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ABSTRACT

Un-doped ZnO-NPs and ZCu,O NPs (x=0.01, 0.02, 0.03, 0.04) were synthesizetgusydrothermal method and
characterized by powder XRD. The effect of conedintr of the precursors, on the structure, grairesand band
gap energy were investigated. The XRD analysis dstraies that the nanoparticles have the hexaganatzite
structure and the particle size decreases witheéasing concentration of copper. From the resule &verage
crystallite sizes of the ZiCuO NPs obtained from the different methods were véfgrdnt, implying that the
inclusion of strain in various forms has an impart&ffect. Investigating the plots, it appears tthe result of the
SSP model and was more accurate than that of ther&r method, as the strain was considered incédeulation
of crystalline size and the data were fitted mooeusately in this methodSSP method wassed to study the
individual contributions of crystallite size andtiae strain on the peak broadening of Cu doped Za@oparticles.
Optical studies indicated that the band gap decedaom 3.38 eV to 3.35 eV upon Cu doping at teaipss
500°C
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INTRODUCTION

Nanotechnology is the study of manipulating matteran atomic and molecular scale. Nanotechnologysdsith
developing materials, devices, or other structupessessing at least one dimension sized from 1 to
100 nanometers. Nanotechnology is the science &fngaor working with things that are so small thia¢y can
only be seen using a small microscope. Nanotechgdld] includes the integration of nanoscale stites into
larger material components and systems, keepingdhtol and construction of new and improved makeat the
nanoscale [2]. Nanotechnology is very diverse, irapgfrom extensions of conventional device phystos
completely new approaches based upon moleculaasstfimbly, from developing new materials with disiens

on the nanoscale to investigating whether we ceectlly control matter on the atomic scale. Nanatedtgy entails
the application of fields of science as diverse swaface science, organic chemistry, molecular
biology, semiconductor physics, micro fabricatiatic. [3]. Nanotechnology may be able to create maew
materials and devices with a vast range of appdioat such as in medicine, electronics, biomatersadd energy
production. On the other hand, nanotechnology saisany of the same issues as any new technologuding
concerns about the toxicity and environmental impaic nonmaterial’s and their potential effects olobgl
economics, as well as speculation about variousasizes. Zinc oxide is a chemical compound with folenznO. It
occurs in nature as the mineral zincite. It ismpartant material for a variety of practical apations. Nanoscience
and nanotechnology involve studying and workindhwatatter on an ultra small scale from sub nanonetseveral
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hundred nanometers . These nanosize materials prayerties that are often significantly differembrh their
counterparts with “ordinary size’[4]. ZnO is a prising material for the realization and future ohatechnology
ZnO can be utilized for electronic and photonicides, as well as for high-frequency applicatior&O is a key
technological material and it is a unique mate#alO a direct band gap semiconductor with the lamlof 3.37eV
[5] that is suitable for short wavelength optoelecic applications and high exciton binding eneofi$0 meV [6] .
The high exciton binding energy of ZnO crystal emsure efficient excitonic emission at room terapee. ZnO
has been proposed to be a more promising UV emititmsphor than GaN because of its larger excitodiry
energy. ZnO is transparent to visible light and barmade highly conductive by doping. ZnO has g loistory of
usage for pigments and protective coatings on sietdle electrical, optoelectronic and photochenpcaperties of
undoped ZnO has resulted in use for solar cells] [fansparent electrode [9-10] and blue/UV ligimitting
devices [11]. ZnO films have low electric resistarand high transparency in the visible range. S$\d@position
techniques have been used to grow ZnO thin filmduding sol-gel process [12], spray pyrolysis [I8pblecular
beam epitaxy (MBE) [14,15], chemical vapor deposit{CVD) [16] and sputtering [17, 18]. In compariswith
other techniques, the solution route method hasathentage of being low cost and low substrate ¢zatpre
deposition. In the present work undoped ZnO anpp@odoped ZnO nanoparticles were synthesized gsilugion
route method, which is robust and reliable to aaritie shape and size of particles without reqgitime expensive
and complex equipments]. By reducing the size d Zmystals to nanoscale dimensions, researchertaganthe
properties via quantum confinement and surfacetsffe

MATERIALS AND METHODS

2.1 Sample Preparation

All chemicals were purchased and used as receiubdwt further purification. Water was distilledite/deionized.
Here copper doped ZnO nanoparticle were made, Eligl) Zinc acetate was mixed with 80 ml of dei@dawvater
and 20ml of ethanol and the mixed solution wasestifor 5 mins. Secondly (0.01M) Cupric nitrate waiged with
80 ml of deionized water and 20ml of ethanol.Mix@dabove solutions( named as solution A) .Ammaukution
was prepared by adding 44 ml of ammonia in 100 hdeonized water (named as solution B). Then amaon
solution was added dropwise into solution A. Thiéidahsolution was blue in color. Ph value incredseith the
addition of ammonia solution and added into it luhtbecomes clear solution.NaOH solution was adidédl it (i.e
4.4 gm in 100 ml of deionized water) until the cdete precipitation occured. The container of thiitsan was
placed in a water bath, and the temperature was&ep0°C for 1h. Filtered precipitates were dried in own
500°C constant temperature. Dry sample was ground fant.

