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The pure Zinc Oxide, Cobalt doped Zinc Oxide and Manganese doped Zinc oxide
nanoparticles were synthesized using Co-precipitation method. This work aims to study
the effect of doping on the structural, morphological, and optical properties of the
synthesized pure and doped ZnO nanoparticles. The structural and morphological change
of the nanoparticles were examined by using X-ray Diffraction analysis (XRD), Scanning
Electron Microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FTIR). The
elemental analysis was studied with Energy Dispersive X-ray analysis (EDAX). The
optical property of the particles were analysed using UV-Visible Spectroscopy (UV) and
Photoluminescence Spectroscopy (PL). The XRD results shows all the nanoparticles are
crystalline and pure in nature. The doping effect found to decrease the particle size of the
Zn0O nanoparticles. The SEM images also show the doping has significant change on the
morphology of the ZnO nanoparticles. The functional groups present in the nanoparticles
were confirmed using Fourier Transform Infrared Spectroscopy. The optical property of
UV-Vis spectrum shows red shift and the band gap also found to decrease for doped
nanoparticles. The presence of dopants in the nanoparticles was confirmed with the EDAX
spectrum. The results of above characterization techniques confirmed the doping has
significant influence on the structure, morphology, and optical property of the ZnO
nanoparticles.
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1. Introduction

The emerging technology requires innovation of materials with distinctive properties. The
invention of nanoparticles with unique properties is paved a new way for the world with
diversified opportunities in industries and scientific endeavours. As nanotechnology is essentially
a set of technique which allows manipulation of properties at a very small scale, it can have many
applications. The particles of size between 1-100 nm are the basic elements of nanostructures. The
physical and chemical properties of the bulk metals can also be modified when it is changed into
nanoparticles [1-4]. This is due to its change in greater surface area per weight than larger
particles; so that they are more reactive compared to bulk molecules. Depending upon the
applications there are variety of nanoparticles can be synthesized like semiconductor, metal, and
non-metal. Metal oxide nanoparticles have received wide attention of researchers because of their
unique electronic and optical properties. Nowadays electronic circuits, sensors, piezoelectric
devices are fabricated with the metal oxide nanoparticles [5-8]. The semiconductor oxide particles
are intensively used as photo-catalysts in oxidation process. Among metal oxide nanoparticles zinc
oxide nanoparticles are most promising materials having diversified applications due its
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remarkable chemical properties like photo-stability, chemical stability, and broad range of
radiation adsorption [9]. Some of the properties of intrinsic zinc oxide nanoparticles can be
enhanced by using suitable dopants, among which transition metals are most widely used for
improving the property of ZnO nanoparticles [10-13]. Several attempts are also made to synthesis
transition metal doped ZnO nanoparticles such as hydrothermal process [14], ball milling method
[15], solid state reaction method [16], and co-precipitation method[17].Various researchers have
reported the enhanced properties like band gap, optical, electrical and magnetic properties of ZnO
nanoparticles doped with transition metals. The transition metal like Cu®*, Co*, Mn%, Fe*, Ni*
are most widely used as a dopant for ZnO nanoparticles[18,19]. Recent studies show that transition
metal doped ZnO nanoparticles are used in spintronic applications [20, 21]. It is reported that the
magnetic behaviour of ZnO nanoparticles are enhanced by doping with transition metals like Mn
and Co. In this present work pure ZnO and Co-ZnO and Mn-ZnO doped nanoparticles were
synthesised by Co-precipitation method. The structural analysis was studied using X-ray
Diffraction analysis (XRD), Scanning Electron Microscopy (SEM) and Fourier Transform Infrared
Spectroscopy (FTIR). The optical property of the particles was analysed using UV-Visible
Spectroscopy (UV) and Photoluminescence Spectroscopy (PL).

2. Experimental procedures

2.1. Materials

The reagents used were Zinc nitrate hexahydrate (Zn(NOs),.6H,O- Merck, India), Sodium
hydroxide (NaOH-Himedia, India), Cobalt nitrate (Co(NOs),.6H,O-Himedia, India), Manganous
Nitrate (Mn(NOs),), Hydrochloric acid (HCI, 37%, Loba chemicals, India) of high purity with AR
grade.

2.2. Synthesis of Pure ZnO, Co-ZnO and Mn-ZnO Nanoparticles

To prepare pure ZnO, the following steps were involved. 1M of (Zn(NO;),.6H,0) was
added in 100 ml distilled water in a beaker which forms a solution. 2M of 100 ml NaOH solution
was dropwise to the above solution under vigorous stirring, until the pH is 12. The stirring action
was continued for almost 12 hours. During the preparation of nanoparticles, the solution pH is
maintained at 12 because this pH seems to be the optimum value for the formation of ZnO
particles. The formed precipitate was then filtered and washed with distilled water, ethanol, dried
in oven at 100°C for 2hrs. The dried precipitates were collected and ground in an agate mortar. The
collected nanopowder was annealed at 500°C for two hours followed by stepwise cooling.
Similarly, the Co doped ZnO and Mn doped ZnO nanoparticles were also synthesized using the
same procedure with using doping source materials.

