
 

Universal Multidisciplinary Research Institute Pvt Ltd 
 

46 International Journal of Multidisciplinary Research and Innovation (ISSN :2454-7204) :Volume 2 Issue 2 

TEMPLATE BASED SYNTHESIS OF POLYANILINE AND ITS 

ENHANCED THERMOELECTRIC PERFORMANCE FOR 

DEVICE APPLICATION 
Jyotirmoy Goswami1, Priya Mandal2 

1. Jadavpur University, Kolkata. 2. The University of Burdwan, Burdwan 

1. INTRODUCTION 

Low dimensional materials give a new direction of research which has a noteworthy influence in 

science and engineering [1, 2]. These materials have a significant impact on design, production 

and application and understanding the underlying relationships between physical properties and 

material dimensions. Consequently, in recent days there has been a growing interest in the study 

of low dimensional or nanostructured materials and their fundamental mechanism for the 

performance in device applications.  

Materials in the nano scale display enhancement/modification in characteristics properties which 

differ from that of the bulk [4-6]. The enhancement in the property can be influenced by the 

morphology of the nanostructures which in turn depends on the process of synthesis. Thus the 

main advantage of nanomaterials is that they can be used to improve current materials or create 

some new ones having exceptional properties. 

The field of thermoelectrics advanced rapidly in the 1950s when the basic science of 

thermoelectric materials became well established, the important role of heavily doped 

semiconductors as good thermoelectric materials became accepted, and the thermoelectric 

material Bi2Te3 was developed for commercialization, thus launching the thermoelectrics 

industry. By that time it was already established that the effectiveness of a thermoelectric 

material could be linked in an approximate way to the dimensionless thermoelectric figure of 

merit, ZT= S2σT/κ, where S, σ, T, and κ are, respectively, the Seebeck coefficient, electrical 

conductivity, temperature, and thermal conductivity. [7] 

The quantities S, r, and j for conventional 3D crystalline systems are interrelated in such a way 

that it is very difficult to control these variables independently so that ZT could be increased. 
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This is because an increase in S usually results in a decrease in r, and a decrease in r produces a 

decrease in the electronic contribution to j, following the Wiedemann–Franz law [8]. However, if 

the dimensionality of the material is decreased, the new variable of length scale becomes 

available for the control of materials properties. Then as the system size decreases and 

approaches nanometer length scales, it is possible to cause dramatic differences in the density of 

electronic states, allowing new opportunities to vary S, σ, and κ quasi-independently when the 

length scale is small enough to give rise to quantum-confinement effects as the number of atoms 

in any direction (x, y, or z) becomes small. 

In addition, as the dimensionality is decreased from 3D crystalline solids to 2D (quantum wells) 

to 1D (quantum wires) and finally to 0D (quantum dots), new physical phenomena are also 

introduced and these phenomena may also create new opportunities to vary S, σ, and κ 

independently. These phenomena are discussed below. Furthermore, the introduction of many 

interfaces, which scatter phonons more effectively than electrons, or serve to filter out the low-

energy electrons at the interfacial energy barriers, allows the development of nanostructured 

materials with enhanced ZT, suitable for thermoelectric applications. 

The field of low-dimensional thermoelectricity started with the introduction of two strategies: the 

use of quantum-confinement phenomena to enhance S and to control S and σ somewhat 

independently, and the use of numerous interfaces to scatter phonons more effectively than 

electrons and to scatter preferentially those phonons that contribute most strongly to the thermal 

conductivity. 

Typically conventional polymers such as plastics, rubbers, etc. offer significant resistance to 

electrical conduction and are either dielectrics or insulators. With the invention of conductive 

polyacetylene in the 1970s, conducting polymers have received significant attention from both 

science and engineering communities. This culminated in 2000 when the Nobel Prize was 

awarded to Alan J. Heeger, Alan G. MacDiarmid, and Hideki Shirakawa for their discovery and 

development of electrically conductive polymers. Since then application such as polymer-based 

electronics and biosensors have provided further impetus for the growth of this R&D 

community. With the advances in stability of the materials, and improved control of properties, a 

growing number of other applications are also currently being explored. 
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The properties that make these conductors attractive include a wide range of electrical 

conductivity, which can be achieved with various doping levels, while maintaining mechanical 

flexibility and high thermal stability. Even for rugged applications including LED lighting and 

electrical supercapacitors, conducting polymers have advantages over other materials candidates 

such as conductive metal oxides. In this special issue of Interface, conducting polymers and their 

applications are featured. 

