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Structural, morphological, optical and low temperature magnetic studies on
SnSeO3/ZnSeO3; nanocomposite

N. G. Basil Ralph?, S. Shanmugha Soundare®, R. Harshinee?, S. Ariponnammal®”
“Department of Physics, Gandhigram Rural Institute, Deemed To Be University,
Gandhigram-624302, Dindigul District, Tamilnadu, India

"Centre for Nanoscience and Technology, Anna University, Chennai-600025,
Tamilnadu, India

Nanocomposite SnSeO;/ZnSeO; has been synthesized by hydrothermal method. EDAX
and XRD confirm the perfect formation of SnSeO3;/ZnSeO; nano composite. It shows an
interesting morphology of rectangular bar. Particle size is determined as 137.3nm. Itis an
effective applicant for applications in optoelectronic field. The energy gap of
SnSe03/ZnSeO; nanocomposite is 5.52 eV. Urbach energy value obtained is 0.0635 eV.
Refractive index obtained from optical energy gap is 1.926. PL emission spectrum obtains
a strong efficient emission in UV (~387.7 nm) region, weak emission in green (~520.7
nm) region, and moderate emission in red (~788.7 nm) region. The UV emission at 387.7
nm shows radiative electron-hole recombination and it makes the candidate suitable for
display applications. The emission peaks in the visible range may be attributed to different
surface imperfections of Schottky and Frenkel kinds, oxygen vacancies and Sn —
interstitials or Zn -interstitials. The FTIR bands are well assigned and confirms Se-O, Zn-
0, Sn-O bonds in finger print region. The sample exhibits diamagnetic nature at 300K and
SK. It also exhibits interesting super paramagnetic nature at 5K between -0.15Tesla to
0.15Tesla.
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1. Introduction

Oxy chalcogenides, also known as chalcogen-based oxides, are a new class of materials
that combine oxygen (O) with one or more elements from the chalcogen group, which includes
sulfur (S), selenium (Se), and tellurium (Te). These compounds exhibit interesting physical and
chemical properties due to the combination of oxygen's electronegativity and the unique
characteristics of chalcogen elements. Oxy chalcogenides have attracted significant attention in
materials science and solid state physics due to their diverse range of properties and potential
applications. They exhibit a wide range of electrical, magnetic, optical, and catalytic behaviours,
which make them useful in various technological applications [1]. Oxy chalcogenides can be
synthesized using different methods, including solid-state reactions, hydrothermal synthesis, sol-
gel processes, and chemical vapour deposition. The choice of synthesis method depends on the
desired properties and the specific applications [2]. They can have a variety of crystal structures,
including layered, perovskite-like, and tunnel structures. The arrangement of atoms within the
crystal lattice affects the physical properties of the material, such as electrical conductivity,
bandgap, and magnetic ordering[3]. They exhibit a wide range of electrical conductivity, ranging
from insulating to semiconducting and even metallic behaviour. This variability in conductivity
makes them suitable for applications in electronics, energy storage, and catalysis [4]. Some oxy
chalcogenides exhibit interesting magnetic properties, such as ferromagnetic, antiferromagnetic, or
spin-glass behaviour. These materials can be used in spintronics, magnetic storage devices, and
sensor applications[5]. They can possess unique optical properties, including a wide range of
bandgaps and strong light-matter interactions. These properties make them wuseful in
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optoelectronics, photocatalysis, and solar energy conversion applications [6]. They have shown
promising catalytic activity for various chemical reactions, including, water splitting, pollutant
degradation, and CO, reduction. Their catalytic performance arises from the synergistic effects
between oxygen and chalcogen species, leading to enhanced reactivity and selectivity[7]. Some
oxy chalcogenides have been investigated for energy storage applications, particularly in
rechargeable batteries and supercapacitors. Their unique combination of electrical and chemical
properties can improve energy storage performance and increase device efficiency[8]. Oxy
chalcogenides have also been explored for environmental applications, such as water purification,
air pollution control, and photocatalytic degradation of organic pollutants. Their ability to activate
oxygen and generate reactive species makes them effective in environmental remediation
processes [9]. Oxy chalcogenides continue to be an active area of research, with ongoing efforts to
discover new compositions, understand their fundamental properties, and explore novel
applications. Researchers are investigating their potential in areas like quantum computing,
thermoelectric devices, and emerging nanoelectronics [10]. In summary, oxy chalcogenides
represent a versatile class of materials with a wide range of properties and applications. Their
combination of oxygen and chalcogen elements offers unique opportunities for tailoring their
properties to meet specific technological needs, making them valuable in various fields of science
and technology. This paper deals with study on oxy chalcogenide nanocomposite SnSeO;/ZnSeOs.

