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SYNOPSIS 
Polymers have long been used as insulating materials e.g. metal cables are coated in 

plastic to insulate them. Polymers, owing to their light weight and greater ease of 

fabrication, have replaced and are continuing to replace metals in several areas of 

applications. Traditional polymers, such as, polyethylene or polypropylene, are insulators 

because the valence electrons are bound in sp3 hybridized covalent bonds. Such "sigma-

bonding electrons" have low mobility and do not contribute to the electrical conductivity 

of the material. Conducting polymer is a class of polymers which are conjugated, that is, 

possess an extended π-conjugation along the polymer backbone (e.g. contiguous sp2 

hybridized carbon centers), and therefore, exhibit semiconducting behavior. Conducting 

polymers gained attention after the discovery of high conductivity in oxidized iodine-

doped polyacetylene in 1977 by Alan J. Heeger, Alan MacDiarmid and Hideki Shirakawa, 

for which they were awarded the 2000 Nobel Prize in Chemistry. The polyacetylene 

though did not find practical applications, but drew the attention of scientists and 

encouraged the rapid growth of the field of conducting polymers in several directions, 

such as, synthesis of new conducting polymer compound, reproducible synthesis of 

conducting polymers, environmental stability, preparation of thin films, investigation of 

charge transport and applications. In particular, conducting polymers are promising 

candidates for large area and ubiquitous electronic applications, such as displays, sensor 

arrays and smart cards, etc. Unlike inorganic semicondcutors, conducting molecules pack 

up through weak van der Waals forces and π–π interactions rather than rigid covalent 

bonds. The weak intermolecular interaction not only makes conducting polymers 

potentially soluble and easy to be processed in solution, but also endows conducting 

polymer electronic devices the nature of flexibility. However, most conducting polymer 

electronic devices reported so far are fabricated on inorganic substrates, such as glass 

sheets and silicon wafers, which have limited the intrinsic flexibility of conducting 

polymers. Therefore the motivation of current thesis work is to prepare flexible 

conducting polymer films and study their suitability in devices, such as, gas sensors, field 

effect transistors and memory devices. 
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In order to prepare the flexible conducting polymer (polypyrrole and PCDTBT) films 

we have adopted two different strategies: (i) synthesis of flexible freestanding conducting 

polymer films by interfacial polymerization at liquid/air interface, and (b) deposition of 

conducting polymer films as well as nanocomposite films on flexible biaxially oriented 

polyethyleneteraphthalate (BOPET) substrate. We have investigated the charge transport 

properties of the flexible conducting polymer films by measuring the temperature 

dependence of resistivity and current-voltage characteristics. In addition, organic field 

effect transistors (OFETs) and gas sensors were fabricated and studied using the flexible 

polypyrrole and PCDTBT films. This thesis is organized into following six Chapters. 

 

Chapter 1: Introduction 

In this Chapter, we begin by providing a brief overview of conducting polymers, 

types of conducting polymers with details on the synthesis for polypyrrole and PCDTBT: 

the two conducting polymers investigated in this thesis. We describe the basics of charge 

transport mechanisms in conducting polymers. A brief summary of the various techniques 

employed for the preparation of conducting polymer thin films is presented. The various 

applications of conducting polymers are listed and, in particular, the advancements made 

in the area of field effect transistors and gas sensors are discussed. The Chapter is 

concluded by bringing out the aim of the thesis work, which is focused on the preparation 

of flexible PPy and PCDTBT films and their application in field effect transistors and gas 

sensors. 

 

Chapter 2: Experimental techniques 

In this Chapter, we describe the details of the experimental work on the 

preparation of the flexible PPy and PCDTBT films using interface polymerization and spin 

coating. Fabrication process of FET and sensors devices is described. The overview of 

various techniques used for the characterization of polymer films, such as, Fourier 

transform infrared spectroscopy (FTIR),  UV-Visible Spectroscopy, Raman spectroscopy,  X-

ray photoelectron spectroscopy (XPS),  Atomic force microscopy (AFM), Scanning electron 
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microscopy (SEM),  electrochemical characterization etc. have been presented. The details 

of the electrical measurements of the conducting polymer films have been described. The 

details of the experimental set ups used for the measurements of OFET and gas sensing 

characteristics are described. 

 

Chapter 3: Freestanding polypyrrole films 

In this Chapter we describe the results of freestanding polypyrrole films 

synthesised by interfacial polymerization i.e. at liquid/air interface. These films were 

investigated for their temperature dependent conductivity and applications in OFET, 

memory effect and gas sensors.  

