JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 15 No 2, 02021(7pp) (2023)

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 15 No 2, 02021 (7cc) (2023)

A Comprehensive Investigation on Optical and Magnetic Properties of (In1-xDyx)203 Nano
Powders Prepared by Solid State Reaction Method

Lakshmi Rajesh Chebrolul, Madhusudhana Rao Nasinal”*, Kaleemulla Shaik?,
Maddikera Kalyan Chakravarthi3

1 Department of Physics, School of Advanced Sciences, VIT-AP University, Amaravati, 522237 Andhra Pradesh, India
2 Thin Films Laboratory, Centre for Functional Materials, Vellore Institute of Technology, Vellore, 632014 Tamil
Nadu, India
3 School of Electronics Engineering, VIT-AP University, Amaravati, 522237 Andhra Pradesh, India

(Received 04 February 2023; revised manuscript received 18 April 2023; published online 27 April 2023)

In this investigation, Dy doped In203 nanoparticles were synthesized using solid-state reaction with
different concentrations of 2 at.%, 5 at.%, and 9 at.%. From the X-ray diffraction studies, it was observed
the powder samples have a cubic bixbyite crystal structure, and crystallites size was in the range of 31 nm
to 82 nm. From the scanning electron microscope images, grain size it was measured and it was in the
range of 100 nm to 300 nm. The energy dispersive analysis of X-ray (EDAX) spectra revealed that the syn-
thesized nanoparticles are free from impurities. Using diffuse reflectance spectra, the optical band gap was
calculated and it increased from 2.89 eV to 2.96 eV with increase of Dy3* ions concentration. Photolumines-
cence spectra shown emission peaks in the visible region of the spectrum when samples were excited with
a light source of wavelength 410 nm. At ambient temperature, the pure In203 exhibited paramagnetic na-
ture whereas (In; - :Dyx)203 nanoparticles shown ferromagnetism.
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1. INTRODUCTION

Dilute magnetic semiconductors (DMS) find their
potential applications in developing of spintronic
devices and they play an important role in develop-
ing in most advanced future electronic devices such
as nano electronic devices. Generally, the semicon-
ductors that exhibit ferromagnetism at room tem-
perature by doping a small quantity of impurity ele-
ments such as transition metal ions or magnetic ions
[1-3] are considered as dilute magnetic semiconduc-
tors. The wide band gap oxide semiconductors such
as In203, SnO2, TiO2 and ZnO shown ferromagnetism
when they are doped by a small quantity of impuri-
ties [4, 5]. Among the different oxide semiconductors,
In203 is the promising semiconductor that possess
peculiar properties that will be highly useful in
many electronic device applications such as magneto
resistance, gas sensors, touch screens, liquid crystal
displays, transparent conducting electrodes, photo
diodes, photo catalysis, ultraviolet lasers, and others
[6-9].

Indium oxide (In203) is a transparent conducting
oxide material that exhibit electrical conductivity,
high optical transparency in the visible range, good
thermal and chemical stabilities [10]. Further, indium
oxide shows high optical transparency in infrared re-
gion, possess wide band gap (3.5 eV) and it is consid-
ered as an n-type metal oxide semiconductor [11, 12].
The stoichiometry and high doping limits in In20s
play an important role in tuning the optoelectronic
properties of indium oxide.

The oxygen vacancy plays a great role in inducing
ferromagnetism in In20s along with concentration of
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impurity ions. With increase in impurity concentration,
the carrier concentration can be increased and it may
cause to develop oxygen vacancies [13]. Doping rare
earth elements in indium oxide (In20s3) can cause im-
provement in structural, optical, magnetic, and sensing
capabilities of In203 [14-17]. The rare elements such as
Eu, Gd, Tm, Yb, Dy, and Nd can be doped in In203 and
can improve the physical properties. In order to im-
prove the luminescence efficiency of semiconductors via
the energy transfer process, which is more significant
from a theoretical and technical point of view, rare
earth ions like Eu®t, Dy3*, and Er3* are added to the
semiconductors [18]. Dysprosium oxide (Dy20s3), is both
a rare earth oxide and a basic metal oxide. It is a pow-
der in white in colour, very stable, insoluble, paramag-
netic, and slightly hygroscopic. Dysprosium oxide find
in applications such as ceramics, glass, lasers, and hal-
ide lamps, etc. The manner in which it is prepared has
a significant impact on the qualities it possesses [19].
For specialised alloying applications, stainless steel
will be supplemented with metals that have a high
melting point of dysprosium (2300 °C, Dy20s). Further,
these materials are used in lasers sources and nuclear
controllers.

