
 

 
Abstract—Sensors are becoming increasingly more 

important as evidenced by their use in such diverse fields as 
agriculture, military, medicine, electronics, aerospace 
engineering, automobile industries, environmental protection, 
homeland security, as well as factory process monitoring.  
Research is continually being conducted to create smaller, 
cheaper, and more reliable sensors (e.g., enhanced accuracy, 
improved sensitivity, and better selectivity).  Ammonia is a 
toxic gas that is found or used in many of the aforementioned 
fields, therefore detecting and/or monitoring its concentration 
is very important.  This research report describes the initial 
investigation of polymer and metal oxide thin films that can be 
used to detect ammonia.  This investigation includes 
fabrication and comparisons between polyaniline and three 
different metal oxides to determine the feasibility of each 
polymer/metal oxide film to perform ammonia sensing.   
 

Index Terms—chemical sensor, gas detection, metal oxide, 
polymer 
 

I. INTRODUCTION 

sensor is a device that can measure a physical 
parameter and convert it to an electrical signal.  

Physical parameters include temperature, light, velocity, as 
well as biological and chemical concentrations.  The 
electrical signal from the sensor is typically a current or 
voltage.  The electrical resistance of the sensor can change 
due to the presence of the physical parameter, but this 
change in resistance is typically converted to a current or 
voltage (which can then be used to drive the output stage of 
a device or system).  Sensors that measure physical 
parameters (e.g., temperature) are typically characterized by 
their accuracy, sensitivity, reproducibility, stability, and 
response time [1].  Sensors that measure biological or 
chemical elements are additionally characterized by 
selectivity.  Other factors such as size, cost, power 
consumption, and lifetime could be more or less important 
depending upon the application of the sensor.   

Chemical sensors are a specific type of sensor that 
typically detect the presence and/or concentration of some 
chemical element or compound [2].  This type of sensor 
typically performs continuous measurements in liquid or 
gaseous environments.  Chemical monitoring is so 
important that chemical sensors are being used in industrial 
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process controls, emissions monitoring, medical diagnosis, 
homeland security, military field operations, environmental 
monitoring, patient safety, water treatment, and agricultural 
management [3].  Sensors that are designed to detect 
harmful or toxic gases need to be designed such that they 
are accurate, sensitive, and rapid.   

When a chemical sensor is designed to detect matter in its 
gaseous phase, it is known as a gas sensor.  Gas sensors are 
important for detecting and/or monitoring hazardous gases 
that exist in small concentrations.  Many studies have 
focused on detecting gases such as CO, CO2, SO2, O3, H2, 
Ar, and NH3 in the atmosphere.  These gases are prevalent 
in certain industrial processes and overexposure to them can 
have deleterious effects [4]-[7].    

Ammonia (NH3) in liquid or gaseous form is used in 
agriculture, paper and pulp processing, food and beverage 
production, manufacturing (e.g., plastics, explosives, and 
textiles), as well as in water and wastewater treatment [4]-
[9].  When ammonia is in gas form, it is poisonous, 
colorless, and has a pungent smell.  Prolonged exposure to 
ammonia gas can cause harm to the respiratory system, skin, 
and eyes [9].  Moreover, ammonia is also present in animal 
waste, and ammonia concentrations can become so high in 
unventilated areas that these animals suffer fatalities [10].  
Because so much ammonia is produced and used in the 
aforementioned areas, it is important to have sensors to 
detect any leakage and excess concentrations in these 
facilities.  However, because the selectivity of many gas 
sensors is not great, these sensors will often detect other 
gases (in addition to ammonia) [8]. 

Researchers are studying polymers for use as gas sensors 
because they are easy to prepare, are inexpensive, and can 
be fabricated as thin films [4], [11].  Furthermore, polymers 
can be modified such that their electrical and optical 
properties change when they are exposed to gases [4], [11].  
Because polymers can be fabricated in thin film form and 
their conductivity can be modified, polymers are compatible 
with solid-state integrated circuit processing [12].  
However, problems with polymer gas sensors include poor 
mechanical strength, chemical stability, sensitivity to 
humidity, and usage lifetime [12], [13].  The main challenge 
to creating polymer based gas sensors is to modify them to 
increase their sensitivity and selectivity [7].   

 Metal oxides are materials that can also be used for gas 
sensing.  The conductivity of metal oxides changes as the 
gas is adsorbed on its surface. Metal oxides gas sensors are 
inexpensive to fabricate, robust, and lightweight.  They can 
be fabricated in thin film form and thus are compatible with 
integrated circuit processing.  Furthermore, they have long 
usage lifetimes, high sensitivities, and rapid response times 
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[10].  The man drawback to metal oxide gas sensors is that 
they typically require high operating temperatures (e.g., 300 
– 500oC) [7].   