The discovery of conducting polymers (CP) directs a new trend of research. Conducting polymer 

are extremely interesting organic semiconducting materials with a great promise because of their 

diverse applications. Since the discovery in early seventies, these polymers have made a 

significant impact and provided a vast field for a number of growing new technologies [9-12]. 

The importance of environmental protection is well understood which led to focus in the 

development of suitable thermoelectric (TE) conducting polymer based material. They are 

thought to be potential thermoelectric materials due to their high value of electrical conductivity 

to thermal conductivity ratio compared to that of inorganic materials [13-15]. The transport 

properties of these conducting polymers are greatly influenced by the nature of dopants.  

Out of the CPs, polyaniline (PANI) [16] gained its importance as a potential candidate to be used 

as TE material due to its high environmental stability, ease of processing,[17] simple and 

reversible doping/dedoping chemistry, [18] and modifiable electrical conductivity[19]For the 

enhancement of transport properties, different protonic acids have been used to dope PANI. 

Typical examples of some organic and inorganic acids used as dopants are HCl, H2SO4, HClO4 

[20-22] p-toluenesulfonic acid, benzenesulfonic, [23] p-styrenesulfonic acid, [24] 

polyacrylicacid, [25]and sulfosalicylic acid [26, 27]. Doped nanostructured PANI shows better 

performance as thermoelectric material [28]. 

Available reports on insulator-metal transition in polyaniline (PANI) through protonation [29,30] 

led the investigation on electronic transport properties of polyaniline and its derivatives. PANI is 

very attractive for its diversifying structure, facile synthesis, environmental stability and redox 

reversibility, involving the exchange of protons and electrons [31]. It is known that PANI as 

emaraldine base (EB) is an insulator. Doping converts it to a conductor/semiconductor. Due to 

high value of electrical conductivity (σ) to thermal conductivity (κ) ratio PANI finds its 

application as TE materials.  The σ of PANI is very much dependent on the type of dopant 
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namely hydrochloric acid [32], sulphuric acid [33] Camphorsulfonic acid [34-39], p-toulene 

sulfonic acid [40, 41], polyacrylic acid [42], dichlorosulfonic acid [43]. PANI has a band 

structure with very asymmetric valence and conduction bands along with a half occupied polaron 

band into the gap. This half-filled polaron band imparts the metallic property to the protonated 

PANI [31].  There are several reports on the development of nanostructures of PANI [44-46] 

with enhanced properties, which depend on the type of dopant. Nanostructures of PANI have 

also been prepared by dilute polymerization where nanofibers of different diameters doped with 

several dopant are produced [45]. A range of uniform and oriented nanowires of PANI with 

diameter less than 100 nm were synthesized by electrochemical approach [46]. On the other had 

employment of Langmuir Blodgett technique yielded nano-rod and nano-particles of PANI [47]. 

Synthesis of nanofibers of PANI by oxidation polymerization using ferric hydrochloride and 

doping with p-toluenesulfonic acid (p-TSA), β-naphthalenesulfonic acid (β -NSA) and 

camphorsulfonic acid (CSA) result in formation of smaller diameter ranging from 17–30 nm and 

shows higher crystallinity [48]. Compared to the nanofibers oxidized by ammonium persulfate 

one order higher conductivity was obtained in the above case [48]. 

A typical metallic transport data of CSA doped PANI prepared using self-stabilized dispersion 

polymerization (SSDP) was reported [49]. A conductivity of ~100 S/cm was obtained for PANI 

nanowires of diameter ~10 nm synthesized using Fe2(SO4)3 as a binary oxidant and dopant [50]. 

Even different dopants, also acting as oxidants, have been employed to synthesize nanostructures 

of PANI by a template free method [51]. Semiconducting behavior has been observed where the 

electric conductivity lies in the range 10-2 to 100 S/cm [51]. For PANI nanotube doped with 

camphor sulfonic acid (CSA) synthesized by a template free method, the intrinsic conductivity of 

one nanotube has been found to be three order higher than bulk conductivity of the PANI 

nanotube pellet [52]. 

