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Abstract ZngosCug 04O nanoparticles were synthesized
by co-precipitation method using different solvents like
ethanol, water and mixer of ethanol and water in 50:50
ratios. Crystalline phases and optical studies of the nano-
particles were studied by X-ray diffraction (XRD) and UV-
visible photo-spectrometer. The XRD showed that the
prepared nanoparticles have different microstructure with-
out changing a hexagonal wurtzite structure. The calcu-
lated average crystalline size was high for ethanol
(27.3 nm) due to the presence of more defects and low for
water (26 nm) due to the reduction of defects and vacan-
cies. The energy dispersive X-ray analyses confirmed the
presence of Cu in ZnO system and the weight percentage is
nearly equal to their nominal stoichiometry within the
experimental error. The presence of lower Zn and Cu
percentage in the sample prepared using ethanol than other
solvents was due low reaction rate which was confirmed by
XRD spectra. Water solvent has relatively stronger trans-
mittance in the visible region which leads to the industrial
applications especially in opto-electronic devices. The
average crystalline size is slowly decreased from 27.3 nm
(ethanol) to 26 nm (water) whereas energy gap is steadily
increased from 3.56 eV (ethanol) to 3.655 eV (water) when
water concentration is increased from 0 to 100 % in etha-
nol. Existence of functional groups and bonding were
analyzed by FTIR spectra. The observed blue shift of UV
emission from ethanol (349 nm) to water (340 nm) solu-
tion and the high Iyy/Ig ratio in water solution in photo-
luminescence spectra was due to the decrease of crystalline
size and defects/secondary phases. The intensity of blue—
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green band emission was gradually decreased due to the
reduction of defects and vacancies when water concentra-
tion is increased from 0 to 100 % in ethanol solution,
which was consistent with the XRD observation.

1 Introduction

ZnO is an important II-VI group semiconductor with wide
and direct band gap (3.37 eV) [1] equivalent that of GaN
[2]. Recently, ZnO has received much attention as a
potential candidate material for solar energy conversion,
storage devices, luminescence, electrostatic dissipative
coatings, transparent UV protection films, chemical sen-
sors, spintronic devices [3-5], antibacterial agent, photonic
material [6], gas sensing [7], photo catalysts [8] etc. due to
their unusual electrical, optical, mechanical and magnetic
properties.

Doping of transition metal (TM) is an effective method
to adjust the energy level surface states of ZnO, which can
further improve by changing the doping concentrations and
hence its physical, especially optical properties [9]. The
most commonly used metallic dopants in ZnO based sys-
tems are Al, Co, Cu, Ga, Sn, etc. [10-14]. Among the
different metallic doping elements, Cu is important
because, (1) it is a prominent luminescence activator,
which can modify the luminescence of ZnO crystals by
creating localized impurity levels [15], (2) it has similar
electronic shell structure, physical and chemical properties
to those of Zn [16] and (3) it can change the microstructure
and the optical properties of the ZnO system [12].

Different physical or chemical synthetic methods have
been used to prepare the doped ZnO nanoparticles such as
thermal decomposition, thermolysis [17], chemical vapour
deposition, sol-gel [18], spray pyrolysis, precipitation [19],
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vapour phase oxidation [20], thermal vapour transport,
condensation [21], co-precipitation [22] and hydrothermal
[23]. Among the different methods, the co-precipitation is
one of the most important methods to prepare the nano-
particles. Co-precipitation is the name given by analytical
chemists to a phenomenon whereby the fractional precip-
itation of a specified ion in a solution results in the pre-
cipitation not only of the target ion but also of other ions
existing side by side in the solution.

Recently, Sharma et al. [24] have studied the doping
dependent room temperature ferromagnetism (RTFM) and
structural properties of ZnO:Cu”" nanorods. Cu-doped
ZnO nanoparticles with 40 nm size have been synthesized
by solution combustion method which showed a red shift
and narrowing of band gap [25]. Cu-doped ZnO thin films
annealing under oxygen atmosphere at 973 K for 2 h
showed high UV luminous efficiency and good optical
properties [26]. Recent first-principle calculations using
density functional theory on Cu-doped ZnO showed a half
metallic ground state and high ferromagnetic stability for
Cu concentrations from 3.0 to 12.5 at% [27]. Initial doping
of Cu into ZnO lattice increases the carrier concentration
and the further doping of Cu would be expected to create a
secondary phase (CuO) and thereby decrease the carrier
concentration [28]. Since, Cu related phases like CuO are
observed in primary lattice system at higher concentrations
[29-32], in present investigation Cu doping concentration
is limited to 0.04.

