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Abstract—Syntheses of nanostructures (NSs) are becoming the
subject of major interest as they involve simple and inexpensive
processes. In this report, the synthesis of polyvinylpyrollidone (PVP)
capped undoped zinc oxide (ZnO) and copper (Cu) doped zinc oxide
(ZnO) NSs by simple wet chemical method at temperature 60 °C and
the effect of doping on structural and optical properties on the as-
synthesized NSs has been studied. The obtained NSs are
characterized by X-ray diffraction (XRD), energy dispersive analysis
of X-rays (EDAX), high resolution transmission electron microscopy
(HRTEM), UV-vis absorption spectroscopy and photoluminescence
(PL) spectroscopy for their structural and optical properties. The
studies of XRD and HRTEM confirm nanoformation of the as-
synthesized NSs. The EDAX spectra revealed the presence of Zn and
O elements for undoped ZnO (SZO), whereas Zn, Cu and O elements
in Cu doped ZnO (SZOCu) as expected for the as-prepared samples.
UV-vis absorption spectra of the synthesized samples indicate the
presence of blueshift. It was observed that the room temperature PL
spectra of the samples exhibit UV emission peaks along with defects
related emission peaks
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1. INTRODUCTION

Nanostructure materials have attracted immense attention
worldwide due to their exotic properties as compared to their
bulk counterparts [1, 2]. ZnO is an important 11-VI wide-band-
gap (3.3 eV, at 300K) semiconductor material exhibits
interesting properties including high exciton binding energy of
60 meV, strong adsorption ability and low growth
temperature, which makes it a wide variety of interesting
applications in photocatalysts, chemical sensors, piezoelectric
transducers, transparent electrodes [3,4], electroluminescent
devices, ultraviolet laser diodes [5,6], photonic crystals [7],
photodetectors [8], varistors [9] and solar cells [10]. Properties
of ZnO can be tuned by doped with various metal atoms to
suit specific needs and applications. Doping of Cu in ZnO is
important because of its physical and chemical properties that
are similar to those of Zn and can be changed the
microstructure and the optical properties of the ZnO system

[11]. Various processes have been applied to the synthesis of
ZnO NSs, wet chemical method shows many advantages over
other techniques such as its simplicity and low equipment
cost.

The present study report the effect of Cu doped ZnO NSs on
structural and optical properties of ZnO NSs with PVP as
capping agent by simple wet chemical method.

2. EXPERIMENTAL

2.1. Synthesis of undoped ZnO NSs

All materials were purchased from the commercial market and
used without further purification. To synthesize undoped ZnO
(SZO) NSs, 100 ml of 0.1 M solution of Zn(NO3),.6H,0 was
stirred constantly for 30 min at 60 °C (solution A). 3 wt% of
PVP was stirred constantly at 60 °C for 30 min (solution B).
Now NH,OH was slowly added drop by drop into solution A
and stirred at room temperature for 15 min and the pH of the
solution was continuously measured. When the pH of the
solution is 7.5 and a white solution (solution C) of ZnO is
formed and the addition of NH,OH is stopped. The final
mixture (solution B and solution C) is stirred constantly for 1
h at 60°C and allowed to cool down at room temperature till
the white precipitate of ZnO is formed. The whole solution is
allowed to settle overnight in a dark chamber. Finally, the
precipitate is filtrated which is washed with distilled water to
dissolve the impurities and dried at 60 °C in an oven for 12 h
to obtain ZnO nanocrystalline powder [12].

2.2. Synthesis of Cu doped ZnO NSs

For the preparation of Cu doped ZnO NSs, above wet
chemical method has been followed (sample named as SZO),
while 100 ml of CuCl,.2H,0 of 0.0075 M solution was added
in the prepared sample and stirred constantly at 60 °C for 3 hrs
for preparing 7.5 M % Cu doped ZnO NSs at pH = 7.5. The
as-prepared sample named as SZOCu
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2.3. Characterization methods

Powder X-ray diffraction (XRD) pattern of as-prepared NSs
are recorded by Philips X-ray Diffractrometer (X’Pert Pro)
with Cu K,, radiation (4 = 1.5406 A). Scanning electron
microscope (SEM with EDX, JEOL JSM Model 6390 LV) has
been used for compositional analysis of the as-prepared
samples.  Transmission Electron  Microscopy (TEM)
observations are carried out on a JEM 2100 electron
microscope. The optical absorption spectra are recorded by a
UV-vis spectrometer (HITACHI U-3210) and PL spectra were
measured on Fluorescence Spectrometer (HITACHI-2500) at
room temperature.

3. RESULTS AND DISCUSSION

3.1. Structural and compositional studies
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Fig. 1: XRD pattern of undoped and Cu doped ZnO NSs (a)
undoped (SZO) and 7.5M % (SZOCu) and (b) comparison of
(100), (002), and (101) peaks.