The thermoelectric power (S) of PANI shows a metallic behavior that has been explainedby Park 

[43]. The S of stretch oriented films of PANI having σ of the order of 300 Scm-1 was measured 

and highly anisotropic behavior along and perpendicular to the chain of orientation with different 

signs of S in the low temperature region (from 0 to 200 K) was observed [53]. It is interesting to 

note that PANI synthesized by the conventional method has the higher σ and S than crystalline 

PANI synthesized by the ultrasonic method [54]. 
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An enhancement of 3.5 times in the power factor of CSA doped multilayered film of PANI as 

compared to bulk detected [55]. A high value of ZT for stretched films in the direction of 

orientation is accounted for the increased drawing ratio [49] of the stretched films of PANI. 

Another report indicates that κ of doped PANI films is extremely low and is independent of 

nature of dopant which raises the ZT value of PANI [49].  

β naphthalene sulphonic acid doped PANI nanotubes displays an enhanced of ZT for tubular 

nanostructure [55]. Synthesis of PANI doped with HCl exhibits nanorods of PANI with average 

diameter of 80 nm and length of 300–400 nm. A maximum ZT value of 2.67×10−4 at 423 K is 

obtained for 1.0 M HCl-doping concentration [56].  

 EXPERIMENTAL 

MATERIAL USED 

5-Sulfosalicylic acid (SSA), ammonium peroxydisulfate (APS), and aniline were purchased from 

Merck Chemicals. Tetraethylorthosilicate (TEOS) was purchased from E-Merck, Germany. 

Cetyltrimethylammonium bromide (CTAB) and Sodium hydroxide (NaOH) were purchased 

from LobaChemie, India.  Water was purchased from Hydrolab. All the chemicals were of 

analytical reagent grade and are used without further purification. 

 

MATERIAL SYNTHESIS 

SYNTHESIS OF MESOPOROUS SILICA 

Tetraethyl orthosilicate (TEOS, E-Merck, Germany) was used as the silica source in all 

syntheses. The cationic surfactant cetyltrimethylammonium bromide (CTAB,LobaChemie,India) 

was used as the structure directing agent and NaOH (LobaChemie,India) was used to maintain 

the pH of the medium. For the syntheses of the mesoporous MCM-48 materials, TEOS was first 

added to an aqueous solution of CTAB, which was then stirred for 15 min. The aqueous solution 

of CTAB was prepared by dissolving CTAB in deionized water and then stirring the mixture for 

15 min. Then, TEOS was then allowed to hydrolyze in acidic pH slowly. After 1h, aqueous 

NaOH solution was added to the solution until the pH rose to 8-8.5. The final mixture was 
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vigorously stirred for 1 h and then autoclaved at 353 K for 3-4 days. The molar ratio of various 

constituents of the hydrothermal gels was 

                                         SiO2/CTAB/H2O ) 1/0.25//90 

After the hydrothermal treatment, the solid products were filtered, washed with water and 

alcohol, and dried in air. 

SYNTHESIS OF POLYANILINE 

PANI is synthesized using template-based oxidative polymerization of aniline in an aqueous 

solution of SSA, using APS as oxidant and Mesoporous Silica as a template. Aniline (2.0 ml) 

was dissolved in an aqueous solution (190 ml) containing SSA (1.4 g) and Mesoporous Silica. 

The solution was stirred with a magnetic stirrer then heated to boiling and cooled to room 

temperature. An aqueous solution of APS used as oxidant was prepared by dissolving APS (5.02 

g) in water (100 ml). To the aqueous solution of the aniline monomer, the APS solution was 

mixed dropwise to start the oxidation, and the reaction mixture was stirred for 6 h. Throughout 

the reaction time the temperature of the reaction mixture was kept between 0 and 50C. A dark 

green precipitate was formed, indicating PANI emeraldine salt (doped with SSA), which was 

recovered from the reaction vessel by filtration. The precipitate was washed with water several 

times to remove any of the oxidant present, until the filtered water became colourless. Then, it 

was also washed with ethanol. It was rinsed with SSA (5x10-3M) to compensate for the loss of 

dopant and again washed with water. Finally the prepared sample was vacuum dried at 60 0C for 

24 h. The sample was divided into two batches of equal amount. Hydrogen fluoride and sodium 

hydroxide was used to remove the silica from the two batches. The first batch was immersed in 

NaOH solution for 24 hours and then filtered. It was again doped with SSA as NaOH in this case 

acts as a de-doping agent also. The sample obtained (PANI-1) was again dried at 60 0C for 24 h. 

