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The nanocomposites of doped Polyaniline (PANI) with ZnO-TiO2 nanoparticles have been 
prepared by in-situ polymerization method. The structural properties of synthesized PANI 
and PANI/ZnO-TiO2 were studied by X-ray diffraction (XRD) analysis. XRD pattern show 
that PANI is intercalated into the layers of ZnO-TiO2 successfully and thus the degree of 
crystallinity increases due to crystalline nature of ZnO-TiO2. FTIR analysis indicated that 
there is a strong interaction between ZnO-TiO2 nanoparticles and PANI. Electronic 
properties (Dielectric and Conductivity) of PANI and PANI/ZnO-TiO2 nanocomposite 
have been investigated between frequency ranges from 20Hz to 01MHz, higher dielectric 
constants and dielectric losses of PANI/ZnO-TiO2 nanocomposites were found. As the 
content of ZnO-TiO2 increased, the dielectric constant and loss also increased. The value 
of dielectric constant for all samples is very high at low frequency but decreases with 
increase in frequency. Synthesis of PANI/ZnO-TiO2 nanocomposite materials with a large 
dielectric constant is promising for charge storage devices applications.  
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1. Introduction  
 
Conducting polymer/inorganic composites, which possess unique physical and chemical 

properties, have attracted more and more attention. Due to their outstanding properties, conductive 
polymers with a polyaromatic backbone, including polypyrrole (PPy) and polyaniline (PANI), 
have established a great deal of care in the last three decades [1–5]. Typically, prodigious efforts 
have been made to improve their mechanical, chemical, and thermal stability, optical properties, 
conductivity and electro-activity, and so on. In this situation, more focus is to fabricate and study 
of nanocomposites that contain these sort of polymers. The polymers are predictable to help from 
the attractive properties of the supplementary materials. To attain such a collaboration, the control 
of nanoparticle interfaces, the structural and chemical properties of the polymer chains must be 
significant [6-7]. Among various combinations, nanocomposites made of metal oxides and 
conductive polymers have achieved excellent properties. Preceding studies have revealed that the 
incorporation of metal oxides can efficiently improve the electrical, mechanical, and dielectric 
properties of various conductive polymers [8–10]. Predominantly, much research has been 
attentive on PANI, which shows good electrical conductivity, anion or cation exchange behavior, 
ambient stabilityand simple polymerization over different metal oxides [11–17]. 

Several different metals and metal oxide nanoparticles have so far been encapsulated into 
the shell of conducting polymers, giving rise to a host of composites [18–24]. These composite 
materials have shown better mechanical, physical, and chemical properties. However, TiO2 is 
considered as n-type semiconductor due to the existence of oxygen gaps in TiO2 lattice. These 
gaps are created with the emission of two electrons and molecular oxygen leaving oxide ion 
vacancy states [25].  Titanium dioxide was utilized widely as photo-catalyst due to its vital and 
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extraordinary properties. TiO2 has direct band gap 3.0 to 3.2 eV. TiO2 [26-28]. While ZnO is direct 
band gap semi-conductor of the group II-VI semiconductor group possessing energy gap 3.37eV 
helpful for electronic devices applications [29-32]. Electronic properties (Dielectric and 
Conductivity) of conducting polymer polyaniline containing a nano semiconducting material have 
not so far studied in detail. In this work, an approach is reported to synthesize the PANI-ZnO-TiO2 
nanocomposites by In-situ polymerization. The structural properties and morphology of prepared 
nanocomposite were investigated by X-ray diffraction (XRD), Fourier-transform infrared (FTIR) 
spectroscopy and scanning electron microscopy (SEM). Excellent electronic properties (Dielectric 
and Conductivity) of PANI-ZnO-TiO2 nanocomposites reveals that synthesis compound is useful 
for charge storage applications. 

 
 
2. Experimental Details 
 
2.1. Chemicals and materials 
The Aniline was purched from Fluka. Ammonium persulphate (APS), Titanium dioxide 

(TiO2) and Zinc oxide (ZnO) were obtained from Sigma Aldrich. 37% w/w concentrated HCl and 
distilled water were also used for the preparation of required compounds. 