Early research is showing that by combining polymers 
and metal oxides, a new class of material can be formed 
with gas sensing qualities that are better than each of the 
individual materials.  It is believed that this composite 
material has better qualities because either the metal has 
catalytic type behavior with the adsorbed gas or the 
adsorbed gas reduces a hetero pn-junction formed between 
the polymer and metal oxide [14].  This main advantage of 
the composite material sensor is that it will allow gas 
measurements to be performed at ambient or near ambient 
temperatures [7].   

As many polymers and metal oxides will sense numerous 
types of gases, an array of sensors is typically used to obtain 
specificity.  Research is being performed on composite 
materials to properly characterize them for gas detection.  
One polymer that is showing some promise for its ability to 
detect gases is polyaniline (PANI).  Several metal oxides, 
cobalt oxide (Co3O4), vanadium oxide (V2O5), and niobium 
oxide (Nb2O5) are also receiving some attention for their gas 
sensing ability.  Therefore, this research paper presents 
results on composites of PANI and metal oxides Co3O4, 
V2O5, and Nb2O5 to characterize them for ammonia (NH3) 
detection. 

 

II. EXPERIMENTAL PROCEDURE 

A. Device Fabrication 

Thin film ammonia sensors were prepared or fabricated 
using the following procedure [15].  Five milliliters of 
aniline was dissolved into 75 mL of de-ionized water 
containing 5 mL of hydrochloric acid (HCl).  The reaction 
mixture was allowed to cool to 0-5 °C.  Then Co3O4 (or 
V2O5, or Nb2O5) powder was added to the solution under 
vigorous stirring.  The metal oxide was added in different 
weight percentage (15%, 30%, or 50%) with respect to 
aniline concentration.  Then (NH4)2S2O8 (Ammonium 
Persulfate – APS) was added to the reaction mixture in the 
form of an aqueous solution (2.7 g dissolved in 15 mL) so 
that the total volume of the reaction mixture was 100 mL.  
The solution was stirred for 30 minutes and then the 
reaction was allowed to proceed for a minimum of 60 
minutes.  Subsequently, the PANI/Co3O4 (or PANI/V2O5, or 
PANI/Nb2O5) composite solution was filtered using 
Whatman’s paper to remove any large particles.  The 
collected composite solution was spread over glass slides 
and dried at approximately 100 °C until a solid film was 
formed.  The films were then ready for ammonia 
measurements. 

  
 

B. Measurements and Calculations 

The NH3 gas sensing properties of the polymer/metal 
oxide films were measured by connecting it to the Keithley 
Source Meter and placing the sensor device in the presence 
of ammonia.  Experiments were performed in which the 

electrical resistance (with respect to time and temperature) 
of the film was measured as it interacted with ammonia gas.  
From these measurements, the gas response, 

  %100/  airairgas RRR , was determined.  Each type of 

composite (i.e., PANI/Co3O4, PANI/V2O5, or PANI/Nb2O5) 
as well as the different weight percentages (i.e., 15%, 30%, 
and 50%) was examined to characterize the thin film 
sensors.  

 

III. RESULTS 

The electrical resistance curves as a function of time for 
the PANI/Co3O4 films are shown in Fig. 1a.  The three 
weight percentages of the metal oxide are shown in this 
figure.  Likewise, the curves for PANI/V2O5 and 
PANI/Nb2O5 are shown in Fig. 1b and Fig. 1c, respectively. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 1.  Electrical resistance as a function of time for polyaniline thin films 
in the presence of ammonia.  The films containing (a) cobalt oxide, (b) 
vanadium oxide, and (c) niobium oxide.  [In each graph, the solid line 
represents 15%, the long dotted line represents 30%, and the short dotted 
line represents 50%.] 
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The electrical resistance curves as a function of 

temperature for the PANI/Co3O4 films are shown in Fig. 2a.  
The three weight percentages of the metal oxide are shown 
in this figure.  Similarly, the curves for PANI/V2O5 and 
PANI/Nb2O5 are shown in Fig. 2b and Fig. 2c, respectively. 

 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 2.  Electrical resistance as a function of temperature for polyaniline 
thin films in the presence of ammonia.  The films containing (a) cobalt 
oxide, (b) vanadium oxide, and (c) niobium oxide.  [In each graph, the solid 
line represents 15%, the long dotted line represents 30%, and the short 
dotted line represents 50%.] 
 

 
The experimental data was then used to calculate the gas 

response for the ammonia gas sensing films.  This was 
performed for the resistance vs. time measurements and the 
resistance vs. temperature measurements.  Curves for 
PANI/Co3O4 are shown in Fig. 3 and Fig. 4. 