Hosamani et al. [20] have synthesised Dy-doped
In203 by auto combustion procedure and reported fer-
romagnetic nature [20]. Anand et al. [21] have pre-
pared Dy3*: In203 nanoparticles using co-precipitation
method for gas sensing applications. In the present
study, Dy doped In203 nanoparticles were prepared
using simple, low-cost solid-state reaction and studied
the role of Dy on structural, morphological, optical,
photo luminescent and magnetic properties of In20s.
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2. EXPERIMENTAL METHODS
2.1 Sample Preparation

The (In:i-xDyx)203 nano powders with varied Dy
concentrations were synthesised using a solid-state
reaction. Powders of indium oxide (In203) and dyspro-
sium oxide (Dy203), were procured from Sigma Aldrich
(India) and containing 99.99 % pure trace metals.
These two powders were weighed using high accurate
microbalance with different Dy3* concentrations such
as 0 at.%, 2 at.%, 5 at.%, and 9 at.%. The samples were
represented as pure In20s3, S-X (2 at.%), S-Y (5 at.%),
and S-Z (9 at.%). These powders were properly mixed
and continued grinding for at 16 hours using Agate
mortar and Pestle. These ground powders were cal-
cined in the air for 9 hours at 900 °C using a program-
mable tubular furnace. The resulting powder samples
were cooled to room temperature and the resultant
powder exhibited a light yellow after the calcination.
The structural, optical, and magnetic characteristics of
the synthesized powders were characterized by a varie-
ty of characterisation tools and techniques.

2.2 Characterization Instruments

X-ray diffractometer (D8 Advance, BRUKER) was
used to analyse the structural aspects of In2Os such as
crystal structure, orientation, and lattice parameters.
The surface and elemental analysis of the nanoparticles
were studied using field emission scanning electron
microscope (FE-SEM) attached with energy dispersive
analysis (EDS) (Oxford manufacture Inca Penta FETX3
EDS attachment in Carl Zeiss EVO MA 15 SEM). The
optical reflectance and absorbance were recorded in the
range of 200nm to 1100nm wusing UV-Vis-
spectrophotometer (Lambda 365 Spectrophotometer,
PerkinElmer). Photoluminescence spectra of the nano-
particles were recorded using PL spectrophotometer
(HORIBA FL-1000). The magnetic properties of the
nanoparticles such as magnetization, coercive field, and
retentivity were studied using vibrating sample magne-
tometer (VSM).

3. RESULTS AND DISCUSSION
3.1 Structural Properties

X-ray diffraction patterns of (Ini-»Dyx)203 nanocrys-
talline powders at different Dy compositions (x=0, 0.02,
0.05, and 0.09) are shown in Fig. 1. From the figure, it is
clear that synthesized nanoparticles exhibit crystallinity.
All the diffraction peaks were indexed with planes and
found that all these planes were perfectly coincided with
cubic structure with an Ia-3 space group (JCPDS Card No:
06-0416). No other diffraction peak related to impurity
element Dy was found in XRD patterns indicating the
purity of the synthesized nanoparticles. With increase of
Dy concentration, a shift in diffraction peaks was observed
towards lower diffraction angle (26) in XRD patterns. It
may be due to difference in ionic radius of In?* and Dy?*. It
seems that Dy ions replaces In ions as In3*, has an ionic
radius of 94 pm and the Dy?* has an ionic radius of 91 pm.
This shift in diffraction peak was observed when Dy con-
centration increased from 0 at.% to 9 at.%.
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Fig.1-XRD patterns of (Ini-.Dy:)203 nano powders at
x=0.00, 0.02, 0.05 and 0.09

