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Abstract

The structural properties of Lal-xSrxCoO3 with strontium contents of x = 0.1-0.4 mol% have been studied. Strontium--
doped lanthanum cobaltite thin films were synthesized using the spray pyrolysis technique (SPT). To confirm phase for-
mation, XRD analysis was performed on these films. The particle size of the sample was measured to be 110.7 nm. X-ray
Photoelectron Spectroscopy was used to examine the surface electronic structure of the crystalline thin film. The UV-Vis
absorption spectrum of LSC thin films shows high absorption in the ultraviolet region around 230 nm. UV-Vis spectros-
copy showed that the band gap increases with higher strontium content. The D. C. electrical resistivity was determined
using the two-probe method. An impedance study of LSC samples was conducted, and it was found that space charge po-

larisation occurs in the samples
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1. Introduction

The solid oxide fuel cell (SOFC) has promising potential as a clean and efficient energy conservation device for future develop-
ment. Typically, the operating temperature of SOFCs is 800-1000°C, which limits their use in commercial applications. There-
fore, reducing the operating temperature of SOFCs below 600°C is crucial. Recently, significant progress has been made in low-
ering the operating temperature of SOFCs from high temperatures to a range of 600-800°C [1]. The reduction of the operating
temperature of SOFCs depends on electrode polarization resistance [2]. The material used for the SOFC cathode played a cru-
cial role in the operating temperature of the SOFC. This is because poor catalytic activity towards oxygen reduction at lower
temperatures can reduce performance [3, 4]. To enhance the cathodic performance, SOFC cathode materials are usually com-
posite materials [5]. These cathode materials offer high electronic conductivity, which is important for reducing the operating

temperature of SOFC.

We aim to develop cathode materials that exhibit good electronic and ionic conductivity at low operating temperatures. LSC ex-
hibits high catalytic activity at intermediate temperature [6, 7]. Lanthanum Strontium Cobaltite (LSC) should help to develop
and maintain cell performance, provide long-term durability, and deliver high conductivity for SOFC [8]. Mixed ionic-electron-
ic conductors can conduct both electrons and ions, making them suitable for SOFCs. Lanthanum cobaltite (LaCoO3) has been
identified as a candidate material for SOFCs and is attractive due to its high oxidation power, thermal stability, superconductivi-
ty, and excellent catalytic activity [9, 10]. Instead of lanthanum cobaltite, strontium-doped lanthanum cobaltite (LSC) is used,
as it offers both mixed ionic-electronic conductivity and acceptable catalytic activity for oxygen reduction, making it suitable
for SOFCs [11-14]. The objective of this research is to investigate the structural, spectroscopic, and electrical properties of LSC
thin films with varying strontium concentrations. The study aims to elucidate the effect of strontium concentration on these

properties.

2. Experimental

X-ray measurements are performed to verify phase formation using a Rigaku Mini Flex 600 X-ray diffract meter with Cu Ka ra-
diation (wavelength 1.5418 A). The chemical composition in the surface region was investigated by X-ray photoelectron spec-
troscopy. A two-probe resistivity measurement setup was used to measure the D.C. resistivity and record its variation with tem-
perature. The variation of the real and imaginary components of impedance with frequency for LSC samples at room tempera-

ture was measured using an impedance analyzer.

3. Results and Discussion

3.1 XRD Studies
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Figure 1. XRD of LSC thin films

(Figure 1) shows the X-ray diffraction pattern of LSC thin films, which were sintered at 1100 °C for 2 hours. The most intense

XRD peak, which matches the JCPDS file 48-0122, indicates the formation of the perovskite phase. The particle size of the sam-

ple is found to be 110.7 nm.
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Figure 2. Particle size distribution of LSC thin films
Table 1. Particle Size Distribution
Peak S.P. Area Mean S.D. Mode
No Ratio
1 1 127.5 nm 54.8 nm 110.0 nm
2 e e e e
3 e e e e
Total 1 127.5 nm 54.8 nm 110.0 nm
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3.2 X-ray Photoelectron Spectroscopy (XPS)

XPS is an essential tool for examining the surface properties of solid materials [15]. For quantitative analysis of the surface elec-
tronic structure of crystalline solids, photoelectron spectroscopy is employed. (Figure 3) shows the XPS spectrum of LSC thin
films. The binding energies of La 3d5/2 and Sr 3d5/2 are 839 eV and 139 eV, respectively. This suggests that lanthanum and
strontium are in trivalent and bivalent states, respectively [16]. Due to strong spin-orbit interactions, the lanthanum XPS peaks

split, as expected for a carbonate, as shown in (Figure 4(a)).

