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La0.8Sr0.2CuO3-δ was prepared through solid state sintering route and its electrochemical performance was 

evaluated. The XRD pattern was consistent with an orthorhombic phase after calcination at 950 °C for 6 h, with no 

additional crystalline diffraction peaks detected. The SEM reveals agglomerated, rectangular-like particles with an 

average particle size of ~0.4 µm. The optical band gap (Eg) of the sample was calculated through the diffuse 
reflectance spectrum. The apparent optical gap calculated from Tauc plot is 1.7 eV representing semiconducting 

nature. The sample showed a high absorption in the visible light region. The highest specific capacitance at a scan 

rate of 5 mV/s was 95.98 F/g. Kinetic analysis indicates dominant capacitive-controlled charge storage (≈ 71% at 

10 mV s-1, rising to ≈ 88% at 100 mV s-1). Linear sweep voltammetry further indicates oxygen evolution activity 
with an onset potential of 1.636 V and a Tafel slope of 221 mV dec-1, with overpotentials of ~444 mV, 460 mV 

and ~470 mV at 40, 50 and 60 mA cm-2, respectively. 
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Introduction 

Partially doped binary and quasi-ternary perovskites 

i.e., La1−xSrxCuO3−δ (LSCu) , La1−xSrxMnO3−δ (LSM), 

La1−xSrxNiO3−δ (LSN), La1−xSrxCoO3−δ (LSCo), and 

La1−xSrxFeO3−δ have been widely studied because of 

mixed ionic/electronic or electronic conductivities, which 

are strongly affected by chemical composition [1-3]. 

These characteristics make such perovskites attractive for 

applications including solid oxide fuel cells (SOFCs) [4], 

giant magnetoresistors [5], catalysts [6], and gas 

separation membranes [7]. Among these perovskites, 

La1−xSrxCuO3-δ has received significant attention for both 

SOFC electrode applications and high temperature 

superconductivity (HTS) [8, 9]. The parent stoichiometric 

compound LaCuO3 was first prepared in 1972 by 

Demazeau et al. [10] and initially considered as a potential 

candidate for HTS; however, it was found to be metallic 

up to 77 K over most of its stoichiometry range [10-12]. 

Bringley et al. [11] prepared an oxygen-deficient series of 

LaCuO3−δ  (0 ≤ δ ≤ 0.5), showing that δ can be tuned by 

changing pressure and temperature, leading to structural 

transitions from rhombohedral to tetragonal, monoclinic, 

and orthorhombic phases [13]. The tetragonal and 

monoclinic phases are both metallic with resistivity of 100 

and 300 µΩ-cm at room temperature (RT) with δ = 0.14 

and δ = 0.33 respectively while the orthorhombic phase is 

an insulator at RT [11, 12, 14]. The properties of LaCuO3−δ 

strongly depends on its oxygen non−stoichiometry. An 

increase in oxygen vacancies enhances reducibility by 

weakening the covalent bond between copper and oxygen 

[15] directly affecting its catalytic activity [12]. 

Additionally, suitable dopants can be introduced to further 

optimize oxygen reduction activity, as Sr doping varied  

TEC  between 11.1 and 9.6 ×10−6 K−1 at 30 °C and 800°C 

respectively, making La1-xSrxCu2.4+δ a promising candidate 

for air electrode applications in solid oxide fuel cells 

(SOFCs) at high temperatures [16, 17]. Substituting 

cations at site A and B by ions of various radii and 

valences can create structural defects like oxygen 

vacancies which can play a pivotal role in improving the 

faradic charge process [15, 18, 19] and electrochemical 

performance of the materials [20-25]. Particularly, 
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substitution of divalent Sr²⁺ at the A-site of trivalent La³⁺ 

can introduce charge imbalance in the perovskite lattice, 

which may be compensated by oxygen-vacancy formation 

and/or partial oxidation of copper cations (Cu²⁺ → Cu³⁺) 