Same procedure was followed or the second batch where hydrogen fluoride was used to remove 

silica but without re-doping as HF did not de-dope the sample. It was again filtered and the 

sample obtained (PANI-2) was again dried at 60 0C for 24 h. 

STRUCTURAL CHARACTERIZATION 
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The synthesized samples (PANI-1 and PANI-2) were structurally characterized by powder x-ray 

diffraction (XRD), fourier transform infrared (FTIR) and transmission electron microscopy 

(TEM). X-ray powder diffraction (‘X’PertPANalytical) spectra were recorded with a Cu-Kα 

radiation (λ = 1.5418 Å) from 100 to 800 with a scanning speed of 5 per minute. FTIR spectra 

were obtained within the wave number range 500 to 3500 on a spectrophotometer (JASCO 

FT/IR-460-Plus) using KBr pellets. Morphology of the prepared samples was studied by the 

TEM images, taken by Technai transmission electron microscope showing the nanostructure of 

the prepared samples. 

ELECTRICAL AND THERMAL CHARACTERIZATION 

All the prepared samples were pressed at room temperature under 2 tons pressure and cut into 

small rectangular pieces for measurement of the electrical transport properties. The variations of 

the electrical conductivity (σ) as well as the thermoelectric power (S) with temperature were 

carried out in the range 290 – 420 K for all the samples. The electrical conductivities of the 

samples were measured by four probe method using a four probe set up (Model no. DFP 301).  

For the measurement of thermoelectric power, an auxiliary heater was placed at one end of the 

sample holder to establish a temperature difference, while the corresponding potential drop was 

measured by a Hewlett Packard data acquisition system (Model No. 34970A). Room-

temperature thermal conductivity measurements were carried out for the prepared samples using 

a Hot Disk thermal constants analyser (TPS 2500 S, Sweden). 

RESULTS AND DISCUSSIONS 

STRUCTURAL CHARACTERIZATION 

FOURIER TRANSFORMS INFRARED (FTIR) SPECTRA 

Fourier transform infrared (FTIR) spectra of the samples are shown in figure 1.1 and 1.2. 

Distinct peaks of conducting PANI are assigned as follows for both the samples: the peaks at 590 

cm−1 and at 661 cm -1correspond to the out of plane bending and in plane bending and/or out-of-

plane bending of SSA ring, respectively [57] for the sample A. Those peaks are shifted to 594 

cm-1 and 666 cm-1 for the other sample.  
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Figure 1.1.FTIR spectrum of PANI-1Figure 1.2. FTIR spectrum of PANI-2 

 

The peaks at 1480 cm−1and 1590 cm−1 are attributed to C≡N and C=C stretching mode of 

vibration for the quinonoid and benzoid units of PANI for sample A and  here also we observe a 

shift of peaks to 1482 cm-1and 1593 cm-1[58,59]. The transmittance peak at 1383 cm−1 for sample 

A and 1384 cm-1for sample B are due to electron delocalization (conducting state) [60,61,57]. 

For PANI the peaks at 1161 cm-1and 1160 cm-1 are assigned to the out of plane deformation 

vibration for 1,4 de-substituted benzene ring, γ(C-H), in the linear PANI backbone and the B-

NH+ =Q stretching for the two samples, respectively. The peaks at 1350 cm-1 and 1348 cm-1 for 

the two samples represent the C-N stretching of secondary aromatic amine. Comparing the peaks 

related to benzoid unit it is observed that the intensity of the peak for PANI-2 is more than that 

of PANI-1. This indicates that for PANI-2 the numbers of benzoid units are more than quinoid 

one in comparison to PANI-1. This is a signature of more ordered molecular arrangement of 

PANI which is also reflected from the electrical and the thermoelectric power results.  

