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ABSTRACT Nanotechnology is a new star in the science horizon with many valuable 

applications and promises to offer. It includes the synthesis and utilization of 

nanostructure materials ranging from 1 to 100 nm. Mostly these materials are generally (or 

“could be”) produced via the laborious and hazard-prone physical and chemical methods 

but the green synthesis approaches easier, safe and scalable have been recently developed. 

Among other metal oxides nanoparticles, Titanium oxide (TiO2) nanoparticles have been 

mostly exploited for their photocatalytic, antimicrobial and antiparasitic applications. 

Titanium dioxide nanoparticles (TiO2-NPs) were synthesized using the aqueous leaf extract 

of Aloe barbadensis as a reducing and fabricating agent.. Based on the HRTEM and FESEM 

analysis,  X-ray diffraction (XRD),  the biosynthesized NPs were found to be polydispersed 

and predominantly spherical in shape, with an average size of ~20 nm. Complex impedance 

and dielectric permittivity of TiO2-PPY nanocomposite have been investigated as a function 

of frequency and temperature at different compositions. The dielectric permittivity 2500 is 

observed. Large value of permittivity is well  described by Maxwell-Wagner polarization. 

Broad and asymmetric dielectric spectra are analyzed by Harviliak - Nigami relaxation 

function. 

Key words : Green Synthesis, TiO2 nanoparticles, TiO2-PPY nanocomposites, dielectric 
properties. 

 

INTRODUCTION: 

Nanotechnology is emerging as a rapidly 

growing field with its application in science 

and technology for the purpose of 

manufacturing new materials at the 

nanoscale level [1]. Nanotechnology has 

gained massive applications in the fields of 

biology and pharmacology [2].   Such 

materials can be designed to exhibit novel 

and significantly improved physical, chemical 

and biological properties, phenomena and 

processes as a result of the limited size of 

their constituent particles or molecules, and 

enabling their usage in a wide range of 

innovative applications [3-5]. To avoid the 

use of toxic organic solvents and severe 

reaction conditions (temperature, pressure, 

and long refluxing time) for the preparation 

of nanomaterials, researchers recently have 

been exploring the possibilities of preparing 

nanomaterials in aqueous medium with the 

help of stabilizing or capping agents [6]. 

Generally metal nanoparticles can be 
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prepared and stabilized by physical, chemical 

and biological methods with little 

modifications for different metals, [7-11]. The 

properties of nanoparticles and its 

applications are different and dependent on 

their size, distribution and morphology, [12] 

or even on synthesis methods.       

           Increasing sensibility towards green 

chemistry and biological processes has led to 

develop an environment-friendly process for 

the synthesis of non-toxic nanoparticles. A 

vast array of biological resources available in 

nature including living plants, [13], plant 

products, plant crud extracts, algae, fungi, 

yeast, [14], bacteria,[15]  and viruses could all 

be employed for synthesis of nanoparticles. 

Biological methods are regarded as safe, cost-

effective, biocompatible, non-toxic 

sustainable and environment friendly 

processes, In addition, most bioprocesses 

occur under normal air pressure and 

temperature, resulting in vast energy savings, 

high-yield and low cost, [16]. 

        Titanium dioxide (TiO2) is a naturally 

abundant metal oxide which occurs in three 

different forms anatase, brookite and rutile 

phases [17]. TiO2 NPs are white colored n-

type semi-conductor having high thermal 

stability, excellent optical and dielectrical 

properties, bio-compatibility and non-toxicity 

[18-19]. Due to these properties TiO2 NPs are 

used in vast applications such as photo 

catalyst, lithium ion batteries, optoelectronic 

devices, reduction of H2O2, solar cells [20-21], 

etc. Like wise it is also used in sunscreens, 

pigments, paints, antimicrobial coatings owed 

to its high refractive index against sunlight 

[22]. Different types of approaches are 

available for synthesis of titanium dioxide 

nano particles, those are Sol-Gel [23], 

Hydrothermal [24], Solvothemal [25], 

Microwave Assisted [26], co-precipitation 

[27], Chemical Vapour Deposition. [28]  