In particular, we present a novel strategy for the one-pot fabrication of free-

standing polypyrrole nanosheets by dropping 200 μL solution, consisting of 1mM 

porphyrin-derivative (TPPOH) and 0.01-1M pyrrole (Py), to 0.1M aqueous FeCl3 solution 

kept in a beaker. TPPOH/PPy bilayer is found to form spontaneously at the air/FeCl3 

interface, which after washing in dichloromethane yielded in free-standing PPy 

nanosheets. UV/Vis and FTIR studies show that TPPOH quickly forms J-aggregate films at 

air/FeCl3 interface, which acts as in-situ template for the growth of PPy nanosheets. The 

charge transport in these nanosheets has been investigated, and the results show that 

variable range hopping is the conduction mechanism. These nanosheets have been 

utilized for fabrication of ammonia gas sensors and OFETs.  

In addition, we describe another single step strategy for the synthesis of free-

standing polypyrrole films in which non-conjugated polymer chains are incorporated as 

trap states during synthesis. The PPy film was synthesized by the acidic oxidation of 

2,2’:5’2”-terpyrrole at the air/water interface. The free-standing PPy films show large 

hysteresis along with current peaks in opposite directions during current voltage 

characteristics. Hysteric behaviour has been utilized to show rewritable memory effect. 

The memory effect of these films is attributed to the conformational changes of non-

conjugated polymer chains in the PPy matrix.  

Chapter 4: Flexible Ag/polypyrrole nanocomposite films for gas sensors 
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In this chapter, we describe synthesis of polypyrrole-silver (PPy–Ag) 

nanocomposite films on a N-(3-trimethoxysilylpropyl)pyrrole modified biaxially oriented 

polyethylene terephthalate (BOPET) substrate by photopolymerisation of pyrrole using 

AgNO3 as a photo-initiator. The films were prepared for a fixed molar concentration of 

pyrrole (0.5 M), varying molar concentrations of AgNO3 (0.05–0.7 M) and different UV 

exposure times (15 min–180 min). With increasing AgNO3 concentration or with 

increasing polymerisation time, the film morphology shows a transition from two 

dimensional lamellar to granular structures. The films are adherent, flexible and exhibit a 

maximum room temperature electrical conductivity of ~15 S cm-1 (for AgNO3 ~ 0.5 M, 120 

min of UV exposure). However, the films directly prepared on pristine BOPET show 

granular morphology and their conductivity value is ~0.5 S cm-1. The high conductivity of 

PPy–Ag films is attributed to the high conjugation length, the incorporation of Ag 

nanoparticles between the polypyrrole chains and the ordered structure due to the 

templating effect of the silanised pyrrole layer, as confirmed by GIXRD, FTIR, Raman and 

temperature dependent conductivity measurements. The metallic state of the embedded 

Ag nanoparticles in the polypyrrole matrix is confirmed by XRD and XPS. The films with the 

least amount of Ag (AgNO3 ~0.1 M) only show a reversible conductivity change in the 

opposite manner on exposure to ppm levels of H2S and NH3 gases. The mechanism has 

been proposed to explain these antagonistic responses for reducing gases. 

 

Chapter 5: Flexible OFETs based on PCDTBT 

In this Chapter, we demonstrate fabrication of flexible field-effect transistors 

(FETs) using poly[N-9'-heptadecanyl-2,7-carbazole-alt-5,5-(4',7'-di-2-thienyl-2',1',3'-

benzothiadiazole)], PCDTBT, as an active channel, poly(methyl methacrylate) (PMMA) as 

gate dielectric and biaxially oriented polyethyleneterephthalate (BOPET) as supporting 

substrate. The output and transfer characteristics of the devices were measured as a 

function of channel length. It has been observed that various OFET parameters viz. on-off 

ratio (~105), mobility (μ~10-4 cm2V-1s-1), threshold voltage (Vth~ -14 V), switch-on voltage 

(Vso~ -6 V), subthreshold slope (S ~7 V/decade) and trap density (Nit ~101+ cm-2V-1) are 
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almost independent of the channel length, which suggested a very high uniformity of the 

PCDTBT active layer. These devices were highly stable under atmospheric conditions 

(temperature: 20-35°C and relative humidity: 70-85%), as no change in mobility was 

observed on a continuous exposure for 70 days. The studies on the effect of strain on 

mobility revealed that devices are stable up to a compressive or tensile strain of 1.2%. 

These results indicate that PCDTBT is a very promising active layer for the air stable and 

flexible FETs. 