 
2.2. Synthesis of Polyaniline (PANI) 
The required amount of APS was dispersed in 200 mL of distilled water and stirred for 5h, 

after that aniline was dispersed gradually in the suspension during stirring at 5°C. 37% w/w 
concentrated HCl was added dropwise maintain pH up to 1.The molar ratio of monomer to oxidant 
was kept 1:1. The suspension was left 24 hrs for polymerization. After all, the suspension was 
filtered and washed with distilled water. The greenish black paste of PANI was acquired which 
was dried at 60°C in vacuum oven for 24 hrs. 

 
2.3. Synthesis of PANI-ZnO-TiO2 nanocomposites 
The ZnO-TiO2 powder (1:1) was mixed in 200 mL distilled water under strong magnetic 

stirring to prepare the PANI-ZnO-TiO2 nanocomposite. 10 ml aniline was added dope wise and the 
solution was left stirring for 6 h. 37% w/w concentrated HCl was also added in to aniline solution 
to maintain pH up to 1. Calculated amount of ammonium per-sulphate (APS) was added drop 
wise, while molar ratio of oxidant to monomer was kept 1: 1. The mixture was turned to greenish 
black color, indicating that the organic polymerization reaction has started. The solution was left 
for 24hrs, and filtered. A dark black-green paste of PANI-ZnO-TiO2 nanocomposites was obtained 
which was washed with distilled water. The paste was dried at 60°C in a vacuum oven for 24 hrs. 

 
2.4. Measurements 
Electronic properties (Dielectric and Conductivity) were measured by using a two-point 

method in the frequency range 20 Hz to 1MHz. The samples were connected to a Keithley 2400 
electrometers and a current source electrometer. The dielectric constant of all the samples and 
reproducibility were checked. X-rays powder diffraction analysis was carried out using an 
automated diffractometer, Panalytical X’ Pert PRO equipped with CuKα radiations (λ = 1.54 Å). 
The instrument was operated at 40 kV and 30 mA and diffraction patterns of PANI and PANI-
ZnO-TiO2 nanocomposites samples mounted on a standard holder were recorded over the range of 
10 to 70° at scane rate 2°/min. The FTIR spectra were recorded on KBr pellet samples in the range 
of 4000-500 cm–1 by using a Perkin Elmer Fourier transform infrared spectrometer. Scanning 
Electron Microscopy (SEM) was carried out on EVO50 ZEISS instrument. 

 
 
3. Results and discussion 
 
3.1. Structural Analysis 
The XRD patterns of various weight ratio of TiO2-ZnO (1:1) [33-34] composite with 

different ratio of PANI have been shown in Fig 1.The XRD results reveals that hkl values (120), 
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(110) , (012), (220), (111), (210), (231), (320), (241), (160), (203), (201), (332) and (301) confirm 
the anatae phase of  TiO2 and zincate phase of zinc oxide which can be confirmed by comparing 
with. 

  

 
 

Fig. 1. Shows XRD patterns of pure and ZnO/TiO2 polyaniline nanocomposites. The JCPDS  
card number (00-021-1272) and (00-036-1451). 

 
 
The pattern of nanocomposites of ZnO/TiO2 with different ratio of polyaniline show the 

crystalline in nature. The hexagonal phase of Zinc oxide and tetragonal phase of TiO2 was also 
confirmed by XRD patterns. By using Scherer’s formula, the crystallites size of PANI-ZnO-TiO2 
nanocomposite was estimated as 70-90 nm [35-36]. There are some additional peaks observed at 
2θ values of 27.43 and 44.25 may be attributed to presence of polyaniline. Also, it has been 
noticed that there is an increase in the intensity which suggests that crystallinity has been improved 
with the addition of ZnO/TiO2 into PANI.  

 
 