 

 

XRD ANALYSIS 

Figure 1.3show the x-ray powder diffraction (XRD) patterns of nanostructured PANI. The three 

broad peaks at 150, 200, and 250 for pure PANI are observed from the figure, which are due to the 

repeat unit of PANI chain, the periodic perpendicular to the polymer backbone chain and the 



 

Universal Multidisciplinary Research Institute Pvt Ltd 
 

54 International Journal of Multidisciplinary Research and Innovation (ISSN :2454-7204) :Volume 2 Issue 2 

periodic parallel to the polymer backbone chain respectively [A]. The observation of peak 

sharpening is related to the monodistribution of the periodicity of the repeat unit of the PANI 

chain, and ordering of the molecular arrangement of the PANI chain perpendicular and parallel 

to the polymer backbone chain respectively [B].  

 

Figure 1.3.XRD spectra of PANI-1 and PANI -2 

Compared with the other works three sharp peaks are clearly observed at the same positions in 

the spectrum of the both the samples as show in figure 3.3. An investigation of full-width at half-

maximum indicates a decrease for both the samples PANI-1 and PANI-2. The observation of 

peak sharpening is related to the monodistribution of the periodicity of the repeat unit of the 

PANI chain, and ordering of the molecular arrangement of the PANI chain perpendicular and 

parallel to the polymer backbone chain respectively [61]. The peak sharpening is maximum at 

150 for PANI-2, indicating the periodicity of the repeat unit of the PANI chain is much greater in 

the PANI-2 than in PANI-1. The inconsistent decrease of the full-width at half-maximum at 200 

and 250 for the PANI-2 with respect to PANI-1 indicates that the ordering is greater in the 

parallel direction than in the direction perpendicular to the polymer backbone chain. 

TRANSMISSION ELECTRON MICROSCOPY 

TEM images of the SSA doped PANI are shown in figure 1.4 where for sample PANI-2 where 

silica is removed by HF. The prepared samples show very ordered structure which is in 

consistent with the XRD and the FTIR analysis.  
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 (a)                                                                      (b) 

Figure 1.4 TEM images of the SSA doped PANI under different magnification 

The formation of very ordered nanorods of PANI is observed from figure 1.4 (b). It is 

noteworthy that this type of ordered structure of polyaniline is reported for the first time. This 

ordered structure is mainly attributed to the mesoporous silica which gives a directional growth 

of PANI. The enhancement of electrical conductivity is in tune with this ordered structure. 

This type of unique morphology can thus give an enhancement in the thermoelectric properties. 

As is observed from the structure, template based synthesis can prove to be a more effective way 

for the synthesis of ordered structure of conducting polymers to be used as thermoelectric 

materials. 

ELECTRICAL CHARACTERIZATION 

ELECTRICAL CONDUCTIVITY(σ)AND THERMOELECTRIC POWER (S) 

PANI as emaraldine base (EB) is known to be an insulator. The process of doping convertsit 

from an insulator (emaraldine base) to a conductor/semiconductor (emaraldine salt). The 

conductivity of PANI is very much dependent on the nanostructure which in turn depends on 

synthesis process. There are various reports of synthesis of PANI employing different procedure. 

In our investigation, it is seen that PANI synthesized by a template based process exhibit a 
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higher value of electrical conductivity which is twofold more than the value synthesized by 

template free method [62].  

Figure 1.5(a) and1.5(b) shows the temperature variation of the electrical conductivity of the 

prepared samples. Both PANI-1 and PANI-2 show a metallic type of conduction but the 

variation of the electrical conductivity with temperature is nonlinear. Several mechanisms have 

been proposed to explain the electrical properties of conducting polymers. 

 

(a)       (b) 

Figure 1.5  Temperature variation of electrical conductivity of PANI-1 and  PANI-2 

 

Since there are metal island separated by insulating barriers the charge transport involves a 

metallic conduction with the hopping or tunneling mechanism [62] as proposed by Kaiser [63, 

64], Long et al. [65], Park et al. [66] and Monkman and co-workers [67]. This leads to diminish 

the value of the polymer. 