Even though lot of research work had been carried out on
Cu-doped ZnO [29-35], the detailed study of solvent effect
on structural, optical and morphological effect is still scanty.
Solvents can influence reactions in a number of ways. Sol-
vents may be used as a reaction medium to bring reactants
together; as a reactant to react with a solute when it cannot be
dissolved; as a carrier, to deliver chemical compounds in
solutions to their point of use in the required amounts.
Therefore, in present investigation, Zng 96Cug 04O nanopar-
ticles are synthesized by co-precipitation method using dif-
ferent solvents like ethanol, water and in 50:50 ratios. The
effect of solvent on its structural, optical and morphological
properties has been studied and discussed in detail.

2 Experimental procedure
2.1 Preparation of Zng 96Cug 04O nanoparticles

For the synthesis of Zng9sCug 04O nanoparticles, the ana-
Iytical grade (AR), high purity chemicals (Merc, >99 %
purity) such as zinc nitrate hexahydrate (Zn(NO3),-6H,0),
copper (II) nitrate trihydrate (Cu(NOs3),-3H,0) and sodium
hydroxide (NaOH) were used as precursors. Initially,
appropriate amount of zinc nitrate hexahydrate and copper

(IT) nitrate trihydrate were dissolved in ethanol and kept
stirring until get a clear solution. NaOH solution had been
prepared separately by dissolving appropriate amount of
NaOH in 50 ml ethanol. The prepared solution then added
drop wise to the initial ethanol solution under constant
stirring at room temperature and kept stirring for 2 h. The
white and gelatinous precipitates were filtered and then
washed several times to remove the impurities. The final
precipitates were dried using an oven at 80 °C for 2 h. The
dried precipitates were collected and grounded using an
agate mortar. Finally, the synthesized nanoparticles were
annealed at 500 °C in air atmosphere for 2 h followed by
furnace cooling. The same procedure is repeated to the
remaining solvents.

2.2 Characterization techniques

The crystal structure of ZngosCug 04O nanoparticles with
different solvents was determined by powder X-ray dif-
fraction (XRD). XRD patterns were recorded by RigaKuC/
max-2500 diffractometer using Cu Ko radiation
(A = 1.5406 A) at 40 kV and 30 mA from 20 = 10°-80°.
The topological features and composition of Zn, O and Cu
were determined by energy dispersive X-ray spectrometer on
K and L lines. The surface morphology of Zng 9sCug 04O
nanoparticles were studied using a scanning electron
microscope (SEM, JEOLJSM 6390). The UV-visible optical
absorption study was carried out to explore their optical
properties. The spectral absorption was determined using
UV-visible spectrometer (Model: lambda 35, Make: Perkin
Elmer) in the wavelength ranging from 300 to 500 nm at
room temperature. The presence of chemical bonding in
Zng.96Cup 040 samples was studied by FTIR spectrometer
(Model: Perkin Elmer, Make: Spectrum RX I) from 400 to
4,000 cm ™. The sample used for this measurement is in the
form of pellets prepared by mixing the nanoparticles with
KBr at 2 wt%. The photoluminescence (PL) spectra of
Zny 96Cug 040 nanoparticles have been recorded between the
wavelength ranging from 310 to 500 nm under the excitation
of Xenon lamp laser with 315 nm line using a fluorescence
spectrophotometer (F-2500) at room temperature.

3 Results and discussion
3.1 X-ray diffraction (XRD): structural studies

The typical XRD spectra of Zng9sCug 04O nanoparticles
prepared in ethanol, water and in 50:50 ratios are shown in
Fig. 1. The diffraction peaks of XRD spectra of Zng g
Cuy,040 nanoparticles prepared using ethanol as a solvent
clearly shows the polycrystalline nature corresponding to the
diffraction angles 31.61° (100), 34.27° (002), 36.10° (101),
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Fig. 1 Powder XRD pattern of ZngosCugosO nanoparticles for
different solvents like ethanol, water and 50:50 ratios at room
temperature