3.2. FTIR Analysis 
FT-IR spectra shown in Fig.2 elucidate functional groups of PANI as well as to confirm 

the presence of polyaniline in the TiO2/PANI composite to act as catalyst. Various vibrational 
peaks observed in these spectra are listed in the following Table1 along with their possible 
assignments. It is already known that FTIR spectrum of PANI consists of main peaks at 1595, 
1490, 1308, 1295, and 1046 cm-1 [37]. However, some of the vibrational peaks observed in the 
present TiO2/PANI composites match with these above-mentioned vibrations, while some other 
vibrational peaks show slight shifting either towards higher or lower wave numbers depending on 
the composition and nature of the nanocomposite materials. Along with these vibrations, some 
other vibrations are also observed in the low wave number range between 900 and 450 cm-1 as 
obvious from Fig.2. These vibrations can be attributed to metallic bonding. The composite 
catalysts show vibrational peaks at or around 503 cm-1 (496.04, 491.18, 479.15 cm-1) (see Fig. 2), 
which might correspond to Ti-O bond and it is due to presence of TiO2 in the composite [38]. 
Shifting of the observed vibrational bands related to Ti-O bonds as compared to the FTIR 
spectrum of TiO2 nanoparticles appears to be caused by interactions between TiO2 and PANI 
structures. The observed vibrational band around 479 cm−1 might also be pointed out to be due to 
Zn-O stretching frequency [39-40]. In addition, it is also noted that benzene rings in polyaniline 
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structure are also present and are associated with a significant C-H out of plane bending peak 
around 1475 cm-1. The absorption peaks around 1490 cm−1 and 1595 cm−1 wave numbers may be 
related to the C-C stretching mode of benzoid and quinoid rings of PANI molecules respectively 
[41].  

 

 
 

Fig. 2. Shows FTIR spectra of TiO2/ZnO polyaniline nanocomposites. 
 
 
Shifting of bands might be associated with the action of hydrogen bonding between the 

hydroxyl groups on the surface of ZnO/TiO2 nanoparticles and the amine groups in the PANI 
molecular chains. Such interaction between PANI and ZnO/TiO2 nanoparticles has also been 
confirming the formation of polyaniline in these nanocomposites. 

 
 

Table 1. FTIR characteristic peaks and their assignments. 
 

Sr.  
No. 

ZnO/TiO2 
(1:1) 

20wt% 
PANI-
ZnO/TiO2 

40wt% 
PANI- 
ZnO/TiO2 

60wt% 
PANI- 
ZnO/TiO2 

Peak  assignments 

1 491.18 496.04 503.09 479.15 508 (Ti—O) 
448-550 (Zn—O stretching vibration) 

2   799.40 794.19 800 out of plane C—H vibration 
3   880.37 879.21 900 out of plane C—H vibration 
4  1009.99  1046.44 1030 (Stretching vibration of N=Q=N 

rings)   
5 1148.56 1146.87 1145.86 1111.78 1100 (C—N Bond) 
6 1308.98 1295.76 1298.35 1244.03 

1289.32 
1297.38 ( C—H Bending) 

7 1502.26 1502.71 1490.96 1475.33 1479,1496 (C=C Stretching mode of 
benzoid ring) 

8 1595.49 1595.62 1566.99 1565.54 1561,1592 (C=C Stretching mode of 
Quinoid rings) 

9 1618.40 1618.39    (C=C  Stretching mode of 
Quinoid&Benzoid ring) 
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3.3. Scanning electron microscopy (SEM) 
The Surface morphology of the PANI-ZnO-TiO2 nanocomposites samples was evaluated 

using SEM micrographs. Fig.3 (a-d) displays SEM micrographs of TiO2/ZnO polyaniline which 
clearly indicate that the crystallites are nearly spherical, somewhat elongated, and randomly 
oriented and distributed throughout the micrograph. Moreover, some crystallites depict 
agglomeration of small particles. The SEM micrographs of the prepared TiO2/ZnO/PANI 
composites with ZnO/TiO2 to PANI ratio of 20% to 60% as displayed in Fig.3 (a-d) reveal the 
formation of a thin layer of polyaniline molecules on the TiO2/ZnO particles. These SEM 
micrographs of TiO2/ZnO composites with different ration of PANI demonstrate the synthesis of a 
uniformly dispersed additive coating on these nanocomposites. 

 
 

 

 
 

Fig. 3. Shows SEM image of PANI-ZnO-TiO2 nanocomposites (a) TiO2/ZnO (1:1). 
(b) 20% wt % PANI-TiO2/ZnO (c) 40%  wt%PANI-TiO2/ZnO (d) 60 wt % PANI-TiO2/ZnO. 
 