Conduction in polymer is carried out mainly bypolarons by the mechanism of hopping from one 

site to another. Kaiser [63, 64] took into account a quasi-one dimensional metallic term with 

fluctuation induced tunnelling between the metallicislands separated by barriers to explain the 

temperature dependence. 

In the present work the non-linear variation of the electrical conductivity with temperature 

indicates that conduction is metallicwith a tunnelling mechanism operative for the carrier 

between thenanorods which are formed during deposition as seen from the TEM images. At 

higher temperatures, predominance of metallic conduction is attributed to the complete 

delocalization of charge carriers [66]. 
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The electrical conductivity and thermoelectric power for both the samples in room temperature 

are shown in the figure 1.6. Here it is observed from the graph that electrical conductivity for the 

sample PANI 2 is nearly five times the value of PANI 1. To the best of our knowledge the value 

is higher than all reported conductivity values of bulk nanostructured PANI and is comparable to 

the electrical value of thin films. This high value of the electrical conductivity can be attributed 

to the higher order of molecular arrangement of PANI. Further the doping with organic acid 

influence the enhancement of the electrical conductivity also. 

In addition to the increase in the electrical conductivity, it is observed that the value of the 

thermoelectric power for the sample PANI 2 is higher than that of PANI 1.Here both the 

electrical conductivity and the thermoelectric power of PANI-2 are higher than that of PANI-1.  

 

Figure 1.6. Room temperature value of electrical conductivity and thermoelectric power of 

PANI 1 and PANI-2 

It is noteworthy that unlike the bulk materials increase of the electrical conductivity does not 

dominate the increase of the thermoelectric power. This increase in the thermoelectric power is 

very much surprising as report shows a less value till date. It can be explained as follows. The 

increase in the grain boundaries due to the template based synthesis results in the enhancement 

of the electron energy filtering effects by allowing high energy carriers to pass while blocking 

cold energy carriers. Further the ordering of the molecular arrangement increases the effective 

degree of delocalization and also reduces the π-π interaction conjugated defects in the polymer 

backbone decreasing the carrier hopping barrier in PANI matrix. 
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POWER FACTOR 

Figure 1.7 shows the power factor of PANI 1 and PANI 2. Here we clearly observed that the 

power factor of the PANI 1 is as the previously reported value but that of PANI 2 is ten times 

higher. For PANI 1 the value is 3.143 × 10-7W/mK2and PANI 2 the value is   1.443×10-6 

W/mK2.  

 

Figure 1.7.  Bar diagram of Power factor of PANI 1 and PANI 2 at roomtemperature 

To get greater figure of merit we must have the power factor large. Here as the value of power 

factor of PANI 2 is greater than the value of PANI 1 then depending on the thermal conductivity 

there is a chance to have greater figure of merit of PANI 2. From the graph we can see that when 

temperature increases the electrical conductivity for both the samples decrease as well as the 

power factor.  

THERMAL CONDUCTIVITY 

The experimental thermal conductivity are shown in the figure 1.8 for PANI 1 and PANI 2. And 

in this case we observed that the thermal conductivity of PANI 1 is ten times greater than 

PANI2.                                  

Figure 1.8. Bar diagram of Thermal conductivity of PANI 1 and PANI 2 at room temperature 
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The values of thermal conductivity are 0.1018 W/m-K and 0.09007 W/m-K for PANI 1 and 

PANI 2 respectively. And here we can also observed that the value of thermal conductivity of 

PANI 1 is as the same order of the PANI as reported till date and obviously the value of PANI 2 

is ten times greater than the previous value. 

Now, the total thermal conductivity (κtotal) for thermo electric materials comprises electrical 

component (κe) and lattice component (κl), κtotal=κe +κl.Theκeis estimated by Widemann-Franz 

relation (L0σT) with Lorentz constant of L0= 2.45×10-8 V2/K2. 

Therefore, here we got κe=2.747×10-3W/m-K for PANI 1 in room temperature and that for PANI 

2 is  1.036×10-2W/m-K . Thus κl for PANI 1 and PANI 2 are given by 0.099053W/m-K  and 

0.07971W/m-K respectively. 