             The usage of plant parts for synthesis 

of nanoparticle can be advantageous owing to 

the cost-effective, eco-friendly, not required 

of high energy, toxic chemicals, pressure and 

temperature [29]. Last few years many 

researchers prepared TiO2 nanoparticles 

using bio synthesis method. Ecliptaprostrata 

leaf extract and Titanium hydroxide solution 

were used for preparing TiO2 nanoparticles 

[30]. Bio- mediated TiO2 nanoparticles were 

synthesized by using Potassium 

exafluorotitanate and bacterium of Bacillus 

subtilis [31]. Titanium (IV) isopropoxide and 

Rice straw used for bio synthesis of TiO2 

nanoparticles [32]. Rutile phase TiO2 

nanoparticles 

were synthesized from the Annona squamosa 

peel extract and TiO (OH)2 [33]. The present 

work is based on the Aloe vera plant extract. 

Aloe Vera is oldest medicinal plant ever 

known. The Aloe Vera extract contains water 

soluble substances like Aloe emodin, 

Chrysophonal, and Helminthospor. These 

compounds act as reducing agents to produce 

TiO2 particles from the precursor [34-35].  
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        Polypyrrole (PPY) is one of the most 

studied conducting polymers because of its 

good electrical conductivity, environmental 

stability and relatively easy synthesis [36-37]. 

Monomers are polymerized in the aqueous 

solution in the presence of metal and oxide 

nanoparticles to obtain nanocomposites. The 

composites of different kinds of inorganic 

oxides such as NiO, SnO2, CuO, ZnO, CeO2, etc 

[38-39] have been synthesized by various 

chemical routes. Colloidal dispersion of 

inorganic nanoparticles within the polymer 

matrix, as suggested by Han and Armes, is a 

very efficient and novel chemical process to 

prepare homogeneous Composites [40].  

 

TABLE I: Weight percentage of pyrrole (x), activation energy from grain boundary (Egb), 

grain conductivity (Eg), activation energy Eτ)  real part of relative dielectric permittivity 

(ϵ1) at room temperature (RT) 

Sample x Egb  (meV) Eg (meV) Eτ (meV) ϵ1(RT) 

S1 20 98 57 58 2500 

S2 35 84 49 50 2200 

S3 50 76 38 39 2100 

S4 65 68 31 30 1700 

 

The Synthesis part of the present paper is 

mainly divided in two parts. In the 1st part 

TiO2 nanoparticles were synthesize using aloe 

Vera leaf extract. After synthesize these 

nanoparticles are embeded in the conducting 

PPY to prepare TiO2-PPY nanocomposite In 

the Observation the study of impedance 

spectroscopy of various TiO2-PPY 

nanocomposites samples as a function of 

frequency and temperature.  

MATERIALS AND METHODS  

        All the chemicals were of analytical grade 

and purchased from Merck (India) and used 

without further purification. Pyrrole (AR 

grade) was purified and stored at -150C in a 

refrigerator prior to use. APS oxidant was 

used as received and de-ionized water was 

employed for preparing all the solutions and 

reagents. The samples were characterized by 

x-ray powder diffraction patterns employing 

a scanning rate of 0.02 0 per 2 sec in 2θ range 

from 10 to 90 using a Philips (PW1710) x-ray 

diffractometer equipped with 

monochromatized Cukα radiations. The 

nanocrystalline powder was pressed inside 

the sample holder and X-ray data were 

collected in step scan mode.  
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Figure 1: X-ray diffraction pattern of PPY-
TiO2 nanocomposite sample S1. 

Morphological studies were performed with 

JEOL JSM6700F Scanning electron 

microscope (SEM). Transmission electron 

micrograph (TEM) was taken from JEOL, JEM 

2010 with acceleration voltage of 200 KV. 