 
3.4. Dielectric Properties 
3.4.1. Dielectric constant 
The dielectric properties have been investigated under the influence of the applied field at 

room temperature in the frequency range of 20Hz to 1MHz. 
The dielectric constant, 𝜀𝜀𝑟𝑟 is calculated by the given formula 
 

𝜀𝜀𝑟𝑟 = 𝑐𝑐𝑐𝑐
𝐴𝐴𝐴𝐴˳

                                                                            (1) 
 
where c and d represent the capacitance and sample thickness and 𝜀𝜀˳ is the permittivity of free 
space. It is supposed that the polyaniline plays the role of an amphoteric dopant in the polyaniline-
doped ZnO/TiO2 nanocomposite. The polyaniline ions have ability to approach both lattice and 
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interstitial sites. So polyaniline is expected to take the place of Zn ions in the lattice located at the 
grain boundary in priority and might play role of acceptor and approaches to the deep level trap. It 
has been shown in the Fig.4, that the dielectric constant decreases rapidly with the applied ac field. 
This decrease is due to the increment in the ion jumping from one level to the other and due to the 
enhanced space charge which is shown by the samples. The maximum number of atoms occupies 
the grain boundaries that become active and play the role of charge catching. The large increase in 
the dielectric constant at lower frequencies is due to the enhanced space charge polarization caused 
by the rotation at the interfaces. It is said that the dielectric constant of the material should be 
larger than as compared to those traditional samples. This is due to the enhanced space charge 
polarization because of the morphology of their grain limit interface. Sharp increase of the 
dielectric constant rules out the dielectric loss at lower frequencies and temperatures. At smaller 
frequencies; there is clarity in the strength of the frequency dependence. There is a reduction in the 
dielectric constant with the rising value of the frequency; this is attributed to the inhomogeneity in 
the dielectric constant [32]. 
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Fig. 4. Shows variations of dielectric constant versus log of applied frequency. 
 
 
3.5. Dielectric loss 
Figure 5 below clearly shows the changes in the dielectric loss with the variation in the 

applied frequency. It has been seen that the dielectric loss reduces with the increase in the applied 
frequency. The decrease in the angle at larger frequency is nearly same for all samples. There is 
some required energy for the orientation of the polar molecules in the direction of the applied field 
and this leads to the overall loss in energy. The in homogeneities relevant to the defects and space 
charge sequence in the inter phase generates absorption currents resulting in the dielectric loss. So 
when the frequency is increased then loss is observed due to the space charge polarization. It is 
also known that the reduction in loss occurs as the frequency increases and it gets reduced at 
higher frequency region [33]. 

Dielectric loss reduces with increasing frequency because of space charge polarization, 
measured by the formula            

    
D= Tanδ= ἕ/έ.                                                                         (2) 

 
The value of D decreases as the applied f increases, at lower f the higher value of D is due 

to orientation of molecules in the direction of applied field because their orientation occurs by 
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overcoming the frictional forces. Energy is loss or at high f the smaller value of D is because of 
reduced frictional forces because molecules have been oriented in the direction of field.  
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Fig. 5. Shows variations of dielectric loss versus applied frequency. 
 
 
3.6. AC conductivity  
An investigation has been made to measure the AC conductivity from the pellets made of 

polyaniline doped ZnO/TiO2 nanocomposite.The AC conductivity can be found by the following 
formula: 

σAC =2πε0εr f tan δ                                                                     (3) 
 
In this equation ε0denotes the permittivity of the free space, f is the frequency, εr is the 

dielectric constant and tan δ is the loss factor. The below figure 6 shows the variation of AC 
conductivity versus the applied frequency.  
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Fig. 6. Shows variation of AC conductivity versus applied frequency. 
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There has been noted an increase in the conductivity with increase in the frequency. Such 
a rise may be due to small-range hopping of the charge carriers between localized states. This 
rapid increase in the conductivity is due to larger polaron jumping. There is an increase in the AC 
conductivity with the increase in the frequency of the applied field. This is due to that when 
frequency has been increased then there is larger chance of hopping of electron [34].  

 
 
4. Conclusion 
 
Composites of Polyaniline (PANI) with ZnO-TiO2 nanoparticles have been prepared by in-

situ polymerization method. The crystallinity of synthesized samples was studied by XRD 
diffraction pattern and was found to be improved due to crystalline nature of ZnO-TiO2 in PANI-
ZnO-TiO2sample.FTIR analysis indicated that there is a strong interaction between ZnO-TiO2 
nanoparticles and Polyaniline. Dielectric characterization demonstrated thatZnO-TiO2 
nanoparticles show a strong effect on the dielectric properties of resultant PANI-ZnO-
TiO2nanocomposites. The increased dielectric constant is recognized to the creation of an 
improved charge transport network in the comparatively insulating PANI. Synthesis of materials 
with a large dielectric constant is very essential for the improvement of charge storage devices. 
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