From the XRD patterns, it is clear that (222) orienta-
tion is dominant which indicates the cubic structure. The
(222) peak became broader with increasing Dy concen-
tration and it clearly depicts the increase in full width
half maximum (FWHM) and which in turn decreases
crystallite size. Similar results were also observed by
Anand et al. [12] in Er doped In203 nanoparticles. The
crystallite size was calculated using Scherrer equation.
The micro strain, dislocation density and lattice parame-
ters of the Dy doped In203 nanoparticles were also calcu-
lated and tabulated in Table 1. Fig. 2 shows the XRD
patterns of Dy:In203 nanoparticles in the diffraction an-
gle range of 29.8° to 31° and it clearly indicates the shift
in (222) peak with increase of Dy concentration. Further,
the intensity of the diffraction peak decreased with in-
crease of Dy concentration which indicate that Dy impu-
rity reduces the growth of the crystallite size [22].
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Fig. 2 - Variation of XRD peak profile (222) of (Ini-.Dyx)203
nano powders with x = 0.00, 0.02, 0.05 and 0.09 samples in the
diffraction angle 20 range between 29.8° to 31°

Pure In203 had lattice parameters of 10.06 A; howev-
er, as the amount of dysprosium concentration added to
the material increases, the lattice constant increases
from 10.16 A to 10.22 A as a result of the distortion
caused by the substitution of Dy atoms to the host lat-
tice. This occurs because the addition of Dy atoms causes
the host lattice to become more distorted. Hosamani et

02021-2



A COMPREHENSIVE INVESTIGATION ON OPTICAL AND MAGNETIC...

al. [20] synthesised (Ini-.Dyx)203 nano powder by auto
combustion method at a temperature of 400 °C. While
doing so, they observed changes in the lattice parame-
ters, that varied from 10.04 A to 10.11 A. Using Vegard's
rule, a comparison was made between the theoretical
and experimental data about the lattice constant, and
the results are shown in Fig. 3. When theoretical and
practical calculations were compared, it was found that
the lattice constant was less for pure In20s, and that the
lattice constant increased linearly as the concentration of
Dy3* atoms increased in In203 (JCPDS Card No: 79-
1722).

3.2 Morphological Studies

As shown in Fig. 4, the morphological and elemental
composition of synthesised nanoparticles were analysed
using FESEM in conjunction with EDAX.
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Fig. 3 — Variation of lattice parameters and crystallite size with
Dy ions compositions in prepared (In;-:Dy:)203 nano powder
samples

Table 1 — Comparison of structural parameters of (In:-.Dyx)203 nano powder samples from XRD analysis

(In1-xDyx)203 26 FWHM Crystallite Micro Dislocation Lattice
(degree) ¢ Size Strain Density Constant
(degree) D (nm) (10-3 m) (10-4 m) ‘a’ (A)
x=0.00 30.73 0.14384 57 2.28 3.048 10.06
x=0.02 30.41 0.15402 53 2.47 3.500 10.16
x=0.05 30.34 0.16265 50 2.62 3.904 10.19

According to the EDAX spectra, the elemental com-
position of (Ini-xDyx)203 with different compositions
such as x =0.02, 0.05, and 0.09 demonstrates that it is
near to the composition of In, Dy, and O that of target
material. Only the peaks for indium, dysprosium, and
oxygen were identified in the EDAS spectra. This indi-
cates that the absence of any additional elements. The
concentrations of indium, dysprosium, and oxygen
atomic percent for different Dy concentration in the
(In1-xDyz)203 are described in Table 2.

Images obtained using a FESEM show that the (Ini-
«Dyx)203 nano powders have semi-spherical and polygo-
nal-shaped particles and are in submicron in size. The
particles came together and formed tightly packed struc-
ture. The histogram of the (Ini-yDyx)203 nano powder
samples is shown in Fig. 5 with the concentration of Dy
ions varied at x = 0.02, 0.05, and 0.09. From the

Fig. 4 —- FESEM with EDAX spectra of (Ini-xDyx)20s nano pow-
ders (a) x = 0.02, (b) x = 0.05, and (c) x = 0.09 calcined at 900 °C

Table 2 - The atomic percentages (at. %) of (Ini-xDy)20s
nano powder samples from EDAX analysis

