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Hexanal was identified as one of the major volatile gases which are produced in degraded dairy products and wood industries.
Therefore, preliminary study on hexanal gas detection with the laboratory scale was carried out in this paper. Electrical testing with
chitosan as a sensing material to sense hexanal gas in low concentration was carried out at room temperature. Chitosan sensor was
fabricated by using electrochemical deposition technique to formactive sensing layer.The response of the chitosan film sensor (CFS)
towards hexanal was tested via electrical testing by exposing different hexanal concentrations ranging between 20 ppm, 100 ppm,
200 ppm, and 300 ppm using air as a carrier gas. Sensing properties of the CFS toward hexanal exposure including responsibility,
recovery, repeatability, stability, and selectively were studied. Overall, our result suggested that hexanal sensor based on chitosan
was able to perform well at room temperature demonstrated by good response, good recovery, good repeatability, good stability,
and good selectively.This simple and low cost sensor has high potential to be utilized in early quality degradation detection in dairy
products and can be used to monitor the level of hexanal exposure in wood industries.

1. Introduction

Hexanal has been utilized in various fields including organic
synthesis, rubber, paint, and additive in foods [1]. Besides
that, hexanal can be also formed in food especially milk
powder when it spoiled or degraded due to oxidation upon
storage [2]. It was found that milk powder tends to release
around 20 ppmof hexanal in 6months of storage. In addition,
hexanal was also identified as a major emitted gas from
wood pellets stored in industrial warehouse. It was reported
that hexanal with concentration of approximately 24 ppm
is being released in wood pellets due to autooxidation [3].
Basically, inhalation and skin uptake were the main routes
for hexanal to enter the human body. Hexanal has cytotoxic
potential but only in relatively high doses. A study showed
that 10 ppm hexanal exposure can lead to eye discomfort [1].
Modern analytical method which is gas chromatography has
been used for hexanal detection especially in milk powder
[2, 4]. However, this type of equipment cannot be used for

line detecting pollutant due to its large size, heavy, high
cost, and time-consuming operation. Thus, it is important to
develop viable low cost and user friendly gas sensor for low
concentration hexanal gas detection especially in food and
wood industries. Thus, new method and material have been
employed for hexanal detection recently.

As reported in literature, there were only few articles
reported on hexanal detection. The first paper reported that
lutetium bisphthalocyanine was utilized as a sensing material
where it was developed by using Langmuir-Blodgett tech-
nique and exposed to hexanal using air as carrier [5]. How-
ever, the paper did not have much explanation on sensing
properties of the sensor upon various hexanal gas concentra-
tions.There is another report where a single-walled nanotube
was used as a sensing material [6]. In this report, carbon
nanotube has been fabricated via spray deposition method.
The response of the sensor was measured by immersing the
sensor directly into hexanal. Up until now, there is no report
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on utilization of chitosan as sensingmaterial.Thus, combina-
tion of chitosan as new sensing material and electrochemical
deposition as new fabrication method for hexanal gas detec-
tion was attempted in lab scale at first.

The reason for selection of chitosan as sensing material
is due to its unique properties. Chitosan is one of the
conducting polymers that received a great recognition, being
used in various fields [7, 8]. On top of all, chitosan has
the promising characteristics including being abundantly
available, low in cost, and biodegradable and having excellent
film forming ability and nontoxic properties that make it
applicable to electrochemical sensors, biosensors, gas sensors,
and volatile organic compound sensors [9–15]. Chitosan
can be attained by modifying seafood waste such as crab
and shrimp which is a unique material that is well suited
for microdevices especially sensors due to its potential to
be selectivity deposited using electrochemical deposition
method because of high density of amine groups [16].

Meanwhile, electrochemical deposition method was
selected for sensor fabrication since it offers some advantages
such as higher deposition rate, shorter processing time, and
low cost.