The temperature dependent capacitance (C) 

and dielectric loss factor (D) were measured 

by Agilent 4192 Impedance Analyzer. The 

electrical contacts were made by silver paint 

on both sides of the sample. Dry powdered 

sample were made into pellets using a steel 

die of 1 cm diameter in a hydraulic press 

under a pressure of 5 ton. The thickness of 

the samples varies from 0.07 cm to 0.11 cm. 

For electrical measurements the electrical 

contacts were made by silver paint. 

A. Preparation of aloe Vera leaf extract  

  Fresh and healthy Aloe Vera plant was 

collected locally. One of the selected leaves 

was cut and washed twice with tap water 

followed by distilled water to remove dust 

particles and other contaminants. 60g of the 

leaves was weighed using electronic weighing 

balance and transferred into a 600 ml beaker 

containing 250 ml distilled water. The 

contents were boiled for 2h at 80°C. The 

extract was filtered using Whatman filter 

paper. The filtrate was stored for the 

synthesis of nanoparticles. 

 

Figure 2: Scanning electron micrograph of 

sample S1. 

               

B. Synthesis of Titanium Oxide (TiO2) 

nanoparticles by aloe Vera leaf 

extract: 

      To synthesis the TiO2 nanoparticles, 

dissolve 1.0 N of Titanium Chloride (TiCl4) in 

100 ml of       Millipore water. Added leaves 

extract drop wise under constant stirring up 

to achieve pH of solution became 7.  
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Figure 3: Tunneling electron micrograph of sample S1. 

The mixture was subjected to stirring for 4 

hours continuously. The NPs formed during 

the process were collected by centrifugation 

(10,000 rpm) and repeatedly washed with 

ethanol (absolute).  to remove the by-

products. The nanoparticles were dried at 

100°Cfor overnight and calcined at 500°Cfor 

4 hours. 

C. Synthesis of TiO2  - PPY nanocomposite:  

          The required quantity of TiO2 

nanoparticle was ultrasonically dispersed in 

50 ml deionized water. Pyrrole monomer of 

known volume was slowly added into the 

dispersion under sonication at room 

temperature. Then the aqueous solution of 

APS maintaining a pyrrole : APS mole ratio of 

1:1.25 was added drop wise into the previous 

solution. After few hours the resulting solution 

was turned into black color which indicates 

the formation of polypyrrole. The solution was 

then kept under sonication for about 8 hours 

to ensure complete polymerization. Finally, 

the resulting black dispersion were 

centrifuged. The resulting nanocomposites 

were washed thoroughly with distilled water 

for several times. Different compositions of 

nanocomposite samples by varying the weight 

percentage of pyrrole(polypyrrole) were 

prepared as shown in Table I. 
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Figure 4: Impedance spectra of the sample S1 at four different temperatures. The solid lines 

are fits to the proposed equivalent circuit for the sample. 

RESULTS AND DISCUSSION: 

Fig. 1 shows the characteristic peaks of X-ray diffraction (XRD) of the sample 

S1. The spectra reveals the presence of anatase phase of Titania in the nanocomposites. 

The crystallite size of the TiO2 nanoparticles in the composite sample S1 is calculated 

following the Scherrer’s relation (using 101 face) [41] 

                              (1) 

where K=0.89, D represents crystallite size (nm), λ, the wavelength of CuKα radiation 

and β, the corrected value at half width of the diffraction peak. At 2θ=25.36o (101), 

which is the characteristics peak of TiO2, is chosen to calculate the average diameter 

and it comes out to be 25 nm, which is consistent with that obtained from TEM studies. 

           The scanning electron micrograph 

(SEM) of the nanocomposite sample S1 is 

shown in Figure 2. The TiO2 nanoparticles are 

well dispersed and are of spherical in shape 

with uniform diameter lying in the range 

from 25- 30 nm. Larger particle size may be 

due to the aggregation of smaller particles in 

the presence of polymer matrix. 