47.41° (102), 56.48° (110), 62.77° (103), 66.30° (200),
67.85° (112) and 68.99° (201) planes. The standard dif-
fraction peaks show the crystal structure of Zng 9sCug 04O
nanoparticles is hexagonal wurtzite structure and very close
to the standard data of pure ZnO (a = 3.2488 A,
c = 5.2061 A, space group P63mc, 186, JCPDS data card
No. 36-1451) with preferred orientation along (101) plane in
all the samples. This is the most stable phase of ZnO. The
existence of broad peaks indicates that the average crystal-
line size (D) is in the order of nano-meter scale. It is evident
from the XRD spectra that there are no extra peaks corre-
sponding to Cu, oxides of Cu or Cu related secondary and
impurity phases for water and mixture of ethanol and water
in 50:50 ratios, which may be attributed to the incorporation
of Cu®" into Zn?" lattice site. But new phases at 38.73° and
42.33° are observed in XRD spectra of the nanoparticles
prepared using ethanol as a solvent. The new phase at 38.73°
in XRD spectra corresponds to CuO (111) (JCPDS card No.
05-0661). The presence of CuO phase may be due to the
formation of CuO from remaining un-reacted Cu®*" jons
[36]. The peak at 42.33° in the XRD spectra corresponding to
Zn (101) (JCPDS card No. 04-0831) which may be due to the
un-reacted Zn”" ions. The presence of more un-reacted Cu*"
and Zn>" ions in ethanol are due to its low polarity which
reduces the interaction between precursor ions and surfaces
of ZnO. Addition of high polarity water with ethanol reduces
the un-reacted ions present in the solution, which leads to
crystallization without any impurity phases. All the available
reflections of the present XRD phases have been fitted with
Gaussian distribution.

@ Springer

Even though, there is no considerable change in peak
position (20), variation in peak intensities are noticeable
for different solvents. The variation of peak intensity for
different solvents along (101) plane is shown in Fig. 2. The
nanoparticles prepared in the mixture of ethanol and water
shows high peak intensity (5,828 counts), whereas the
particles prepared in ethanol shows low intensity (3,952
counts) and water shows intermediate intensity (5,398
counts). The average crystalline size of the nanoparticles is
calculated after appropriate background correction from
X-ray line broadening of the diffraction peaks of (101)
plane using Debye—Scherrer’s formula [37],

09X
- BcosO (1)

where, A is the wavelength of X-ray used (1.5406 A), B is
the angular peak width at half maximum in radian along
(101) plane and 0 is Bragg’s diffraction angle. The micro-
strain (¢) can be calculated using the formula [38],

Micro-strain (g) = BC:SQ. (2)

The size is minimum for water (26 nm) and maximum for
ethanol (27.3 nm). The change of FWHM, peak intensity and
average crystalline size may be due to the size or micro-strain
or size and micro-strain [25, 39]. Table 1 shows the variation
of FWHM value, average crystalline size (D) and micro-
strain (&) of Zng.o6Cug 04O nanoparticles for different sol-
vents. The average crystalline size is decreased from 27.3 to
26 nm and the micro-strain is increased from 0.7755 x 1073
to 0.8147 x 10 when water content in the ethanol is
increasing from O to 100 %.

The growth of nanocrystallites with controlled shape and
size as well as the organization of them into large 3-dimen-
sional nanostructures is very important. ZnO is expected to
crystallize by hydrolysis of Zn salts in a basic solution that
can be formed using a strong or weak alkali. Zn*" is known to
coordinate in tetrahedral complexes. Depending on the given

Average crystalline size (D)
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Table 1 The variation of full width at half maximum (FWHM, )
value, average crystalline size (D) and micro-strain (&) of Zng 96Cug 04O
nanoparticles for different solvents

Solvent FWHM, B Average Micro-strain,
(degrees) crystalline I (1073)
size, D (nm)
Ethanol 0.306 27.3 0.7755
Ethanol + water 0.3097 27.0 0.7852
(50:50)
Water 0.3214 26.0 0.8147

pH and temperature [40], Zn>" is able to exist in a series of
intermediates and ZnO can be formed by the dehydration of
these intermediates. Chemical reactions in aqueous systems
are usually considered to be in a reversible equilibrium and
the driving force is the minimization of the free energy of the
entire reaction system, which is the intrinsic nature of wet
chemical methods [41]. When ZnO nucleus is newly formed
owing to the high energy of the polar surfaces, the incoming
precursor molecules tend to favorably adsorb on the polar
surfaces. However, after adsorption of precursor molecules,
the polar surface transforms into another polar surface with
inverted polarity. For instance, Zn”>" terminated surface
changes into an 0%~ terminated surface, or vice versa. Such a
process is repeated over time, leading to a fast growth. Fur-
thermore, it has been suggested that Nat which deliver from
base NaOH is attracted by the OH™ and forms a virtual
capping layer, thus, inhibiting the growth [42]. The detail
reactions involved in the formation of ZnO [43] are,

