200 300 400

Temperature (°C)
Fig. 2: Differential Thermogravimetric measurements for

Cu-doped ZnOnanostructures prepared at different reaction
times but at a constant synthesis temperature of 80°C.

The differential curve ofTG at low reaction time (30s)
shows the changes in weight at 88, 105, 178, 250, 330 and
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400°C, respectively. For the Cu-doped ZnOnanopowders
synthesized at reaction times of 5 and 15 min the changes
in degradation were observed at 170 and 180°C,
respectively. Further heating of the residue to 600°C did
not bring any change in degradation indicating a complete
conversion of sample synthesized at reaction time of 30s
to a stable phase of ZnO. The zinc atom in sample
synthesized at reaction time of 30s is coordinatively
saturated by oxygen atoms of acetate and OH ligands,
thus eliminating the need of extraneous oxygen to
decompose sample synthesized at reaction time of 30s
into ZnO.
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Fig. 3: XRD patterns for Cu-doped ZnO nanostructures
prepared at different reaction times but at a constant
synthesis temperature of 80°C.

Figure.3 shows the powder X-ray diffraction patterns of
Cu-doped ZnO nanostructures synthesized at various
reaction times. The as-synthesized samples at low
reaction time (30s) exhibited diffraction peaks
corresponding to Zn(OH), (*)according to the available
powder diffraction JCPDS data of 38-0356 and 3-1464
files, respectively.Terek et al. was able to observe the
same behavior of Zn(OH), peaks for the as-synthesized
ZnO[14]. It was very interesting to note that those
Zn(OH), peaks diminishes with an increase in annealing
temperature [14].From Fig.3 it is clear that by increasing
the reaction time the structure of Zn(OH), changed to the
hexagonal wurtzite structure of ZnOwhich can be indexed
to a standard spectrum of JCPDS (No. 36-1451) with the
lattice parameters of a= 3.24982 and ¢ =5.20661A.This
behavior of Zn(OH), disappearing as the reaction time
increases is even observed in TGA analysis. The
estimated average lattice parameters using all XRD peaks
are a= 3.24316 and c=5.1986 A for sample synthesized at
reaction time of 5 min and for 15 min are a= 3.25362 and
¢ =5.20997A. The estimated lattice parameters increase
with an increase in reaction time. An increase in lattice
parameters confirms that Cu ions are substituted in the Zn
sub-lattice  generating tensile strain.The average
crystallitesizes for the Cu-doped ZnO nanostructures
synthesized at various reaction times were estimated
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using Scherrer’s equation [15]. The estimated average
crystallite sizes calculated using the XRD spectra were
found to be42 + 1 and 50 = 1 nm for samples synthesized
at 5 and 15 minutes respectively. It was observed that the
estimated average grain sizes increases with an increase in
reaction time.The increase in estimated average crystallite
sizes is due to the migration of grain boundaries occurs,
causing the coalescence of small grains and formation of
large grains.

Cu-doped ZnO nanostructures synthesized at reaction
times of 5 and 15 min shows diffraction peaks associated
with the single phase wurtzite structure of ZnO, although
XRD spectrum shows secondary phases assigned to
Zn(OH),. There were no secondary phases due to Cu.
This behaviour is due to the XRD peaks shifting toward
lower angle as the reaction time increases as shown in
Fig. 4. Theshifting is associated to an increase in lattice
parameters with an increase in reaction time. This is
because of the larger ionic radii of Cu’ (0.96A) as
compared to that of Zn>* (0.76A). The shifting of XRD
peaks to lower angle indicates that Cu" is the main dopant
in doped ZnO nanostructures. Because the diameter of
Cu" is larger than that of Zn?*[16],the doping of Cu" in
ZnO crystal made the XRD peaks shift to lower
angle.Lastly in Fig. 4, the diffraction intensities increase
with an increase in reaction time,this indicates an increase
in the crystallite size.
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Fig. 4: XRD patterns at (103) Cu-doped ZnO nanostructures
prepared at different reaction times but at a constant
synthesis temperature of 80°C.