2.3. Characterization Techniques

The structural analysis of synthesized pure and doped ZnO nanoparticles were recorded at
room temperature using X-ray powder diffraction (XRD) with Philips Analytical Model: X’Pert
PRO equipped with CuKo radiation A = 1.54187 A and operating rate of 1°/min at 40 kV/30mA.
The Scanning angle range 26 between 30 - 90° was maintained. The functional group analysis of
the nanoparticle samples was investigated with Fourier Transform Infrared Spectrometer (FTIR)
with the measurements range recorded in the region 400 — 4000 cm™. The absorption studies were
recorded by UV-visible spectrophotometer from 100 to 900 nm. The optical studies of
Photoluminescence (PL) spectrum were recorded from 350 nm to 500 nm. The surface
morphology of the synthesized nanoparticles was analysed by using (HR-SEM) HR-field emission
scanning electron operated at 10kV. The elemental composition analysis of nanoparticles was
examined by using Energy-Dispersive X-ray Spectrometer (EDAX).
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3. Results and discussion

3.1. XRD Analysis

The structural analysis of pure ZnO, Co-ZnO and Mn-ZnO doped nanoparticles were
examined by using X-Ray Diffraction analysis (XRD). The results were shown in Fig 1.The well-
defined sharp XRD diffraction peaks corresponding to (100), (002), (101), (102), (110), (103),
(200), (112), and (201) planes of the synthesized nanoparticles clearly shows that they are
crystalline in nature. The absence of secondary phase confirms there is no impurity in the
nanoparticles. The peak value of the nanoparticles corresponds to a JCPDS database of card
number 36-1451. The XRD pattern of all nanoparticles reveals the single crystal of hexagonal
wurtzite structure [22]. The average crystallite size of the nanoparticles were calculated by using
De-bye-Scherrer formula (1),

D=0.94)\ / Bcosb (1)
where D is the average crystallite size, A is the wavelength (1.5406A°), B is the Full-Width Half

Maximum of Intensity and 6 is the Bragg angle. The crystallite size of pure ZnO, Co-ZnO and Mn-
ZnO doped nanoparticles are 89nm, 66nm and 71nm, respectively.
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Fig. 1. XRD pattern of Pure ZnO, Co-ZnO and Mn-ZnO nanopatrticles.

3.2. FTIR Analysis

The functional group analysis of the synthesized pure ZnO, Co-ZnO and Mn-ZnO
nanoparticles were examined by using FTIR spectrum and the results are shown in Fig 2. The
spectrum analysis of all the samples has been recorded in the wave number range from 400 to
4000cm™ using the KBr method at room temperature. The broad peak around 3410cm™ and
1632.83cm™ are assigned to the stretching and bending vibrations of hydroxyl group of water
molecules [23, 24].A peak at around 577.56cm™ corresponding to the formation of Zn-O bond
[25]. The sharp peak at 1396.08cm™ has confirmed the presence of cobalt in Co-ZnO nanoparticle.
In Mn-ZnO nanoparticles, the peak at around 534 cm™ corresponds to stretching vibration of Mn-
O. The sharp peak around 1110cm™ in Mn-ZnO may be due to presence of carbonyl moieties on
the surface of the nanoparticles. The slight change in band position is observed in Co, Mn doped
ZnO nanoparticles band can be related to the substitution of the dopants into the ZnO matrix [26].



340

5 1e30.60cm™
g

163283 cm™

Transmittance (a.u.)
:

508.99cm™  1396.08 cm™ 342289 cm™

163283 cm™

1396.08 cm'}

577.08 dn” 3410 cm

T T T T T T T T
400 800 1200 1600 2000 2400 2800 3200 3600

Wavenumber (cm™)

Fig. 2. FTIR Spectrum of Pure ZnO, Co-ZnO and Mn-ZnO nanoparticles.

3.3. SEM Analysis

The morphological analysis of pure ZnO, Co-ZnO and Mn-ZnO doped ZnO nanoparticles
were examined by using Scanning Electron Microscopy (SEM) and the results are shown in Fig 3.
The image of the pure ZnO nanoparticle shows that hexagonal nanoparticles with noticeable
amount of nanorods like structure whereas the Co-ZnO nanoparticles show few nanorods along
with nanoparticles. The morphology of Mn-ZnO nanoparticles are found to be in flower like

structure. The results reveal that the dopants have influenced the structure of the ZnO
nanoparticles.
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Fig. 3. SEM image of (a) Pure ZnO (b) Co-ZnO and (c) Mn-ZnO nanoparticles.