 

IV. DISCUSSION 

As shown in Fig. 1, the initial measurements indicate that 
all of the PANI/metal oxide films can function as ammonia 
sensors.  The curves for cobalt oxide, vanadium oxide, and 
niobium oxide all exhibit a decrease in electrical resistance 
over time when the films are exposed to ammonia gas.  The 
PANI/Co3O4 and PANI/Nb2O5 films seem to perform better 
for smaller metal oxide concentrations (i.e., 15% and 30%), 
whereas PANI/V2O5 films seem to perform better for larger 
metal oxide concentration (i.e., 50%).   

 

 
 
Fig. 3.  Gas response as a function of time for polyaniline cobalt oxide thin 
films in the presence of ammonia gas.  [In this graph, the solid line 
represents 15%, the long dotted line represents 30%, and the short dotted 
line represents 50%.] 
 
 

 
 

Fig. 4.  Gas response as a function of temperature for polyaniline cobalt 
oxide thin films in the presence of ammonia gas.  [In this graph, the solid 
line represents 15%, the long dotted line represents 30%, and the short 
dotted line represents 50%.] 

 
 
From Fig. 1, it can be seen when the initial resistance was 

at least 4M before being exposed to ammonia, then the 
response to ammonia had an exponential type decay.  
Moreover, when the initial resistance was at least 4M, 
there was a rapid change in resistance within the first minute 
of exposure, and then after five minutes of exposure to 
ammonia gas, the resistance reached its minimum value.  
Conversely, if the initial resistance started off ‘too low’, 
then the electrical resistance of the sensor did not change 
much over time.  Therefore, it is believed that this result is 
due mostly to the fabrication technique of the individual 
device rather than the particular metal oxide involved.  
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Nevertheless, additional experiments need to be performed 
to reach a solid conclusion about this aspect of the sensor 
performance.   

Metal oxide sensors perform better when they are 
operated at elevated temperatures, so it was thought that 
these composite polymer/metal oxide sensors may perform 
better if they are heated.  Fig. 2 demonstrates how thin films 
perform when the temperature is elevated.  [It is noted that a 
different set of sensors were fabricated for the 
measurements shown in Fig. 2.]  The resistance of the films 
was recorded at temperatures between 25oC and 100oC 
while exposed to ammonia gas.  It can be seen from the 
curves in Fig. 2 that the resistance of each polymer/metal 
oxide film (regardless of metal oxide concentration) 
decreases as temperature increases.  In fact, in each of the 
curves shown, once the temperature reached 65oC, the 
sensors become saturated and reach their minimum value.  
Because of this characteristic, it is advantageous to operate 
the sensors at room temperatures and not at elevated 
temperatures. 

Now, the gas response as defined by the equation 

  %100/  airairgas RRR , was calculated for the thin 

films.  Thus, this calculation indicates when the sensor 
reaches a certain percentage of its final value.  So, for the 
resistance vs. time measurements, this calculation specifies 
a ‘time constant’ or it indicates at what time the sensor 
reaches its final value.  An example of the gas response vs. 
time (for PANI/Co3O4 films) is shown in Fig. 3.  
Additionally, for the resistance vs. temperature 
measurements, the gas response calculation specifies at 
what temperature the sensor reaches its minimal value.  An 
example of the gas response vs. temperature (for 
PANI/Co3O4 films) is shown in Fig. 4.  Again, as confirmed 
in Fig. 3, if a sensor is in the presence of ammonia and if it 
is functioning properly, then it should exhibit a 90% change 
in electrical resistance within 5 minutes.  Furthermore, as 
shown in Fig. 4, if the sensor is operating properly in the 
presence of ammonia at temperatures above room 
temperature, then there will be less than a 10% change in 
the resistance when operating above 45oC and essentially 
0% change in the resistance when operating above 65oC. 

 

V. CONCLUSION 

In summary, a relatively straightforward procedure has 
been developed to fabricate thin film ammonia gas sensors.  
Initial results from these sensors indicate that polyaniline 
combined with cobalt oxide (Co3O4), vanadium oxide 
(V2O5), or niobium oxide (Nb2O5) is effective in detecting 
ammonia gas.  It is not conclusive what percentage of these 
metal oxides is best for optimal performance of the sensors.  
When the films are fabricated and their initial resistance is 
large (i.e., greater than approximately 4M), the films had 
the desired response to ammonia gas.  Conversely, when the 
films had low initial resistance values (i.e., lower than 
4M), the films were relatively unresponsive as a function 
of time.   

It is believed that a slight variation in the fabrication 
procedure is the reason for these unresponsive films.  

Therefore, it is also believed that the fabrication procedure 
for these thin films can be modified and standardized to 
produce consistent films with large initial resistance values.  
Operating the sensors at elevated temperatures reduces the 
sensitivity of the thin films and if the temperature is too 
high, then the sensor will not respond at all to ammonia gas.  
These initial results are promising, but further research is 
needed to confirm these findings.  
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