[26]. In the present work, the oxygen non-stoichiometry 

(δ) and the Cu²⁺/Cu³⁺ ratio was not experimentally 

quantified. Therefore, the possible coexistence of mixed 

Cu oxidation states and oxygen-related defects is 

considered here as a literature-supported mechanistic 

interpretation rather than as an experimentally established 

feature of the present sample. Such defect chemistry has 

been proposed in the literature as a possible contributor to 

reversible faradaic redox processes associated with 

pseudocapacitive behavior. Despite extensive study of 

La–Sr–Cu perovskites for catalytic, electronic, and 

superconducting applications, their potential as 

pseudocapacitive electrode materials remains largely 

unexplored. Therefore, in addition to examining the 

structural and optical properties of La0.8Sr0.2CuO3-δ, this 

study also presents an in-depth investigation of its 

electrochemical performance, including reaction kinetics 

and catalytic behavior, for potential supercapacitor 

applications. 

I. Materials and methods 

La0.8Sr0.2CuO3-δ was prepared through solid state 

sintering route, using La2O3, SrCO3 and CuO (all from 

Sigma Aldrich, purity > 99%). Initially the raw materials 

were dried to remove moisture and then weighed 

according to the molar ratios of the composition. The 

batch composition was mixed/milled using a mortar and 

pestle for 3 h in acetone. After mixing, powders were 

calcined at 950 °C for 6 h. After calcination, the powders 

were re-milled to dissociate the agglomerates (if any). 

For the electrochemical measurement, a nickel foam 

working electrode was prepared. The nickel foam was cut 

down to the desired size of 1×1 cm2. After cutting, it was 

washed in two steps, first with deionized water and then 

with acetone in ultrasonic bath sonicator for 10 minutes 

each. This helps in removing the impurity and makes the 

surface uniform and suitable for the deposition of the 

active material (La0.8Sr0.2CuO3-δ). After washing, it was 

kept in oven at 100 °C till drying. To deposit the active 

material on the nickel foam, a slurry was prepared using 

80% of active material, 10% PVDF and 10% activated 

carbon while NMP was used as a solvent. Activated 

carbon was used to enhance the conductivity while PVDF 

was used as a binder. After the preparation of slurry, 

0.02 g of the total slurry was deposited on the nickel foam 

corresponding to an active material mass of 0.016 g. In the 

next step, the electrode was kept in oven at 100 °C for 24 h 

to make it completely dry and ready for use as a working 

electrode. In the present work, all the electrochemical 

parameters including specific capacitance are normalized 

to the mass of the active material.  

The X-ray diffraction pattern of the sample was 

collected at room temperature using JDX-3532 (JEOL, 

Japan) with Cu-Kα radiation (λ = 0.154 nm). To examine 

the microstructure of the sample, JSM5910 (JEOL, Japan) 

was used. For diffuse reflectance spectroscopy of the 

samples, a LAMBDA 365+ (Perkin Elmer, USA) was 

used. The electrochemical properties of the material were 

measured from the data of cyclic voltammetry (CV) and 

linear sweep voltammetry (LSV) by testing the material in 

a three-electrode system using Hg/Hg2Cl2 as a reference 

electrode and platinum wire as a counter electrode. The 

sample was deposited on a nickel foam (working 

electrode) and submerged in the aqueous solution of 3 

Molar KOH. 

II. Results and Discussion  

Fig. 1a shows the X-ray diffraction pattern obtained at 

room temperature, which is consistent with the 

orthorhombic reference pattern of PDF No. 41-181. No 

additional crystalline diffraction peaks attributable to the 

starting La2O3 or CuO phases were detected within the 

resolution of the present XRD measurement. The lattice 

parameters and unit-cell volume were obtained by least-

squares fitting of the observed diffraction peak positions. 

