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ABSTRACT 
 
In this study, poly aniline-cobalt titanate nano composites (NCs) with two content loadings of CoTiO3 (10 and 20 wt%) were prepared successfully. 

Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray diffraction 

(EDX), diffuse reflectance spectroscopy (DRS), and zeta potential were used to characterize the structure and properties of the obtained NCs. The 

results indicated that CoTiO3 NPs with an average particle size of 47 nm were distributed in the poly aniline (PANI) matrix; DRS analysis indicated 

the presence of semiconducting behavior in the NCs. The zeta potential indicated that the fabricated PANI/CoTiO3NCs with 10 and 20 wt% of 

CoTiO3NPs were increased with 83% and 93%, respectively. 

 

INTRODUCTION 
  
As a typical conducting polymer, PANI is one of the most promising electricity-conducting polymers due to its 

unique electrical and electrochemical properties, easy polymerization, high environmental stability, and the low 

cost of the monomer [1-3]. The attention PANI has received is attributable to these characteristics and its 

widespread use in microelectronic devices, diodes, light weight batteries, sensors, and super capacitors. PANI 

is also used for microwave absorption, inhibition of corrosion, and other related applications [4-8]. The 

properties of PANI can be tailored by changing its oxidation states and dopants or through blending it with other 

organic, polymeric, or inorganic nano-sized semiconducting particles to obtain materials with synergistic 

advantage. Various composites of PANI with inorganic NPs such as CeO2, TiO2, ZrO2, Fe2O3, and Fe3O4 have 

been reported. Metal-containing titanium-based oxides such as MTiO3 (M: Ni, Pb, Fe, Co, Cu, and Zn) are 

universally known as inorganic functional materials with broad applications. These oxides can be used in a 

variety of industrial applications including as electrodes of solid oxide fuel cells, metal–air barriers, gas 

sensors, high-performance catalysts, and ferroelectric random access memory [9–20]. 

 

The interest of researchers in CoTiO3 has increased in recent decades due to its physiochemical properties, 

which permit its use in applications such as pigments and magnetic recording media, as a gas sensor for 

alcohol content, and as a humidity sensor [21] and catalyst [22]. Oxide-based magnetic nanoparticles have 

been investigated by many researchers because of their interesting magnetic properties, including (among 

others) super-paramagnetic physical properties (mechanical, thermal, etc), which allow polymers to be 

improved by adding inorganic materials to polymer matrixes; relaxation phenomena; the surface effect caused 

by their canted spin structure; and magneto-electrical transport. They also have immense potential for 

applications in the areas of high-density data storage, ferro fluids, magnetic resonance imaging, color 

processing, and magnetic refrigeration [23]. Super paramagnetic behavior has often been observed in 

magnetic nanoparticles of dimensions of a few nanometers [24]. In some previous studies, the critical size was 

estimated to be approximately 30 nm in diameter for a spherical sample of common ferromagnetic materials. 

 

In this study, PANI/CoTiO3 NCs with two (10, 20 wt%) content loadings of CoTiO3 were prepared, and the 

procedure and structural characterization of all PANI/CoTiO3 NC phases have been investigated using Fourier-

transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-

dispersive X-ray diffraction (EDX), diffuse reflectance spectroscopy (DRS), and zeta potential. 

 

MATERIALS AND METHODS 
 
Cobalt acetate, tetra-n-butyl titanate, stearic acid, potassium iodate, and sulfuric acid were used in the 

experiments (Merck). The composition of the sample was estimated using EDX attached to a scanning electron 

microscope at an acceleration voltage of 25 kV (KYKY Model EM 3200; Madell Technology Corporation, 

Ontario, California, USA). The FTIR spectrum was recorded with a PerkinElmer (Waltham, Massachusetts, USA) 

Spectrum RX1 using a KBr pellet. The XRD patterns of the powders were recorded on a Seifert Technologies 

(Massillon, Ohio, USA) diffracto meter (Model PTS 3003) using Cu Ka radiation (λ=0.15418 nm) in the range 

2θ=20° to 70° to examine the crystallization and structural development of the PANI/CoTiO3 nano composite. 

The SEM pictures were recorded with the KYKY Model EM 3200 electron microscope at the previously noted 

accelerating voltage. DRS patterns of the powders were recorded on a Model Scinco S-4100 (Scinco; Seoul, 

South Korea). Streaming zeta potential measurements were carried out on a Zeta CAD instrument (France).  
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Synthesis of CoTiO3 nanoparticles 
 
CoTiO3 NPs were prepared through a modified wet-chemistry synthesis method that has been described in the 

literature [25]. In this procedure, a fixed amount of cobalt acetate was added to the melted stearic acid and 

dissolved. Stoichiometric tetra-n-butyl titanate was then added to the solution, stirred to form sol, naturally 

cooled to room temperature, and dried to obtain dried gel. Finally, the gel was calcinated in air at 600°C to 

obtain CoTiO3 NPs. 