3.4. EDAX Analysis
The elemental composition of the synthesized pure ZnO, Co-ZnO and Mn-ZnO
nanoparticles were measured by EDAX spectrum and the results are represented in Fig. 4.
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Fig. 4. EDAX spectra of Pure ZnO, Co-ZnO and Mn-ZnO nanoparticles.

From the figure, the presence of the elements Zn, O, Co and Mn samples are confirmed.
The C peaks correspond to their origin in copper grid. EDAX spectrum shows no impurities
present in the synthesized pure ZnO, Co-ZnO and Mn-ZnO nanoparticles. The data of weight and
atomic percentage of element were also confirmed by EDAX spectrum and presented in Table 1.

Table 1. Weight percentage of synthesized nanoparticles from EDAX spectrum.

Samples Zn Vc\:lg'/:fn o) Co/Mn /Zn Wt. % ratio
Zn0O 66.23 - 21.50 -

Co-ZnO 55.10 3.09 18.14 0.056

Mn-ZnO 51.61 3.25 12.70 0.062

3.5. UV Spectral Analysis

The optical properties of the samples were analysed by using UV-Visible absorption
spectroscopy and results are shown in Fig 5. The absorption spectrum of the synthesized pure and
doped nanoparticles shows a broad absorption band at 370 nm, 368 nm and 366 nm for ZnO, Co-
ZnO and Mn-ZnO respectively. From the figure it is clear that the peaks are shifted to longer
wavelength doped nanoparticles shows red shift. The photoexcitation of electrons from valence
band to conduction band produces the absorption band and shifts the band slightly towards longer
wavelength. In addition, the indirect band gap energies (Eg) were calculated according to the
formula (2),

ahv= A (hv —Eg)"? )
where o, h, v, A and Eg stand for the absorption coefficient, Planck’s constant, the frequency of

light, a constant and the band gap energy, respectively. The term n is determined by the
characteristic optical transition of a metal oxide (n = 1 and n = 4 for a direct transition and an
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indirect transition). The optical band gap values are shown in Fig 5. The band gap value is found
to be 3.59 eV, 3.55 eV and 3.53 eV for ZnO, Co-ZnO and Mn-ZnO nanoparticles, respectively.
From this value it is clear that the band gap of pure ZnO nanoparticles increases by adding
dopants. The decrease in band gap may be related to the decrease in crystallite size of the dopants
[27]. The analogue decrease in the band gap was also observed and it may be revealed that this
shift asserts the uniform substitution of Co** and Mn?" ions in the ZnO lattice
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Fig. 5. UV-Vis Spectrum and Band-gap Spectrum of Pure ZnO, Co-ZnO
and Mn-ZnO nanopatrticles.

3.6. PL Spectral Analysis

The effect of doping on the structure of the ZnO nanoparticles has been analysed by using
PL spectrum. The emission spectrum of pure ZnO and Co-ZnO and Mn-ZnO doped nanoparticles
has been recorded at room temperature are shown in Fig 6. From the graph a broad emission peak
is observed around 466 nm for pure ZnO and Co-ZnO and Mn-ZnO nanoparticles. The peaks are
found to be in blue range [28]. The results of PL studies confirmed that the doping of ZnO
nanoparticles with Co and Mn has suppressed the emission peak of pure ZnO nanoparticles at 390
nm in ultraviolet range and strengthened the emission peak in blue range [29,30].
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Fig. 6. PL Spectrum of Pure ZnO, Co-ZnO and Mn-ZnO nanoparticles.

4. Conclusion

The pure ZnO, Co-ZnO and Mn-ZnO doped nanoparticles were synthesized by chemical
precipitation method. The XRD analysis confirmed the hexagonal wurtzite structure for ZnO
nanoparticles with crystalline nature. The particle size of Pure ZnO, Co-ZnO and Mn-ZnO doped
nanoparticles were found to be 89nm, 66nm and 71nm, respectively. The results from optical
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studies reveal that the peaks are shifted to longer wavelength for doped nanoparticles shows red
shift. The band gap values were found to be 3.59 eV, 3.55 eV and 3.53 eV for ZnO, Co-ZnO and
Mn-ZnO nanoparticles, respectively.

These values show that the band gap of pure ZnO nanoparticles decreases by adding
dopants and the decrease in band gap may be related to the decrease in crystallite size of the
dopants. The SEM image confirms different structures like nanorods for pure ZnO nanoparticle,
nanoparticles with noticeable amount of nanorods for Co-ZnO nanoparticles and flower like
structure for Mn-ZnO doped nanoparticles. The purity of the synthesized nanoparticles was
confirmed by EDAX spectrum. The findings of structural, morphological and optical property of
the ZnO nanoparticles has strongly influenced by the dopants.
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