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Abstract

Well-crystalline ZnO nanoparticles (NPs) were synthesized in large-quantity via sol-gel process using the mixtures of zinc ac-
etate and citric acid. The detailed structural properties were examined using x-ray diffraction pattern (XRD) and scanning electron
microscope (SEM) which revealed that the synthesized nanoparticles are well-crystalline and possessing wurtzite hexagonal phase.
Crystalline size, lattice parameters, unit cell volume and atomic packing fraction were determined from the obtained XRD data. The
presence of functional groups in the samples was observed from FTIR spectra. The optical properties were studied by using UV vis-
ible spectroscopy. The nanoparticles are almost spherical shape with the average diameters of 15+10 nm.We also tried to study the ef-
fect on the structural and optical properties ofMn doped ZnO nanoparticles. The absorption edge shifts towards lower energy upto0. 1
at% doping concentration and shifts to higher energy when the Mn doping concentration increasesupto 0.2at% due to Burstein-Moss
effect.
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1. Introduction

Nanomaterials are fascinating due to their smaller particle size and large surface area (Yadav et al, 2007). Among these
nanomaterials, ZnO nanostructures are promising candidates for wide range of applications from optoelectronics to variety of sen-
sors (Erol et al., 2010). ZnO, a n-type II-VI compound semiconductor, direct and wide band gap of 3.44eV at low temperature and
3.37eV at room temperature, high efficient UV emission resulting from a large exciton binding energy, 60 MeV, at room temperature,
high specific area, fine particle size, quantum confinement properties, non-toxic, inexpensive, mechanically stable, high resistant to
deoxidation (Li Liu et al., 2011; Hassan Karami, 2010; Anderson Janotti & Chris G Van de Walle, 2009). Surface area and surface
defects play an important role in many applications such as sensing and photocatalytic activities (Ruhullah & Joy deep Dutta, 2008).
Doping of metal oxide and/or transition metals [like Mn] increases the surface defects. In addition, it affects the optical and electronic
properties and can presumably shift the optical absorption towards the visible region (Rekha et al., 2010). In the case of wide band
gap semiconductors, electrical conductivity is mainly due to the intrinsic defects such as interstitial zinc atoms and oxygen vacancies.
Hence doping drastically changes their electrical and optical properties (Ellmer ef al.,1994).

Various techniques have been used to synthesize ZnO and doped ZnO nanoparticles and can be categorized into either liquid-
solid or gas-solid nature of transformation. Co-precipitation method, sol-gel processing, microemulsion technique, solvothermal
methods etc. are some of the liquid-solid type synthesis. Chemical vapor deposition and pulsed laser deposition are examples of
gas-solid type of transformation [9-10]. Among these methods of synthesis, solution based approach is simplest, but solvent and the
precursor as well as reaction conditions such as pH, temperature and time need to be controlled properly to achieve the morphology
of the nanostructure [11].Synthesis and processing of nanomaterialsis an essential aspect. It is necessary to note that smaller crystal
size of nanocrystals does not necessarily mean the enchancement in all applications especially like gas sensing [12].

In this study, we report synthesis of zinc oxide and manganese doped zinc oxide nanoparticles by using sol-gel technique. The
crystalline structure and morphology of the samples was investigated with x-ray diffractometer (XRD) and scanning electron mi-
croscopy (SEM) respectively. The presence of functional groups was observed from FTIR spectra. The optical studies were done by
UV-visible spectroscopy and the studies reveal that there occurs a band gap narrowing and band gap widening with respect to Mott
critical density. The band gap widening is due to Burstein-Moss effect.

2. Experiment

ZnO nanoparticles and Mn doped ZnOnanoparticles were synthesized following, with minor modification, the method described
by Murphy et. Al. Stoichiometric amounts (x=0, 0.05, 0.1, 0.15,0.2) of zinc acetate and manganese acetate along with citric acid were
dissolved in 60 mL of water and add ammonium hydroxide up to pH value 7. The mol ratio of zinc acetate and citric acid is 1:1. This
mixture is stirred for 6 h to make a sol which was then placed in an oven for 20 h at 95° C to form gel. The gel is placed in a high
temperature furnace at 450° C for 4 h where it was cracked to produce the nanopowders.
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3. Result and Discussion

3.1 Structural Properties
3.1.1 XRD analysis

Figure la-e. shows the XRD pattern of pureZnOand Mn doped ZnO nanoparticles with different concentrations. The crystal
structure,grain size, lattice parameters ‘a’ and ‘c’, unit cell volume and atomic packing factor were analyzed. Miller indices (1 0 0), (0
02)and (10 1) for 31.9°, 34.6° and 36.4° respectively were the strongest XRD peaks obtained for ZnO which is confirmed with the
JCPDS (card number 36-1451) data. No peaks corresponding to impurities were detected. The average crystallite size is determined

by using Debye- Scherrer equation:

D= kM Bcos 0 1)

Wherek=0.89, a constant, Ais wavelength of X-rays, f§ is full width at half maximum (FWHM) and 8 is the diffraction angle.