The aim of this study is to investigate the sensing perfor-
mance of chitosan film sensor upon hexanal gas exposure.
The sensing properties of the chitosan film sensor including
response, response time, recovery time, repeatability, stability,
lifetime, and selectivity were studied by exposing the sensor
to hexanal with air as carrier gas. Besides that, the character-
izations of the chitosan film sensor were done using Fourier
Transform Infrared Spectroscopy (FTIR) and Atomic Force
Microscopy (AFM).

2. Experimental

2.1. Materials. Chitosan powder with a deacetylation degree
of 75%–85% was purchased from Sigma-Aldrich Ltd. Mean-
while, acetic acid with 99.9% purity from HmbG was used
as solvent in this research. Hexanal fromMerck was used for
sensing studies in this research.

2.2. Characterization Tools. There were few types of equip-
ment which have been used in this study. First of all, the
functional group characterization of the chitosan film was
done by using ATRmethod with Fourier Transform Infrared
Spectroscopy (Perkin Elmer RX1 FT-IR). Besides that, the
surface structure of the film was analysed by Atomic Force
Microscope (AFM) with Nanoscope IV/Multimode, Digital
Instrument.

2.3. Chitosan Film Sensor (CFS) Fabrication. The procedure
was started with the chitosan solution gel preparation.
Chitosan solution gel was prepared by dissolving chitosan
powder in 2% acetic acid and stirred using a magnetic
stirrer with rotation speed of 300 rpm for 24 hours at room
temperature on hot plate (WiseStir MSH-30D). In this study,
chitosan with concentration of 1.75% was used. CFS was
developed by electrochemical deposition process where two
pieces of copper patterned substrate were dipped into the

chitosan solution gel and subjected to the constant voltage
of 2.5 V and electrochemical deposition time of 6 minutes to
attract the chitosan molecules to stick on the surface of the
cathode side copper electrode. After the deposition, the films
were annealed in vacuum oven at 100∘C for 30 minutes to
remove excessive moisture in the films.

2.4. Hexanal Gas Sensing Studies. The vapour sensing char-
acteristics of the chitosan film sensor (CFS) towards hexanal
gas were investigated at room temperature by recording their
electrical responses. CFS was placed in a sealed chamber
where it was connected with power supply and multimeter
with the input voltage of 1.5 V as illustrated in Figure 1. The
left sensor stabilized for 5 minutes at first. It was followed by
exposing the sensing film alternately to both hexanal and dry
air for 5 minutes, respectively. The known volume of hexanal
in microliter was injected into different chamber and left to
vaporize with the aid of a pump. After that, hexanal vapour
was exposed to the sealed testing chamber. The exposure of
hexanal vapour was carried out for 5 minutes. It was followed
by recovering the sensor where it was done by exposure to dry
air for 5 minutes as well. The readings of output voltage were
taken for every 30 seconds for 5minutes for both hexanal and
dry air, respectively, using multimeter (SANWACD771).The
exposures of both hexanal and dry air were repeated for three
times alternately. The sensor response, 𝑅, was calculated as
follows:

𝑅 =
(𝑅
1
− 𝑅
𝑂
)

𝑅
𝑂

× 100%, (1)

where 𝑅 is the sensor response (%), 𝑅
1
is the voltage of

the sensor when exposed to hexanal, and 𝑅
𝑂
is the initial

output voltage in the absence of hexanal. The testing was
done by exposing hexanal with the concentration of∼20 ppm,
∼100 ppm, ∼200 ppm, and ∼300 ppm.

3. Results and Discussion

3.1. FTIR Characterization. FTIR characterization was car-
ried out to investigate the functional groups which exist
in the chitosan film. The FTIR spectrum of the chitosan
film is displayed in Figure 2. The peak which appeared
at 3306.00 cm−1 is due to overlapping of NH

2
and OH

in chitosan film. The peak observed near 1634.97 cm−1 is
corresponding to C=O group in chitosan film [7]. Besides
that, N-H group can be seen at the spectrum of 1576.97 cm−1.
The absorption peak near 1408.36 cm−1 specifies the existence
of OH group in chitosan film [17]. Meanwhile, the C-N
group which represents the amino group in chitosan film
can be seen at the peak near the region of 1374.06 cm−1 [7].
Finally, the absorption peak which appeared at 1060.80 cm−1
represents the existence of C-O group in chitosan film [17].
Overall, chitosan film consists of NH