2. Methods and materials

The hydrothermal technique was utilized to produce the nanocomposite SnSeO;/ZnSeOs.
Alfa Aesar analytical grade chemicals of 0.1M ZnCl;, 0.IM SnCl;, and 0.1M Na,SeO; are
dissolved in 30:30:30ml of double-distilled water. At regular intervals, freshly generated aqueous
0.1M Na,TeO; solution was combined with 0.1M ZnCls, 0.1M SnCl; solution drop by drop with
continuous stirring at a rate of 400 rpm. Then, the whole solution is transferred into teflon
container in an autoclave and kept at a constant temperature of 60°C for about 8 hours. After
cooling, a grey white precipitate was obtained. It is centrifuged after being cleaned numerous
times, first with double distilled water and then with ethanol. The precipitate was subsequently
dried at 50 °C for a few hours before being placed in desiccator for storage.

The Energy dispersive X-ray analysis spectrum (EDAX) is recorded by the OXFORD
INCAPENTAX3 model in England. The Carel ZEISS EVO-18 model is utilized to record scanning
electron microscopy (SEM) and X-ray powder diffraction (XRD) by Panalytical X'Pert Pro using
Cu Ka radiation. The Perkin Elmer Lambda 35 spectrophotometer is used to obtain the ultraviolet-
visible (UV-Vis) spectrum; the VARIAN Cary Eclipse Fluorescence Spectrophotometer is used to
obtain the photoluminescence (PL) spectrum; the Perkin Elmer BX model spectrophotometer is
used to obtain the Fourier transform infrared (FTIR) spectrum; and the Lakeshore model VSM
7410 is used for magnetic measurements.

3. Results and discussions

3.1. Morphological studies

Figure 1 shows EDAX of SnSeO;/ZnSeO; nano composites sample. It is observed that the
sample consists of Sn, Zn, Se and O elements, confirming the product purity. The observed weight
percentages of Tin, Zinc, Selenium and Oxygen are 32.07%, 12.99%, 18.30% and 36.64%
respectively. The analysis confirms the perfect formation of SnSeO;/ZnSeO; nano composite.
SEM picture of SnSeO;/ZnSeO; at magnification of 25 KX (Figure 2) shows an appealing
morphology of rectangular bar. Particle size is determined as 137.3nm using particle size analyser.
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Fig. 1. EDAX of SnSeQ3/ZnSeQ; nanocomposite.

Fig. 2. SEM picture of SnSeO3/ZnSeO; nanocomposite.

3.2. XRD

Figure 3 depicts XRD of SnSe0;/ZnSeO; nano composites synthesized by simple
hydrothermal method. The phase structure of products was characterized. It has been found out
that the high intensity peaks are appeared at 20 values for SnSeO; at 13.2604, 19.7609, 20.4787,
26.6774, 40.5178, 41.8944, 43.6434 and 51.7225, which are indexed with the planes of
(100),(011), (101), (120), (122), (202), (212) and (023) with orthorhombic structure with lattice
parameters of a = 6.350 A, b = 8.224 A, and ¢ = 5.852 A,[11] and ZnSeO; at 29.7772, 31.4029,
49.8843, 54.9864, 55.8340 and 65.0668 which are indexed with planes of (020), (021), (123),

(301), (310) and (303) at orthorhombic structure with lattice parameters of a=5.14 A, b = 6.00 A,
and c = 7.81 A[12].
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Fig. 3. XRD of SnSeOs3/ZnSeO; nanocomposite.
Further, absence of alloy peaks and no peak shifts confirmed the perfect formation of
SnSe0;/ZnSeO5 [13].

3.3. Optical studies

Figure 4 displays recorded UV-VIS spectrum. It is appropriate for use as a filter in the UV
zone due to its strong absorption at roughly 209.39 nm. UV light is divided into four regions as
vacuum UV (10-200 nm), far UV (200-280 nm), near UV (280-400 nm), and visible UV (400-800
nm). The vacuum UV region has the highest energy and shortest wavelength, while the visible UV
region has the lowest energy and longest wavelength. SnSeOs/ZnSeO; nanocomposite only
absorbs light in the vacuum UV region. It means that the energy gap between its ground state and
its first excited state is very large, and only light with very high energy can excite the electrons in
SnSeO3/ZnSeO; nanocomposite sample[14].
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Fig. 4. UV —Visible absorbance spectrum of SnSeO3/ZnSeO; nanocomposite.

Light with lower energy, such as short, middle, and long UV light, does not have enough
energy to overcome the energy gap, and therefore passes through SnSeOs/ZnSeO; without being
absorbed. A small absorption in the visible region means that the sample has a low concentration
of chromophores, or molecules that can absorb light in that range. Chromophores usually have
conjugated double bonds or aromatic rings that can undergo electronic transitions when exposed to
light. The light absorbed by a sample is in proportion to the chromophores concentration,
according to the Beer-Lambert law [14-16]. Therefore, a small absorption implies a low
concentration of chromophores, or a high transmittance of light through the sample. Alternatively,
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a small absorption could also mean that the sample has a very short path length, or a low molar
absorptivity of chromophores [14-16]. These factors also affect the absorbance of light by a
sample, as shown by the equation

A=€cl (1)

Here, A is absorbance, € is molar absorptivity, ¢ is concentration, and 1 is path length [14].
Thus, the transmittance is observed to be high in the visible region due to the lower concentration
of chromophores. The broad transmission spanning from 250 to 900 nm makes the
SnSe05/ZnSeO; nanocomposite a viable candidate for use in optoelectronic applications. A Taue
plot of (ohv)* against energy is depicted in Figure 5, and it indicates an energy gap of 5.52 eV for
the SnSe0;/ZnSeO; nanocomposite [17-18].
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Fig. 5. Taue plot of SnSeO3/ZnSeO; nanocomposite.

