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ABSTRACT

Selectivity improvement of gas sensor based on Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS)
thin film to ammonia gas has been studied. The PEDOT:PSS thin films were deposited on glass and FR4 substrates by
using a spin-coating technique. PEDOT:PSS solution was spread on the substrate followed by spinning at fixed rate.
Then, the imprinting process of gas sensor was performed by injecting ammonia gas into the spin-coating chamber. Fi-
nally, the gas sensor was dried on a controllable hot plate. Current-voltage characteristics of the films were measured by
using calibrated electrometer. The results show that by imprinting of ammonia gas to the film affects the electrical con-
ductivity of the film. It is also shown that the electron transport in the PEDOT:PSS thin film tends to be ohmic-contact.
When the imprinted sensor is exposed in ammonia gas, we obtained that the sensor has short response and recovery
time, a good repeatability (reversible), and higher sensitivity to ammonia gas. To this end, we found that ammonia im-
printing on the surface of PEDOT:PSS thin film can improve the selectivity of the sensor to ammonia gas. It indicates

that our method can be used for fabricating the sensor which has a single selectivity.
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1. Introduction

The gas sensors have been extensively used for qualita-
tive and quantitative detections of chemical substances
especially for environmental monitoring, personal pro-
tection, safety and process control [1-3]. For this purpose,
many attempts have done in order to fabricate the suit-
able sensing materials. A wide range of materials both
from organic and inorganic substances are usually used
as an active layer of gas sensing elements. The inorganic
materials based of metal-oxide such as oxides of tin and
zinc have been used extensively [4]. However, one of
practical problems with oxide gas sensors is that it needs
a high operating temperatures in the range of 250°C -
300°C. This might be substituted by using the organic
materials, because sensor based on the organic com-
pounds can operate at ambient temperature. For this pur-
pose, several types of organic materials that is porphyrins
and phthalocyanines have been used [5]. The conducting
polymers such as polypyrrole (PPy), polyaniline (Pani),
polythiophene (PTh) and their derivatives are also possi-
ble [6,7]. The gas sensors made from conducting poly-
mers have several advantageous. For example, it has high
sensitivity and short response time at room temperature.
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Moreover, conducting polymers are easy to synthesize
through chemical or electrochemical processes. Their
molecular chain structure can also be modified conven-
iently by copolymerization or structural derivations. In
addition, conducting polymers have also good mechanic-
cal properties, which allow a facile fabrication of gas
sensors [7].

In the present study, we used a conducting polymer of
Poly(3,4-ethylenedioxythiophene) doped with poly(sty-
renesulfonate) (PEDOT:PSS). The PEDOT:PSS has si-
milar characteristics with other conducting polymers like
polyaniline and polypirrole. It also possesses several ad-
vantageous properties such as it has a low oxidation po-
tential, high conductivity and environmental stability [8].
Unfortunately, the recent gas sensors based on PEDOT:
PSS of Dan et al. [9] have a global selectivity, where it
has the responses not only to ammonia gas but also to
other gases such as nitrogen dioxide, acetone, methanol,
ethanol, and other organic toxic volatile compounds.
Sensor with global selectivity is only appropriate for ol-
factory systems or electronic noses. Because for such
electronic nose application, the sensor arrays must pro-
duce a unique pattern which represents a specific sub-
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stance. But it is not appropriate for single gas sensor ap-
plication.

In this paper, we report our attempts to enhance the
selectivity of PEDOT:PSS based gas sensor to ammonia
gas. For this purpose, we introduce an imprinting method
during preparation process of PEDOT:PSS thin film.
This method is a technical procedure to form cavities on
surface of polymer matrix [10].

2. Experimental Method

The conducting polymer used in this study was PEDOT:
PSS purchased from H.C. Starck of Clevios PH500. The
molecular structure of such PEDOT:PSS is shown in
Figure 1.

Before depositing PEDOT:PSS thin films to the FR4
substrates coated with patterned gold (Au) electrodes
(Figure 2(a)), the substrates were cleaned by using a
standard procedure of Schweizer [8]. The PEDOT:PSS
thin films were then deposited on the substrates by using
a spin-coating technique. PEDOT:PSS solution was spread
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Figure 1. Molecular structure of PEDOT and PSS, respec-
tively.

