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Abstract
This paper discusses in detail about the germanium
oxide-doped magnesium oxide (GOMO)

nanoparticles that were prepared by green synthesis.
In this method, betel leaves were used for the
preparation of GOMO nanomaterial. Green synthesis
is an important method to prepare nanomaterials of
varieties of undoped and doped samples and it is free
from chemical contaminant. Leaf extract-based
synthesis of metal oxide nanoparticles enables the
production of non-toxic nanoparticles due to the
availability of several photochemical and biological
components that are advantageous for sensor and
therapeutic applications. The prepared sample was
utilised to analyse the crystal size and structure using
powder X-ray diffraction (XRD). Optically, the
prepared sample was examined using UV-visible
spectroscopy. HRSEM analyses validate the shape,
crystallinity, and particle size of the synthesised
GeO, doped MgO nanoparticles. Elements including
Ge, Mg, and O were found in the sample, according
to the EDS investigations. The prepared sample's
impedance studies are also examined

Keywords: Germanium Oxide, Magnesium
Oxide, HRSEM, EDS, Powder XRD,

Impedamce

1. Introduction

Nanotechnologies will make it possible for more
effective manufacturing processes to generate a
variety of multifunctional materials at low cost with
less resource consumption and waste. But it's crucial
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to evaluate claims of probable environmental
advantages over a material or product's whole
lifespan, from production through use and disposal.
We advise doing lifecycle analyses for applications
of nanotechnologies [1-3]. As an alternative to
chemical and physical procedures, green syntheses or
green methods simply referred to the synthesis of
metal NPs using plants, plant parts, or plant extracts.
An emerging discipline in the combined realms of
biotechnology and nanotechnology is called green
synthesis, and it offers enormous economic and
environmental advantages. Green synthesis has
several drawbacks, such as a labor-intensive process
and lack of repeatability, but it is crucial to use this
strategy to develop dependable, sustainable, and
environmentally friendly synthesis processes in order
to prevent the development of undesired or
dangerous byproducts. The green synthesis of NPs
seeks to reduce waste production and adopt
sustainable practises [4].

Scientists are quite concerned about metal oxides due
to their better surface composition and large surface
area. One of the most significant metal oxides is
magnesium oxide (MgO), which has a variety of uses
in the catalysis [5, 6, 7], refractory materials [8],
paint [9], and superconducting industries [10], as
well as in the biological, electrochemical, and
medicinal areas [11]. Due to their unique
characteristics, such as a high surface energy relative
to their bulk counterparts, a large surface area to
volume ratio, optical properties, and electrochemical
properties, metal nanoparticles have a variety of uses
in the biological, electrochemical, environmental,
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medicinal, and environmental domains [12,13,14,15].
Magnesium oxide is crucial because it differs from
bulk materials in a number of fundamental ways.
Targeting several locations in biological systems,

metal-based nanoparticles may also lessen the
chance of developing drug resistance [17,18]. An
inorganic substance with the chemical formula GeOz2,
germanium dioxide is also known as germanium (V)
oxide, germania, and salt of germanium [19]. It
serves as the primary industrial source of germanium.
In addition, when pure germanium comes into
contact with ambient oxygen, it develops as a
passivation layer. In the synthesis of additional
germanium compounds as well as polyethylene
terephthalate resin, germanium dioxide is utilised as
a catalyst. Some phosphors and semiconductor
materials are produced using it as a feedstock [20,21].
Both the amorphous and crystalline forms of
germanium oxide are interesting due to their optical
and electrical characteristics. Deep submicron
technology is made possible by the high k interlayer
dielectric material germanium oxide, which advances
integrated circuit technology. It is particularly
intriguing for high-frequency applications since it
also possesses large carrier mobilities. Infrared
spectroscopes employ germanium oxides because
they are transparent to infrared light.GeO2 has a
refractive index that is somewhat higher than SiO2's,
is thermally stable, has a large band gap energy of 5
eV, a high dielectric constant, and is mechanically

strong [22, 23]. MgO has a poor electrical
conductivity and a high thermal conductivity.
Comparing MgO to organic antimicrobial