 

Chapter 6: Summary  

In this chapter, we present a summary of the main results of the current thesis 

work, and highlight the future scope of the work. 
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LIST OF FIGURES 
Figure 1.1 Molecular structures of various conducting polymers. 

Figure 1.2 Schematic representation of the range of the condctivity of condcuting 

polymers upon appropriate doping. For comparision the range of doped 

silicon is also shown. 

Figure 1.3 The formation mechanism of polypyrrole from oxidized pyrrole monomers. 

Figure 1.4 Chemical structures of polypyrrole in neutral (aromatic and quinoid) forms 

and in oxidized (polaron and bipolaron) forms. 

Figure 1.5 The chemical reaction for the synthesis of PCDTBT. 

Figure 1.6 The band structure of the neutral polymer and the polaron and bipolaron 

states in the oxidized state. 

Figure 1.7 Schematic representation of the energy levels of the highest occupied 

molecular orbital (HOMO) and the lowest unoccupied molecular orbital 

(LUMO) in an organic semiconductor. The levels are not well defined, but 

form a Gaussian distribution of localized states. 

Figure 1.8 Schematic depicting the localized energy levels versus distance. In hopping 

transport the charge carrier is localized due to disorder, defects or self-

localization and hops from site to site with the essential help of lattice 

vibrations (phonons). The mobility of the carriers for this type of transport 

increases with the increase of temperature and increase of charge carrier 

density. 

Figure 1.9 Schematic depiction of a typical field effect transistor.  The active layer 

(inorganic semiconductor or conducting polymer) is separated by gate 

electrode through an insulator. In this device, the current between Source 

(S) and Drain (D) is modulated by varying the gate voltage. 

Figure 1.10 Ideal energy band diagram at the metal-insulator-semiconductor interfaces 

of an FET. The figure depicts three situations for a p-type semiconductor: 

(a) The flat-band condition, with no applied bias, hence no band-bending. 

(b) Accumulation regime where a negative bias is applied on the gate 
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causing the bands of the semiconductor to bend ‘upwards’ which causes 

accumulation of holes at the semiconductor-insulator interface. (c) 

Depletion regime where a positive bias is applied to the gate, which causes 

a depletion of holes in the semiconductor. 

Figure 1.11 Different types of geometries employed for the fabrication of conducting 

polymer FETs. TGBC: top gate bottom contact; BGBC: bottom gate bottom 

contact; TGTC: top gate top contact; BGTC: bottom gate top contact. 

Figure 1.12 (a) Schematic diagram showing the configuration of a chemiresistive sensor 

and (b) its equivalent circuit. 

  

Figure 2.1 Schematic representation of the interfacial polymerization at the liquid/air 

interface. 

Figure 2.2 Schematic representation of three step process for the deposition of 

adherent polypyrrole/Ag films onto the flexible BOPET substrates. 

Figure 2.3 Photograph of the MBraun modular glove box system. 

Figure 2.4 Schematic representation of different steps in the fabrication of the 

PCDTBT based field effect transistors. 

Figure 2.5 Photograph of UV-Visible spectrophotometer  

Figure 2.6 Schematic of the double beam single monochromator spectrometer. 

Figure 2.7 Photograph of FTIR Bruker system. 

Figure 2.8 Schematic diagram of interferogram formation 

Figure 2.9 Photograph of the Raman spectrometer 

Figure 2.10 Photograph of Multiview4000, Nanonics AFM. 

Figure 2.11 Schematic diagram of signal processing of AFM. 

Figure 2.12 Photograph of the SEM instrument. 

Figure 2.13 Photograph of contact angle measurement system. 

Figure 2.14 Photograph of Potentiostat/Galvanostat system. 

Figure 2.15 Photograph of current-voltage characteristics measurement set-up. 

Figure 2.16 Schematic of gas sensing set-up used in the present work. 
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Figure 3.1 (a) Photograph of the TPPOH/PPy bilayer formed at the air/FeCl3 interface 

film prepared using 0.1M Py solution. SEM images: (b) PPy-2 film obtained 

after washing TPPOH/PPy bilayer in DCM; (c) Magnified image of PPy-2 

film; (d) J-aggregate film of TPPOH; and (e) PPy-1 films that is formed 

without TPPOH. 

Figure 3.2 SEM images of PPy-2 film prepared using 1M Py solutions. 

Figure 3.3 UV-Visible spectra of TPPOH solution in dichloromethane and TPPOH film 

formed at air/aqueous FeCl3 interface. Inset shows a schematic of the J-

aggregate formation, where d is the slipping distance. 