PEDOT:PSS
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Figure 2. Schematic of (a) Top view of FR4 substrate with
Au patterned electrode; (b) Cross section of the gas sensor.
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on the substrate followed by spinning at 1000 rpm for 20
seconds. Then, the imprinting process of gas sensor was
performed by injecting ammonia gas (about 400 ppm)
into the spin-coating chamber for about 5 minutes. Fi-
nally, the gas sensor was dried on a controllable hot plate
at 60°C for about 5 minutes. The cross section of gas
sensor is shown in Figure 2(b).

Furthermore, the fabricated gas sensors were annealed
at 100°C for 30 minutes to vaporize the solvent and am-
monia that was imprinted in the films. The fabricated
devices were placed in a controllable dry box. The cur-
rent-voltage (I-V) characteristics of the films were then
measured by using calibrated electrometer [11,12]. We
then measure the electrical resistance of the sensor in
ammonia (R) and in the ambient air (Ry) in order to un-
derstand the effect of the imprinting in connection with
the respond to the ammonia gas.

3. Results and Discussion

First we discuss the I-V characteristic of the PEDOT:PSS
thin films. Figure 3 shows the obtained 1-V characteristic
of the thin film. We can see that the flowing current
through the film is increase linearly with the increasing
of the voltage of the electrodes. It means that the contact
between PEDOT:PSS layer and Au electrode is an ohmic
contact [13].

The effect of imprinting on conductivity of PEDOT:
PSS based gas sensors is given in Figure 3. It is found
that the increase of ammonia concentration during im-
printing process increase the conductivity of gas sensors.
This phenomenon might be explained as follow. During
imprinting process the ammonia molecules are adsorbed
by PEDOT:PSS thin film based on diffusion mechanism.
It causes transfer and exchange charges between am-
monia molecules and the PEDOT:PSS films. The similar
explanation of this mechanism has also been described
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Figure 3. Current-voltage characteristics of the PEDOT:
PSS thin films based gas sensor with and without ammonia
imprinting (100 ppm, 400 ppm, and 2000 ppm).
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elsewhere [14]. Mechanism of sensing for such con-
ducting polymer devices has been also proposed previ-
ously [15] where this mechanism includes the redox re-
actions between the analyte and the polymer, partially
charge transfer between the polymer and the analyte, and
polymer swelling.

In this study, due to the chemical nature of ammonia
gas, the increasing of sensor resistance could be attri-
buted due to the redox reaction or the charge transfer.
Ammonia gas is known to be highly active and electron
donating free radical. Therefore, upon electron transfer
from ammonia to the partially positive charged sulfur
sites on the backbone of the p-type PEDOT:PSS, the
charge carrier concentration on the polymer backbone
decreases, yielding the increase in the resistance of the
PEDOT:PSS films. However, when samples were an-
nealed then ammonia molecules in PEDOT:PSS matrix
would evaporate and left both cavities on surface of
PEDOT:PSS thin film and holes along the backbone of
the polymer. The increase charge carrier concentration in
PEDOT:PSS, results in decreasing the resistance. The
more vaporized ammonia molecules, the higher con-
ductivity of PEDOT:PSS thin film.

Response of the sensor was defined by normalized re-
sistance, (R — Rp)/R, where R is electrical resistance in
ammonia gas and Ry is resistance in ambient air. Figure
4 shows response of sensors fabricated with and without
ammonia imprinting which is exposed in saturated am-
monia gas. It can be seen that the response of sensor with
ammonia imprinting is higher than the one without am-
monia imprinting which indicated that the sensor is more
sensitive. This can be the case because both of cavities
and holes in PEDOT:PSS thin film adsorb the ammonia
gas that contributes for increasing the resistance of sen-
sor.