Zn(NOj3),+2NaOH «+ Zn(OH),+2NaNOj3 (hydration)
(3)
Zn(OH), < ZnO + H,0 (dehydration, ZnO formation).
(4)

The product is not necessarily Zn(OH), but could also
be in the form of Zn(OH)", Zn(OH)5 or Zn(OH);~
depending on the parameters, such as the concentration of
Zn*" and the pH value (OH7). All of these intermediate
forms are actually in equilibrium, with the major forms
being different under different reaction conditions [44].
Similar hydrolysis and dehydration process are involved in
Cu simultaneously.

The growth of polar inorganic materials is sensitive to
the reaction solvents and their morphologies. It could be
tuned and controlled by the crystal-solvent interfacial
interactions [45]. Relative growth rates can be readily
tuned by varying the polarity of the solvents. Highly polar
solvent molecules have stronger interactions with the polar
surfaces of ZnO and settling down onto the polar surfaces
by adsorbing from precursor molecules. Thus, solvents can
be used as a reaction medium to bring reactants together

and as a carrier. Lower solubility of pure ethanol leads to
the presence of the less amount of (OH)f1 which causes the
reaction to precede much more slowly and hence the initial
nucleus gets sufficient time to grow. Due to the slowness of
the reactions the formation of nucleation centers also
decreases. The production rate of Zn(OH), and Zn(OH);~
units as well as the ZnO species is quite low. The slower
growth rate causes the formation of large sized single
crystals and induces the secondary phase formation and
impurities which is reflected in the XRD spectra. In the
ethanol-water system the presence of ethanol in equal
amounts may reduce the reaction rate. The solubility of
water is high. In the presence of the excess NaOH, the Zn-
salt reacts vigorously to produce Zn(OH), and. Zn(OH); ™.
These units decomposed to yield ZnO species, which
agglomerated to form the nucleation center. The rapid
formation of the ZnO species resulted in the faster growth
of the ZnO nanostructures. Due to the rapid growth rate the
probability of formation of the defect centers such as Zn
interstitials, oxygen vacancy sites decreases.

Table 2 shows the peak position (20), d-value, cell
parameters ‘a’ and ‘c’, c/a ratio, stress (o), bond length and
volume of Zng9sCug o4O nanoparticles for different sol-
vents like ethanol, water and in 50:50 ratios. The small
increase in cell parameters of Zng 96Cug 04O nanoparticles
compare to un-doped ZnO is due to the substitution of Cu
in ZnO lattice [30, 46]. Bond length and volume of the
Zng 96Cug o4O nanoparticles are calculated from cell
parameters by using Eqgs. (3) and (4) and tabulated in
Table 2. The Zn—O bond length has been calculated using
the relationship [47],

Bond length (1) = <a3_2 + (% _ u) 202> (5)

where, u = a%/3c® + 0.25 is the potential parameter of the
hexagonal structure. The volume of unit cell of hexagonal
system has been calculated from the equation [48],

Volume (V) = 0.866 x a* x c. (6)
The stress (o) in the ZnO plans can be determined using
the following expression [49],

o = —233 x 10°((Cpuix — C)/Chuik) (7)

where, C is the lattice constant of ZnO plans calculated
from XRD data, Cy,y is the strain-free lattice parameter of
ZnO (5.2061 nm). The ZngosCugp 04O nanoparticles pre-
pared in ethanol shows maximum stress, —1.5942 GPa and
minimum stress (—0.9963 GPa) is observed at mixture of
ethanol and water. The negative sign of stress indicates that
the stress is tensile and the unit cells are under the state of
compression. Normally, the total stress is originates from
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Table 2 The variation of peak position (260), d-value, cell parameters ‘a’ and c, c/a ratio, stress (o), bond length (/) and volume (V) of