As shown in (Figure 4(c)), the CO (p) spectrum is decomposed into cobalt oxide components at 784.9 eV and 783.7 eV, corre-
sponding to CO 2p3/2 and Co 2p1/2, respectively. The CO 2p3/2 spin-orbit doublet can be deconvoluted into two peaks at
783.9 eV and 783.7 eV, assigned to CO3+ 2p3/2 and CO2+ 2p3/2, respectively. The CO 2p1/2 spin-orbit doublet can also be de-
convoluted into two distinct peaks at 783.9 eV and 783.7 eV, assigned to CO3+ 2p1/2 and CO3+ 2p3/2, respectively. In (Figure
4(e)), the binding energy peak at 531 eV could be assigned to oxygen.

Figure 3. XPS spectrum of LSC

Annex Publishers | www.annexpublishers.com Volume 14 | Issue 1



5 Journal of Materials Science and Nanotechnology

1600
(@)
— Hm.
i EM .
& 2200]
E i i
2800 ]
900 880 B&D G40 KZD 800 300 795 290 ING ZED 275 270 245
BE [2¥) B.E[eY)
2600 = B B
:'é’ ™) it =)
= 00 TR
3 T
& 3200 g 2000 |
5000 ]
7 | 000 |
- .
4000 ]
7180 155 150 145 140 135 130 135 i T T D D 5= D mis

BE (e¥) BE (eV)

_—_—

Intensity (a.u.)
B 2 E B
11

B.E. [eV)

Figure 4. XPS spectrum of (a) La, (b) Sr, (c) Co, (d) C and (e) O
3.3 UV-Visible Spectroscopy

The UV-Visible absorption spectra of the LSC thin films are shown in Fig. 5. The figure clearly shows strong absorption in the
ultraviolet region between 226 nm and 228 nm. No absorption bands are observed in the visible region between wavelengths
229 nm and 400 nm. According to UV-Vis spectrophotometer analysis, film absorption increases with increasing strontium
concentration. It was observed that increasing the carrier concentration resulted in higher adsorption [17]. The following

Tauc’s formula has been used to calculate the band gap value,
1
(anv ) =B(hv—E,) ====(1)
The band gap of LSC has been calculated by extrapolating the linear region of the plots (ochv)’ vs. band gap energy.

As Sr™* (Strontium) content increases, the band gap widens. This widening can be attributed to the Burstein-Moss eftect [18].
With increasing doping concentration, donor states form, elevating the Fermi level. In degenerate doping, the Fermi level
moves closer to the conduction band and lies above the occupied donor states. In a degenerate semiconductor, electrons can be
excited only from the valence band to the conduction band above the Fermi level, because the donor states occupy all states be-

low it. As a rfigesult, the band gap increases with higher strontium ion content, as shown in (Table2)
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Table 2. Band Gap Energy

Peak S.P. Area Mean S.D. Mode
No Ratio
1 1 127.5 nm 54.8 nm 110.0 nm
2 e e e s
3 e e e .
Total 1 127.5 nm 54.8 nm 110.0 nm
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Figure 5. (a) Absorption spectra of LSC thin films (a) LSC91, b) LSC82, (c) LSC73, d)

LSC64 (b) Band gap pattern (a) LSC91, b) LSC82, (c) LSC73, d) LSC64
3.4 D. C. Resistivity Measurement

The D.C. electrical resistivity of the LSC sample heat-treated at 1100 °C was measured using a two-probe technique. All sam-
ples exhibit a decrease in resistivity with increasing temperature, indicating semiconducting behaviour. At high temperatures,
the resistivity remains nearly constant. This decrease with increasing temperature is attributed to an increase in thermally acti-

vated drift mobility of charge carriers, according to the hopping conduction mechanism [19].
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Figure 6. D.C Resistivity of LSC thin films (a) LSC91, b) LSC82, (c) LSC73, d) LSC64

3.5 Impedance Study

The varijation of real and imaginary components of impedance with frequency for LSC samples at room temperature is shown
in Fig. 5 (a) and (b). The value of Z’ is higher in the low-frequency region, and it was found that as frequency increases, the val-
ue of Z’ decreases slowly and attains a constant value in the high-frequency region. The variation of Z” with frequency revealed

that Z” initially increases, and as the frequency further increases, its value decreases and attains a slightly constant value. This
behaviour indicates the presence of space charge polarisation.

ET T 700000
_ zseme0 4 (2) N 600000 (b)
N g
3 S 2500000
< 400000
150008 2
= 300000
2 10000 e
= = 200000
H TR =
> \k 00000
LE = 0
45 50 55 . 65 78 45 50 55 60 65 70

Legl Log f

Figure 7. Variation of (a) real and (b) imaginary component of impedance as a function of frequency for LSC films

4. Conclusion

From XRD data, the confirmation of phase formation was done. By using the Tauc plot, semiconductor band gap analysis was
done. From this graph, it was concluded that with increasing strontium, the band gap increases. From the resistivity graph, it

was found that as the strontium content increases, resistivity decreases. The real and imaginary components of the impedance
graph confirmed that the LSC samples exhibit semiconducting behaviour.
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