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Tin doped SrCo2O4 thin films at 0%, 3% and 5% on "pyrex" glass substrates have been prepared by Sol-gel 

Dip-coating method. In both cases cobalt nitrate, strontium nitrate and tin chloride were used as cobalt and 

strontium precursor and tin dopant source, respectively. X-ray diffraction analysis confirms the SrCo2O4 spinel 

crystal structure (311) as the preferential orientation with crystallite sizes ranging from 23.58 to 25.44 nm. Analysis 

of optical transmission spectra as a function of wavelength shows that transmission of the doped films is found to 

be superior to the undoped film and the band gaps (Eg) decreased from 1.48 to 1.43 eV by Sn dopants. Complex 

impedance spectroscopy indicates that the grain boundary effect is dominant in the mechanism of conduction. The 

resistance at the room temperature varied from 47.75 Ω to 41.87 Ω for variation of Sn concentration. The ICS 

results showed that the doped samples exhibit a smaller arc radius than the undoped sample, indicating faster 

electron transfer corresponding to lower electron transfer resistance at the surface. 
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Introduction 

Modern scientific research has focused on the 

technology of production and processing of new materials 

in the form of nanostructured thin films because it allows 

the development of devices with excellent optoelectronic 

properties suitable for new technological applications [1]. 

Mixed oxides with spinel structure and general formula 

AB2O4 belong to the space group Fd-3m, where 32 oxygen 

ions form a cubic close-packed structure forming 

tetrahedral and octahedral sites (A and B sites, 

respectively) [2]. They are characterized by higher 

electrochemical activity and electrical conductivity than 

simple oxides, which makes them more widely used in 

many fields, especially for the production and storage of 

electrochemical energy [3-5]. Thus, ternary metal 

cobaltites (TMCs) constitute a special class of materials 

due to their multiple oxidation states, high charge storage 

capacity, enhanced electrical conductivity and 

thermodynamic stability [6]. Because of the low electrical 

conductivity of cobalt spinel oxide (Co3O4), several 

research studies propose reducing the Co content by 

substituting Co2+ in the tetrahedral sites of spinel structure 

with alkali metals, alkaline earth metals, metals from rare 

earths or certain other transition metals thus forming 

spinels with formulas MCo2O4 such as; LiCo2O4 [7], 

MgCo2O4 [8], CaCo2O4 [9], NiCo2O4 [10], MnCo2O4 [11], 

CuCo2O4 [12] and ZnCo2O4 [13]. In addition, it has been 

proven that the thermodynamic stability as well as the 

optoelectric characteristics of thin films strongly depends 

on the synthesis method and the optimization of the 

deposition conditions [14]. Many techniques have been 

suggested to obtain nanostructured thin films such as; 

vacuum evaporation, laser ablation, molecular beam 

epitaxy, sputtering, chemical vapor deposition, atomic 

layer epitaxy, spray pyrolysis and sol-gel in combination 

with spin coating or dip coating [15]. Sol-gel method in 

combination with dip-coating technique has become a 

simple and convenient technology for the low-temperature 

preparation of nanomaterials in various types such as; 
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nanopowders, fibers, nanotubes and thin films [16]. In this 

paper, nanostructured undoped and tin-doped strontium 

cobalt spinel oxide thin films were prepared by sol- gel 

dip-coating process. Physical properties, such as 

structural, optical and electrical were investigated using 

X-ray Diffraction (XRD), Fourier Transform Infrared 

(FTIR), UV-Visible spectroscopy and impedance 

complex spectroscopy (IC). 

I. Experimental  

1.1. Preparation of films 

The synthesis was carried out by preparing three 

solutions in parallel. The first solution was obtained by 

dissolving 2.91 g of cobalt nitrate powder 

(Co(NO3)2.6H2O) (Sigma Aldrich, 99.8%) in a volume of 

120 ml of ethanol (C2H6O) (Sigma Aldrich, 99.8%). 

Magnetic stirring for 30 min resulted in the formation of a 

colored solution. The second is a solution of copper 

nitrates obtained by dissolving 4.36 g of strontium nitrate 

(Sr(NO3)2) in 120 ml of distilled water. After mixing the 

two solutions, the citric acid solution was added. The 

mixture was slowly heated to 80°C for 5 hours under 

magnetic stirring; this solution is characterized by a 

purple-red colour. Tin solutions were prepared using 

2.91 g of a tin (II) chloride powder dissolved in ethanol 

and stirred for 2 hours. The solution obtained is 

transparent, yellow in colour and slightly viscous. 

