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Abstract 

Poly (3,4-ethylenedioxythiophene) (PEDOT) was chemically synthesized and used to fabricate the ammonia sensor. The 

synthesized sample was characterized by different techniques such as FTIR, XRD and electrical conductivity measurements. 

UV-Visible spectral results were used to find the band-gap energy of the sample and it falls in semiconducting range. XRD 

analysis was used for crystallinity calculations showed that the sample was amorphous in nature. Electrical conductivity (σ) 

measurement was carried out by four points and it was found to be 2.94X10
-2

S/cm. Log σ versus 1/T graph showed 

semiconducting behaviour of the sample. The sensitivity of prepared sample was calculated for various (CO, CO2, H2S and 

NH3) at 500ppm. Among these gases PEDOT sample showed highest sensitivity for NH3 gas. Further samples were tested at 

various temperature (25
o
C, 50

o
C, 100

o
C and 150

o
C) and voltages (1 V, 5 V, 10 V and 15 V). The sample showed the highest 

sensitivity for 100
o
C at all voltages. The maximum sensitivity was observed for 1V. Further, the performance for ammonia 

gas was also measured using one pot method for various (50ppm, 25ppm, 12ppm, 6ppm, and 3ppm) concentrations at room 

temperature (28
0
C). For all concentrations the average response time and recovery time of PEDOT for ammonia gas was 60 

and 70 seconds respectively. PEDOT as an ammonia sensor can be used with average 35% sensitivity for more than 180 

days. 
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Introduction 

Pollution particularly in urban area is increasing day by day and 

environment is getting polluted. The increasing number of 

vehicles and industries are one of the main causes of pollution. 

The permanent monitoring of environmental pollution is 

necessary. Therefore, there is and will be a need of new sensors 

which can not only detect the pollutants present in atmosphere 

but also will provide their quantity wise information
1
. Now a 

day’s conducting polymers are used in every application such as 

packing industry, automobile industry, in medical fields, in 

agriculture field, in the field of electronics as a new material for 

device fabrication, memory element, sensor etc. Hence 

conducting polymers are intensively investigated for further 

applications
2
. Chemical sensors in past few years have made 

great advances and became an essential part of human life and 

industry as a feature of modern technology. Conducting 

polymers have found increasing role in the field of sensors due 

to their unique feature that they change their resistance/ 

conductivity on exposure to various gase
3
. 

 

Among the number of electrically conducting polymers, poly 

(3,4-ethylenedioxythiophene) popularly called as PEDOT is one 

of the most successful and industrially important material due to 

its excellent electronic properties, high stability, low oxidation 

potential and moderate band gap with good stability in the 

oxidized state
4-6

. In the present work chemical synthesis of 

PEDOT, its structural analysis, dc electrical conductivity 

measurement and use for ammonia gas detection at higher and 

room temperature for various concentrations is reported. 

 

Methodology 

Sample preparation: Sample preparation was carried out by 

mixing 1.42gm (0.01mole) of monomer EDOT in 140 ml 

distilled water. 4.05gm (0.025mole) FeCl3 was added to this 

mixture. The mixture was kept for stirring at 75°C in oil bath for 

24 hours
7
 and then was filtered using glass crucible. To remove 

water content, the sample was exposed to natural atmosphere 

after washing it with methanol and distilled water. 

 

Fully dried above powder (1gm) was undoped using aqueous 

hydrazine for 5hrs. For further experiments, the sample was put 

into pellet form by applying high pressure. 

 

FTIR spectra were recorded using Shimadzu (Japan) FTIR-

8400S spectrophotometer in the range 400cm
-1

 to 4000cm
-1

. The 

UV-Visible was carried out using UV-1700 Pharma 

Spectrophotometer model of Shimadzu make. UV-VIS spectra 

of the sample were carried out in the spectral range of 200nm to 

900nm. The absorption in UV region reveals the electronic 

structure of the samples whereas the absorption in the visible 
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region gives information of band gap energy of the material. 

The XRD patterns were recorded within a range of the range of 

2θ = 5º to 50º for the undoped PEDOT sample. The electrical 

conductivity is determined by taking the reciprocal of the 

measured electrical resistivity. The electrical resistivity 

measurements of undoped PEDOT were carried out by using 

four probe techniques. The synthesized samples in pellet form 

were used for gas sensing purpose. 

 

Results and Discussion 

FTIR Spectroscopy: The prepared sample after interacting 

with hydrazine produces IR spectrum in which band at 840.99 

cm
-1

 assigned to vibration mode of C–S bond in thiophene ring. 