2
, OH, C-N, C-O, and

C=O in its structure. The appearance of NH
2
indicates that

the domain functional group of chitosan for sensing activity
exists in the film even after being processed into film.
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Figure 1: Electrical setup for hexanal detection.
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Figure 2: FTIR spectrum of chitosan film.
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Figure 3: Surface of chitosan film sensor.

3.2. Atomic Force Microscopy (AFM). The surface structure
of the chitosan film is presented in Figure 3. Chitosan film
presented a homogeneous surface with a very low dispersion
in the roughness profile with the RMS value of 1.140 nm.
This result was in accordance with research done by other
researchers before [18]. Thus, it can be said that the film was
deposited uniformly on the substrate without any agglom-
eration [15]. The strong bond of the films and substrate is
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Figure 4: Response of the CFS toward hexanal gas.

very crucial to avoid swelling of the films during gas sensing
measurement.

3.3. Hexanal Gas Sensing Studies. Figure 4 shows the respo-
nse of chitosan film sensor (CFS) toward hexanal gas expo-
sure, respectively. The purpose of this study is to investigate
the sensing properties of the sensors toward hexanal gas
including response of the sensor, response time, recovery
time, repeatability, stability, lifetime, and selectivity of the
CFS upon hexanal gas exposure.

3.3.1. Response. Response of the sensor is defined as the
ability of the sensor to respond to various target molecules



4 Journal of Sensors

R2 = 0.9893
y = 0.0704x + 4.6731

50 100 150 200 250 300 3500
Hexanal concentration (ppm)

0
5

10
15
20
25
30

M
ax

im
um

 re
sp

on
se

 (%
)

Figure 5: Calibration curve of the CFS toward hexanal gas.

[15]. In this present study, it was found that CFS has good
response towards hexanal gas exposure. The response of the
sensor increased with increasing gas concentration. It can be
seen in Figure 5 that CFS has linear response towards gases
indicated by the correlation value (𝑅2) which is near to 1.
The CFS yielded maximum response values of approximately
∼7.10%, ∼11.03%, ∼18.46%, and ∼26.36% when it was exposed
to 20 ppm, 100 ppm, 200 ppm, and 300 ppm of hexanal gas,
respectively.

3.3.2. Response Time and Recovery Time of CFS upon Hexanal
Gas Exposure. Initial response time is defined as the time
taken for the sensor to sense the presence of target molecules
on its surface [15]. The response time can also be defined
as the time taken by a sensor to achieve 90% of total signal
changes in the case of adsorption [19]. Meanwhile, recovery
time is defined as the time needed for the sensor to reach
90% of the baseline value in the case of desorption [20]. The
response time and recovery time of the CFS towards hexanal
exposure are delineated in Figure 6. In this study, it can be
seen that CFS started to respond in just 10 seconds after
the gas was exposed. CFS took approximately 200 seconds
to reach its 90% of the total signal change. As for recovery,
the sensor started to recover in 10 seconds as well after the
gas exposure was removed. It was observed that the recovery
time of the sensor towards hexanal exposure was around 200
seconds.

3.3.3. Repeatability of CFS toward Hexanal Exposure. Rep-
eatability is another important sensor property and it is
defined by the International Organization for Standardiza-
tion (ISO) as the repeatability conditions where independent
test results are obtained with the same method on identical
items in the same laboratory by the same operator using same
equipment within interval time [21]. It can be seen that CFS
has good repeatability as illustrated in Figure 7 where it does
meet almost the same response for hexanal. From the results,
it can be concluded that the repeatability of CSF has been
achieved.

