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Abstract

‘Thisinvestigationinvolved the synthesis and optical characterization of Copper
Oxide (CuO), Cobalt Oxide (Co,0,), Iron Oxide (Fe,0,), and Zinc oxide (ZnO)
nanoparticles carried out by UV-Vis (Ultraviolet-Visible) Spectroscopy. UV-Vis
spectra of nanoparticles were performed on a Perkin-Elmer Lamda-19 UV-Vis
spectrometer. The absorption co-efficient dependent on energy was deliberated
by the Tauc method and energy bandgap of nanoparticles were measured using
UV-Vis spectra and compared with reported samples. Important optical variables
such as refractive index, extinction co-efficient, and di-electric constant [real
and imaginary parts] were computed for the entire scope of information with a
hypothetical basis and detailed in the concern section.
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Introduction

Electrical properties and optical properties of materials at the nanoscale
differ from those at the bulk level. Metal oxide nanoparticles are essential among
the most used nanomaterials because of their superior electrical, electrochemical,
paint/ink materials, catalytic, and magnetic properties. Metal oxide nanoparticles
have shown promising results in terms of physical and chemical properties owing
to their high density and lesser size [1]; consequently, it is critical to understand
their many features in terms of properties and applications. Optical materials are
difficult to make from a single crystal and require easy-to-mold environmental
protection in nanocomposites. The optical materials have improved characteristics
at the nanoscale, and the nanoparticles are held together by a polymer surrounding
substance. For a variety of reasons, the electrical characteristics of transition metal
oxide alter when they are in the nano-size. For the same volume of fraction, a
fall in particle size reduces interparticle distance, inducing percolation and an
increase in electrical properties due to quantum processes. Since it is employed
for photoconductive and photothermic applications, CuO, a semi-conductor
oxide with a bandgap of ~1.21 eV, has gotten more consideration [2]. CuO
nanoparticles have a lot of potential in photocatalytic and sensor [3] applications.
Due to its use as a photocatalyst [4], extremely discriminating cobalt sensor
[5], greater temp. solar discriminating absorber [6], thin film super-capacitors
electrode substantial [7], and in electro-chromic devices [8]. Co,O, is notorious
as a potential oxide since it changes its photosensitive characteristics in response
to an external electrical input. Fe,O, is a low-cost substance that is stable, easy
to manufacture, non-toxic, and environmentally friendly. This nanoparticle is
thought to be a good fit for a variety of uses, including catalytic-agent, sensor-
devices, colorants, data-storage materials, fine ceramics, and photo-electro-
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chemical cells [8]. ZnO things are a stimulating material
with a large band gap (3.37 ¢V), a 60 meV excitant binding
energy, and remarkable chemical stability [9]. The theoretical
investigation of organizational, electrical, photosensitive, and
thermo-dynamic features of ZnO materials culminated the
experimental interest in the material [10, 11]. ZnO is a viable
option for various technical applications. ZnO is a carrying
out chemical as a crystal-clear electrical interface for solar
cells because of its non-toxicity, availability, and inexpensive
cost [12]. Because of its features in a variety of industrial
applications, some researchers concentrated their efforts on
obtaining high-quality ZnO. ZnO nanoparticles are employed
as transparent electrodes with excellent conductivity and little
loss of optical transmission.

Materials and Methods

Four commercially available metal oxide nanoparticles of
Copper, Cobalt, Iron, and Zinc were used in this paper and
prepared by chemical co-precipitation method. All of the
compounds are AR grade and employed without being puri-
fied further.

For the formation of nanoparticles, freshly formed aque-
ous solutions of the compounds are employed. Oxide nanopar-
ticles of Copper, Cobalt, Iron, and Zinc are prepared by adding
simultaneously the metal oxide solution to the solution of eth-
ylene-diamine-tetra-acetic acid (EDTA) which is vigorous-
ly agitated with a magnetic-stirrer. The purpose of the other
solution was to stabilize the atoms prior to combination, that
is possibly will shrink the particle to smaller particle size. To
remove contaminations, including EDTA waste, and to elim-
inate any original reactant, the carbonates of metal precipitate
generated by this reaction are removed from the assortment
and splashed several times with filtered water and then with
alcohol. To get metal-carbonate precursor in the form of ex-
tremely fine powder, the wet precipitate is dried and method-
ically pulverized with an agate-mortar. The metal-carbonate
precursor converts into metal oxide nanoparticles at high tem-
peratures.

In the existing paper UV-Vis absorption spectrum of se-
lected metal oxide nanoparticles was investigated at ambient
temperature (200 - 1600 nm wavelength) by Shimadzu, model
UV-3600 spectrophotometer in CHARUSAT, Changa, Guja-
rat and different optical parameters were calculated in concern
section.

Results and Discussion

'The optical absorption spectra of all metal oxide nanopar-
ticles were noted down by using Perkin-Elmer Lamda-19 UV-
VIS-NIR spectrometer. Absorption spectra for all four-metal
oxide nanoparticles presented in figure 1. Absorption spectra
indicates that nanomaterials are extremely absorptive in wave-
length range 200 - 600 nm. In the case of CuO, Co,0O,, Fe,O,,
and ZnO nanoparticles strong absorption bands are observed
at 270 nm, 210 nm, 435 nm, and 377 nm, respectively, which
corresponds to excitation of surface plasmons in the com-
posite nanoparticles [13-16]. This band could be the result
of the electromagnetic modes of nearby particles coupling. It
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Figure 1: UV-Vis spectrum of CuO, Co,O
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can be seen from the absorption spectra of all the metal oxide
nanoparticles that absorption reduces as wavelength increases.
The fact that the absorbance has decreased suggests that these
metal oxide nanoparticles have an optical bandgap.