The XRD pattern of undoped ZnO (SZO) and 7.5M % Cu
doped ZnO (SZOCu) are recorded in the range of 25°-75° (26)
at a scanning rate of 0.02°/s and 0.5 sec/step are shown in Fig.
1. All the peaks corresponds to (100), (002), (101), (102),
(110), (103), (200), (112), (201) and (004) planes are well
indexed with the Powder Diffraction File (PDF No. 36-1451),
indicating hexagonal wurtzite phase of ZnO with space group
P6s;mc (186) and no other diffraction peaks corresponding to
Cu related secondary and impurity phases except ZnO has
been detected, which revealed that the Cu®* ions have
substituted into the Zn lattice sites without affecting the crystal
structure of ZnO. This may be due to the fact that ionic radius
of Cu?* (0.73 A)is very close to that of Zn** (0.74 A), so Cu
can easily penetrate into ZnO lattice [13]. The crystallite sizes
of SZO and SZOCu are calculated by using the peak
broadening of the peaks in the XRD pattern. This can be done
according to the method of Scherrer [14]. The average

crystallite sizes of the NSs for undoped and Cu doped ZnO are
found to be ~16.50 nm and ~13.64 nm respectively from the
(100), (002) and (101) index planes. The results are shown in
Table 1, it is seen that with Cu doping in ZnO, the peaks are
broadened and shifted to higher diffraction angle (26),
indicating decreasing value of crystallite size.

Table 1: hkl, 26, d- value, FWHM and crystallite sizes.

Sample | il 26 d FWHM C'lrystallite .—lkverage
(degree) (A) (degree) | size (nm) | size (nm)
$70 100 31.78 2.3134 0.5448 15.24 7
(undoped) 002 34.44 2.6019 | 04251 19.53 16.50
101 36.30 24728 | 05675 14.75
\ 100 31.98 2.8377 | 0.6293 13.07
(S(ig;; 002 | 3466 | 2.6204 | 05666 | 1475 13.64
101 36.49 24603 | 0.6414 13.08

The lattice parameters such as the d values (distance between
adjacent planes) are calculated from the Bragg equation (1 =
2dsind), lattice constants (a and c) and unit cell volume V is
calculated from the Lattice Geometry equation [6] given
below

FEY 2 e}

1 4(h2+hk+k2] 2
= — |+

d> 3 a c
3
V= £azc =0.866a’c
2
Table 2: Lattice constants (a, ¢) and unit cell volume (V).
Lattice constants Unit cell
Sample (A) \'ohn_ne ()
a c (A)3
SZ0 2496 | 52 473
(undoped) 3.2496 | 5.2039 47.59
SZ0Cu
3.237 517 46.95
(doped) 8 1718 46.9

It is evident from the Table 2 that there is a variation of lattice
constants as compared with PDF No. 36-1451 [a =
3.24982(9), ¢ = 5.20661(15)] and also Table 1 shows that
there is a slight shifting or splitting of diffraction peaks for
undoped and Cu doped ZnO NSs. This may be attributed to
incorporation of Cu?* ion into the ZnO lattice and also
indicating that there is no major change by Cu doping in the
ZnO crystal lattice. The slight shifting of XRD pattern and the
change in the d-value and lattice parameters with Cu doped in
ZnO nanostructures revealed that Cu has really doped into
ZnO lattice [13].

Journal of Basic and Applied Engineering Research
p-1SSN: 2350-0077; e-ISSN: 2350-0255; Volume 2, Issue 20; October-December, 2015



1742

M.K. Debanath, S.M. Borah and S. Karmakar

Element || Weighto | Atomic%e
[Element|Weight®o| |

0K |15 [a0as
oK |[8585  [59.75

Totals |100.00

$Z0 (Undoped)

—T—T T
0 2 4 ] ] 10 12 14 16 18 20
ull Scale 716 cts Cursor: 0.000

Iumic“o[

=
[|18.3 32.78
lI5.62 10.25

ZnK  |76.00  ||56.97

E']“uh‘ds 1100.00 |

$ZOCu (Cu 7.5M %)

T
0 2
Full Scale 716 cts Cursor: 0.000 ke’

Fig. 2: EDAX spectra of undoped ZnO (SZO) and
7.5M % Cu doped ZnO (SZOCu).

The EDAX analysis depicted in Fig. 2 show presence of only
Zn and O as expected for undoped ZnO, whereas Zn, Cu and
O are found in Cu doped ZnO NSs. No other impurity
elements were present in the samples. It is observed that the
as-prepared undoped ZnO and Cu doped ZnO NSs are non-
stoichiometric. The Cu/Zn weight percentage ratio is found to
be 7.39 % in 7.5 % molar Cu source doped in ZnO, which
revealed that the presence of Cu in the ZnO system and wt %
is nearly equal to their nominal stoichimetry within the
experimental error. Therefore, the EDAX spectrum shows
well agreement with experimental concentration used for Cu
doped ZnO system.