The lattice strain of the synthesized Cu-doped ZnO

powders at various reaction times was estimated by a

Willamson-Hall plot using the formula[17-18]
KA

LCos(0) = 7 + &Sin(0) )]

where/ is the X-ray wavelength in nanometer (nm), £ is

the width of the diffraction peak profile at half maximum

height resulting from small crystallite size in radian, L is
the crystallite size and X is a constant related to crystallite
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shape, normally taken as 0.9. The 0 can be in degrees or
radians, since the cosf corresponds to the same number
and ¢ is the lattice strain of the Cu-doped ZnO.A model of
the Williamson-Hall plot is shown in Fig. 5. The Scosf
value was plotted against sinf. The 6 and S values were
taken from the corresponding peaks of X-ray diffraction
lines. The strain is equivalent to the slope of the linear fit
drawn to the plotted values. The estimated lattice strain
are 0366 +0.117 and 0.376 +0.086 for Cu-doped
ZnOnanostructures synthesized at various reaction time of
5 and 15 min, respectively. The strain of the
nanostructures increases with the increase in reaction
time. This firstly may be attributed to the shifting of the
diffraction peaks to lower angles and secondly due to the
crystallite size that is increasing with the reaction time.

0.0045
® Zn0:0.4% Cu for 15 min
Linear Fit of Data1_B
0.0040 4
&= 0,376 £ 0.080
0.0035
B. 0.0030 4
0.0025-
0.0020 [ ]
0004 0005 0008 0007 0008 0009 0.010

sine
Fig. 5: Williamson-Hall plot showing the linear fit obtained
from FWHM for Cu-doped ZnO nanostructures prepared
for 15 min but at a constant synthesis temperature of 80°C.
The strain was estimated from the slope.

The SEM images of the as-prepared precursors under
various reaction times in the CBD process are given in
Fig. 6. It can be noticed from figure that the reaction time
is an important factor to control the morphology of Cu-
doped ZnO structure. At low reaction time (30s) the
morphology of sample is irregular and agglomerated as
shown in Fig. 6(a). As reaction time is increased to 5 min
small irregular particles start to grow into flower-like
aggregate in Fig. 6(b). With further increasing the
reaction time to 15 minthe morphology is complete
changed to theflower-like structure as shown in Fig.
6(c).It is clear that the irregular particles changed to the
flower-like structures with an increase in reaction time.
The flower-like Cu-doped ZnOnanostructures are clearly
consists of cones and they are distributed homogeneous.
The morphological data indicate that the structure
formation depend of the reaction time.Koao et al. showed
that by varying reaction time of the bath there was no
effect on morphology [7]. This was due to the use of high
zinc acetate molar concentration. Following their paths
and reducing the amount of zinc acetate there was a
change in morphology.Other researchers showed that by
varying the reaction time the needle-like hexagonal rods
changed to the flower-like structure [9]. Other group
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showed that the crystallites tend to agglomerate as the
reaction time increases as shown by SEM [8].Shi et al
showed that when the reaction time is about 5 min, a
number of nuclei with 60 nm diameters were obtained and
dispersed uniformly [19]. Increasing the reaction time the
nuclei changed to the flower-like ZnO. Further increasing
the reaction time 24 hours makes the diameters of petals
more uniform and the flower-like ZnO more defined in
the function of the Ostwald ripening mechanism[19].
Polsonkram et al noticed that the shape of the
ZnOnanorods are hexagonal and are independent of the
deposition time [20]. The nanorod size increases and the
density decreases when increasing the deposition time due
to the “Ostwald ripening” [20]. The high reaction time of
15 min is therefore sufficient for the synthesis of Cu-
doped ZnO nanostructures by CBD.Based on
experimental results, it is supposed that ZnO flower-like
structures composed of cones. ZnO nanostructures were
formed by the following chemical reaction:

Zn(CH;COO),+ 2(NH,)OH —> Zn(OH),+ 2CH;COONH,
@
3)

Zn(OH), —ZnO +H,0

Fig. 6: SEM images for Cu-doped ZnO nanostructures
prepared at different reaction times but at a constant
synthesis temperature of 80°C.

At the early stage of reaction, ZnO nucleates
spontaneously from the solution of Zn(OH), to
multinuclei aggregates. With the reaction proceeding,
these multinuclei aggregates can serve to form flower-like
ZnO nanostructures under synthesis temperature of 80°C
conditions.