Figure 3.4 (a) FTIR spectra of PPy-1 and PPy-2 films. Inset shows the FTIR spectra in 

the 1450-1650 cm-1 region with intensity normalized with respect to 1483 

cm-1 peak. (b) UV/Vis spectra for PPy-1 and PPy-2 films. 

Figure 3.5 Current-voltage characteristics recorded for the PPy-2 films in pristine state 

and after doping with iodine and HCl vapours for 1 hr. 

Figure 3.6 (a) Log-log plots of J-V characteristics in the temperature range 130 - 300K 

and (b) plot of mobility as a function of 1/T. 

Figure 3.7 (a) The temperature dependence of the electrical resistivity ρ(T) of the PPy-

2 films, i.e. grown using TPPOH template. (b) Temperature dependence of 

the reduced activation energy and (c) exponential temperature 

dependence of variable range hopping. 

Figure 3.8 Response curve behaviour for (a) PPy-1 film grown without TPPOH 

template, (b) PPy-2 film grown using TPPOH template and (c) linear 

dependence of response as a function of gas concentration. 

Figure 3.9 (a) Sensor response as a function of operating temperature for PPy-2 

sensor towards 25 ppm of NH3 and (b) Long term stability measurements 

for PPy-2 sensors towards 25 ppm of NH3. 

Figure 3.10 Transfer characteristics of the flexible OFET fabricated using freestanding 

PPy-2 films. The inset shows the geometry of the devices. 
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Figure 3.11 (a) Photographs of the evolution in colour of acid/pyrrole in 

dichloromethane (DCM) interface during polymerization with time. (b) The 

scheme of the reaction mechanism of polymerization which is a two steps 

process. 

Figure 3.12 (a) UV-Vis spectra of aqueous phase recorded after 5 minutes and 

polypyrrole film after 5 days. (b) Variation of thickness as a function of 

concentration of HCl.  

Figure 3.13 (a) Photograph of ~ 1 inch free-standing polypyrrole film. II and III are the 

SEM and AFM images. IV. UV-Vis spectrum of polypyrrole film showing 

characteristics absorption peaks. (b) Raman spectrum of the film. The inset 

shows the FTIR spectrum. The characteristics peaks are marked on the 

spectra.  

Figure 3.14 (a) Water contact angle and (b) XRD spectrum of the PPy film. 

Figure 3.15 (a) Electrical characterization of polypyrrole film. Left inset (top) shows the 

measurement setup and the right inset (bottom) shows the I-V plot 

measured in inert and dark environment. Arrows indicate the direction of 

voltage cycle. (b) Read current density measured at 6V during SET- read- 

RESET- read sequence. 

Figure 3.16 (a) Cyclic voltammetry of polypyrrole film recorded at 0.1 Vs-1 and 0.05 Vs-

1. Inset shows the I-V characteristics recorded across the film using Al 

bottom contact and gold as top contact and the device structure. Arrows 

indicate the direction of potential and voltage scans. (b) Measured and 

fitted Nyquist plots of imaginary impedance (Z”) vs real impedance(Z′) at 0 

V. Top inset shows the equivalent circuit and bottom inset is the 

visualization of nonconjugated polymer chain in PPy matrix. 

Figure 3.17 FTIR spectra (range 3100 to 2800 cm-1) of the PPy film at SET and RESET 

states. Right inset shows FTIR spectra in the range 3100 to 3500 cm-1. Left 

inset shows UV-Vis spectra of the film at SET and RESET states. 

Characteristics peaks are assigned on the spectra. 
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Figure 3.18 Pictorial representation of charge trapping. (a) Orange circles represent 

electrons transporting through molecular network (represented polymer 

chain), and (b) get trapped at solid block (trap site due to nonconjugated 

chain). (c) De-trap of electrons under applied bias. Arrow indicates the 

rotation of solid block. 

Figure 4.1 ATR-FTIR spectra of the pristine and hydroxylated BOPET substrates. 

Figure 4.2 Scheme showing the surface modification of BOPET substrate by N-(3-

trimthoxysilylpropyl)pyrrole. 

Figure 4.3 XPS spectrums of the pristine, hydroxylated and silanised-Py modified 

BOPET substrates. 

Figure 4.4 XPS C1s and O1s spectrum for pure BOPET (a and b) and hydroxylated 

BOPET substrate (c, d). 

Figure 4.5 Scheme showing the synthesis of PPy-Ag nanocomposite films on the 

silanised-Py modified BOPET substrate using photopolymerisation 

approach. 