Samples In Dy (0} Total
(at. %) (at. %) (at. %) (at. %)

S-X (x=0.02) 45.59 2.81 51.60 100

S-Y (x =0.05) 39.85 3.77 56.38 100

S-Z (x = 0.09) 35.51 11.13 53.36 100
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Fig. 5 — Diameter of particle Size distribution histogram of
(In1-+Dyx)203 nano powder samples with the concentration of
(a) x=0.02, (b) x=0.05, and (c) x = 0.09

SEM images, it can be seen that grain of different sizes
was formed at different Dy concentration. A grain size
of 65 nm to 300 nm was observed at low Dy concentra-

02021-3



L.R. CHEBROLU, M.R. NASINA, K. SHAIK, M.K. CHAKRAVARTHI

tion (x = 0.02) and is shown in Fig. 5(a). A grain size of
60 nm to 400 nm was observed at low Dy concentration
(x=0.05) and is shown in Fig. 5(b). Similarly, (Ini-
«Dyx)203 nanoparticles at Dy concentration of 0.09 at.%
shown a grain size in the range of 81 nm to 300 nm as
shown in Fig. 5(c). But the observed grain size is higher
than that of crystallite size calculated from Scherrer
relation. The (Ini-:Dyx)203 nano powder samples'
FESEM images showed porous structures and particles
with sizes ranging from nano to micrometres [23].

3.3 Optical Properties

The diffuse reflectance spectra of (Ini1-zDyx)203 nano
powder samples with different compositions are shown
in Fig. 6. The spectra were recorded in the wavelength
range of 300 to 1000 nm. In the visible spectrum, it was
noticed that the reflectance of the samples of (Ini-
«Dyx)203 nano powder was between 70 % and 90 %. Us-
ing the Tauc’s relation and Kubelka-Munk function the
band gap of (In1-xDyx)203 nano powder were calculated.
The Kubelka-Munk function was written as F(R) = (1 —
R)?/2R in terms of the variable reflectance R [24].
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Fig. 6 — Diffuse reflectance spectra of (Ini-:Dy.)20s nano
powder samples at x = 0.00, 0.02, 0.05, and 0.09

Fig. 7 depicts the band gap of pure and (Ini-xDyx)203
nano powders. As seen in Fig. 7, By extending the linear
region of the figure of (F(R)hv)? vs. photon energy, the
energy bandgap E; was calculated. The pure In203 powder
showed a band gap of 2.89 eV, whereas Dy doped In203
nano powders at 2 at.%, 5 at.%, and 9 at.% of Dy showed
band gaps of 2.94 eV, 2.955 eV, and 2.965 eV. In synthe-
sized powder samples, the optical energy band gap in-
creased from 2.94 eV to 2.96 eV when the Dy3* ion concen-
tration level varied with x=0.02, 0.05, and 0.09. The in-
crease in optical band gap with increase in Dy concentra-
tion might be due to Burstein-Moss effect. As a conse-
quence of the Fermi level migrating to the conduction
band and occupying some of the bottom levels in the con-
duction band, the band gap increases, requiring more en-
ergy to go from the valance band to the conduction band.
The spectrum shows that the absorption edge shifts to-
wards shorter wavelengths as the concentration of dys-
prosium rises. It demonstrates that an increase in optical
band gap was discovered, and that it was caused by the
carrier concentration brought on by the inclusion of dys-
prosium ions and the emergence of defect levels in the
energy band gap [25].
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Fig. 7 - (F(R)hv)? vs Photon energy plots of (Ini-.Dyx)20s nano
powder samples at x = 0.00, 0.02, 0.05, and 0.09