 

Synthesis of PANI/CoTiO3 nano composites 
 
In order to prepare PANI/CoTiO3 NCs, the essential substances for the preparation of PANI were addedFig (1). 

To prepare PANI, 1 g potassium iodate was added to 100 ml of sulfuric acid (1 M), followed by magnetic mixing 

to create a uniform solution. After 30 min, the amount of ultra sonicated CoTiO3 NPs required preparing 10 and 

20 wt% of PANI/CoTiO3 NCs was added to the stirred aqueous solution. After 20 min, 1-ml fresh distilled 

aniline monomer was also added. Reactions were carried out for 5 h at room temperature. The obtained 

product was subsequently dried at temperatures of about 60°C in the oven for 24 h [26]. Finally, PANI/CoTiO3 

NCs were obtained after heat-treatment from 60°C to 300°C for 2. As described earlier, the entire procedure 

and structural characterization of PANI/CoTiO3 NCs phases were investigated using methods including FTIR, 

XRD, SEM, EDX, DRS, and zeta potential. To overcome this limitation, in this study, poly aniline/CoTiO3 nano 

composites were prepared by using a sol-gel synthesis process, as shown in [Fig. 1].    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Poly aniline/CoTiO3  nano composites preparing. 

……………………………………………………………………………………………………………………… 
 

RESULTS AND DISCUSSION 
 

FTIR analysis 
 

[Fig. 1] shows the FTIR spectra of CoTiO3NPs, pure poly aniline and its NCs with two content loadings (10 and 

20 wt%) of CoTiO3NPs. In [Fig. 2(b)], the absorption peaks at 1480 and 1564 cm−1 correspond to the C=C and 

C=N stretching modes for the benzenoid and quinoid rings [27]. The peak at 1293 cm-1 is related to the C-N 

stretching vibration of the benzenoid unit; the band at 799 cm−1 is assigned to out-of-plane C–H bending of 

the aromatic ring [28]; and, finally, the peak at 1168 cm−1 is attributable to C–N stretching of the secondary 

aromatic amine [29]. A slight shift in the absorption peaks of composite [Fig. 2(c, d)] is observed compared to 

PANI and may be due to the interaction between PANI and the surface of the Mn TiO3NP. The FTIR spectra of 

the PANI/CoTiO3NCs, shown in [Fig.1 (c, d)], are almost the same as those of pure PANI. The absorption peaks 

under the 800 cm−1 are attributed to the vibrations of the Co-O and Ti-O bands in CoTiO3 NPs [25], a result 

that indicates the PANI//CoTiO3 NCs have been synthesized successfully and the observed shift indicates the 

interaction between PANI and CoTiO3 NPs. 

 

XRD study 
 
XRD patterns were recorded to analyze the crystal phases. [Fig. 2] shows the XRD patterns of poly aniline, 

CoTiO3 NPs, and PANI/CoTiO3 NCs with different loadings of nanoparticles. The obtained XRD patterns of 
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CoTiO3 powders after heat treatment at 600˚C in air for 2 h are shown in Figure 2b. At this temperature, the 

nano powders displayed sharp and intense peaks, indicating a fine crystalline rhombohedral CoTiO3 phase. All 

peaks corresponding to the rhombohedral phase matched well with the database in JCPDS (file number: 77-

1373). The XRD pattern of PANI [Fig. 2(a)] shows that PANI has a partly crystalline structure; the two broad 

peaks are observed at 2θ=20.41° and 25.61° [29]. In [Fig. 2(c-d)], the diffraction peaks at 2θ=20° and 25° 

correspond to PANI, and the prominent peaks at 2θ=33°,36°, and 54° correspond to CoTiO3 nanoparticles. 

On comparison of XRD patterns of CoTiO3, PANI, and PANI/CoTiO3 composites, it is confirmed that CoTiO3 

retained its structure on dispersion in the PANI matrix during the in situ polymerization reaction. The results 

show that as the CoTiO3 content increases in 10% and 20% weight fractions, the intensity of the CoTiO3 

crystalline peaks gradually increases. With doping of the PANI matrix with CoTiO3, the crystal structure of 

CoTiO3was still stable. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The FTIR analysis Patterns of the PANI/CoTiO3NCs. 

……………………………………………………………………………………………… 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 2: The XRD Diffraction Patterns of the PANI/CoTiO3 NCs calcined at (a) 60°C; (b) 100°C, (c) 200 and (d) 300°C. 

………………………………………………………………………………………………………… 

 
Morphology of samples 

  

The particle size of powders can be calculated by Scherrer’s formula (t=kλ/β cosӨ), where t is the average size 

of the particles, assuming particles are spherical, k=0.9, λ is the wavelength of radiation, β is the full width at 

half of the maximum of the diffracted peak, and Ө is the angle of diffraction. The particle size was calculated by 

Scherrer’s formula for different calcination temperatures. The crystallite size of the powders calcinated at 

600°C was about 47 nm in diameter, respectively. 
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SEM studies 
 
[Fig. 3] shows the SEM of pure CoTiO3 [Fig. 3(a)] and the PANI/CoTiO3 NCs with 10 and 20 wt% of CoTiO3 NPs 

loading, respectively [Fig. 3(b–c)]. The particles have an agglomerated graining structure. In the SEM of the 

NCs, with the increase of CoTiO3 content, the agglomeration become more appreciable and displayed 

connections in some regions. SEM images reveal a homogeneous dispersion of CoTiO3 NPs in the PANI matrix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SEM pictures of PANI/CoTiO3 NCs. 