The sample exhibited lattice constants of  

a =16.2708 ± 0.0094 Å, b = 13.5087 ± 0.0080 Å,  

c = 11.7985 ± 0.0089 Å and a unit cell volume of 

2593.2663 ± 2.90 Å3, consistent with the card data. It 

should be noted that the PDF No. 41-181 reference card 

used for phase identification does not provide a space-

group designation. Since the present analysis was based 

on reference-pattern matching and least-squares fitting of 

the diffraction peak positions, rather than an independent 

crystallographic structure refinement, a specific space 

group cannot be assigned reliably from the available data. 

Therefore, the present work identifies the crystal 

symmetry as orthorhombic based on the reference 

diffraction pattern without assigning a specific space 

group. The relatively large lattice parameters compared 

 
Fig. 1. (a) XRD pattern, (b) SEM micrograph and (c) EDS analysis of La0.8Sr0.2CuO3-δ. 
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with the basic pseudocubic perovskite subcell indicate an 

expanded crystallographic cell relative to the basic 

perovskite unit. However, the present XRD analysis does 

not establish a specific superstructure model or its 

crystallographic origin. The SEM micrograph (Fig. 1b) of 

the sample shows agglomerated rectangular-like particles. 

The average particle size was calculated to be 0.4 µm. The 

corresponding EDS (Fig. 1c) spectrum for the sample 

confirms the presence of lanthanum, strontium, copper 

and oxygen elements. 

The absorption spectrum of the sample (Fig. 2a) 

shows the high absorption in the range of 400 nm to 

700 nm which lies in the visible light region. The optical 

band gap (Eg) for the sample is calculated through the 

diffuse reflectance spectrum by solving the Kubelka–

Munk Eq. 1. 

 

 [𝐹𝑅ℎ𝑣]𝑛 = 𝑎(ℎ𝑣 − 𝐸𝑔)  (1) 

 

Where F(R) is Kubelka–Munk function, hv is energy of 

photon, α is constant of proportionality. The value of n is 

constant. n = 1/2 and n = 2 corresponds to direct and 

indirect allowed transition of electrons. Many parameters 

can affect the optical band gap of material such as the 

processing method, crystalline nature [27], average 

particle size [28], and unit cell parameters (lattice strain) 

[29]. The diffuse reflectance spectrum near the absorption 

edge does not exhibit a clear linear regime uniquely 

associated with either direct or indirect transitions. As a 

result, the Tauc representations for direct and indirect 

allowed transitions give apparent gap estimates of 1.74 eV 

and 1.70 eV, respectively (Fig. 2b and 2c). Therefore, the 

present data is insufficient to determine the absolute type 

of electronic transition, and it is more suitable to define 

the electronic behavior as an apparent optical gap of 

approximately 1.7 eV, confirming its semiconducting 

nature.  

Historically, stoichiometric LaCuO₃ is metallic in 

nature, whereas the present La₀.₈Sr₀.₂CuO₃−δ sample 

exhibits semiconducting behavior with an apparent optical 

gap of ~1.7 eV. This difference may be associated with 

structural distortion and possible chemical non-

stoichiometry resulting from Sr²⁺ substitution. The Sr²⁺ 

substitution at the La³⁺ site can alter the local charge 

balance and may be accompanied by changes in the Cu 

oxidation state and oxygen-related defects; such changes 

can modify the Cu–O electronic interactions and therefore 

influence the observed optical response. In addition, the 

orthorhombic structural distortion and associated changes 

in CuO₆ octahedral geometry may modify Cu–O–Cu bond 

angles and bond lengths, which can affect the electronic 

structure and contribute to the observed apparent optical 

gap. However, because the oxygen non-stoichiometry and 

Cu²⁺/Cu³⁺ ratio were not experimentally quantified in the 

present study, these effects are considered possible 

contributors rather than experimentally established causes 

[12, 30-32]. 

To evaluate the electrochemical performance of the 

sample, cyclic voltammetry (CV) and linear sweep 

voltammetry in the three-electrode setup were performed. 