The band at 890cm
-1

 assigned to the bending mode of C–H bond 

in EDOT monomer vanishes after polymerization which shows 

that PEDOT is formed by coupling at α - α’ position
8
. Due to 

ethylenedioxy ring deformation the band at 918.15cm
-1

 appears. 

Powerful C–O bands at 1060.88 and 1193.98cm
-1

 are found in 

IR spectrum
7
. The band at 1141.90 cm

-1
 is allocated to extended 

mode of ethylenedioxy group. Also, C = C characteristic band at 

1340.57cm
-1

 is observed
6
. A band at 1500.67cm

-1
 is due to ring 

vibration mode of thiophene ring is observed
9
. Appearance of 

all these bands authenticate that the compound prepared is 

PEDOT and is coupled at α - α’ position. 

 

 
Figure-1: FTIR Spectra of PEDOT. 

 

UV-Visible analysis: UV-Visible spectrum of Poly (3,4 

ethylenedioxythiophene) shows peak wavelength at 637 nm. At 

this wavelength, the band gap energy is found to be 1.95 eV.  

 

XRD Analysis: Table-1 summarizes the result of X-ray 

diffractions. In the undoped PEDOT peak around 6 and 11
0
 is 

due to remaining traces of salt in the undoped PEDOT
10

. The 

particles in the prepared sample are of nanosize and is 

confirmed by the broad peak between 2θ = 20
0
 and 30

0 11
. Also 

population of crystallites in the plane is confirmed by the 

intense peak in undoped PEDOT at 2θ = 32.96
0
 and 35.88

0 12
. 

Analysis by Manjunath et al
13

 is used to calculate the 

crystallinity of all the samples with 5 to 8% error and it showed 

that crystallinity of undoped PEDOT is 30%. Crystallinity of 

undoped PEDOT shows amorphous nature. 

   

Table-1: Sample and its peak position (2θ) and crystallinity. 

Sample Peak position at 2θ Crystallinity 

 

 

PEDOT 

     6.11  

        

 

30% 

     11.67 

     25.56 

     32.96 

     35.84 

 

 
Figure-2:  XRD Scan of PEDOT. 

 

Electrical-Conductivity variation with temperature: Four 

point techniques was used for measurement of d c electrical 

conductivity (σ) of undoped PEDOT sample. The measurements 

of conductivity were carried in the temperature range from 299 

K to 400K. The conductivity values of undoped PEDOT sample 

at room temperature (299 K) was 2.94X10
-2

S/cm. Figure-3 

shows plot of log σ versus 1/T for undoped PEDOT. From the 

plot it can be concluded that conductivity increases with 

increase in temperature, indicating the semiconducting behavior 

of the sample.   

 

 
Figure-3: log Conductivity(σ) versus 1/Temperature of 

PEDOT. 

 

Gas sensing at various temperatures: Sensing of ammonia gas 

using undoped PEDOT was carried out using gas sensing 

device. The synthesized samples in pellet form were used for 

gas sensing purpose. 
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The gas sensing unit consisting of heater, electrode, temperature 

sensor, gas chamber assembly, power supply, display unit. It is 

basically a two-probe method with temperature variation 

facility. In this assembly, the sample is held by two electrodes 

and voltage applied to electrodes can be varied from 1V to 18V. 

The pellet is suspended on heater and temperature of heater can 

be varied from room temperature to 400K using dimmer stat. 

The current flowing through the sample is measured by an 

ammeter, which is connected in series with the electrodes.  

 

The assembly has inlet and outlet valves for gas. Whole 

assembly is enclosed in the glass chamber so as to provide 

isolation from the surrounding. 

 

In the present work voltage is applied to electrode is varied as 

1V, 5V, 10V, 15V and the current is measured. The above 

procedure was repeated for room temperature 25
0
C, 50

0
C, 

100
0
C and 150

0
C temperature at fixed concentration of 

ammonia gas for all the samples. 

 

 
Figure-4: % Sensitivity versus Temperature of PEDOT. 

 

Figure-4 shows the graph of % sensitivity against applied 

temperature. From the graph it is observed that poly (3,4-

ethylenedioxythiophene) has highest sensitivity at 100
0
C for all 

(1V, 5V, 10V and 15V) voltage levels. Also, it shows highest 

sensitivity for 1V. The PEDOT was exposed to various gases 

like carbon dioxide, carbon monoxide, hydrogen sulphide and 

ammonia to check the cross sensitivity of PEDOT sample. The 

current in air and in gas were recorded at 500ppm concentration 

of each gas when the applied voltage is 1V. From these 

observations percentage sensitivity was calculated using 

formula % s= (1-Iair/Igas)*100
14

. These sensitivities were 

plotted for various gases and are shown in Figure-5.  