         Figure 3. shows the TEM micrograph of 

the TiO2 - polypyrrole nanocomposite S1 

sample. In this micrograph nearly, spherical 

crystallites are observed. The mean particle 

size of pure TiO2 is in the range of 20-25 nm. 

Larger particle size due to the aggregation of 

smaller particles in the presence of polymer 

matrix. The nano particles are polydispersed 
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and are of spherical shape with uniform 

diameter lying in the range from 15-25 nm. 

After the formation of the composites the 

particles are found to be entrapped into 

polypyrrole  chains. Immediate conclusion is 

that the colloid particles are not simply mixed 

up or blended with the polymer, they are 

rather encapsulated by the polypyrrole 

chains.  

 

Figure 5: Impedance spectra of the sample S1 at four different temperatures. The solid lines 

are fits to the proposed equivalent circuit for the sample.  

        Figure 4. represents the complex 

impedance, Z=Z1 +iZ2 plots for the sample S1 

at different temperatures. At low 

temperature, two incomplete semicircles are 

observed. The high frequency contribution 

dominates with lowering of temperature. The 

features of the impedance spectra of 

polycrystalline composite materials primarily 

depend on the microstructure. The SEM 

micrographs indicate that the 

nanocomposites consist of nanometer size 

grains which introduce more grain 

boundaries     within the samples. The 

impedance spectra can be interpreted by the 

equivalent circuit consisting of series 

connected parallel resistance (R) and 

capacitance (C) components as shown in 

Figure 5. The position of  the maximum arc in 

the impedance diagram is determined by the 

relation ωmaxRC = 1= 1, where ωmaxRC = 1, 

where ωmax = 2πf, f is the applied frequency. 

The larger values of R and C at grain 

boundary lead to smaller ωmax compared to 

grain. Moreover, ωmax lies outside the 

available frequency range and only some 

portions of semicircles are obtained at higher 

temperature. The grain and grain boundary 

responses are analyzed by the following 

relations 
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    (2) & (3) 

 

where (Rg, Rgb) and (Cg, Cgb) are resistance 

and capacitance of grain and grain boundary 

respectively. Equations (2) and (3) represent 

two ideal semicircles whose centers lie on the 

real Z1 axis. The constant phase elements 

(CPE) capacitors C(ω) = B(iω)n−1  are 

assumed to analyze the more flattened 

semicircles. The parameter B is constant for a 

given set of experimental data. The exponent 

n varies between 0 and 1. The impedance of 

CPE behaves as an ideal capacitor for n = 1 

and ideal resistor for n = 0. The solid lines in 

Figure 4 represent the best fitted calculated 

values. Both Cgb and Cg are weak temperature 

dependent.  

 

 
Figure 6: Impedance spectra of the sample S1 at four different temperatures. The solid lines 

are fits to the proposed equivalent circuit for the sample. Inset represents the impedance 

data of polypyrrole matrix. 

 

Grain (σg) and grain boundary (σgb)  

conductivities have been calculated from the 

best fitted values of Rg and Rgb. Figures 5 and 

6 show the temperature dependence of grain 

and grain boundary conductivity. The 

estimated grain boundary conductivity is 

about 100 times lower than that of grain 

conductivity. The grain boundary (Egb) and 

grain (Eg) activation energies are 

presented in Table I. Both σg  and σgb follow 

Arrhenius type process with temperature as 

evidence from the plots in Figures 5 and 6. 

The activation energy of the grain interior is 

smaller than that of grain boundary. The 

conductivity of grain boundary region is 

mainly determined by the microstructure. 

The temperature dependence of conductivity 

of PPY obeys Mott's three dimensional 

variable range hopping process. [42-43] 

Thermally activated conductivity variation 
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suggests that PPY is not dominating the 

conduction process. 