Zn 96Cug 040 nanoparticles for different solvents

Solvent Peak position, d-value (/Q\) Cell parameters (10\) c/a ratio Stress, B01°)d length, Vollo;me,
20 (degrees) o (GPa) 1(A) vV (A
a=b c
Ethanol 36.02 2.6209 3.2721 5.2417 1.602 —1.5942 1.9913 48.6022
Ethanol + water (50:50) 36.10 2.6142 3.2660 5.2284 1.601 —0.9963 1.9871 48.2951
Water 36.07 2.6171 3.2688 5.2342 1.601 —1.2594 1.9890 48.4326

intrinsic and extrinsic stress. The intrinsic stress is associ-
ated with defects and impurities while the external stress is
related to the lattice mismatch and thermal expansion.
Wang et al. [50] noted that the growth along c-axis is
retarded in the ethanol and Yan et al. [51] also proposed
that the growth along c-axis suppressed in ethanol due to
lagging of oxygen or hydroxyl OH™ ions in ethanol.
Therefore, the higher tensile stress exhibited at ethanol
may due to lattice mismatch or defects created along
c-axis. The increase of crystalline size leads to more
defects inside the lattice.

There is no considerable change in d-value, cell parame-
ters, bond length, volume and peak position of the
Zng 96Cug 040 nanoparticles prepared using water and mixer
of water and ethanol. The observed larger d-value, cell
parameters, bond length and volume of Zng 96Cug 04O nano-
particles prepared in ethanol (Table 2) is due to the presence
of more defects compared to other solvents as discussed
earlier. The observed constant c/a ratio revealing that there is
no change in hexagonal wurtzite structure by solvents.

3.2 Scanning electron microscope (SEM) and energy
dispersive X-ray (EDX) spectra

SEM is one of the promising techniques to study the surface
morphology of the samples and it gives the important
information regarding the growth mechanism, shape and size
of the particles. The surface morphology of Zng 9Cug 04O
nanoparticles prepared at different solvents like ethanol,
water and mixture of ethanol and water are shown in Fig. 3a,
b, ¢, respectively. All the SEM micrographs clearly show that
the average size of nanoparticles is in the order of nanometer.
Figure 3a shows the synthesized nanoparticles using ethanol
solvent are homogeneous and uniformly distributed
throughout the structure. It has mixture of hexagon-like and
spheroid-like particle structure in which hexagon-like
structure is dominated with grain size around 15-40 nm. The
mixture of spheroid-like, rod-like and the cluster form of
uneven surface morphology are observed in Zng 9sCug 04O
nanoparticles prepared using water as in Fig. 3b. It is
observed from Fig. 3b that the size of the particle get reduced
and the particles are agglomerated each other with grain size
around 10-30 nm. Figure 3c shows the well agglomerated
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and uniform spheroid-like particle structure around
10-38 nm. The existence of more defects greatly de-gener-
ates the particles size and shape which will make the greater
particle size in ethanol than the other solvents. A good cor-
relation is found to exist between mathematical calculations
from XRD and SEM studies.

Chemical purity and stoichiometry of the samples were
tested by EDX spectra. The typical EDX spectra of
Zn 96Cug 040 nanoparticles prepared in ethanol, water and
in 50:50 ratios are as shown in Fig. 4. The quantitative
atomic and weight percentage of the compositional elements
such as Zn, Cu and O present in Zng 9sCug 04O nanoparticles
under different solvents are given in Table 3. The EDX
analysis confirms the presence of Cu in ZnO and purity of
system. It is observed from Fig. 4 that the weight percentage
of Cu/Zn ratio is derived to be 4.56, 4.26 and 4.52 %,
whereas atomic percentage is derived to be 4.54, 4.45 and
4.69 % for ethanol, water and 50:50 ratios, respectively. The
calculated weight and atomic percentage are nearly equal to
their nominal stoichiometry within the experimental error.
The presence of lower Zn and Cu percentage in the sample
prepared using ethanol than other solvents is due low reac-
tion rate which is confirmed by XRD spectra.

3.3 UV-visible: optical studies

The UV-visible optical absorption spectra of Zng9sCug 040
nanoparticles prepared in various solutions like ethanol,
water and in 50:50 ratios have been taken out at room tem-
perature using UV—visible spectrometer (Model: Lambda 35,
Make: Perkin Elmer) from 300 to 500 nm and are shown in
Fig. 5. The insert of Fig. 5 shows the clear picture of the
absorption changes from 300 to 370 nm. ZnggsCug o4O
nanoparticles prepared using ethanol show high absorption
than other solvents and Zng 96Cug 04O nanoparticles prepared
using water and mixture of ethanol and water in 50:50 ratios
have more or less same absorption. The higher absorption in
ethanol than other solvents may due to the presence of sec-
ondary phases/impurities.