The Urbach energy value of 0.0635 eV is derived from the Urbach plot (Figure 6). Using
relation (2) [19-20], the refractive index derived using the optical energy gap is 1.926.
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Fig. 6. Urbach plot of SnSeO3/ZnSeO; nanocomposite.
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Figure 7 depicts PL emission spectrum with excitation at 395 nm. It exhibits strong
effectual emission in UV (~387.7 nm) region, weak green emission (~520.7 nm) region, and
moderate red emission (~788.7 nm) region. The peak in the UV region at 387.7nm is the envelope
of phonon replicas of free exciton luminescence as reported in ZnO [21]. It may be due to radiative
electron-hole recombination. The deep UV region peak makes the candidate a promising material
for display applications [22]. Different surface imperfections of the Schottky and Frenkel kinds
can be blamed for the emission peak in the visible range.
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Fig. 7. PL spectrum of SnSeO;3/ZnSeO; nanocomposite.

Oxygen vacancies and interstitials are normally extremely common in oxide systems, and
their appearance greatly influences the modified photoluminescence response [23-27]. Minor
intensity peak at 520.7nm is ascribed to oxygen vacancies and Sn —interstitials or Zn -interstitials.
The medium intensity peak at 788.7 nm corresponds to Sn-interstitial defects[28]. Nanoparticles
have the potential to be employed as optoelectronic devices, luminescence detectors, and
ultraviolet photo-conductive detectors [26].

3.4. FTIR study

Figure 8 shows FTIR spectrum of SnSeO;/ZnSeO; nanocomposite. It shows broad trough
from 3680.18 and 2376.30 cm™ enclosing a peak centered at 3394.72 cm™ is assigned as O-H bond
[29-31]. Also, O-H bonds are ascribed to the bands seen at 1635.64, 1442.75, and 1381.03. These
have provided clues regarding the hygroscopic quality of the material. The fingerprint region is
made up of bands that correspond to the Se-O bond at 848.68 [32], the Zn-O bond at 763.81 and
470.63 cm-1 [33, 34], and the Sn-O bond at 686.66 and 563.21 cm™ [35].
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Fig. 8. FTIR spectrum of SnSeO3/ZnSeO; nanocomposite.

3.5. Low temperature magnetic studies

Figure 9 and Figure 10 shows SnSeO;/ZnSeO; nanocomposite confirming diamagnetic
nature of sample[21] at 300K and 5K. But, the expanded M-H curve shown in Figure 11 exhibits
interesting super paramagnetic nature between -0.15Tesla to 0.15Tesla.
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Fig. 9. M-H curve of SnSeQO3/ZnSeO; nanocomposite at 300K.
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Fig. 10. M-H curve of SnSeO3/ZnSeO; nanocomposite at 5K.
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Fig. 11. Expanded M-H curve of SnSeOs/ZnSeO; nanocomposite at 5K.

4. Conclusions

Nanocomposite SnSeO3/ZnSeO; which belongs to oxychalcogenides has been synthesized
by hydrothermal method. EDAX of SnSeOs/ZnSeO; nano composites shows that the sample is
composed of Sn, Zn, Se and O elements, which confirm the product purity and confirms the
perfect formation of SnSeO;/ZnSeO; nano composite. It shows an interesting morphology of
rectangular bar. Particle size is determined as 137.3nm. XRD confirmed the perfect formation of
SnSe05/ZnSe0s. It is a strong candidate for optoelectronic applications. It exhibits 5.52 eV energy
gap. The calculated Urbach energy is 0.0635 eV. The optical energy gap yielded a refractive index
of 1.926. Strong efficient emission is obtained in the UV (~387.7 nm) area, weak emission in the
green (~520.7 nm) region, and moderate emission in the red (~788.7 nm) part of the PL emission
spectrum.

The peak in the UV region at 387.7nm may be due to radiative electron-hole
recombination and it makes the candidate a promising material for display applications. The
emission peaks in the visible range may be attributed to different surface imperfections of
Schottky and Frenkel kinds, oxygen vacancies and Sn —interstitials or Zn -interstitials.
Nanoparticles have the potential to be employed as optoelectronic devices, luminescence detectors,
and ultraviolet photo-conductive detectors. The bands observed in FTIR are well assigned and
confirms Se-O bond, Zn-O bond and Sn-O bonds in finger print region. The sample exhibits
diamagnetic nature at 300K and 5K. It also exhibits interesting super paramagnetic nature at SK
between -0.15Tesla to 0.15Tesla.
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