Figure 4.6 Morphology (SEM images) of PPy-Ag nanocomposite films grown in 

silanised-Py modified BOPET substrate for (a, b, c, d) different AgNO3 

concentration (Py ~ 0.5 M) and for fixed UV exposure of 120 min. Inset of 

image c, show the PPy-Ag films prepared under identical experimental 

condition on pristine BOPET substrate. 

Figure 4.7 Morphology (SEM images) of PPy-Ag nanocomposite films grown in 

silanised-Py modified BOPET substrate for (a, b, c, d) different UV exposure 

time for fixed Py/AgNO3 (0.5M/0.5M) ratio. Inset images are obtained at 

high magnifications. 

Figure 4.8 The schematic diagram showing the growth of PPy-Ag nanocomposite films 

grown on silanised-Py modified BOPET substrate (a) for thinner films i.e. at 

low concentration of AgNO3 or at low UV exposure time (lamellar growth) 

(b) for thicker films i.e. at high concentration of AgNO3 or at low UV 

exposure time (lamellar growth and granular growth). 
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Figure 4.9 GIXRD spectra of the PPy-Ag films (AgNO3 ~ 0.5 M, 120 min) prepared on 

the silanised-Py grafted and pristine BOPET substrates 

Figure 4.10 X-ray elemental mapping (Ag shown by red and C shown by green colours) 

of PPy-Ag nanocomposite films grown on silanised-Py modified BOPET 

substrate for (a) different UV exposure time for fixed Py/AgNO3 

(0.5M/0.5M) ratio (b) for different AgNO3 concentration and for fixed UV 

exposure of 120 min. 

Figure 4.11 Work function images (obtained from Kelvin probe) of PPy-Ag 

nanocomposite films grown on silanised BOPET substrate for different 

AgNO3 concentration of 0.1M (a), 0.3M (b), 0.7M (c) for fixed UV exposure 

of 120 min. The right hand side colour bar of each image shows the work 

function value in meV. 

Figure 4.12 XRD for of PPy-Ag films grown on silanised-Py modified BOPET substrate 

for (a) different UV exposure time for fixed Py/AgNO3 (0.5M/0.5M) ratio 

and (b) different AgNO3 concentration and for fixed UV exposure of 120 

min. Ag crystallite size as obtained from width of (111) diffraction peak and 

using Scherrer formula for different UV exposure time (c) and different 

AgNO3 concentration (d). 

Figure 4.13 (a) XPS survey scan for sample PPy-Ag-1 (AgNO3~0.5M, 120 min), PPy-Ag-2 

(AgNO3~0.5M, 30 min), PPy-Ag-3 (AgNO3~0.1M, 120 min) (b) N1s high 

resolution XPS spectrum for PPy-1, PPy-2 and PPy-3 films. 

Figure 4.14 (a) and (c) shows the typical FTIR spectra of the PPy-Ag nanocomposite 

films synthesized for different UV exposure time and different AgNO3 

concentration. Inset shows the FTIR spectra in the region 1450-1650 cm-1 

with intensity normalized to the 1483 cm-1 peak. (b) and (d) shows the plot 

of σ versus I1567/I1483 for different UV exposure time and different AgNO3 

concentration. 

Figure 4.15 (a) and (b) shows the typical Raman spectra of the PPy-Ag nanocomposite 

films synthesized for different UV exposure time and different AgNO3 
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concentration. Inset shows the Raman spectra in the region 1500-1620 cm-

1 with intensity normalized to the 1500 cm-1 peak (skeletal band of PPy). 

Figure 4.16 Effect of UV exposure time (a) and AgNO3 concentration (b) on the 

electrical conductivity of PPy-Ag nanocomposite films 

Figure 4.17 (a) Temperature dependence of the electrical conductivity (σ) for sample 

PPy-Ag-1 (AgNO3~0.5M, 120 min), PPy-Ag-2 (AgNO3~0.5M, 30 min), PPy-

Ag-3(AgNO3~0.1M, 120 min) (b) Temperature dependence of reduced 

activation energy (W = dln[σ(T)]/dlnT) for sample PPy-1, PPy-2 and PPy-3. 

Inset shows the linear fit of lnσ versus T-1/4 for sample PPy-Ag-2 and PPy-

Ag-3, confirming the 3-D VRH conduction. (c) Temperature dependence of 

the electrical conductivity (σ) for pure PPy films prepared by chemical 

polymerization (d) Temperature dependence of reduced activation energy 

(W) for pure PPy films. Inset shows the linear fit of lnρ versus T-1/4 for PPy 

films. 