The absorption peaks are shifted towards lower wave-
length side from 324 to 318 nm when water concentration
increasing from 0 to 100 % in the ethanol solution. A small
absorption around 413 nm corresponding to CuO is noticed
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Fig. 3 Scanning electron microscope (SEM) images of Zng 96Cug 040
nanoparticles for different solvents a ethanol, b water and ¢ 50:50
ratios at room temperature

for the Zng 9Cug 04O nanoparticles prepared in ethanol sol-
vent, which is supported by XRD spectra. The typical room
temperature transmittance spectra of Zng¢sCug 4O nano-
particles prepared in different solvents like ethanol, water and
in 50:50 ratios are shown in Fig. 6. The insert of Fig. 6 shows
the clear picture of transmittance changes from 300 to

0 5 10 15 20
Energy (KeV)

0 5 10 15 20
Energy (KeV)

Elements

0 5 10 15 20
Energy (KeV)

Fig. 4 Energy dispersive X-ray (EDX) spectra of ZnggsCug04sO
nanoparticles for different solvents a ethanol, b water and ¢ 50:50
ratios at room temperature. The insert shows the quantitative weight
and atomic percentage of the compositional elements

370 nm. The transmission spectra of the ZnggsCug 04O

nanoparticles show just opposite trend of the optical absorp-
tion spectra. Water solvent has a relatively stronger
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Table 3 The quantitative analysis of the compositional elements present in Zng9sCug 04O nanoparticles for different solvents using EDX

analysis
Solvents Percentage of the elements (%)
Weight (%) Cu/Zn Atomic (%) Cu/Zn
ratio (%) ratio (%)
Zn (0] Cu Zn O Cu
Ethanol 65.93 31.06 3.01 4.56 32.81 65.70 1.49 4.54
Ethanol + water (50:50) 67.84 29.09 3.07 4.52 37.96 60.26 1.78 4.69
Water 69.88 27.1 2.98 4.26 39.06 59.22 1.74 4.45
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Fig. 5 UV-visible absorption spectra of Zn,9sCug 04O nanoparticles
for different solvents, ethanol, water and its 50:50 ratios as a function
of wavelength from 300 to 500 nm. The insert shows the high
resolution absorption spectra from 310 to 370 nm

transmittance in the visible region compared to the other two
samples synthesized in ethanol and ethanol-water mixed
solvent. As ZnO is insoluble in water and ethanol, an appre-
ciable amount of light gets scattered by dispersed particles
owing to the higher transmittance in visible region [52]. In the
visible region, the lower transmittance is observed for etha-
nol-water mixed solvent. Interestingly, the role of solvent in
UV region is almost equal. The higher transmittance at water
solution leads the sample to the industrial applications espe-
cially as transparent electrode.

The optical band gap is evaluated using the Tauc rela-
tion [53]:

hv = A(hv — E,)" (8)

where, A as a constant, E, is optical band gap of the
material and the exponent n depends upon the type of
transition. The values of n for direct allowed, indirect
allowed and direct forbidden are 1/2, 2, 3/2. In the present
case, n is taken as 1/2. The energy band gap of the
Zng 96Cug o4O nanoparticles are estimated by plotting
(othv)? versus hv as shown in Fig. 7. The extrapolation of
the straight line to the energy (hv) axis gives the band gap
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Fig. 6 Transmittance spectra of ZngosCugosO nanoparticles for
different solvents, ethanol, water and its 50:50 ratios as a function
of wavelength from 300 to 500 nm. The insert shows the high
resolution absorption spectra from 310 to 370 nm

of the material. The observed energy gap of Zng¢sCug 04O
nanoparticles using ethanol is minimum (3.56 eV) and it is
maximum (3.655 eV) for water, whereas mixer of ethanol and
water in 50:50 ratios has the intermediate value (3.64 eV).
Wang et al. [54] discussed that both compositional and size
effect are responsible for the band gap variation. They also
noticed that the band gap is decreased with the increase of
average crystalline size [54]. In the present work, the average
crystalline size is slowly decreased from 27.3 nm (ethanol) to
26 nm (water) (AD ~ 1.3 nm) whereas energy gap is stea-
dily increased from 3.56 eV (ethanol) to 3.655 eV (water)
when water concentration is increased from 0 to 100 % in
ethanol as explained by Wang et al. [54].