 

From Figure-6 it is observed that PEDOT is more sensitive to 

ammonia gas compared to other gases under consideration and 

hence PEDOT is a potential material for ammonia gas detection. 

Also, gas sensing of ammonia at room temperature was carried 

out.  

 
Figure-5: % sensitivity of PEDOT for various gases under 

consideration for 500 ppm. 

 

Gas sensing at room temperature: Gas sensing measurements 

of PEDOT was carried out by using one pot method, as shown 

in the Figure-6, at room temperature for various concentrations 

(03 to 50 ppm) of ammonia. 

 
Figure-6: Gas sensing chamber used to sense the ammonia gas 

at room temperature. 

 

The gas sensing chamber was filled with ammonia solution of 

particular concentration. The sample was exposed to ammonia 

gas of fixed concentration for 60 seconds at room temperature 

(24
0
C). During these 60 seconds, resistance was noted for every 

10 sec. Then the sample was exposed to air for 60 seconds and 

resistance of pellet sample was noted for every 10 seconds. This 

procedure was repeated 15 to 20 times for the same 

concentration of ammonia solution and sensitivity was 

calculated using the formula 

 

    
                                      

                  
       

Resistance of PEDOT sample was plotted against time for 

various concentrations. Figure-7a, 7b and 7c show resistance 

versus time for 25ppm, 12.5ppm and 6.25ppm as a 

representative of various concentrations. 
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Figure-7a: Resistance versus time for 25 ppm NH3. 

 

 
Figure-7b: Resistance versus time for 12.5 ppm NH3. 

 

 
Figure-7c: Resistance versus time for 6.25 ppm. 
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Figure-8: % sensitivity of PEDOT for various days. 

 

In these graphs, falling edge represents the variation of 

resistance of sample in air while the rising edge represents the 

variation of resistance of sample when exposed to ammonia 

solution. The resistance in air decreases with time while 

resistance in gas increases with time for every cycle. Redox 

reaction can be used to explain the response of PEDOT to NH3 

gas. An increase in barrier height between grains is shown by 

increase in the resistance. The ammonia is an electron donor 

gas. The conductance of PEDOT depends on potential barrier 

between polymer grains. The surface coverage of adsorbed 

ammonia is due to addition of electron (i.e. reduction) which 

takes place at the grain surfaces in presence of ammonia gas. 

Thus, the surface potential, barrier height and depletion length 

are increased (i.e. reverse biasing of p-n junction kind of action 

takes place) which lead to an increase in resistance of PEDOT 

in presence of ammonia gas
15

.  

 

The resistance versus time graph was used to find the recovery 

time as well as response time of the sensor. The response time is 

the time taken by sensor to change its resistance by more than 

80%, while recovery time is the time taken by sensor to gain its 

original value. In case of PEDOT sample response time was 

observed to be 60 seconds and recovery time is 70 seconds. The 

change in resistance on exposure of ammonia concentration was 

measured up to 15 cycles. The sensor shows reproducibility for 

more than 15 cycles. Repeatability is one of the essential 

characteristics of sensor. Repeatability of PEDOT sample for 

ammonia gas was observed by exposing the same pellet to 

25ppm after 30, 60, 90, 120 and 180 days and is shown in 

Figure-8. The same percentage sensitivity was observed for 30 

and 60 days; almost same sensitivity was observed for 90 and 

120 days  and a slight decrease was observed after 180 days. 

These measurements reveal that sample showed excellent 

sensitivity up to 180 days.   

Conclusion 

PEDOT can be synthesized chemically. FTIR results of confirm 

that the synthesized samples is PEDOT. From UV-VIS analysis, 

band gap energy of PEDOT is 1.95eV while the electrical 

conductivity of it at room temperature is 2.94x10
-2

S/cm. Both 

these results confirm that the sample falls in semiconductor 

range. From gas sensing measurements, it is observed that 

sensitivity of PEDOT is highest for ammonia gas. Current 

through the samples in presence of ammonia gas is lower than 

the current in absence of ammonia gas. PEDOT samples showed 

maximum % sensitivity at 100
0
C for all the voltage levels. Also, 

it showed maximum % sensitivity at 1V for all the temperature 

values. From the gas sensing measurements at room 

temperature, it was observed that the resistance in air decreases 

while the resistances in ammonia gas increases with time for 

every cycle and for all the concentrations. PEDOT as an 

ammonia sensor can be used with average percentage sensitivity 

of 35 % for more than 180 days. Its response time and recovery 

time are 60seconds and 70 seconds respectively. 
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