Fig. 3 shows HRTEM images of as-prepared samples SZO
and SZOCu. HRTEM images show aggregation of smaller
ZnO and Cu doped ZnO NSs which are shown in Fig. 3 (a)
and (c). The particle size calculated from HRTEM image
shown in Fig. 3 (b) is found to be ~19.53 nm for SZO,
whereas it is found to be ~ 18.1 nm for SZOCu shown in Fig.
3 (d).

Fig. 3: HRTEM images of undoped ZnO (SZO) and Cu doped
Zn0O (SZOCu) (a) aggregation of smaller SZO NSs, (b) a single
hexagonal SZO nanoparticle, (c) aggregation of smaller SZOCu

NSs and (d) a single quasi-spherical SZOCu nanoparticle.

3.2. Optical studies
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Fig. 4: Absorption spectra of undoped ZnO (SZO) and
7.5M % Cu doped ZnO (SZOCu).

The UV-vis absorption spectra of SZO and SZOCu are shown
in Fig. 4. It is seen that strong peak absorbance wavelengths at
~299.2 nm and ~ 298 nm for undoped and Cu doped ZnO NSs
respectively, which indicate the presence of blueshifts with
decrease in particle sizes with respect to bulk ZnO
(wavelength ~ 376 nm; 3.3eV) and this could be attributed to
the confinement effects [15].
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Fig. 5: Plot to determine direct band gap of undoped
Zn0 (SZO0) and 7.5M % Cu doped ZnO (SZOCu).

The direct band gap of as-prepared samples are estimated from
the graph of hv versus(ahv)® for the absorption coefficient «
which is related to the band gap Eq as (ahv)* = k(hv - =
where Av is the incident light energy and k is a constant. The
extrapolation of the straight line in Fig. 5 to (ahv)? = 0 gives
the value of band gap energy Eg4. The optical band gap (Eg) is
found to be size dependent and there is an increase in the band
gap of the semiconductor with a decrease in particle size. The
optical band gap values obtained for SZO and SZOCu NSs are
~3.799 eV and ~3.805 eV respectively. Such an increase in the
band gap energies are in good agreement with the
corresponding blueshifts seen in the absorption spectra
mentioned above.
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Fig. 6 (a): Room temperature PL spectra of undoped ZnO (SZO)
(The Gaussian peaks marked as green colour at the bottom of the
fitted curve marked with red colour).
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Fig. 6 (b): Room temperature PL spectra of doped ZnO (SZOCu)
(The Gaussian peaks marked as green colour at the bottom of the
fitted curve marked with red colour).

Fig. 6 (a) and (b) show the room temperature PL spectra under
excitation wavelength of 300 nm for samples SZO and SZOCu
which can be fitted by Gaussian peaks. Interestingly, a small
redshift of UV emission peak from ~ 398.4 nm (3.11 eV) to ~
402.4 nm (3.08 eV) as compared to undoped sample SZO and
defect related green peak centered at ~ 536.6 nm (2.31 eV)
which has been shifted from ~ 539.5 nm (2.30 eV) as observed
in SZO. The UV emission peak corresponds to the near-band-
edge (NBE) emission [16]. The shift in NBE emission and a
shift in green band (GB) emission confirmed the substitution
of Cu into Zn-O lattice. The green peak can be attributed to
the oxygen vacancies and intrinsic defects and also due the
impurity levels correspond to the singly ionized oxygen
vacancy in ZnO [17, 18]. The yellow emission peak at ~ 602.2
nm (2.06 eV) is due to oxygen interstitials [19].

4. CONCLUSIONS

The structural and optical properties of undoped and Cu doped
ZnO NSs prepared by wet chemical route has been studied.
The variation of crystallite/particle sizes are determined from
the method of Scherrer and by HRTEM which are all in good
agreement. Decrease in lattice parameters and crystallite size
has been observed for Cu doped sample. The incorporation of
Cu (7.5M % solution of Cu source) into ZnO, the nearly
hexagonal structures of as-prepared NSs have been changed to
quasi-spherical structure and decrease in particle size which is
confirmed by both XRD and TEM analyses. The as-prepared
NSs indicate the presence of blueshift with respect to bulk
ZnO. It is evident from the UV-vis absorption analyses that
smaller particle has larger band gap energy and vice-versa.
The as-prepared samples exhibit UV emissions as well as
defect related emissions. Therefore, the NSs may have wide
applications in different optoelectronic devices.
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