3.4 FTIR studies

The band positions and numbers of absorption peaks are
depending on crystalline structure, chemical composition
and also on morphology [55]. FTIR is a technique used to
obtain information about the chemical bonding in a mate-
rial. It is used to identify the elemental constituents of a
material. The characteristic peaks exhibited by FTIR
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Fig. 7 The (ochv)2 versus hv curves of Zngg6Cug 4O nanoparticles
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Fig. 8 FTIR spectra of Zng¢sCug o4O nanoparticles for different
solvents, ethanol, water and its 50:50 ratios at room temperature

spectra of Zng 9Cug 04O nanoparticles prepared in various
solutions like ethanol, water and in 50:50 ratios are shown
in Fig. 8. The IR frequencies along with the vibrational
assignments of the samples assigned at room temperature
are listed in Table 4.

The main absorption bands at 3,436 and 1,193 cm” lin the
FTIR spectra of ethanol solution attributed to normal poly-
meric O-H stretching vibration of H,O in Cu—Zn-O lattice
[56]. These bands are shifted to 3,433 cm ™" and 1,191 cm™"
for a mixture of ethanol and water in 50:50 ratios;
3,383 cm~! and 1,096 cm™! for water solvent. Another
sharp peak at 1,589 cm ™" in ethanol is attributed to H-O-H
bending vibration, which is assigned to a small amount of
H,0 in the ZnO nanoparticles [25]. It is shifted to higher
wave number side (1,622 cm ™! at mixer of water and etha-
nol; 1,627 cm™ ! at water). The absorption at 2,900 cm ! are
due C—H mode, which is absent in water solution and present
on others. The absorption peak at 2,357 cm ™" is because of
an existence of CO, molecule in air [57].

Table 4 IR peaks and their assignments of Zng9sCug 4O nanopar-
ticles for different solvents

Assignments Wave number (cmfl)
Ethanol Ethanol 4+ water Water
O-H stretching vibration 3,455 3,454 3,444
of Hzo
CN stretching vibration 2,122 2,132 2,132
H-O-H bending vibration 1,624 1,622 1,622
Stretching mode of Zn-O 638 652 660

50% Ethanol + 50% Water

95 Ethanol

o
o
I

Transmittance (%)
(=2
(3]

400 500 600 700 800 900 1000
Wave number (cm-)

Fig. 9 The enlarged FTIR spectra of Zng9sCug 04O nanoparticles in
the wave number range <1,000 cm™! for different solvents, ethanol,
water and its 50:50 ratios at room temperature

The characteristic IR peaks below 1,000 cm™' is very
important to study the presence or absence of Zn—O/Cu-0O/
Zn—O—Cu bonds and the functional groups. The enlarged
spectrum in the wave number range <1,000 cm ™" is shown in
Fig. 9. The medium to weak bands at 667 and 810 cm™' in
ethanol solution are assigned to the vibrational frequency of
Zn—Cu-O local bond and defect states in Zn—Cu—O lattice
[30]. The frequency at 810 cm™" is shifted to 816 cm™" for
mixer of solution and 755 cm™' for water solution. The
change in intensity and FWHM corresponding to the fre-
quency around 816755 cm ™' represents a change in density
of defect states surrounding to Cu®" ions. The Zn—O bond is
assigned to the stretching frequency at 537 cm™' for ethanol
solution which is shifted to lower frequency 534 cm™" for
mixer solution and shifted to higher frequency 550 cm ™" for
water solution. The shift towards higher frequency side is due
to the increase of Zn and Cu content in the system which is
reflected by EDX spectra.

3.5 Photoluminescence (PL) studies

The correlation between structure and property is investi-
gated by PL spectra which originate from the recombination
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of the surface states [58]. The presence of defects such as
electron-hole recombination centres and vacancies are
responsible for optical absorption and emission spectra. The
room temperature PL spectra of Zng 9sCuy 04O nanoparticles
synthesized using pure ethanol, mixer of ethanol and water
and water as a solvent at 315 nm excitation wavelength are
shown in Fig. 10.

