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Abstract 

A sensitive ammonia gas sensor was fabricated on porous silicon coated with 

thin film of Polypyrrole nanoparticles. As synthesis of polypyrrole 

nanoparticles were characterized using X-Ray Diffraction (XRD) and Fourier 

Transform Infrared Spectroscopy (FTIR) for structural analysis. 

Morphological study was carried out by using Field Emission Scanning 

Electron Microscopy (FESEM). The Ammonia gas sensing response of 

Polypyrrole nanoparticles based sensor was obtained for different 

concentration of ammonia. The sensitivity of the sensor was observed to 

increase with the increase in the concentration of ammonia. The sensor 

showed a response and recovery time of 120 s to ammonia gas. 
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1. INTRODUCTION  

Along with the genesis of ammonia in the earth’s atmosphere, various other synthetic 

sources of ammonia in the air, such as decomposition process of manure, chemical 

industry for the manufacturing of fertilizers and refrigeration systems, also contribute 

in elevated level of ammonia. The global ammonia emission resulting from nitrogen 

fixation, domestic animals and combustion.  Due to its very penetrating and 

unpleasant odor, the human nostrils are very sensitive to ammonia than other odorous 

gasses. The lower limit of human ammonia perception by smell is indexed to be 

around 50 ppm [1]. The long term exposure to ammonia can cause the irritation of 

respiratory system, skin and eyes [2-3]. The exposure to high ammonia concentrations 
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to human body causes severe irritation of the nose and throat, pulmonary oedema, 

accumulation of fluid in the lungs, lethal long term respiratory system and lung 

disorders [4].  

Surveilling the ambient ammonia amount for environmental monitoring does not urge 

for tremendously fast sensors. However, in many instances, the ammonia 

concentration has to be detected even at ultra low concentrations in air [5]. There are 

several materials that are used for ammonia sensing. The most frequently used 

materials for commercial ammonia sensors include metal-oxide gas sensors [6-8], 

catalytic ammonia detectors [9-13], conducting polymer ammonia detectors [14-16] 

and optical ammonia detection techniques [17-19].  

In last decade, the conducting polymers have attracted more attention as active layers 

in chemical gas sensors. It has been reported that adsorbed organic vapors (alcohols, 

ethers, halocarbons) and gas molecules (ammonia, NO2, CO2) lead in variation of 

electrical conductivity in the polymer matrix of organic metals [20-22]. Moreover, in 

comparison with most of the commercially available metal oxides based sensors, the 

conducting polymers based sensors have exhibited many improved properties 

counting on their have high sensitivities and short response time at room temperature.  

Among the conducting polymers, Polypyrrole (PPy) is the most representative one for 

its easy polymerization and wide application in gas sensors. PPy can be produced in 

the form of powders, coatings, or films. Polypyrrole has gathered significant attention 

because of its good stability in air as well as aqueous media and applicability of redox 

reactions for converting it into the states of highly altering electrical conductivity 

[23]. The polypyrrole films offer two-fold sensing mechanism comprising the 

irreversible reaction between ammonia and the polymer; and ammonia can reversibly 

reduce the oxidized polypyrrole form [24]. 

In this paper an ammonia gas sensor based on polypyrrole film coated on porous 

silicon wafer is fabricated and its sensing characteristics has been studied. 

 

2. EXPERIMENTAL 

2.1 Materials 

Pyrrole monomer was purchased from Merck KGaA; Germany, it was distilled under 

vacuum and stored at 3˚C in refrigerator before use. Iron(III) chloride hexahydrate 

was used as oxidant and dopant, was obtained from Lobal chemie. Sodium dodecyl 

sulphate, used as surfactant and dispersant was purchased from HIMEDIA. Methanol 

used in washing process was purchased from Fluka. Silicon wafer of n type, <100> 

oriented having resistivity of 10 Ωcm is used for substrate preparation. Hydrofluoric 

acid and ethanol are purchased from Loba Chemie. All the chemicals were of 

analytical grade and used without further purification.   
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2.2 Synthesis of Polypyrrole  