Energy bandgap

Photon absorption brought on by an electron transition
is used to determine the type and value of the photonic band-
gap energy [17]. The value of the absorption co-efficient (o)
is affected by both particle emission energy and nanoparticles
composition, which is calculated using equation (1).

at =2.303A o))

Where, ‘A’ denotes the value of absorbance and ‘t’indicates the
sample’s concentration thickness. This basic absorption, which
is correlated with the shift of electron, might well be defining
the optical gap of the metal oxide nanoparticles.

The co-efficient (a) can be calculated with equation (2),
which is typical method for sympathetic the nature of carrier
transitions in any form of material [18].

a:(hv;fg) @)

Where, ‘4 is a Plank constant and v = ¢/A, Eg=band gap and
proponent ‘77’ is rest on the band’s dimensionality and nature
of transitions.

Tauc relation for Energy band of materials given by,

In(ahv) vs ln(hv—Eg) 3)

Where, ‘7’ is having the values 1/2,3/2, 2 or 3 liable on the na-
ture of the electronic transition accountable for the absorption.

The slop of the graph /n (ahv) Vs ln(hv— Eg) for
CuO, Co,0,, Fe,O,,and ZnO nanoparticles are shown in fig-
ure 2, the value of slope is approximately ~0.5 which indicates
the allowed direct nature of transition [19]. Further, the graph
of (@hv)* and hv in eV provides the precise direct bandgap
value.
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Figure 2: Plot for calculation of 7’ for CuO, Co,0,, Fe,O,, and ZnO
nanoparticles.
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Figure 3: Plot for calculation of ‘EX' for CuO, Co,0,, Fe,0,, and ZnO
nanoparticles.

Distinction of (ahv)*with Ao for nanoparticles are shown
in below figure 3, where extrapolation of straight line to (ahv)?
= 0 gives the metal oxide nanoparticles bandgap values. The
value of optical bandgap of selected nanoparticles so obtained
are tabulated in table 1.The data obtained is found compatible
with the previous recorded data [20-23]. The material requires
more energy to shift electrons at nano level. As a result, the
bandgap energy of nanoparticles is greater than that of the
bulk material.

Optical parameters

The relationship between o and refractive index (1) reveals
the polarization of the material through the electromagnetic
field of light, could be measured. The fluctuation of linear and
non-linear optical characteristics of all metal oxide nanoparti-
cles was explored in order to offer a critical perspective on the
non-linear optical parameters of chosen nanoparticles inside
ethanol solvent. The refractive index of selected nanoparticles
is calculated using the following relationship.

1+R 4R )
= + -K (4)
TTITR ()

Where, R denotes reflectance, 1| = refractive index, K = a/4m is
the extinction co-efficient.

'The graph of refractive index and extinction co-efficient
were shown in figure 4and figure 5, respectively.

'The medium’s optical characteristics are well-defined by a
N =1 - iK (complex refractive index) and E = E_- E, (complex
dielectric constant). The real portion E_often refers to disper-
sion, whereas the imaginary part E. offers a measure of the
wave’s dissipative rate in the medium. The relation which links
the real and imaginary components of the di-electric constants
to 1 and K given below.

E =n"-K’
E =2nK

The plot of di-electric constant real part (E) and imag-

Table 1: Optical bandgap of nanoparticles with obtain transition.

Nanoparticles | Types of bandgap | Conjunction| BandgapineV
CuO Direct Allowed 2.11
Co,0, Direct Allowed 2.01
Fe,O, Direct Allowed 1.87
ZnO Direct Allowed 2.04

inary part (E) as a function of wavelength for CuO, Co,O,,
Fe,O,, and ZnO nanoparticles depicted in figure 6 and figure
7, respectively.

Conclusions

Transition oxide nanoparticles such as CuO, Co,0,,
Fe,O,, and ZnO prepared using co-precipitation method was
deliberate with the UV-Vis spectroscopy method. All absorp-
tion spectra for nanoparticles illustrate a significant absorption
of occurrence in visible and near IR range of electromagnetic
spectrum. CuO, Co,0,, Fe,O,, and ZnO nanoparticles have
been shown to have a direct permitted charge transition due

to high absorption. The appraised optical bandgaps nearby
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Figure 4: Refractive Index (1) of selected metal oxide nanoparticles.
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Figure 5: Extinction co-efficient (X) of selected metal oxide nanoparticles.
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Figure 7: Dielectric imaginary part () of selected metal oxide nanopar-

ticles.

1.87 to 2.11 eV for all metal oxide nanoparticle are worthy
agreement with the experimental values. The refractive index
found nearly between 1.0 to 1.3 for all nanoparticles, value of
extinction co-efficient is 2.3 for CuO, 3.1 for Co,0,, varies
between 0.01 to 0.35 and 0.01 to 0.05 for Fe,O, and ZnO, re-
spectively. The real part of di-electric constant found between
0 to 1 for CuO and Co,O,, while between 1.4 to 1.5 for Fe, O,
and ZnO nanoparticles. Imaginary part of di-electric constant
found between 0.2 to 0.5 for CuO, Co,0,, and Fe, O, and it
varies between 0.10 to 0.15 for ZnO nanoparticle. The study
has publicized that these kinds of nanoparticles can be used
to study a variety of material properties, including catalysis,
electricity, optical properties, and many others, in the fields
of physics, chemistry, and biology. We can also find toxic or
non-toxic properties of medicines in medical science.
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