The cyclic voltammogram of the sample at different scan 

rates in a potential window of 0−0.6 V is shown in Fig. 3a 

which shows a single anodic peak current on a forward 

scan and a single cathodic peak current on a backward 

scan, revealing a reversible pseudocapacitive behavior. 

The values of peak anodic currents (Ipa), cathodic currents 

(Ipc), peak anodic potential (Epa), cathodic potential (Epa), 

specific capacitance (Cp) and energy density (Ed) are listed 

in Table 1. The anodic and cathodic peak currents increase 

gradually with increasing scan rates showing linear 

behavior. The specific capacitance (Cp) and energy density 

(Ed) were calculated using Eq. 2 and Eq. 3, respectively. 

Where “∫IdV” is area under the CV curve, “m” is mass in 

grams and “V2-V1” is the potential window. 

 

 𝐶𝑝 =
∫ 𝐼𝑑𝑉

𝑚𝑘(𝑉2−𝑉1)
  (2) 

 

 𝐸𝑑 =
1

2
𝐶𝑝(𝑉2 − 𝑉1)2  (3) 

 

The specific capacitance of the sample decreases with 

the increase in scan rate which may be attributed to limited 

ion diffusion and utilization of faradic redox sites at higher 

current rates. The highest capacitance calculated is 

 
Fig. 2. (a) Absorption spectra La0.8Sr0.2CuO3-δ and Tauc plot for (b) direct, and (c) indirect allowed transitions. 
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95.98 F/g at scan rate of 5 mV/s. For deep analysis of the 

energy storage mechanism of LSC, Randles–Ševčík 

relation (Ip is proportional to v1/2) is used to find the 

relationship between peak current and scan rate. Since a 

good linear fit is obtained from between both anodic and 

cathodic peak current versus square root of scan rate, it has 

been concluded that a fast and reversible redox reaction 

occurs on the interface between electrode and electrolyte 

(Fig. 3b). In addition, the linear relationship between log 

of anodic peak current density and scan rate is also 

considered according to general power-law relation (Eq. 4 

and 5) [33, 34]. 

 

 𝐼 = 𝑎𝑣𝑏   (4) 

 

 log 𝐼 = log 𝑎 + 𝑏 log 𝑣  (5) 

 

Where 𝐼 represent the peak current density, 

𝑣 represent the scan rate in mV/s, while a and b are 

constant. Generally, the value of b varies from 0.5 to 1.  

b = 0.5 represents the diffusion-controlled behavior, while 

b = 1 indicates that the process is capacitive-controlled 

[35, 36]. In this work, the value of b for anode is 0.939 

which confirms the dominant capacitive and slightly 

diffusive contribution (Fig. 3c). For quantitative 

contribution of diffusion and capacitive controls process, 

Dunn method is used [37], given by Eq. 6. 

 

 𝐼(𝑉) = 𝐶1𝑣 + 𝐶2𝑣1/2   (6) 

 

 
𝐼𝑝𝑎

𝑣
1
2

= 𝐶1𝑣1/2 + 𝐶2   (7) 

 

Where I(V) represents the current at a specific voltage 

and C1v and C2v
1/2 corresponds to the capacitive and 

diffusion control contribution, respectively. The values of 

C1 and C2 are obtained from the plot (Fig. 3d). The 

percentage contribution of capacitive and diffusive control 

is also calculated as shown in Fig. 3e and Fig. 3f. At low 

scan rate of 10 mV/s, the capacitive contribution is 71% 

while the diffusion is 29% (Fig. 3e). With the increase in 

scan rate, the capacitive contribution increases gradually 

and reaches a maximum value of 88% at a scan rate of 

100 mV/s (Fig. 3f). The gradual increase in the capacitive 

contribution may possibly be due to the limitations of ion 

diffusion at higher scan rates. 