3.4 Photoluminescence Studies

Photoluminescence (PL) studies were performed for
the (Ini-+Dyx)203 (x =0.00, 0.02, 0.05, and 0.09) nano
powders at room temperature at an excitation wave-
length of 410 nm and the spectra are shown in Fig. 8.
The spectra shown that emission bands at 451 nm (Vio-
let), 560 nm (Green), 675 nm (Red) and 784 nm. The
peak intensity in prepared powder samples varied de-
pending on the amount of dysprosium present. As the
concentration of Dy ions rose from 0.00 to 0.09, the
peak intensity locations in the produced samples in-
creased. As the concentration of Dy ions rose from 0.00
to 0.09, the peak intensity locations in the produced
samples increased. The peak intensities for the compo-
sition of the 2 at.% and 5 at.% were very comparable
because the Dy3* ions in the host lattice changed so
very little. Band edge recombination and imperfections
cause metal oxide semiconductors cause for luminesce
[26, 27].
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Fig. 8 — Photoluminescence spectra of (Ini-.Dyx)203 nano
powder samples

The peak intensity varied with the concentration of
Dy ions, according to Hosamani et al. [20] who stimu-
lated the material at 325 nm and only detected the
peak at 580 nm (Yellow). In general, oxygen vacancies
will play an important role in inducing photolumines-
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cence property. Here the oxygen vacancies might be
developed by adding Dy impurity ions into the host
In203 lattice and may cause off stoichiometry in the
host material. Further, defects might also be one rea-
son for the observed PL property in pure and Dy doped
In20s.
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Fig. 9 - Deconvolution of photoluminescence spectra of pure
In203 nano powder

Fig. 9 depicts the deconvolution of pure In203 nano
powder samples that were stimulated at 410 nm while
they were at room temperature. The range of wave-
lengths from 440 nm to 790 nm is taken into account in
the graph of intensity against wavelength that repre-
sents the photoluminescence spectrum with baseline
correction. The most prominent intensity peaks could
be found at 451 nm (violet), a barely noticeable intensi-
ty peak at 558 nm, and lesser intensity peaks at 630,
672, 709, and 780 nm (red region).

The incorporation of Eu3*/Dy3* ions into the In203
lattice was accomplished by Dimple et al. using Sono-
chemical method. The sample displays very weak emis-
sion bands when stimulated at 235 nm. These bands
are formed by transitions of Eu3* ions in the In203 lat-
tice in contrast to transitions of Eu3*/Dy3* ions. In the
instance of Dy-doped In20s, there was no emission
seen. This might be because the In203 lattice was un-
der a significant amount of strain around the Dy3*
(doping) ions [28].

3.5 Magnetic Properties

The magnetic hysteresis loop for (In1-xDyx)203 nano
powders at room temperature is shown in Fig. 10
where an external magnetic field of + 5000 G was ap-
plied. The magnetic studies were carried out at room
temperature (300 K). As can be seen in Fig. 10, pure
In203 nano powder in this condition has paramagnetic
properties. With different concentrations of Dy (x = 0),
0.02, 0.05, and 0.09, the (In1-:Dyx)203 nano powders
that were produced shown either a paramagnetic or a
mild ferromagnetic behaviour. The strength of magneti-
zation increased with increase of applied magnetic field
and no magnetic saturation was found even at higher
applied magnetic field. Similar results were also observed
for Dy doped In2O3 nano powders at different Dy concen-
trations. Additionally, the coercivity (H. = 310.46 to 1.0651
Gauss), the saturation Magnetization (Ms=7.45 x 10-3 to
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111 x 10-3 emu/g), and the retentivity (M,=2.476 x 10-3
to 20.25 x 10-3 emu/g) all drop as the concentration of
Dy ions in In20; rises. (In1-xDyx)203 nano powders, to
the best of our knowledge, display behaviours ranging
from para magnetic to ferromagnetic properties.
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Fig. 10 - Magnetization hysteresis curve of (Ini-:Dy)20s
nano powders (x = 0, 0.02, 0.05 and 0.09) at room temperature

When doping dysprosium ions into In203 to produce
a magnetic nature, spin-spin interactions between dys-
prosium ions may be created thanks to an oxygen va-
cancy [2, 27, 29]. Ferromagnetism at ambient tempera-
ture in dilute magnetic semiconductors may be influ-
enced by a wide variety of applications [30-33]. Some of
these factors include oxygen vacancy, spin polarisation,
lattice distortion, magnetic impurities, and ferromag-
netic clusters. The (In1-+Dyx)203 nano powders exhibit
a weak ferromagnetic behaviour owing to oxygen va-
cancy associated defects and short-range ferromagnetic
ordering [34, 35]. Hosamani et al. [20] used an auto
combustion approach to synthesize Dy doped indium
oxide nanoparticles and found the evidence of modest
ferromagnetism in Dy-doped indium oxide samples.

