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Abstract: Microwave assisted solution method was used to synthesize pristine and Iron (Fe)
doped Cassiterite (SnO,) nanoparticles. The effect of iron doping was characterized for the
optimization of principal parameters of Cassiterite. The tetragonal structure of Cassisterite
was confirmed through PXRD spectra. The particle size was calculated using Debye Scherrer
formula and attains at nanometer range. The SEM image and EDX depicts the spherical
structure and the composition of the elements of the synthesized nanoparticles. The optical
band gap value is determined for the synthesized nanoparticle through the Tauc plot using
Diffuse Reflectance Spectra. The specific capacitance value reveals the enhancement of
electrical properties of Cassiterite through iron doping
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I. Introduction

The systems for energy storage with high energy storing capacity, low cost, and
eco-friendly being necessary for the electronic gadgets Semiconductor metal oxides in
nanometer size are considered in many researches as a consequence of their physical,
chemical, magnetic and optical properties [3]. The present paper deals with post-transition
metal oxide namely stannic oxide due to the optical transparency and wide optical band
gap [8]. Iron (Fe) is one of the transition metal is used as the doping material due to ionic
radius [9]. The aim of this paper is to enhance the principal parameters of SnO, by doping
the iron through the characterization and focused on specific capacitance for the
application of supercapacitor..
Il1. Synthesis method

The precursor of the nanoparticle synthesis was used as stannous chloride dihydrate
(SnCl,-2H,0), urea as catalyst and solvent as ethylene glycol. To enhance the principal
parameters of Cassiterite, ferrous chloride (FeCls) was the doping material. The appropriate
amounts of SnCl,.2H,0 and urea was added to ethylene glycol and heated at 540 W in a
domestic microwave oven until the precipitate formation. Then washed with distilled water
and acetone and the resultant was annealed at 400° C to get Cassiterite nanoparticles. As the
addition of doping material at 8 wt%, iron doped Casseterite nanoparticles were
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synthesized.
I11. Characterization Techniques

The synthesized nanoparticles XRD spectra were recorded by Powder X-ray
Diffraction (PANalyticalX’PertPRO) with Cu Ka radiation (A = 0.15406 nm) to reveal the
structural parameters.The morphological analysis was carried out using SEM and the
elemental composition analysis of the sample was done by EDX analysis (SEM-EDAX,
JEOL 6390LA). The optical properties were analyzed by diffuse reflectance spectra
(Agilent Cary 5000 UV-Vis spectrometer). Electrochemical characteristic studies were
taken out using CH1604E Electrochemical workstation.

IV Results and Discussion
4.1 XRD analysis

Fig.1 shows the XRD spectra of pure and Fe doped SnO, nanoparticles. The intense
and sharp peaks of spectra reveals the crystallinity nature and suited with JCPDS no 41-1445.
The iron related reference peaks are not traced in the XRD spectra. The peaks of iron doped
were wider and blue shift of 20 than undoped Cassiterite. This results in particle size
decrement [11].

Infensiy (arb.unk)

Fig. 1 XRD patterns of pristine and Fe doped Cassiterite nanoparticles
The Scherrer’s formula was used to determine the particle size of the most intense
XRD peak (110) were 27.49 and 10.25 nm of pristine and Fe doped Cassiterite[5]. The
particle size was decrased after doping of Fe and confirms the incorporation of the iron ions
into SnO,, lattice successfully.

4.2. Morphological Analysis

Fig. 2a and Fig. 2b depicts the SEM images of pure and Fe doped SnO
nanoparticles. The spherical morphology are observed in the SEM image. EDX spectra Fig.
3a and Fig. 3b reveals the existence of Fe ions in the synthesized nanoparticle is confirmed
through the Ni ions spectra.
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Element  At%
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Fig. 3a and Fig. 3b EDX images SnO, and Fe doped SnO, nanoparticles

4.4. Band Gap Energy of Fe doped SnO, nanopatrticles

The optical band gap energy Eg of the iron doped Cassiterite nanoparticles are
calculated from the diffuse reflectance spectrum [10]. The E4 can be found out through the
Tauc plot [11] is shown in the Fig. 4 and the extrapolation of linear region in the Tauc plot
shows the value of 3.79 eV and 3.2 eV of stannic oxide and Fe doped stannic oxide
nanoparticles

((;lf'l\']2

Fia? 4 Tauz'ﬁlot of Fe domga SnO, nNano particles

4.4. Electrochemical studies

The pristine and Fe doped Cassiterite nanoparticles were examined using cyclic
voltammetry (CV) and galvanostatic charge discharge (GCD) to study the electrochemical
properties. Figure. 9 shows the CV curve for the scan rate 10-100 mV/s of pristine and Fe
doped SnO, electrodes.
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Fig. 5a and Fig. 5b CV curve of pristine and Fe doped Cassiterite nanoparticles

On increasing the scan rate, the position of redox peaks is shifted due to the reactions
of faradaic [13]. The reduction of particle size of doped sample infers in the integrated
surface area of electrodes. The GCD curve is shown in the Fig. 6a and Fig. 6b of pure and Fe
doped SnO, electrodes at the current densities of 0.5-10 Ag'. The behavior of
pseudocapacitance is clearly depicted through the GCD curve. The specific capacitance value
were determined using from the GCD curve and Fe doped sample shows the highest value
compared to the pristine Cassertite is shown in the plot of Fig. 7. Table 1shows the Specific
capacitance of the prepared pure and Fe doped SnO; electrodes at diff erent current densities.
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Table 1 Specific capacitance of pure and Fe doped SnO; electrodes

] Specific capacitance (F/g)
Current Density (A/gQ)
SnO, Fe-SnO;
0.5 198 272
1 184 258
2 159 251
3 136 216
5 121 197
10 108 181

V Conclusion
The Iron doped Cassiterite nanoparticles are synthesized successfully by microwave
assisted solution method. The XRD pattern reveals that no other peaks related to iron
oxides. The particle size decreases with iron doping. SEM shows that the particles are in
spherical shape. From Tauc’s plot, the optical band gap energy of the Fe doped SnO,
nanoparticles are found. On increasing value of specific capacitance through iron doping
on Cassiterite it can be suited for supercapacitor[14].
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