compounds, which have lower stability but stronger
antibacterial action, has been a fascinating area of
research in recent years [26]. By using green
synthesis, germanium oxide doped magnesium oxide
nanoparticles are created. Betel leaves are utilised in
this process of green synthesis. Green synthesis has
made considerable use of plant leaf extracts. As
plants are generally available, secure to handle, and
have a variety of metabolites that serve as reducing
agents in the creation of nanoparticles, they include a
large spectrum of bioactive phytochemicals. It has
applications in a number of domains, including
sensor, biological, and pharmacological ones [27].
Rosa floribunda charisma extract and its antioxidant,
antiaging, and antibiofilm capabilities were used by
Younis Inas et al. to create green magnesium
nanoparticles [28]. Ikram et al. produced MgO
nanostructures with graphene oxide doping for
extremely effective dye degradation and antibacterial
activity [29]. Effect of synthesis temperature on the
morphological, optical, and electrical characteristics
of MgO nanostructures has been shown by
Sagadevan Suresh et al. [30]. Enhancing the
antibacterial, cytotoxic, larvicidal, and repulsive
properties of brown algae by the green production of
magnesium oxide nanoparticles is a work by Fouda
et al. [31]. For photocatalytic activity and
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antibacterial effectiveness, Khan Muhammad Isa et
al. achieved green synthesis of magnesium oxide
nanoparticles using Dalbergia sissoo extract [32].
Green production of magnesium oxide nanoparticles
and its uses have been prepared by Abinaya et al. A
critique [33]. Magnesium oxide nanoparticles
(MgONps): green production, characterizations, and
antibacterial activity have been established by Singh
et al. [34]. The biological uses of phytoassisted
production of magnesium oxide nanoparticles from
Pterocarpus marsupium rox. b heartwood extract
have been described by Ammulu Manne Anupama et
al. [35]. Green production of Ni-doped magnesium
oxide nanoparticles and its impact on photocatalysis
have been established by Kulkarni Jeetendra et al.
[36]. Using an aqueous extract of Sargassum wightii,
Pugazhendhi Arivalagan et al. developed anticancer,
antibacterial, and photocatalytic activities of green
synthesised  magnesium  oxide  nanoparticles
(MgONPs) [37]. Magnesium oxide-Germanium
dioxide Nanocomposite Powders with Biomimetic
Synthesis and Antibacterial Properties have been
developed by Avanzato et al. [38]. Synthesis of
Germanium Oxide Nanoparticles in Low-Pressure

Premixed Flames has been developed by
Simanzhenkov et al. [39]. Rare-Earth Doped
Germanium  Oxide  Glasses with  Metallic

Nanoparticles have been shown to exhibit Enhanced
Photoluminescence and a planar waveguide by De
Araujo et al. [40]. With the use of betel leaf extract,
Palanisamy et al. have created green MgO
nanoparticles for antibacterial activity [41]. From the
reviews, it appears that green synthesis is not used to
create germanium oxide nanoparticles. The green
synthesis method will be used to create germanium
oxide doped magnesium oxide nanoparticles.
Characterising the synthesised sample is the primary
goal of this work.

2. Materials and Methods

Sigma Alrich Company and Merck are the suppliers
of Germanium oxide and magnesium nitrate,
respectively. In Tamil Nadu, betel leaves are bought
at the neighbourhood market. Separately, fresh betel
leaves were added to deionized water. For 30 min.
at 80°C, the mixtures were stirred using a magnetic
stirrer. The extracts were subsequently filtered
through a mesh and Whatman No. 1 filter paper to
eliminate solid particles after being allowed to cool
to room temperature.Germanium oxide powder was
used as a doping agent and the extracts were mixed
well for 3 hours at 300C. A precipitate with a light-
yellow hue developed and was filtered out. A muffle
furnace was used to calcinate at 400°C for 12 hours.
Figure 1 depicts the process flow for creating MgO
nanoparticles doped with germanium oxide.
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Fig.1l: The flow chart for preparing GeO.doped MgO
nanoparticles