Appropriate volumes of doping solutions were taken and 

added to the corresponding volumes taken from the 

mixture in order to obtain a doping rate (3% and 5%). The 

mixtures thus obtained were stirred and then spread by 

immersion on pyrex glass substrates well cleaned. After 

removing the glasses, the layers obtained were dried at 

100° before being heat treated at 500°C. This protocol is 

well detailed in Figure (1). 

1.2. Characterization  

The structural characterization was analyzed using a 

Philips PW1830 X-ray diffractometer with (CuKα) 

radiation with copper anticathode (I = 30 mA; V = 40 KV 

and λ = 1.5406 Å). The optical transmittance of the films 

 
Fig. 1. Schematic diagram of the experimental protocol for the preparation of undoped and tin-doped SrCo2O4 

thin films. 
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was measured using UV-1650 Shimadzu 

spectrophotometer in the wavelength range from 300 to 

900 nm. FTIR spectra of the samples were recorded using 

a Shimadzu 8400 Spectrometer in the wave number range 

from 400 cm-1 to 4000 cm-1. Impedance measurements 

were performed using the Agilent4284A LCR meter 

operating in the frequency range of 75 kHz to 20 MHz 

with oscillation amplitude of 1 V.  

II. Results and discussion 

2.1. Structural analysis (DRX)  

Figure.2. shows the diffractograms of undoped and 

Sn-doped SrCo2O4. The diffractograms thus obtained 

present reflections similar to those of Co3O4 

corresponding to the face centre cubic phase which 

matched with JCPDS No. 00-042-1467 with FD-3m space 

group with a preferred (311) orientation [17]. There were 

small peaks from impurity phases such as CoCO3 

(standard JCPDS file no.78-0209) [18,19]. No peaks 

associated with the SnO2 phase were detected with 

increasing Sn concentrations, indicating that tin ions are 

uniformly incorporated into the SrCo2O4 lattice. It can be 

observed that the cubic planes of the spinel phase exhibit 

a slight shift with increasing Sn content. The apparent 

diffraction peaks indicated the formation of well-

crystallized SrCo2O4 nanoparticles. It should be noted that 

the crystallinity is much more developed for the sample 

with 3% doping. 

The most intense reflection corresponding to the (311) 

plane was used to calculate the average crystallite size (D) 

of SrCo₂O₄ nanoparticles [20], using Scherrer equation 

(1): 

 

 𝐷 = 𝐾𝜆/𝛽𝑐𝑜𝑠𝜃   (1) 

Where K= 0.9, λ is the X-ray wavelength, β is the full 

width at half maximum of the XRD peak, θ is the Bragg 

diffraction angle. 

The microstrain (ε) and the in the deposited films is 

calculated from the slope of βcosθ vs. 2sinθ plot using the 

formula given below (2) [21,22]: 

 

 𝜀 = 𝛽𝑐𝑜𝑠𝜃/4  (2) 

 

On the other hand, the dislocation density (δ) is 

calculated using the formula given below [21,22]: 

 

 𝛿 = 1/𝐷2    (3) 

 

The calculated values of average crystallite size (D), 

average microstrain (ε) and dislocation density (δ) 

presented in Table 1 were plotted as a function of Sn 

content as shown in Fig 3.  

The values of the average crystallite sizes (D) of the 

undoped, 3% Sn- and 5% Sn-doped SrCo2O4 thin films 

(table 1), are 23.58 nm, 24.03 nm and 25.44 nm, 

respectively. The obtained microstrain values are positive 

and increase following the doping of tin in the SrCo2O4 

spinel indicating the tensile stress [23]. As shown in the 

figure 3, the increase in dislocation density and micro-

strain shows that the SrCo2O4 lattice is destabilized by tin 

doping [24]. This decrease in the dislocation density can 

be justified by a weak inperfection of the lattice caused by 

the reduction in the occurrence of grain boundaries and the 

increase crystallites size [25]. 

 

 
Fig. 2. The X-ray diffraction patterns of Sn:SrCo2O4 thin layers. 

 

Table 1.  