2.2 Preparation of Cu doped ZnO thin films using Sim Coater

The deposition of doped zinc oxide by spin coatiachnique has seen increased research activity theepast
several years as the need for high quality zindexhin films has increased. Spin coating is usedhe application
of thin films. A typical process involves deposgia small puddle of a Fluid resin onto the cenfex substrate and
then spinning the substrate at high speed (typi@ibund 3000 rpm).After preparing ZnO colloidalusion, thin
films were deposited. We used 75 x 25mm square duehitz slides of thickness 1.35mm as the substPater to
processing, each quartz slides was washed sedueitiacetone and distilled water. The quartz edidvere then
dried. This ensures that there is no contaminationthe quartz surface that could potentially irgesf with
deposition of ZnO thin films. The substrate is secproperly on to the spin coater, and with the aficyringe,
small amount of colloidal solution carefully disped on to the substrate. The spin coater is imrtegdispun at the
rate of 3000rpm for 30 secs.

RESULTS AND DISCUSSION

3.1 XRD analysis

The XRD patterns of the prepared sample are showhigure 1. It was clearly seen that the FWHM o th
reflection peaks decreased after adding the dopatitins, indicating growth of the crystalline oradiges in the
crystal strains. There was also a negligible shifieaks, and their FWHM obviously decreagadthe samples that
were doped with different concentration of Cu corepato the un-doped ZnO-NPs. This shift also cpoads to
the strain of the compound and replacement of soime cations with Cu in each compound. By repladghgwith
Zinc in the lattice, the strain changed as showtihénpeak shift. The crystallite sizes of the sgsthed powders are
estimated from X-ray lines broadening using Scheeguation
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D= 0944
LCosd

, wherep is full width at half maximum (FWHMY is diffraction angle, and is wavelength of -rays

[19] .The evaluated bond length ( L) and latticeapaeters (a, and c are given in Table 1) of ZnQ@ gy decreas
with increasing dopant concentrat of Ag (by keeping Co = 5.0 mol %). To see the dffgfadoping on Z-O bond
length, bond length has been calculated usingaft@afing formula [20].
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Figure 1 : The XRD pattern of UndopedZnO -NPs and Cu doped ZnO-NPs heated at 50°C
(a) Pure ZnO- NPs, (b) Cyp, -doped Znt- NPs, (c) Cuyyg,- doped ZnO- NPs, (d) Gyjy3 -doped ZnO NPs, (e) C oy4-doped ZnO NPs

wherea andc are the lattice parameters &

aZ

Uzg + 0.25

(1)

2

Table 1: Bond Length (L),Particle Size (D) and latte parameters LP (a and c) of undoped and doped Zhnanoparticles

Ag(mol%) Concentration L(nm) D(nm) a2 LP(nm) c
Undoped 1.977083 51.99 3.25 5.2
0.01 1.97835; | 59.8( | 3.251 | 5.2080:
0.02 1.881130] 24.14 3.2516 5.202b6
0.03 1.977083] 24.59 3.25 5.2
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3.2 Crystalline Size and Strain

3.2.1 Scherrer Method

XRD can be utilized to evaluate peak broadenindh witystallite size and lattice strain due to dialimn. The
crystalline size of the un-doped ZnO and Cu-dope® #ith different concentration were determinedtoy X-ray

line broadening method using the Scherrer equation (KA/ 5, COJ) , where D is the crystalline size in
nanometers, k is a constant equal to 0@§,is the peak width at half= maximum intensity, aflds the peak

position. Here XRD was done by the X-Ray diffrantiof the powder samples were performed using the
diffractometer. X-Ray diffraction patterns wereaeted with diffractometer using Cu Kal(= 1542A°) with an

accelerating voltage of 40 KV. Data were collectéth a counting rate of %min. Scherrer formula is given as by
which we calculate the size of particle.

kA
D= —— (3)
B, cosd
cosd = ﬁ(%} 4)
D D

3.2.2 Size- Strain Plot Method

In case of isotropic line broadening a better eatidun of the size-strain parameter can be obtaiyedonsidering
an average “size-strain plot”’(ssp), which has tiheaatage that less weight is given to data frorecdbns at high
angles, where the precision is usually lower. Ia #pproximation, it is assumed that the “crystaltize” profile is
described by a lorentzian function and the “stmaifile” by a Gaussian functions [21], accordingle have

K
(dyyg B COSE)? = D (d fm B COS@)+ (€12)? 5)