3. Results and Discussion

3.1 Structural characterization

The samples were analysed using an X-ray
diffractometer (model: PAN Analytical Xpert- PRO)
with Cu-K radiation (A= 1.540 ) and 26 values
ranging from 10° to 85° in order to detect the crystal
structure and phases in the manufactured
products.The XRD pattern of Germanium Oxide
doped MgO nanoparticles shows 20 values at 25.69°,
37.77°, 42.7°, 5857°, 62.14°, and 78.49°
corresponding to the (hkl) planes at (101), (111),
(200), (220), (311) and (222) respectively. All the
observed peaks are matched well with JCPDS card
number (N0.075-0447).

GeO, doped MgO nanoparticles have a lattice
parameter value of 4.231, which is somewhat
different than the value for wundoped MgO
nanoparticles. GeO, in the sample is what causes the
extra reflection peaks in the spectrum. The cubic
structure of the MgO sample has been determined by
XRD examination. Diffraction peaks were similar
after doping, indicating a little amount of utilised
dopant GeO2 that was undetectable. The Debye-
Scherrer formula for particle size has been used to
determine the average crystallite size.

KA
~ Bcose’ @)

where K is a constant, equal to 0.9, f is the full
width at half maximum, and Xis the X-ray
wavelength, which is 1.5406A. GeO, doped MgO
nanoparticle crystallite size is 26.06 nm.

The calculated values of lattice constant (a), volume
of unit cell (V), X-ray density (py), bulk density (py),
and percentage of porosity (P) respectively are given
in table 2.

The lattice constant which describes the spacing

between adjacent unit cells in a crystal structure is

calculated from d-spacing using the relation:
a=d(h?+ k? + [?)1/?
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Where h, k, | are the miller indices of (200) plane.

The volume of a cubic unit cell is calculated from

lattice constant as:
V=a?

©)

Figure 2.
Nanoparticles

Powder XRD pattern of GeO, doped MgO

Tablel. Powder XRD data for GeO, doped MgO

Nanoparticles

Two-theta | d-spacing Relative hkl
(degrees) (A9 Intensity
(%)
25.69 0.14 30.55 101
37.77 0.29 18.35 111
42,71 0.39 100 200
58.54 0.29 1.37 220
62.14 0.34 43.06 311
78.49 0.59 9.58 222
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The X-ray density depends on the molecular weight
(M) and lattice constant of the sample. The value is
calculated from the relation

8M
Px = 13 (4)
Where N is the Avogadro’s number. The bulk
density is calculated from the mass (m) and the

dimensions of the pelletized sample using equation:

Py = % ()
Where r is the radius and h is the thickness of the
cubet. It is observed from table 2 that the bulk
density is smaller than X-ray density. This explains
the existence of pores in the material during
formation and development of the material. The
presence of peges i3 also confirmed from percentage
of porosity. The percentage of porosity of the sample
is calculated from X-ray density and bulk density
using the relation:

P =(1-py/py) X 100 (6)

The value of porosity is high. So, in this sample, all
the atoms are arranged in a regular pattern [42].

Table 2: Values of structural parameters for GeO, doped MgO
nanoparticles

a \ Px Pb P
A | A)® | (glem | (glem | (%)
3 3
) )
423 | 75.7 | 4.56 2.27 50.2
1 4 1
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A characteristic of solids called specific

surface area measures the entire surface area of a
substance per unit mass. Using the relationship
between average crystallite size and X-ray density,
the specific surface area is determined:

$=6000/p,D (7

= 50.49X10° m?/g
Due to the particle's small size (nanoscale), the
specific surface area is considerable, which improves
the material's characteristics.
The following factors are used to calculate the
dislocation density, which counts the number of
dislocations in a unit volume of crystalline material:

1

Pp =17 8

14.72X10™(m™)

The root mean square fluctuations of the lattice
parameter across the crystallite as a result of the
presence of defects and stress are measured as
microstrain (the strain or deformation caused inside a
crystal lattice rather than a bulk crystal). The
Scherrer's relation allows for its calculation:

& =3 tfn@ ©)
The dislocation density and microstrain produced is
large due to nanosize of the particles [43].