FIGURE OF MERIT (ZT) 

The figure of merit is the parameter which defines the efficiency of any materials i.e. it is the 

parameter by which we can come to a conclusion that how much the material can be used as a 

replacement of a semiconductor. From our review we observed that the best known value of pure 

PANI was of the order of 10-4.  

But as we synthesized the PANI by template based synthesis we although got the same order 

figure of merit for PANI 1 but the figure of merit of PANI 2 is one order more than the PANI 1 

as well as the previously reported value. We synthesized PANI in very simple method but we get 

the greater ZT as in our synthesize procedure we get more ordered structured so that the surface 

to volume ratio increases tremendously. 

 

   Figure 1.9  Bar diagram of Figure of merit of PANI 1 and PANI 2 at room temperature 
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To the best of our knowledge the figure of merit (ZT) value evaluated for PANI 2 is more than 

the all other reported value in literature. This may be attributed to the ordered molecular 

arrangement as has been perceived from the TEM images and confirmed from the FTIR data.  

 CONCLUSION 
Conducting polymers, in present days, are considered to be potential thermoelectric (TE) 

materials. Among them polyaniline(PANI) is a promising candidate. Nanostructured polyaniline 

doped with organic sulfosalicylic acid has been synthesized employing a template based 

chemical oxidative in-situ polymerization. The template used is mesoporous silica. The 

synthesized sample was divides into two batches. Sodium hydroxide and hydrofluoric acid was 

used to remove the mesoporous silica from the synthesized samples. Accordingly the batches are 

named PANI-1 and PANI-2 respectively. The samples were structurally characterized by X-ray 

diffraction (XRD), Fourier transform infrared analysis (FTIR), transmission electron microscopy 

(TEM). FTIR spectra show that for PANI-2 the numbers of benzoid units are more than quinoid 

one in comparison to PANI-1. This is a signature of more ordered molecular arrangement of 

PANI. From the XED spectra ainconsistent decrease of the full-width at half-maximum at 200 

and 250 for the PANI-2 with respect to PANI-1 is observed which indicates that the ordering is 

greater in the parallel direction than in the direction perpendicular to the polymer backbone 

chain. 

The analysis of transmission electron microscopyimage reveals that the sample (PANI-2)forms a 

very ordered structure which is also confirmed from XRD analysis.It is noteworthy that this type 

of ordered structure of polyaniline is reported for the first time. This ordered structure is mainly 

attributed to the mesoporous silica which gives a directional growth of PANI.  

The transport properties (viz. electrical conductivity, thermoelectric power and thermal 

conductivity) of both the samples are investigated for thermoelectric applications. The variation 

of electrical conductivity with temperature suggests metallic type conduction with a 

hopping/tunnelling mechanism of transport with charge carriers. Interestingly there is an increase 

in the value of electrical conductivity along with the thermoelectric power. In our investigation, 

it is seen that PANI synthesized by a template based process exhibit a higher value of electrical 

conductivity which is twofold more than the value synthesized by template free method. The 

sign of the carriers werefound to be positive from thermoelectric power. 
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This increase in the thermoelectric power is very much surprising as report shows a less value till 

date whichis explained by electron energy filtering effects and ordering of the molecular 

arrangement. 

We observe that the power factor of the PANI 1 is as the previously reported value but that of 

PANI 2 is ten times higher. For PANI 1 the value is 3.143 × 10-7W/mK2and PANI 2 the value is   

1.443×10-6 W/mK2.We also observed that the thermal conductivity of PANI 1 is ten times 

greater than PANI 2. The values of thermal conductivity are 0.1018 W/mK and 0.09007 W/mK 

for PANI 1 and PANI 2 respectively. To the best of our knowledge the figure of merit (ZT) value 

evaluated for PANI 2 is more than the all other reported value in literature. This may be 

attributed to the ordered molecular arrangement as has been perceived from the TEM images and 

confirmed from the FTIR data. 

This study shows that the template based synthesis plays animportant role to influence the 

dimension of nanostructure which in turn influences the electrical transport properties of PANI. 

Further organicdopant sulfosalicylic acid is proposed for enhancement of figure of merit through 

an increase in both the electrical conductivity and the thermoelectric power and decreasein 

thermal conductivity. Compared to earlier work the figure of merit evaluated is higher than all 

the reported values. 
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