Figure 4.18 (a) Digital photograph of PPy-Ag films (Py/AgNO3 ~ 0.5 M/0.5M, 120 min) 

deposited on silanised-Py modified BOPET substrate. (b) Left side shows 

the schematic of the bending arrangement along with resistance 

measurement circuit. Right side shows the photograph of few pairs of gold 

electrodes (gap ~ 12 μm) deposited on the PPy-Ag films (c) Variation in 

resistance of PPy-Ag films for different bend radius (d) Left side photograph 

showing PPy-Ag film prepared on pristine BOPET (1) silanised-Py modified 

BOPET substrate (2). The films are glued on adhesive tape under similar 

load. Right side photograph shows the material detached from the films by 

the adhesive tape after 90° peel test. 

Figure 4.19 Response curve for PPy-Ag-3 films (synthesis conditions: Py/AgNO3~ 0.5M/ 

0.1 M, UV exposure time ~120 min) for NH3 (exposure of 30 ppm) (a) and 

H2S gas (exposure of 30 ppm) (b) exposure at room temperature. Insets 

shows the full recovery of the sample and dotted red line is base 

conductance (Ca) of the samples (c) Response curve for PPy-Ag films for 
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successive 5 ppm of H2S and NH3 gas at room temperature (d) Sensitivity 

(S) as a function of H2S and NH3 concentration. 

Figure 5.1 (a) Schematic showing the bottom-gate top-contact configuration used for 

the fabrication of all polymer flexible PCDTBT based FETs. (b) Photograph 

of a typical 2×5 array of the fabricated flexible OFETs. In this particular 

case, the channel width (W) is 1 mm and channel length (L) is 50 μm. 

Figure 5.2 AFM images recorded at (a) higher and (b) lower magnifications for the 

active PCDTBT layer, which was spin coated on PMMA/Al/BOPET and at 

annealed 140⁰C for 30min. 

Figure 5.3 UV-Vis absorption spectrum recorded for the PCDTBT layer. The inset 

shows the molecular structure of PCDTBT. 

Figure 5.4 Raman spectrum of the active PCDTBT layer. 

Figure 5.5 XPS spectra of the active PCDTBT layer showing core level N 1s, C 1s and S 

2p peaks with resolved components. 

Figure 5.6 Device characteristics of a typical OFET with channel length of 12μm and 

channel width of 1mm. (a) Output characteristics i.e. variation of drain 

source current (IDS) with the drain-source voltage (VDS) from 0 to -80 V at 

different gate-source voltages (VGS); (b) Left scale: Transfer characteristics 

in saturation region measured by varying the VGS from 0 to -150 V while 

keeping VDS constant at -50V. Right scale: √|IDS| vs. VGS plot. The shaded area 

shows subthreshold region that lies between threshold voltage (Vth) and 

switch-on voltage (Vso). 

Figure 5.7 Plot of channel resistance (R) of the FETs in the linear region i.e. for a 

constant VDS= -10V, as function of channel length (L) at a constant VGS= -

60V. 

Figure 5.8 Plots of the relative mobility (μt/μ0, where μt and μ0 are the mobility at 

time t and that of the fresh sample, respectively) and IDS(off) as a function 

of air exposure time in days (temperature: 20-35⁰C and relative humidity: 

70-85%). 
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Figure 5.9 Plot showing the variation in relative mobility (μr/μ0, where μr and μ0 are 

the mobility at bending radius r and under the flat condition, respectively) 

as a function of compressive and tensile strains, which were applied 

parallel and perpendicular to the channel length. 

Figure 5.10 The UV-Vis spectra of PCDTBT film under the flat and tensile bend 

condition (at r = 2 mm for 4 days). 

Figure 5.11 Stability of drain-source current at constant gate and drain-source bias. 

Figure 5.12 Response characteristics of PCDTBT-FET for 100ppm of H2S 
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the main chain, resulting in strong intermolecular π6π stacking. Also environmental 
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where A is absorbance, ε is absorption coefficient, C is the concentration of chromophore 
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the highest UV exposure time ~ 120 min, the big precipitates (few μm in size) are 
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two absorption bands at 395 and 570 nm. The absorption at 395 nm is attributed to π"π* 
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PCDTBT based flexible FET devices having a channel length of 12 μm. The measurements 
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5.10.  It is seen that the absorption at 395 nm (π"π* transition) remains unaffected while 
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