3.2 Optical characterization

The UV-visible transmission spectrum of GeO,
doped MgO nanoparicles was recorded on a
SHIMADZU UV-240 IPC spectrophotometer in the
range of 200-900 nm. The prepared sample was
directly placed in the spectrum was recorded and it is
shown in the figure 3. From the results, the lower
cut-off wavelength for the sample is observed to be
at 230 nm and the percentage of transmission is
noticed to be about 93% in the visible region. The
peak at 268 nm indicates the confirmation of the
formation of nanosized MgO particles and it is
observed to be in good agreement with the reported
value [44, 45].

The optical absorption coefficient (o)) of GeO, doped
MgO nanoparticles was determined using the
relation

a = [2.303 * log,,(1/T)] /d (10)

where T is the transmittance and d is the sample
holder's travel length. Figure 4 shows the wavelength
vs absorbance coefficient curve for GeO, doped
MgO nanoparticles. The absorption edge for GeO,
doped MgO nanoparticles is determined to be 230
nm, and it is noted that the linear absorption
coefficient is low in the visible range. Electronic
transitions inside the samples cause absorption in the
near UV range. Using the connection provided by
Tauc, the optical band gap (Eg) was calculated from
the spectrum and optical absorption coefficient (a)
close to the absorption edge.

(ah9)" = A(h9 — E,), (11)

149

International Journal of Advanced Scientific Research and Management, Special Issue 4, ICAMA-18, Apr 2019
WWW.ijasrm.com

ISSN 2455-6378

where v is the frequency of the incoming photons, h
is the Planck’s constant, Eg is the optical band gap,
and A is a proportional constant. Since the MgO
sample has a straight band gap, n is equal to 2. In
figure 5, Tauc's plot between (ohv)? and h was
created. The obtained value of optical band gap for
MgO nanoparticles is 4.21 eV and this is observed to
be low compared to the band gap of MgO
nanoparticles. It is mentioned here that band gap of
MgO nanoparticle is 5.45 eV[46].The lower band
gap energy is certainly attributed to nano regime of
MgO and it is due to the presence of 4-coordinated
surface anions at the edges in the MgO nanoparticles
whereas the bulk materials comprise 6-coordinated
surface anions [47].
The extinction coefficient of the sample was
calculated using the relation
K= al/4n (12)

where o is the linear absorption coefficient and
A is the wavelength of the light. The plot of photon
energy dependence of extinction coefficient for
sample is shown in the figure 6. The result indicates
that the extinction coefficient is low in the visible
region. Since the extinction coefficient of the sample
is low of the order of 10°, the MgO nanopartilces
can be used in optical applications. It is noticed that
the extinction coefficient of the sample is high at the
fundamental absorption in the UV region [48,49].
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Utilising the following relationship(R), reflectance
and refractive index(n) values are calculated.

1 1
n= (¥+ (- 1)) (13)

R=mn-12%/(n+1)? (14)
The plot of R and n against the wavelength are
displayed in the figure 7 and 8 respectively. From
figure 7 shown that the wavelength increases, the
refractive index is decreases.
Using the following relation, the optical conductivity
of GeO, doped MgO nanoparticles in SI units was
calculated.

Oop = &ecna (15)
where c is the speed of light in empty space, n is the
refractive index, o is the linear absorption
coefficient, and ¢,is the permittivity of empty space
or vacuum. The following relation may be used to
obtain the sample's optical conductivity value in
Gaussian units:
Oop = (1/4me,)e,cna = (9 X
10%)¢g,cna (16)

Since optical conductivity is a function of
refractive index, the plots of optical conductivity
versus refractive index for GeO, doped MgO
nanoparticles are presented in the figure 9. The
results reveal that the values of optical conductivity
in SI units and Gaussian units linearly increases with
increase of refractive index.