3.2 Optical Properties

3.2.1 Absorption Band

The measurements of diffused reflectance spectrum were
preferred over absorption spectra to avoid light scattering
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effect expected in sample with high aspect ratio of
nanostructures. The effect of reaction time on the UV-vis
reflectance spectraof the Cu-doped ZnO nanostructures is
shown in Fig. 7. Firstly, the Cu-doped ZnO samples show
a shift of the absorption edges to higher wavelength with
an increase in the reaction time. Secondly, At low
reaction time (30s) the absorption edges are not uniform,
have many absorption band which are due to Zn(OH), as
confirmed by TGA and XRD analysis. By further
increasing reaction time of the bath the absorption edges
become homogeneous with single absorption band of
ZnO below 400 nm. The absorption edges below 400 nm
are corresponding to the intrinsic band gap of ZnO which
is related to electron transitions from the valence band to
conduction band. Thirdly the reflectance intensity
decrease with an increase in reaction.
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Fig. 7: The reflectance curve for Cu-doped ZnO

nanostructures prepared at different reaction times but at a
constant synthesis temperature of 80°C.

The band gaps of the Cu-doped ZnO samples were
estimated using the Kubelka-Munk remission function
[21],

g=0-R’
2R

@

Where K is reflectance transformed according to
KubelkaMunk, R is reflectancy (%), hv is the photon
energy. In Fig. 8 the energy band gaps were measured
with the help of reflectance spectra plotting graphs of
(K*hv)" versus f(hv) [22].E, is the band gap and n=2 for
direct transitions. It can be seen clearly that the band gap
energy of the Cu-doped ZnO nanostructures decreases
slightly with an increase in the reaction time of the bath.
The effect of reaction time is shown in Fig. 8. The
estimated band gap energy for the sample synthesized at
reaction time of 30s is4.79 £ 0.05, for the Cu-doped ZnO
were 3.22 + 0.01 and 3.21 £ 0.01 ¢V 5 min and 15min,
respectively. All the estimated band gap energies were
below the theoretical band gap value of 3.37 eV. Firstly,
the red shift of the absorption edges and the reduction of
band-gap energy should be due to quantum-size effects.
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This may be due to an increase in crystallite size as
confirmed by XRD analyses [23]. It is known that as the
crystallite size increases, the electronic states are not
discrete and results in reducing of the band gap and
decreases the oscillator strength[24].Secondly, may be
due to the change in morphology as confirmed by SEM
analyses.
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Fig. 8: Plot to determine the band gap energy for Cu-doped
ZnO nanostructures prepared at different reaction times but
at a constant synthesis temperature of 80°C.

3.3 Photoluminescence Properties

The thermal stability, structural and morphological
changes have considerable influence on PL analysis. In
order to verify this, the PL analysis was done on Cu-
doped samples. Room temperature PL spectrum of
prepared samples has been obtained using He-Cd laser
having a lasing wavelength of 325 nm as an excitation
source. Fig. 9 depicts the PL spectra of Zn(OH),
nanostructure synthesized at low reaction time of 30s. The
PL spectra of Zn(OH)2 nanostructures shows the resolved
emission peaks at around 364, 414, 480 and 536 nm. It
can be seen from this spectra that the Gaussian curves
fitted the PL curves perfectly. Those emission peaks may
be attributed to the Zn(OH), as confirmed by TGA and
XRD analysis.Peng et al observed yellow emission at
around 580 nm in the as-prepared sample [25]. However,
after annealing treatment, the yellow emission disappears,
and meanwhile a green emission peak at around 490 nm
occurs, which is commonly thought of the transition
related to oxygen vacancy [25]. From Fig. 10 it is
observed that by increasing the reaction time those peaks
disappear at all. One can easily find two PL peaks for Cu-
doped ZnO nanostructures at UV emission around 373 nm
corresponding to the near band edge (NBE) emission[26-
27]. The UV emission can be explained by NBE
transition, namely the free exciton recombination though
an exciton-exciton collision process [28-29]. Other broad
green emission at around 554 nm that is below the
conduction band correspond to the deep level emission
(DLE) in ZnO[30], which is related to the intrinsic defects
such as O-vacancy (Vy), Zn vacancy (Vz,), O interstials
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(O)), Zn interstitial (Zn;) and extrinsic impurities such as
Cu and Li[31].Other researchers suggested that the DLE
green luminescence in ZnO indeed is a superposition of
different PL bands specifically including Zn-vacancy and
O-vacancy related bands [32].

414nm

30s
ZII(OH),
™ 328 nm

Intensity (a.u.)