FWHM, crystalline size, strain and dislocation density of pure and Sndoped SrCo2O4 thin films 

Sample 
FWHM (β) 

(rad) 
Cristallite size (nm) Microstrain (10-3) 

Dislocation 

density (10-3) nm-2 

Undoped SrCo2O4 0,0125 23.58 1.39 1.79 

SrCo2O4:Sn(3%) 0,00676 24.03 1.60 1.73 

SrCo2O4:Sn(5%) 0,00638 25.44 1.53 1.54 
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Fig. 3. Variation of crystallite size, microstrain and 

dislocation density of pure and Sn-doped SrCo2O4 thin 

films. 

 

2.2. Optical analysis  

Fig. 4 shows the transmittance spectra of pure and Sn-

doped SrCo2O4 thin films with different tin concentration. 

It observed that all the as prepared films were highly 

transparent in the visible range.  The transmittance shows 

an increasing tendency with increasing tin doping. The 

average value of transmittance increases from 82% to 95% 

as tin concentration increases from 0% to 5%. The 

observed results are in good agreement with similar 

investigations on the Sn-doped nanostructured thin films 

[26,27]. 

As reported in numerous studies in the literature [28-

31], the absorbance spectrum of cobalt-based spinel 

oxides MCo2O4 contains two distinct regions with 

absorption maxima. The first region is attributed to the 

transition from the valence band to the conduction band, 

which is the fundamental absorption transition  

(O2−→ M2+), while the other is attributed to the transition 

from the valence band to the band that is created as a sub-

band by Co3+ ions and located below the conduction band. 

Consequently, a double band gap structure with two 

optical band gaps, Eg1 and Eg2 [32]. 

Assuming that the cobaltite spinel structure is known 

to be a direct band gap material [33], the optical band gap 

of pure and Sn-doped SrCo2O4 thin films are computed 

from Tauc's plot [34,35] between h (eV) and (h)2, 

using the following equation: 

 

 (𝑎ℎ𝑣) = 𝐴∗(ℎ𝑣 − 𝐸𝑔)1/2  (4) 

 

Here, α is the absorption coefficient, hv is the photon 

energy, A is a constant, Eg is the optical bandgap energy 

and the value of the exponent (n =1/2) in the right-hand 

side means that the authorized transition is indirect.  

As shown in Figure 5, two linear regions appear, 

indicating the existence of two different band gap energy 

values. The computed band gap values as indicated in 

Table 2 and presented in figure 5, decreases for direct 

transitions when the Sn-content increases in the 3% and 

5% Sn/SrCo2O4. 

 

2.3. FT-IR spectroscopy 

FTIR spectra (Figure 6) demonstrated two strong 

absorption bands at 670 and 580 cm-1, which confirms the 

formation of the spinel structure of cobaltite [36,37]. The 

first peak is attributed to the stretching vibrational mode 

of M–O in which M is Co2+ or Sr2+ tetrahedrally 

coordinated [38]. The second peak can be attributed to M–

O in which M is Co3+ octahedrally coordinated [39]. The 

observed symmetric metal-oxygen stretching vibrations at 

the tetrahedral and octahedral sites confirm the formation 

of the spinel structure [40]. The two peaks located at 

1458 cm-1 and 875 cm-1 are assigned to the ν3 vibration 

mode and ν2 vibration mode of free, planar carbonates 

(CO3
2-) ions (group symmetry D3H) [41]. The band 

observed at approximately 3400 cm−1 is due to O–H 

stretching assigned to adsorbed water on the metal surface 

[42]. The FTIR bands of the spinel structure shift slightly 

to lower wavenumbers after tin doping. This shift can be 

explained by the slowing down of the vibration of 

chemical bonds due to the increase in molecular weight 

[43]. 

 
Fig. 4. Transmittance spectra of pure and Sn-doped SrCo2O4 thin Films. 

 

Table 2.  

Estimated optical band gap energy values of undoped and Sn-doped SrCo2O4 thin films. 