The surfactant (SDS, 0.86 g) was added to 30 ml distilled water and stirred 

moderately with a magnetic stirrer. The solution was stirred for 30 minutes at room 

temperature until the surfactant is completely dissolved. When a clear aqueous 

solution of surfactant was obtained, the monomer (pyrrole, 1 g) was added dropwise 

to the solution while stirring. After obtaining a mixture of aqueous surfactant solution 

and the monomer, an aqueous solution of the oxidant (FeCl3 .6H2O, 9.25 g) in 5 ml 

distilled water was added dropwise to the mixture. Immediate formation of black PPy 

precipitate was clearly observed right after addition of the oxidant. The 

polymerization process was carried out for 3 hours at room temperature by moderate 

stirring. The black PPy precipitate was filtered off and washed with water and 

methanol several times. The black PPy powder was dried under vacuum at room 

temperature for 10 hours. The flow chart showing the various stages of synthesis of 

Polypyrrole nanoparticles is shown in Figure 1.  

 

Figure 1. The flow chart showing the various stages of synthesis of Polypyrrole 

nanoparticles. 
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2.3 Substrate Preparation 

Porous Silicon substrate were prepared on an n type, <100> oriented silicon wafer, 

resistivity of 10 Ωcm by anodisation in the electrochemical cell with platinum as 

cathode and silicon wafer as anode immersed in electrolyte solution of HF (48%) and 

ethanol (99%) in a ratio of 1:1 by volume. Constant DC current was provided in the 

cell to ensure the formation of homogeneous porous layer for 20 minutes. Finally 

wafers were repeatedly rinsed with DI water and air dried before using. 

 

2.3 Preparation of PPy Thin Film 

The PPy was prepared by Chemical polymerization method. The as synthesis PPy 

powder was filtered out and washed with distilled water and methanol for several 

times to remove any impurities and reacting monomers. The PPy was dried for two 

days at room temperature. The PPy powder was dissolved in m-cresol to prepare the 

concentrated solution. The solution preparation requires 11 hours of stirring make the 

solution homogenous. A thin film of PPy was deposited on pre cleaned PSi substrates 

using spin cast technique at a speed of 3000 rpm for 20 seconds. The thin film was 

dried at 250C for 24 hour. 

 

2.4 Characterizations 

The Fourier-transform infrared spectroscopy (FTIR) spectra were recorded using 

Thermo Scientific Smart Omni-Transmission Nicolet iS10 spectrometer. The 

morphologies of PPy nanoparticles were investigated by using a field emission-

scanning electron microscopy (FE-SEM, Hitachi S-4800). Wide angle XRD 

measurements have been carried out using a Rigaku Miniflex X-ray diffractometer 

with scattering angle 2θ range 10°–80o using CuKα radiation having wavelength = 

1.504A°. The hydrodynamic size of the PPy was measured using Dynamic Light 

Scattering (DLS), Zetasizer (ZS90 series).  

 

3. RESULTS AND DISCUSSION 

Morphological analysis using FESEM require thin layer of polypyrrole dispersion to 

be deposited on cleaned silicon wafer. The dispersion of polypyrrole was prepared in 

ethanol. Then the dispersion was drop casted on silicon wafer and dried in oven at 60 

°C for 30 mins. The micrograph of PPy sample had, rod shaped nanoparticles (Figure 

2) with narrow particle size distribution. The average diameter is observed to be about 

200 nm and length of rod shaped particles is measured to be approx. 400 nm.  

 



Ammonia sensing using conducting polymer Ploypyrrole-coated silicon wafer 63 

 

Figure 2. FESEM micrograph of synthesized PPy nanoparticles 

 

PPy nanoparticles were identified by FTIR spectrum (Figure 3).  PPy nanoparticle 

sample exhibits a band at 1551 cm_1, which is assigned to the stretching vibration of 

C=C units. The peaks at 1472 cm-1 correspond to the stretching vibration of C-N of 

PPy. The bands of C-H and N-H in-plane deformation vibration are located at 1042 

cm-1. The bands at 1176 are attributed to the vibration of pyrrole ring. The peak at 

1092 cm−1 presented in the spectrum of PPy sample might correspond to the mode of 

in-plane deformation vibration of NH2 which was formed on the PPy chains by 

protonation. In addition, band near 1393 cm_1 is corresponds to C–H in-plane 

deformation vibration. The peaks observed in the present work match well with the 

ones available in the literature confirming the formation of PPy [24-25]. 