It is noticed from Fig. 10 that Zng ¢6Cug 04O nanoparti-
cles prepared by ethanol solution exhibit a strong near band
(NB) ultra-violet (UV) emission centred at 349 nm
(3.56 eV). The UV emission band is shifted to 341 nm
(3.64 eV) by changing the solvent, mixer of water and
ethanol solution; 340 nm (3.65 eV) for water solution.
These results are consistent with the energy gap calculated
from Fig. 7. The strong UV emission is originated from the
excitonic recombination corresponding to the band edge
emission of ZnO [59]. The presence of UV emission at
room temperature demonstrates the high crystal quality of
the Cu—ZnO crystals. The steady increase of intensity and
the broadening of UV emission by the addition of water
concentration in ethanol are due to the change in the crystal
size and quality [60].

Zny.96Cug 040 nanoparticles exhibit a weak defect rela-
ted blue—green band (BGB) emission centred at 478 nm
(2.56 eV). Even though, the intensity and the broadening
are modulated by changing the solvent, there is no change
in the peak intensity position of BGB emission. Generally,
the origin of the green emission is referred to the deep level
or trapped state emission. The BGB emission is associated
with the intrinsic defect centers like oxygen vacancy (Vp),
zinc vacancy (Vz,), zinc interstitial (Zn;) or oxygen inter-
stitial (O;) [61-63]. The BGB emission centred at 478 nm
is also due to a radiative transition of an electron from the
deep donar level of Zn; to an acceptor level of neutral V,
[64]. The dominance of the green emission in the ethanol

I 1
Solvent |[-2Y_"C [y /g
Water x 10# {Counts)

. ] 340nm Ethanol 1.08 | 0.62 | 1.741
— 1.56x10 Mixer : : w T
2 341 nm |E:W (50:50)| 1.19 | 0.61| 1.950
§ 1.2x 104 Water 1.24| 0.63 | 1.968
o
&2 2
> 0.9x10
=
B 06x10* - [Ethanol
Q 349 nm
c
- 0.3x10¢ T T T T T .

350 400 450 500

Wavelength (nm)
Fig. 10 Room-temperature PL spectra of Zng¢sCug 04O nanoparti-
cles for different solvents, ethanol, water and its 50:50 ratios using

315 nm line of Xe laser excitation source. The insert shows Iyv/Ig
ratio for the different solvents

@ Springer

solution indicates that it exhibits a much higher defect
concentration than the other solutions which is consistent
with the XRD observation. The addition of Cu can effec-
tively reduce the defects such as oxygen vacancies and zinc
vacancies in ZnO nanocrystals [65]. The presence of higher
Cu concentration and lower O concentration in water
solution (as observed from EDX spectra) decreases the
defects of O vacancies or O interstitials whereas ethanol
solution has lower Cu concentration which leads to more
defects and vacancies. The insert of Fig. 10 shows the Iyy/
Ig ratio is gradually increased from ethanol to water
solution and is maximum (1.968) for water which indicates
that water solution has minimum defects and vacancies.

4 Conclusions

The following conclusions are drawn from the present
investigation:

®  7ngosCuggsO nanoparticles are successfully synthe-
sized by co-precipitation method using different sol-
vents like ethanol, water and mixer of ethanol and
water in 50:50 ratios.

e The XRD spectra showed that the prepared nanopar-
ticles have different microstructure without changing a
hexagonal wurtzite structure.

e The calculated average crystalline size is high for
ethanol (27.3 nm) due to the presence of more defects
and low for water (26 nm) due to the reduction of
defects and vacancies which was confirmed by scan-
ning electron microscope studies.

e The presence of lower Zn and Cu percentage in ethanol
than other solvents is due low reaction rate which is
confirmed by XRD spectra.

e Water solvent has a relatively stronger transmittance in
the visible region which leads to the industrial appli-
cations especially for the preparation of opto-electronic
devices.

e The average crystalline size is slowly decreased from
27.3 to 26 nm (water) whereas energy gap is steadily
increased from 3.56 eV (ethanol) to 3.655 eV (water)
when water concentration is increased from 0 to 100 %
in ethanol.

e The observed blue shift of UV emission from ethanol
(349 nm) to water (340 nm) solution and the high Iyy/Ig
ratio in water solution in PL spectra is due to the decrease
of crystalline size and defects/secondary phases.

e The intensity of blue—green band emission is gradually
decreased when water concentration is increased from 0
to 100 % in ethanol solution; due to the reduction of
defects and vacancies which is consistent with the XRD
observation.
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