Fig.1. XRD diffraction patterns of Zn, Mn O (x=0.00, 0.05, 0.1, 0.15, 0.2) respectively
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where h, k and I are the Miller indices and d, , , is the interplanar spacing for the plane (h k 1). The interplanar spacing can be
calculated from Bragg’s equation:

2d sinf =n\ (3)
The volume of the unit cell for hexagonal system is obtained from the equation

V=0.866a%c 4
The number of unit cells in the particle is calculated from the equation:

=D (5)

Table 1. Data on crystalline size, lattice parameters, atomic packing fraction, volume of a unit cell and strain of the samples

Sample name Crystalline size (nm) a (A° c (A% APF Cell volume (A°)? Strain
Pure ZnO 20.599 3.227 5.174 0.7539 46.66 0.5904
0.05 15.583 3.231 5.178 0.7538 46.81 0.0343

0.1 16.429 3.233 5.181 0.7534 46.89 0.0088

0.15 14.879 3.223 5.166 0.7539 46.47 0.0297

0.2 14.729 3.217 5.159 0.7537 46.25 0.0354

Table 1.shows the obtained values of the samples.The obtained XRD pattern is in good agreement with standard data available
in JCPDS (card number 36-1451). The diffraction peaks revealed the presence of hexagonal (wurtzite) structure in all the samples.
Average crystalline size is found to be ~16 nm.Value of lattice parameters increased with increase in dopant concentration upto 0.1
at% Mn concentration, then the value of lattice parameters is found to be decreased. The decrease in lattice parameter is caused due
to zinc vacancies (Khalid ez al., 2009).Manganese can exist in Mn**, Mn**, and Mn*". The ionic radius of Mn*, Mn** and Mn*" are
0.66A°, 0.58 A° and 0.53A° respectively. The doping concentration increases upto 0.1 the lattice parameters ‘a’ and ‘c’ increases due to
smaller ionic radius of Zn (0.6A°) than that of Mn?*. Above that concentration level Zn?* is substituted by Mn** and Mn** (Bhatti et al.,
2005). We also note that this report have been supported by Dole et al. (2011). Atomic packing fraction (APF) were determined and
showed in Fig.2, the values of APF decreasing as Mn content increases upto 0.1. and are in good agreement with literature (Sharma
et al,2007). The cell volume (average ~46.62A°) confirms the ZnO and Mn doped ZnO has hexagonal structure. It is observed that
the strain value decreases upto the doping concentration 0.1 and then the value increases. It is clear that the crystallinity and number
of unit cells present in the particle increases in heavy doping (above x=0.1), so the strain value increases.

Fig.2. Atomic packing fraction vs concentration
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Fig.3 shows the SEM micrographs of pure ZnO and Mn doped ZnO, doped at different doping concentration (x=0.05, 0.1, 0.15
and 0.2). It is clear from the SEM images that the spherical shaped nanoparticles are agglomerated with varying sizes ranging from
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14-21 nm. It is seen that the particle size decreases when the doping concentration increases. The SEM images clearly show that the
as prepared ZnO and doped ZnOhave porosity to some extent. Fig.4 shows the EDAX spectrum of all the prepared samples and it
confirmed the presence of zinc oxide and manganese doped zinc oxide.

Fig.3. SEM images of (a) Pure ZnO (b) 0.05 Mn doped ZnO (c) 0.1 Mn doped ZnO (d) 0.15 Mn doped ZnO (e) 0.2 Mn doped ZnO
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Fig.4. EDAX spectrum of (a) Pure ZnO (b) 0.05 Mn doped ZnO (c) 0.1 Mn doped ZnO (d) 0.15 Mn doped ZnO (e) 0.2 Mn doped ZnO
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3.1.2 FTIR studies

Fig.5 shows FTIR spectrum of the as prepared pure ZnO and Mn doped ZnO with different doping concentration (x= 0.05, 0.1,
0.15 and 0.2). The peak at ~440 cm™' is due to Zn-O stretching vibration (Kajbafvala et al., 2009). It is clear from the FTIR spectrum
that there are no peaks on 3400 cm and 1620cm'. There is no O-H stretching vibrations and H-O-H bending vibration, so the as

prepared samples are pure and well suited for any device fabrication.