Samples Undoped SrCo2O4 SrCo2O4 :Sn3% SrCo2O4 :Sn5% 

Eg1 (eV) 1.48 1.45 1.43 

Eg2 (eV) 1.76 1.74 1.71 
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2.4. Impedance spectroscopy 

Using complex impedance spectroscopy (CIS), the 

electrical properties of pure and tin-doped strontium 

cobaltite thin films were studied. Figure 7 depicts the 

Nyquist plots (Z” vs. Z’) of pure and doped SrCo2O4 thin 

films, measured from the complex impedance under 

standard illumination conditions, in the range of 75 kHz to 

20 MHz and at an applied potential of 1V. The Nyquist 

diagram for undoped and Sn-doped SrCo2O4 films (figure 

7) shows semicircles. The impedance parameters were 

estimated by considering the equivalent circuit of the 

samples shown in the inset of the figure, consisting of a 

parallel RC circuit. It was noticed that the value of Z′ and 

Z′′ in the spectra decreases with increasing doping 

concentration, suggesting that the net resistance of 

SrCo2O4 nanoparticles decreases steadily [44].  
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Fig .5. Tauc plots of pure and Sn-doped SrCo2O4 thin Films. 

 

 
Fig.6. FT-IR spectra of undoped and Sn-doped SrCo2O4 thin Films. 
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Films. 

 

Fig.8. Variation of Rp and Cp as a function of tin doping. 

 

As shown in the fitted results (Table 3) and plotted 

(Figure 8), the resistance Rp decreased from 47.75 to 

41.87 ohms, while the capacitance increased from 6.41 to 

7.32 nF. The thin films of the tin-doped samples exhibit 

reduced resistance compared to the doped sample due to 

the incorporation of Sn4+ and the consequent improvement 

in conductivity [45]. Sn-doped thin films showed reduced 

electron transport resistance and high capacitance 

compared to undoped SrCo2O4, which is consistent with 

the enhanced electrical conductivity over Sn4+ [46]. 

Indeed, doped nanoparticles develop a larger surface area. 

This structure is characterized by greater electronic 

recombination induced by the electron hopping 

mechanism and consequently lower resistance to 

electronic transport, which is consistent with several 

results reported in the literature [47,48].  

Table 3.  

Values of: fmax, Rp, and Cp of undoped and Sn-

doped SrCo2O4 thin Films. 

Samples Fmax(KHZ) R(Ω) C (nF) 

Undoped SrCo2O4 519.44 47.75 6.41 

SrCo2O4 :Sn(3%) 519.44 42.95 7.13 

SrCo2O4 :Sn (5%) 519.44 41.87 7.32 

 

Conclusion: 

Sn-doped SrCo2O4 thin films were prepared by sol-gel 

dip-coating method on a pyrex glass substrate. The effect 

of Sn doping on the structural, optical and electrical 

properties of SrCo2O4 thin films was studied. The 

deposited films of pure and Sn-doped SrCo2O4 showed 

good crystallinity of cubic spinel structure and retain their 

preferential orientation (311). The crystallite size of the 

samples increased as increasing Sn doping concentrations. 

Optical spectra show that all films exhibit good 

transparency of about 85% in the visible region. The 

optical band gap of the films is decreasing with increasing 

Sn content. The complex impedance spectroscopy 

indicates that the effect of the grain joints is dominant in 

the conduction mechanism; we also note that the 

equivalent pattern of SrCo2O4 films for each incorporation 

rates is a parallel RC circuit. 
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Вплив легування оловом на властивості тонких шарів SrCo2O4, 

отриманих методом золь-гель занурення 
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Тонкі плівки SrCo2O4, леговані оловом, з вмістом 0%, 3% і 5% на підкладках зі скла "пірекс" були 

виготовлені методом золь-гель занурення. В обох випадках нітрат кобальту, нітрат стронцію та хлорид 

олова використовувалися як попередник кобальту та стронцію та джерело допанту олова відповідно. 

Рентгеноструктурний аналіз підтверджує кристалічну структуру шпінелі SrCo2O4 (311) як переважну 

орієнтацію з розмірами кристалітів від 23,58 до 25,44 нм. Аналіз спектрів оптичного пропускання як 

функції довжини хвилі показує, що пропускання легованих плівок виявляється кращим, ніж нелегованої 

плівки, а ширина забороненої зони (Eg) зменшилася з 1,48 до 1,43 еВ за допомогою легуючих домішок Sn. 

Спектроскопія комплексного імпедансу показує, що зернограничний ефект є домінуючим у механізмі 

провідності. Опір при кімнатній температурі змінювався від 47,75 Ом до 41,87 Ом для зміни концентрації 

Sn. 

Ключові слова: золь-гель, SrCo2O4, легування оловом, занурення. 
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