 

Figure 3. FTIR spectrum of PPy nanoparticles synthesized by chemical 

polymerization method 



64 Anil G. Sonkusare, Sachin Tyagi, Sunita Mishra, Mamanpreet Kaur, Ranjan Kumar 

 

Figure 4. XRD spectrum of PPy nanoparticles synthesized by chemical 

polymerization method 

 

The XRD pattern of PPy nanoparticles are shown in Figure 4. The wide-angle X-ray 

diffractograms reveal that the PPy particles formed  in this study are essentially 

amorphous in nature as no sharp peak is observed. PPy only exhibits a broad 

characteristic peak at 2θ = 25 °, implying an amorphous structure [24]. In addition to 

XRD, DLS analysis of PPy nanoparticles was also done by liquid dispersion of 

polypyrrole powder. Figure 5 shows the DLS spectrum of polypyrrole nanoparticles. 

The hydrodynamic size of polypyrrole nanoparticles appears to be around 150 nm. 

 

 

Figure 5. DLS of polypyrrole nanoparticles 
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A simple device was fabricated for sensing ammonia by placing one electrode on the 

PPy-coated Si wafer and other on un-coated Si wafer with a gap of 1.2 cm. The device 

was put into a homemade chamber of size 27880 cm3 made up of perspex sheet with a 

gas inlet port. The NH3 introduced in sensing chamber through micro syringe in front 

of a small dc fan. The sensor circuit was connected to NI PXI-4132 (National 

Instruments) system for the current voltage characteristics measurement. The 

resistance was continuously measured by digital multimeter. For NH3 detection, dry 

air was used as carrier gas to obtain NH3 mixture with concentrations ranging from 0 

to 1000 ppm. All experiments were carried out at room temperature. The sensitivity is 

defined as R0/R where R0 is the initial electrical resistance of the sensor in dry air and 

R is the measured real-time resistance upon exposure to NH3. The exposure of PPy to 

NH3 (electron-donating gas) gas decreases its conductivity. To study ammonia 

reversibility effects of sensor response, the samples were placed in saturated ammonia 

vapor at room temperature for 5 min, and then nitrogen gas was blown onto sensor for 

5 min to release NH3 that was physically adsorbed on the sample surface. FeCl3 was 

used as oxidant and Cl- as the doping anion in PPy. The conductivity of Cl- doped PPy 

is susceptible to NH3, as a redox (dedoping) reaction can rapidly occur. The charge 

transferring between electron-donating NH3 gas and p-type PPy leads to the formation 

of neutral polymer chains and results in the decrease of charge carrier density. 

Additionally, the adsorption of NH3 molecules on PPy films reduces the number of 

holes in PPy and thus increases resistance. Figure 6 represents a typical electrical 

response of PPy film upon periodic exposure to NH3 vapor (50 ppm). Air was chosen 

as the carrier gas in order to simulate the most common sensing environment. One can 

see that the resistance of PPy increases rapidly upon exposure to NH3 and then 

gradually levels off. By purging with air, the sensor response can be recovered 

quickly at the initial stage and then slowly afterwards. The recovery is incomplete, 

indicating the occurrence of some irreversible binding between PPy and NH3. The 

time taken to reach 90 % of the maximum resistance is 120 s for ‘as synthesized’ PPy 

based sensor. Recovery time for tested samples to reach 90 % from maximum 

resistance is also observed to be 120 s. This observation is in good agreement with 

previous reports of PPy-based NH3 sensors [26].  
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Figure 6. Electrical response of PPy film upon periodic exposure to NH3 vapor (50 

ppm) 

 

 

Figure 7.  Variation of resistance of PPy with concentration NH3 
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CONCLUSION 

The PPy nanoparticles were synthesized successfully by chemical oxidative 

polymerization method. The various characterization techniques confirmed the 

synthesis of polypyrrole nanoparticles. The aim of this work was to validate the use of 

polypyrrole-based gas sensor for the detection of ammonia at concentrations lower 

than 50 ppm. The response and recovery time of 120 s is observed for the developed 

sensor at room temperature. The various tests conducted under ammonia flow showed 

an interesting sensitivity (lower than 50 ppm) and a good reproducibility.  
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