To evaluate the suitability of La₀.₈Sr₀.₂CuO₃−δ for 

potential energy-conversion applications and to examine 

its electrochemical response under anodic polarization, the 

oxygen evolution reaction (OER) was investigated. The 

LSV measurements were carried out without active 

iR−compensation and in a potential window of 1.6 V and 

 
Fig. 3. (a) CV (b) peak anodic and cathodic current at different scan rates (c) linear relationship between log of peak 

current density of anode and log of scan rate (d) relationship between anode peak current density and square root of 

scan rate (e) diffusion (red) and capacitive-controlled contribution to charge storage at 10 mV/s (f) diffusion and 

capacitive contribution at different scan rates. 

 

Table 1. Values of Ipa, Ipc, Epa, Epc Cp, and E for La0.8Sr0.2CuO3- δ at different scan rates. 

Scan Rate (mV/s) 5 10 20 40 60 80 100 

Ipa(mA) 0.37 0.76 1.41 3.212 4.41 5.21 5.63 

Epa(V) 0.31 0.33 0.33 0.35 0.36 0.38 0.39 

Ipc(mA) 0.35 0.40 1.14 2.26 2.80 3.18 3.37 

Epc(V) 0.28 0.28 0.27 0.27 0.26 0.26 0.26 

Cp(F/g) 95.98 48.21 27.29 16.22 12.49 10.55 9.35 

E (Wh/kg) 4.80 2.41 1.36 0.81 0.62 0.53 0.47 
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scan rate of 50 mV/s. The data was processed using Eq. 8-

10. The potential conversion equation (Eq. 8) is used to 

convert the potential measured versus reference electrode 

to the Reversible Hydrogen Electrode (ERHE). The Oxygen 

Evolution Reaction (OER) overpotential () was 

calculated by using Eq. 9 and then the Tafel slope (d) was 

calculated using Eq. 10 (Fig. 4b). 

 

𝐸𝑅𝐻𝐸 = 𝐸𝐻𝑔/𝐻𝑔2𝐶𝑙2/𝑆𝑎𝑡.𝐾𝑂𝐻 + 0.0598𝑝𝐻 + 0.244  (8) 

 

 𝜂 = 𝐸𝑅𝐻𝐸 − 1.23  (9) 

 

 𝜂 = 𝑐 + 𝑑 log 𝑗  (10) 

 

Here, ‘j’ is the current density, and c is the Tafel 

constant. 