Figure 5 shows the response of imprinted sensor
which is exposed in different concentration of ammonia
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Figure 4. Response of sensors without and with imprinting
of 400 ppm ammonia which exposed in ammonia gas.
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gas. We found that the response of the sensor is increase
with the increasing of the concentration of the ammonia
gas. In order to see the tendency of this increasing, we
plot the correlation of sensor response versus the concen-
tration of the gas. The response of the sensor for the cer-
tain concentration is taken as average value in the plateau
line in Figure 5. It is shown in Figure 6. We can see that
the response of the sensor increases linearly. It is well
known that the sensitivity of the sensor is correlated with
the slope of the graph shown in the figure. And we ob-
tained the sensitivity of sensor is about 0.02%/ppm.

The repeatability of the sensor can be understood by
measuring the resistance of imprinted sensor as a func-
tion of measurement time. The result is shown in Figure
7. The cycles characteristic indicate that the sensor rap-
idly responds and releases ammonia gas. It means that
the sensor has a good repeatability to ammonia gas. This
is indicate that the PEDOT:PSS thin film is prominent to
be used as an active material of the sensing ammonia gas.
We can also see from Figure 7 that the resistance of the
sensor increases drastically after being exposed with
ammonia gas (in). It indicates that the PEDOT:PSS thin
film of sensor is dedoped when detecting ammonia gas.
It is because ammonia is an electron-donor type [7]. On
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Figure 5. Response of imprinted sensors which was exposed
in different concentration of ammonia gas.

14 T T T T T

-

o
T
L

[e0]
T
1

A OO

(R, - R)/R x 100%

O 1 1 1 1 1
100 200 300 400 500 600 700 800 900

Concentration (ppm)

Figure 6. Sensitivity of imprinted sensor.
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Figure 7. Time dependence of resistance, R of PEDOT:PSS
thin film on repeated exposure and removal of ammonia
gas.

the other hand, the resistance decreases quickly when
ammonia gas is pulled out from the chamber (out). This
fact shows that the sensor response is reversible. Fur-
thermore, the decreasing of the response may be caused
by decreasing concentration of ammonia gas flowing
through the chamber. We also explore the response time
and the recovery time of the sensor. The response time
was measured under exposure ammonia gas in chamber.
And the recovery time was measured when the ammonia
gas is pulled out from the chamber by using vacuum
pump. We define the response time as a time required to
reach 90% of the saturation value of R, while the recov-
ery time as a time needed for R to return to R, on re-
moval of ammonia gas. From Figure 7, we obtained that
the response time is about 10 seconds, whereas the re-
covery time is about 15 seconds.

Finally, we investigated the response of sensor based
on PEDOT:PSS thin film with and without ammonia
imprinting to several gases, i.e. acetone, methanol, and
ammonia in order to see the selectivity of the sensor. The
result is given in Figure 8. The figure shows that both
sensors (with and without ammonia imprinting) have
good selectivity to ammonia gas rather than the others.
However, the imprinting treatment also improves the
response to ammonia gas and reduces the response to the
other gases. This can be the case because the imprinted
sensor has the cavities which only appropriate for re-
sponding the ammonia gas. These results indicated that
ammonia imprinting on the surface of PEDOT:PSS thin
film can improve the sensitivity and the selectivity of the
sensor to ammonia gas.

4. Conclusion

We have fabricated gas sensors based on PEDOT:PSS
thin films with and without ammonia imprinting by using
spin-coating technique. As results, imprinting of ammo-
nia gas to the film affects the electrical conductivity of
the film and the contact between PEDOT:PSS thin film
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Figure 8. Selectivity of sensors to different types of gas.

and Au electrodes is found to be an ohmic characteristic.
When the imprinted sensor is exposed in ammonia gas,
the sensor has the short response and recovery time that
is 10 seconds and 15 seconds, respectively, comparing
the results of Dan et al. [9]. The sensor also has a good
repeatability where the response of sensor is reversible
and higher sensitivity to ammonia gas. Our fabricated
sensor using the imprinting method can improves the
selectivity of the sensor to ammonia gas. The results sug-
gest that the sensor might be suitable for single sensor to
the gas. Further study to fabricate the sensor with our
method using another gas as imprinted material is ex-
tremely useful. The works in relation to these problems
are still in progress.
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