£

&

400 450 500 550 €00 €50 700 750 800
Ym

Fig. 9: The Gaussian spectra for Cu-doped Zn(OH)2
nanostructures prepared at reaction timeof 30s.

DLE has been studied by many researchers, but no
agreement on its origin has occurred. Other researchers
agreed that the green emission is caused by an ionized
oxygen vacancy on the surface since it results from the
recombination of photo-generated hole with a singly-
ionized oxygen vacancy [33]. The stronger the
luminescence intensity of the green emission, the more
the oxygen vacancies there are [34]. The broad and strong
green emission in Fig. 10 indicates that the Cu-doped
ZnOnanostructures have a lot of oxygen vacancies [34].
However, the best luminescence intensities in visible
region is obtained for Cu-doped ZnO nanostructure
synthesized for reaction time of 5 min and further
increase in a reaction time there is decreased in
luminescence intensities. The increase in luminescence
intensity in visible region may be due to the removal of
Zn(OH), as the reaction time increases as confirmed by
TGA and XRD analysis. It is known that the Zn(OH),
promotes non-radiative recombination.The decrease in
luminesce intensities are perhaps due to thetwo reasons:
Firstly:to the increase in estimated crystallite as the
reaction time increase as confirmed by XRD analysis
[7].In other words, their gradual decrease of PL emission
intensities reveals a significant decrease in the
surface/volume ratio [24]. The PL properties strongly rely
on the type and the density of defects in the ZnO
nanostructures. The defects in ZnO nanostructures can be
trapped and act as recombination centres for charge
carriers. If the density of the defects is low, the defects
will contribute only to the PL emission resulting in an
increase of the luminescence intensity with an increasing
density of defects. However, if the density of defects is
high, the defects will only behave as the recombination
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centres, thus leading to the luminescence intensity
decrease with the increase of defect density. Secondly:
may be due to the dehydration of Zn(OH), during the
formation of ZnO when using the CBD method [35].
Lower PL intensities means less recombination rate of
photo-induced electrons and holes, and hence more photo-
induced carriers could be involved in a nonradiative
recombination, whereas higher PL intensity means that
more photo induced electrons and holes are
recombined.In Fig 10 it is clear that there is shift of
luminescence band from 414 nm to 554 nm. This shift
may be due to the morphology that is changing with an
increase in reaction time as confirmed by SEM analysis.

Zn0:0.4mol% Cu at 80°C 30s
A= 325nm ——5 min
15 min
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Fig. 10: The photoluminescence spectra for Cu-doped ZnO
nanostructures prepared at different reaction times but at a
constant synthesis temperature of 80°C.

In UV absorption (373 nm) it is observed that the
luminescence intensity increases with an increase in
reaction time but there was no shift in luminescence band.
This increase in luminescence intensity of the UV with an
increase in reaction time is due to. The much higher
intensity of the visible peaks compared to that of the UV
absorption is an indication of a high density of defects in
the crystal of ZnO[8]. Koao et al using the high molar
concentration of zinc acetate observed the decrease in
luminescence intensity with an increase in synthesis time
but with only luminescence band at around 606 nm.The
orange band emission was due to the excess oxygen and
zinc. Pholnak et al observed that with an increase
sonification time there was variation in luminescence
intensity only not luminescence band [8]. What is very
interesting with this work it can be noticed from
TGA,DTGA, XRD, SEM,UV and PL that the reaction
time has effect on thermal stability, structure,
morphology, optical and luminescence properties. They
support each other.

4. CONCLUSION

In summary the Cu-doped ZnO nanostructures were
successfully synthesized by CBD method varying the
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reaction times at bath temperature of 80°C. This method
produced a large quantity of Cu-doped ZnO
nanostructures at very low cost. The TGA showed that the
thermal stability was obtained with an increasing reaction
time. The XRD revealed that the average crystallite size
of the as-prepared Cu-doped ZnO increased with an
increasing reaction time. SEM showed that morphology
changed from irregular to the flower-like with increasing
reaction time. UVspectroscopy showed the red shift with
an increase in reaction time. The PL result showed that
the spectra for sample low reaction time the luminescence
band is around 414 nm for Zn(OH), but with an increase
in reaction the Cu-doped ZnO nanostructure shows
luminescence peaks at around 373 nm and 543 nm.
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