4. CONCLUSIONS

To summarise, (In1-xDyx)203 nano powders were
synthesized by solid-state reaction with Dy3* ions in
varying concentrations (x=0.00, 0.02, 0.05, and 0.09).
In order to investigate the crystallite sizes of the nano
powders, X-ray diffraction technique was used. The
crystallite sizes of the samples varied from 31 to 82 nm
and had a cubic structure with a single phase. The lat-
tice constant of the prepared nano powders increased
from 10.06 A to 10.22 A. As the concentration of Dy3*
increases, the size of the crystallites decreases, but at
the same time the lattice constant increases. FESEM
micrographs showed that the nanoparticles had a semi-
spherical form, and EDAX analysis revealed the com-
positional weight percent and atomic weight percent of
the selected composition. As the quantity of Dy3*
changed, researchers found that different samples of
(In1-xDyz)203 nano powder had energy bandgaps that
ranged anywhere from 2.89 to 2.96 eV. A rise in dopant
concentration is seen in the photoluminescence spectra,
which is then followed by an increase in intensity at an
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excitation wavelength of 410 nm. Emission in the vio-
let, green, and red areas may be seen in photolumines-
cence spectra because to the presence of oxygen vacan-
cies and their influence. The produced (Ini-Dyx)203
nano powders display modest ferromagnetism at ambi-
ent temperature, while the magnetic properties of
In20s3 in their natural state are para magnetic. If there
is a higher concentration of Dy3* in the In203 lattice,
then there will be a higher level of magnetic saturation.
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¥V mpomy mocmimxenHl HamouactTuHEN In20s, serosani Dy, Oysiu cuHTe30BaH1 3a JOIIOMOI0I0 TBepaodas-
HOI peakini 3 pidHUMH KoHIeHTpariamu: 2; 51 9 ar.%. Ha ocHOBI mociiIskeHb PEeHTTEeHIBCHKOI MHQPaKIIi
0yJI0O BCTAHOBJIEHO, IO 3PAa3KH MOPOIIKY MAKTh KYOIUYHY KPHUCTAIIYHY CTPYKTYPY OIKCOIITY Ta po3Mipu KpHc-
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A COMPREHENSIVE INVESTIGATION ON OPTICAL AND MAGNETIC... JJ. NANO- ELECTRON. PHYS. 15, 02021 (2023)

TamTiB 31-82 M. MeTomoM CraHyo0U0l eJIeKTPOHHOI MIKPOCKOIII ycTaHoBJIeH] poamipu 3eper 100-300 Hm.
Enepromucnepciiinmit anamia perrtrenisebkux crmextpis (EDAX) moxasas, 1o CMHTe30BaHI HAHOYACTHHKN
He MICTATH JOMIIIOK. BHKOPUCTOBYIOUM CHEKTPHU IM(Y3HOrO BIIOUTT, OYJI0 PO3PAXOBAHO ONTUUHY IITUPUHY
3a00pOHEHOI 30HU, siKa 3pocrana Big 2,89 o 2,96 eB ai 36inbuienHsaM kouienTpaiii ionie Dy3*. Cuexrpu
doTosFOMIHECTIEHTTIT TTOKA3aIH MKW BUMPOMIHIOBAHHS ¥ BUAUMII 00J1aCTi CIIEKTPA, KOJIK 3PA3KH 30y I5KyBa-
JIHCS JRepesioM cBitia 3 qoB:kuHOI0 XxBmutl 410 M. [Ipu TeMmepaTypi HABKOJIHUIITHBOTO CEPEIOBUIIA IUCTHMN
In20s BUsiBIAB MapamMarHiTHy mpupoay, Toal Ak HanodacTuHky (In: - «Dyx)203 6ysiu pepomaruitarmmy.

Kmouosi ciosa: Oxenp imgisa, Oxenn gucmposio, Pigrosemenssi oxcuau, Qoromominectentia, Bioparriii-
HUI Mar"giTomMerp.
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