          The value of ℇ1 decreases with decrease 

of TiO2 content. At high frequency greater 

than 1 MHz, ℇ1 reaches to about 2500. Figures 

7 represents the temperature dependence of 

ℇ1 for S1. The step like transition to lower 

values shifts to lower frequency with 

decreasing temperature. The high frequency 

value of ℇ1 is almost independent of 

temperature. The unusually large dielectric 

constant can be explained by interfacial 

Maxwell-Wagner (MW) interfacial relaxation 

commonly applied in heterogenous system. 

The nanocomposites consist of conducting 

grains and resistive grain boundaries. Under 

the application of external electric field, the 

charge carriers can easily migrate the grains 

but are accumulated at the grain boundaries. 

This process can produce large polarisation 

and high dielectric constant. The small 

conductivity of grain boundary contributes to 

high value of dielectric constant at low 

frequency. The static dielectric constant 

based on the equivalent circuit in Figures 4 

can  be expressed as

 

                          (4) 

Resistance and capacitance of grain boundary 

are much larger than that of grain. In MW 

polarisation, dielectric constant under such 

condition can be approximated from eq.(4) as 

ℇ1(0) = Cgb/C0. A large value of Cgb leads to 

very high value of dielectric constant. The 

ratio of TiO2 and PPY modifies the 

microstructure i.e. grain boundary 

capacitance. This may be the possible reason 

for different values of  ℇ1 for different 

compositions. 

 
Figure 7: Frequency dependence of the real part of relative dielectric constant (ℇ 1) at 

different temperatures for the sample S1. 
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The dielectric loss spectra ℇ2 as a function of 

frequency for S1 are shown in  Figures 8 for 

different temperatures. Two relaxation peaks 

in the measured frequency domain are  

appeared at room temperature. The positions 

of the peaks move to lower frequency with 

the  decrease of temperature. The dielectric 

response has been analyzed by the most 

generalized  Havriliak-Negami (HN) function 

[44]. 

              (5) 

 

where tau is the average relaxation time 

which is given at the frequency of maximum 

dielectric loss. The difference Δℇ = ℇ s - ℇ∞  is 

known as the dielectric relaxation strength. 

The parameter β describes the distribution of 

the relaxation time of the system. Debye 

relaxation is obtained for α = 1 and β = 1.  The 

parameters α and β ranging between 0 and 1 

are symmetric and asymmetric broadening of 

dielectric spectra. The solid lines in Figures 8 

show that the experimental data are 

reasonably good fitted with the calculated 

value of HN function.   

 

 
Figure 8: Frequency dependence of imaginary component of dielectric constant ℇ2 at 

selected temperatures for the sample S1. The solid lines are fits to Eq. 5.  

The value of β  is different from  unity which 

implies non- Debye relaxation process. This 

parameter manifests that the dielectric 

dispersion has a broad distribution of 
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relaxation time. The dielectric strength Δℇ 

increases with increase of temperature. 

The relaxation times, τ at different 

temperatures are obtained from the best 

fitted data to eqn. (6).  

 

 
Figure 9: Arrhenius plot of dielectric relaxation time vs frequency at different 

temperatures for the sample S1 

The linear behavior of the Arrehenius plot of 

ln τ against 1/T suggest that the temperature 

variation of τ can be described by thermally 

activated Arrhenius law,

                                 (6) 

where τ0 is the relaxation time at high 

temperature, Eτ  is the activation energy of 

dielectric process and k is Boltzmann 

constant. The slope of the best fitted straight 

line gives the activation energy as shown in 

Table I. The most interesting fact is that the 

activation energies are in excellent 

agreement with the values obtained from 

grain conductivity. 

 

CONCLUSION:  

Impedance data demonstrate the existence of 

electrically semiconducting grains and more 

resistive grain boundaries. The values of 

dielectric constant exhibit large variations 

with compositions, temperature and 

frequency. The dielectric response at the 

lower frequency is characterized by Maxwell-

Wagner relaxation. The variations of 

microstructure with compositions render 

different dielectric constants. 
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