……………………………………………………………………………………………………… 

 
EDX elemental analysis 
   
EDX patterns of pure CoTiO3 and the PANI/CoTiO3 NCs with 10 and 20 wt% loadings of CoTiO3 NPs are shown 

in [Fig. 4(a, b)], respectively.  EDX patterns of pure CoTiO3 show separate peaks of cobalt (Co), titanium (Ti), 

and oxygen; the compositional analysis performed with EDX confirmed that theCoTiO3 nano powders were 

obtained. The EDX patterns of PANI/CoTiO3NCs with 10 and 20 wt% loadings of CoTiO3NPs show separate 

peaks for cobalt (Co), titanium (Ti), oxygen, carbon, and nitrogen (N), confirming that the sample has the 

desired composition with both PANI and CoTiO3 nanoparticles. The results show that the intensity of CoTiO3 

crystalline peaks gradually increases as the CoTiO3 content increases in the 10 and 20 wt% fractions; this 

finding is in agreement with the XRD results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The EDX pattern of the PANI/CoTiO3 NCs in Scale Full equal at 1133. 

…………………………………………………………………………………………………………… 

 
DRS study 
 
The absorption coefficient and optical band gap of a material are two important parameters by which the 

optical characteristics and its practical applications in various fields are judged. [Fig. 5] shows the DRS of pure 

CoTiO3 and the PANI/CoTiO3 NCs with 10 and 20 wt% fractions of CoTiO3 NPs loading. In Figure 5a, a sharp 

absorption peak is observed around 325 nm, indicating the optical band gap attributed to the O2-→Ti4+ 

charge-transfer interaction [30]. DRS analysis provides information about the semiconducting behavior of the 

NCs. The value of the direct band gap for PANI/CoTiO3 NCs with 10 and 20 wt% loadings of CoTiO3 NPs using 

the direct band gap determination came out to be 1.4 and 1.3 eV. As a consequence, calculated Eg values 
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decrease with increasing CoTiO3 concentration. In the PANI/CoTiO3NCs with 10 and 20 wt% loadings of CoTiO3 

NPs, sharp absorption peaks are observed around 360 and 365 nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The DRS chart of PANI/CoTiO3 NCs. 

…………………………………………………………………………………………………………… 

 
Band-Gap analysis 
 
For direct band gap determination, a plot of (αhυ) ^2versus hυ is presented in [Fig. 6]. Band gap value was 

obtained by extrapolating the straight portion of the graph on the hυaxis at (αhυ) ^2=0, as indicated by the solid 

line in [Fig. 6]. The value of the direct band gap for CoTiO3 was 2.4 eV; the value is about 2.2 eV for CoTiO3 

bulk crystal, which originates from the Co2+ → Ti4 + charge-transfer transition [31]. The band gap of nano 

metric CoTiO3 is higher than that of the bulk crystal, and the energy and shape of the interfacial charge-transfer 

absorption are expected to change as the size of the particle is reduced to nanometer scale [32–33]; for 

semiconductors, the energy of the band gap transition increases with decreasing size [34]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The band-gap diagram of MgCr2O4 nanoparticles. 

…………………………………………………………………………………………………………… 
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Zeta potential measurements 
 
[Fig. 7] shows the zeta potential measurements obtained for pure CoTiO3 [Fig. 7(a)] and the PANI/ CoTiO3 NCs 

with 10 and 20 wt% loadings of CoTiO3 NPs. Initially, CoTiO3 had an average ζ of 2.27 mV and the 

PANI/CoTiO3 NCs with 10 and 20 wt% loadings of CoTiO3NPs had an average ζ of 25 and 71 mV, respectively. 

With respect to [Fig. 7], the fabricated PANI/CoTiO3NCs with 10 and 20 wt% loadings of CoTiO3NPs were 

increased with 83% and 93%, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Shows the zeta potential measurements obtained for pure CoTiO3. 

…………………………………………………………………………………………………………… 

 

CONCLUSION 
 
In this study, PANI/CoTiO3 NCs with two (10, 20 wt%) content loadings of CoTiO3 were successfully synthesized 

after heat-treatment from 60°C to 300°C for 2 h. The FTIR study of PANI/CoTiO3 shows the shift of 

characteristic absorption bands of the composite due to the interaction of PANI/CoTiO3. DRS analysis indicates 

the semiconducting behavior of the NCs; the zeta potential indicated that the fabricated PANI/CoTiO3 NCs with 

10 and 20 wt% loadings of CoTiO3NPs were increased with 83% and 93%, respectively. 
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