Where K is the constant that depends on the sHape particles: for spherical particles it is givas ¥%. In Figure 2,
the term(d,,, By, COSP)? is plotted with respect t§d >, B,,, COSO) for the all orientation peaks of ZnO-NPs

and Cu ;o4 doped ZnO with the wurtzite hexagonal phase frofh 220° to 26 =60°. In this case the

particle size is determined from the slope of ithedrly fitted data and the root of the y- intericgjves the strain.
According to Hook’s law, a linear proportionalitgtiveen the stress and strain as givea asYe , whereo is the
stress of the crystal and Y is the modulus oftiliég or Young’s modulus, for a significantly srhatrain. This
equation deviates from this linear approximatiothvimcreasing strain. For a hexagonal crystal, Ypgimodulus is
given by the following relation [22].

2
[h2 + (h+32k) + (acl) 2]2
Y= 9

su(h?+ O 2Dy2 0 (Byrs (25, 4 5,)(n7 + (7 202

Where $;, Sis, S5, S are the elastic compliances of ZnO with valueg.868 x 10, -2.206 x 102 6.940 x 10?,
23.57 x 10?m? N, respectively [23]. Young’s modulus for the Ag @opZnO-NPs was calculated. For an elastic
system that follows Hooke’s law, the energy densitienergy per unit) can be calculated from= (£2Y};,)/2 .
The results obtained from the Scherrer method &SP models are summarized in Table 2.

21
Pelagia Research Library



Jitender Kumar et al Adv. Appl. Sci. Res,, 2014, 5(4):18-24

Table 2. Geometric parameters of pure and Cu dopednO at 500°C

Method
Compound | Scherrer Size strain plot(nm)
D(nm) | D(nm) | €x10” | Yx10° | ¢X10° | ux1C®
ZnO 51.98 | 241.93| 10.00 | 144.09| 144.09| 72.04

Clp.0:1ZN g0 59.80 250 7.5 144.09 | 108.06 | 40.52
Clo.02ZN0.90 24.14 150 125 | 144.09| 180.11| 112.57
Clo03ZNnog70 24.59 107.14| 17.5 | 144.09| 252.15| 220.63
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Figure 2: The SSP plot of Cu— doped ZnO NPs heated SOOOC (@) Cu o, doped ZnO NPs (b) Cugyg,doped ZnO NPs (c) Cuynzdoped

ZnO NPs (d) Cu gy, doped ZnO NPs. The particle size is achieved fronh¢ slop of the linear fitted data

OPTICAL ANALYSIS

Diffuse reflectance spectra were recorded to egtirtiee optical band gap of the pure and copperdlepe oxide
with different concentrations (ZrCuO, where (x = 0.01 to 0.03). Diffused reflectanpecroscopy (DRS) on
powders or pallets is roughly analogous to transimismeasurements on thin films. Figure 3 showsptbefor the
percentage of reflection as a function of band gagrgy (U ) of the nanoparticles synthesized via hydrothermal
method. The optical band gaps of pure and doped akide are estimated from the plots of reflectaveeses
energy. The band gap estimated for pure zinc 0Ri88 eV that is slightly higher than the bulk zimxide (3.37
eV). The diffused reflectance spectra of Cu doped axide (Zn.,CuO), where (x = 0.01 to 0.03) shows that, as
the concentrations of copper increases (x = 0.00L@8), the band gaps also decreases. The bandagas were
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deduced from the intersection of the two lineaiaeg Table 3.Diffused spectra indicate that thedGping causes
little structural disorder in zinc oxide lattice.
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Figure 3: DRS of ZnO nanopatrticles synthesized atarious concentration of Copper doped ZnO (0.01M).02 M, 0.03 M, and 0.04 M) at
60°C for 1 hour

Table 3: Variations of band gap with increase in cocentration of Cu doped ZnO heated at 50T

Compound Band gap (eV)
Zn0O 3.39
CU g1 ZNy o0 3.38
Cu 002 Zno.gao 3.37
CU 32Ny 6,0 3.35
CONCLUSION

Un-doped ZnO-NPs and ZiCuO NPs (X= 0.01M, 0.02M, 0.03M) were synthesized byngshydrothermal
method and characterized by powder XRD. The efiéconcentration of the precursors, temperaturetand of
growth on the structure, grain size and band gapggnwere investigated. The XRD analysis demoresrtitat the
nanoparticles have the hexagonal wurtzite strucame the particle size decreases with growth teatpes with
increasing concentration of the copper. Fromrdwllts, the average crystallite sizes of the,ZoO NPs
obtained from the different methods were very défg, implying that the inclusion of strain in v@us forms has an
important effect. Investigating the plots, it aprsetihat the result of the SSP model was more atethan that of
the Scherrer method, as the strain was considartkicalculation of crystalline size and the degse fitted more
accurately in this method.
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