The onset potential was calculated to be 1636 mV at 

the tangential point of LSV curve by the Tangent 

Extrapolation method (Fig. 4a). The apparent Tafel slope 

calculated from the OER was found to be 221 mV/dec. For 

the present La₀.₈Sr₀.₂CuO₃−δ electrode, the 

semiconducting optical response and the structurally 

distorted perovskite framework may contribute to 

interfacial charge-transfer resistance during anodic 

polarization. In addition, gas-bubble accumulation at the 

electrode surface and uncompensated series resistance can 

become increasingly significant at the relatively high 

current densities used for the OER measurements. These 

factors may contribute to the relatively large apparent 

Tafel slope observed for the present electrode. However, 

their individual contributions were not independently 

quantified in this study. The overpotential at current 

densities of 40 mA cm-2, 50 mA cm-2 and 60 mA cm-2 is 

444 mV, 460 mV and 470 mV respectively as shown in 

Fig. 4c. While theoretical kinetics predicts much lower 

values of Tafel slope, higher Tafel slopes are frequently 

reported specifically for transition metal oxide 

electrocatalysts. The reason for higher values are physical 

barriers and real−world bottlenecks like resistive 

semiconductor space-charge layers [38], tiny trapped gas 

bubbles on the active sites [39] and resistive oxide films 

that builds on the surface [40]. In several comparable 

systems, similar high slopes are reported in literature. For 

Boron-doped Diamond, reported Tafel slope ranges from 

220 mV/dec up to 680 mV/dec [38, 41-44]. In a recent 

study, La2NiO4 and La2ZnO4 shows a slope of 220 mV/dec 

and 233 mV/dec, respectively [45]. SnO2-Sb also have 

high reported values 212-290 [46-48]. Solid-State 

Reaction synthesis of CoSb2O6 also shows Tafel slope 

exceeding 200 mV/dec [49]. Beside of all the physical 

bottlenecks, it is worth noting that no iR−compensation 

was applied during the measurement of these polarization 

curves. At high current densities, the uncompensated 

Ohmic drop contributes to the measured potential and may 

increase the apparent Tafel slope. Accordingly, the 

reported value of 221 mV/dec should be regarded as an 

apparent, uncorrected Tafel slope.  

Conclusion 

La0.8Sr0.2CuO3−δ was prepared through a solid-state 

route, and the XRD pattern was consistent with an 
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Fig. 4. (a) LSV plot (b) Tafel plot (c) kinetics of La0.8Sr0.2CuO3- δ. 
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orthorhombic phase, with no additional crystalline 

diffraction peaks detected. SEM analysis showed 

agglomerated rectangular-like particles with submicron 

dimensions. The optical properties of the sample revealed 

semiconducting behavior with an apparent optical band 

gap of ~ 1.7 eV and strong absorption across the visible 

region. The electrochemical study of the sample showed 

pseudocapacitive behavior with a specific capacitance of 

95.98 F/g at a scan rate of 5  mV/sec. The charge storage 

was found to be predominantly governed by surface 

controlled capacitive process (at high scan rates). LSC 

results revealed that oxygen evolution activity, 

characterized by moderate onset potential and Tafel slope 

values comparable to other transition-metal-based oxides. 

The performance of the sample suggests that it can be 

useful for supercapacitor electrode applications, with 

further performance enhancement possible through 

material optimization. 
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Структурні, оптичні та електрохімічні дослідження 

La0.8Sr0.2CuO3-δ для застосування у суперконденсаторах 

1Лабораторія функціональних матеріалів і пристроїв, кафедра фізики, Університет Абдула Валі Хана,  

Мардан, Хайбер-Пахтунхва, Пакистан; 
2Інститут фізики твердого тіла, Віденський технічний університет, Відень, Австрія, izaz.khan@tuwien.ac.at  

La₀.₈Sr₀.₂CuO₃₋δ одержано методом твердофазного спікання та досліджено його електрохімічні 

характеристики. Х-променева дифрактограма після прожарювання за температури 950°C протягом 6 год 

відповідала орторомбічній фазі, при цьому додаткових дифракційних піків кристалічних фаз не виявлено. 

За даними сканувальної електронної мікроскопії (SEM) спостерігаються агломеровані частинки 
прямокутної форми із середнім розміром близько 0,4 мкм. Ширину оптичної забороненої зони (Eg) зразка 

визначали на основі спектра дифузного відбиття. Значення видимої оптичної забороненої зони, 

розраховане за графіком Тауца, становить 1,7 еВ, що свідчить про напівпровідниковий характер матеріалу. 

Зразок демонструє високе поглинання у видимій області спектра. Найвище значення питомої ємності за 

швидкості розгортки потенціалу 5 мВ/с становило 95,98 Ф/г. Кінетичний аналіз свідчить про переважання 

ємнісно-контрольованого механізму накопичення заряду (≈ 71 % за 10 мВ·с⁻¹ зі зростанням до ≈ 88 % за 

100 мВ·с⁻¹). Лінійна вольтамперометрія також вказує на активність реакції виділення кисню з потенціалом 

початку реакції 1,636 В та нахилом Тафеля 221 мВ·дек⁻¹. Перенапруга становить приблизно 444 мВ, 460 мВ 
та 470 мВ за густини струму 40, 50 та 60 мА·см⁻², відповідно. 

Ключові слова: LaCuO₃; електрохімічні властивості; суперконденсатори. 
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