Fig.5. FTIR spectra of Zn, Mn O (x=0.00, 0.05, 0.1, 0.15, 0.2) respectively.
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3.2 Optical Properties
3.2.1 UV analysis

Absorption of light by the semiconductor nanoparticles can be tailored by varying the energy band gap and the doping concentra-
tion. Fig.6 (a-e) shows absorption spectra of ZnO and Mn doped ZnO (0.05, 0.1, 0.15 and 0.2%) respectively. The optical absorption
spectra were recorded in the wavelength region of 300-800nm. From these figures, it is clear that the absorption wavelength varies
according to the change in doping concentration [16]. The absorption edge shifts towards higher wavelength when the doping con-
centration increases. This indicates that the band gap of ZnO material decreases with the doping concentration upto some critical
level which is known as Mott critical density. Above Mott critical density the absorption edge shifts towards the lower wavelength
region. The lower wavelength shift or increase in the band gap or blue shift can be explained by the Burstein-Moss effect [13,14,15].
The Burstein—Moss effect is the process by which the apparent bandgap of a semiconductor is increased as the absorption edge is
pushed to higher energies as a result of all states close to the conduction band being populated. Increase in the dopant concentration

leads to the supply of excess carriers which cause the increase band gap or blue shift. In Burstein-Moss effect the Fermi level merges
into the conduction band with increase of doping concentration.

Fig.6. UV absorption spectra onnHMnXO (x=0.00, 0.05, 0.1, 0.15, 0.2) respectively.
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Optical band gap of the samples is determined using the following equation.

(ohv)n ~ (hv-E)

(6)

660 7(‘)0 800
Wavelength (nm)

where o is the absorption coefficient, hv is the photon energy, E, is the optical band gap and n is the integer whose value depends
on the nature of transition. Value of n is 1/2, 2, 3/2 and 3 for direct transition, indirect transition, forbidden direct transition and for-
bidden indirect transition respectively. The optical band gap was determined from the graph Fig.6. The intercept of this plot on the
energy axis gives the energy band gap of the samples. In this case ZnO, 0.05 Mn doped ZnO, 0.1Mn doped ZnO, 0.15 Mn doped ZnO
and 0.2 wt% Mn doped ZnOshows the band gap of 3.25,3.2,3.7.3.72 and 3.73eV respectively. The obtained data is well suited with

the reported literature (Stroyuk ef al.,2005).
Fig.7. Band gap onn,_XMnXO (x=0.00, 0.05, 0.1, 0.15, 0.2) respectively
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3.2.2 Photoluminescence studies

Fig.8 shows the photoluminescence spectra of pure ZnO and Mn doped ZnO with different dopant concentration. The PL spectra
of undoped and Mn doped Zno exhibit blue emission (at 460 nm). The blue emission is because of intrinsic defects such as oxygen
and zinc interstitials. The emission in the range of 460-490 nm is due to the presence of Mn ions in ZnO matrix (Viswanatha et al.,
2004). The emission was broad and this might be due to phonon-assisted transition (Reynolds et al.,1997). This emission was due
to the transition from conduction band to acceptor level corresponding to the oxygen antisite (Vimalkumara et al., 2011). It is also
observed that the samples exhibits low resistivity after doping, confirms by the blue-green emission intensity decreased when the
doping ratio increases.

Fig.8. Photoluminescence spectra ofZn, Mn O (x=0.00, 0.05, 0.1, 0.15, 0.2) respectively
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4. Conclusions

Well crystalline zinc oxide and manganese doped ZnO was successfully synthesized by sol-gel method. It is observed that all the
samples are in the hexagonal wurtzite structure. The lattice parameters ‘a’ and ‘c’ varies when the doping concentration changes. The
EDAX spectrum confirms the presence of Mn on ZnO host matrix. The optical absorption studies of ZnO and Mn doped ZnO have
been presented. The shift in the absorption edge towards lower wavelength, with increasing the Mn concentration may be attributed
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to Burstein-Moss effect. PL spectra shows the blue-green emission of all the samples.
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