The complex dielectric constant of the
sample can written as
=g +jg= m+jK)? (17)
where ¢, is the real part of dielectric constant, &; is
the imaginary part of dielectric constant, n is
refractive index and K is the extinction coefficient.
The above relation can be written as
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e =¢& +j& = n?—K?+j2nK (18)
And hence the real and imaginary parts of dielectric
constant can be written as

g =n?—K?and g; = 2nK (19)

The following formulas may be used to
calculate the real and imaginary parts of the
dielectric  constant of GeO, doped MgO
nanoparticles as a function of photon energy. Figure
10 displays the plot of the real portion of the
dielectric constant for GeO, doped MgO
nanoparticles as a function of photon energy. The
real component is large around the fundamental
absorption area.
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3.3 HRSEM-EDX Analysis
A focussed electron beam is used to scan a sample in
a scanning electron microscope (SEM) to create
pictures of the material. With a magnification range
that includes that of optical microscopy and extends
to the nanoscale, the electrons interact with the atoms
in the sample to produce a variety of signals that
carry data on the surface topography and
composition of the sample [50]. Using an HRSEM-
FEI Quanta 200 MK Il with an accelerating voltage
of 1 to 30 kV and an EDX resolution of 136 eV, a
research of GeO2 doped MgO nanomaterial was
conducted. The Quanta 200F is a field emission gun
(FEG) scanning electron microscope (SEM) that
can also be used in environmental (ESEM) mode,
which makes it possible to image things like
biological materials without lysing cells due to a
greater chamber pressure (0.1 to 27 mbar)[51]. The
IIT Madras in Chennai provided the analysis for this
article. Figure 12 displays high-resolution SEM
pictures of the sample at various resolutions.The
photos show that at 60,000 times their original size,
the particles are spherical. Figure 13 displays the
GeO2 doped MgO nanomaterial's observed
EDX/EDS spectra. Different locations are
concentrated during the EDS measurement, and the
figure shows the appropriate peaks. Sharp peaks in
the spectrum demonstrate the existence of Mg, O,
and Ge elements. As a result, it is proven that Ge and
O dopants are present in MgO nanomaterial. The
values of nanoparticles are given below and are
expressed in atomic weight percentage.

Fig. 12: Imags f Hi soltion Scaig Eectron microscope
of GeO, doped MgO Nanoparticles.
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3.4 Impedance Analysis

The combination of reactance and resistance is called
as impedance denoted by Z. Its unit is €. An electric
component which opposition of change in current is
called reactance and an electric component which
opposition of flow of current is called resistance.
Impedance affects the generation of current through
the electric circuit. The impedance curves for
GOMO sample are shown in figure 14. It is noted
that Z' exhibits a high value at a lower frequency,
followed by a fall and a rise in frequency that
superimposes at the highest frequency value. The
rising Z' indicates a stronger interfacial polarisation
effect from the previously described dielectric
system. As a result of the release in the space charge,
Z' exhibits a fall at high frequency values,
confirming the enhanced ac conductivity at those
frequencies. As Z", the imaginary component of
impedance, equals CR2, it produces resistance and a
shift in frequency.
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Figure 14: The impedance curves for GOMO sample

5. Conclusions

Germanium oxide, magnesium nitrate, and betel leaf
extract were used to create the GeO2 doped
magnesium oxide (GOMO) nanomaterial using a
green manufacturing process. The large reflection
peaks in the powder XRD pattern show that the
sample is a nanomaterial. The sample was
discovered to have a cubic crystal structure, and the
crystal structure was unaltered by the doping of
GeO,. The average particle size of the sample was
determined by a Powder XRD investigation to be
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26.06 nm.The UV-visible spectrum is used to
analyse the optical characteristics of the GOMO
nanomaterial, and linear optical parameters have

been assessed. At various resolutions, HRSEM
pictures of the sample have been acquired; the
images show that the sample comprises particles
with spherical and elongated forms. The Mg, O, and
Ge elements that are present in the sample are
represented by a number of strong peaks in the EDX
spectrum. The sample exhibits the characteristics of
an insulating substance, as seen by its impedance
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