3.3.4. Stability of CFS toward Hexanal Exposure. Stability is
defined as ability of sensor to exhibit constant sensor signal
during measurement [14]. The sensor is considered as stable
since there is no significant fluctuation in terms of response

value during the exposure of the gas for response process or
dry air for recovery process.

3.3.5. Lifetime of CFS Hexanal Exposure. Lifetime of the
sensor is defined as the time period taken for the sensor
to work with the same performance [22]. In this study,
hexanal gas exposure was repeated using the same sensor for
every one week interval. The result showed that CFS yielded
almost the same response for 2 weeks as depicted in Figure 8.
However, further investigation needs to be done in order to
determine the optimum lifetime of the sensor.

3.3.6. Selectivity of CFS toward Different Gases. Selectivity of
the sensor is known as the ability of the sensor to sense the
various gas exposures. The response of the CFS to various
gases was tested in order to study its selectivity properties.
In this study, ammonia, acetone, and toluene were used to
investigate the selectivity properties of the CFS. The results
showed that CFS is selective to these gases as depicted in
Figure 9. It can be seen that hexanal yielded the lowest
response followed by toluene, acetone, and ammonia for CFS.

3.4. Sensing Mechanism of CFS toward Hexanal Gas. There
are few steps which are involved in the sensing mechanism
of chitosan film sensor towards hexanal gas. The explanation
regarding the sensing mechanism is illustrated in detail in
Figure 10 and in (2)-(3). This sensing phenomenon can be
explained due to the electrons which consist in the sensing
layer. The electrons in chitosan film sensor gained energy
from the supplied input voltage. These electrons were then
trapped by the oxygen from the air which contributes to
the formation of chemisorbed oxygen such as O

2

− or O− as
described as follows:

O
2 (gas) ←→ O

2 (adsorbed) (2)

O
2 (adsorbed) + e

−

←→ O
2

−

(adsorbed) (3)

This chemisorbed oxygen which forms a barrier on
the film surface contributes to the decline in the sensor
response. Once the chemisorbed oxygen is fully occupied
on the sensor surface by trapping all the electrons within
the film, a situation called steady state will occur where the
sensor yields almost constant response. The mechanism of
the sensor started to change via introduction of gas on its
surface. When hexanal gas is introduced on the surface of
the chitosan film sensor (CFS), the gas molecules interact
with the chemisorbed oxygenwhich is occupied on the sensor
surface and the electrons tend to be released within the
chitosan structure as explained as follows:

C
6
H
12
O +O

2

−

(adsorbed) → C
6
H
12
O
2
+H
2
O + e− (4)

From (4), it can be seen that the reaction will release
electrons andwatermolecules.The released electrons become
free electrons in the conduction band and induce the incre-
ment of the electrical response (%) of the sensor. Meanwhile,
the water molecules might form hydrogen bonding with the
surface of the sensing layer. This bonding might enhance the



Journal of Sensors 5

180

185

190

195

200

205

210
Re

po
ns

e t
im

e (
s)

100 200 300 4000
Hexanal concentration (ppm)

(a)

180

185

190

195

200

205

210

Re
co

ve
ry

 ti
m

e (
s)

100 200 300 4000
Hexanal concentration (ppm)

(b)

Figure 6: (a) Response time and (b) recovery time of the CFS toward various concentrations of hexanal gas.
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Figure 7: Repeatability of the CFS toward hexanal gas.

electron movements which contribute to increment of the
response of the sensor as well.

4. Conclusion

In this study, chitosan based hexanal sensor was successfully
developed using electrochemical deposition method. The
sensor fulfils all the sensing properties of a reliable sensor
including good response, recovery, repeatability, lifetime, and
stability towards hexanal exposure. Besides that, this sensor
exhibited good selectivity towards 3 other gases. Further-
more, the ability of the sensor to operate at room temperature
with low energy consumption and low fabrication cost makes
it become one of the reliable sensors which can be utilized
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Figure 8: Lifetime of the CFS toward hexanal gas.

in various sectors especially in wood and dairy industries.
However, further testing and investigation have to be carried
out in order to improve the performance of the CFS.
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