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An acetone liquid sensor has been successfully demonstrated by utilizing glass substrate coated with
Hydroxyethylcellulose/Polyvinylidene Fluoride (HEC/PVDF). The sensing mechanism is based on the change in refractive
index (RI) of the HEC/PVDF coating layer when exposed to acetone concentration variations. When the light progress
through the sensing material, the intensity decrease due to absorption and scattering. The proposed sensor's produces
exceptional results where output voltage has decreased linearly from 1.8 V to 1.3 V. It showed a good response with

sensitivity of 0.0331 V/% and a linearity of 99.1 % as compared to an uncoated glass substrate.
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1. Introduction

A significant number of industries employ acetone in
their operation, which makes it an essential chemical
substance to be investigated; each with its unique detection
method has been devised [1-3]. Different sensing
mechanisms for gas/liquid chromatographic have been
developed to determine the concentration of acetone [4-6].
Each sensing capabilities has own sensing operation
compared to existing acetone liquid sensor such as ethanol
[7], formaldehyde [8], and Glucose [9]. Currently,
numerous types of acetone sensors based on diverse
sensing principles have been developed such as
semiconductor sensor [10], electronic sensor [11], and
microspheres-based sensor [12]. However, these sensors
still have shortcomings, including low sensitivity, short
life spans, and instability. Various proposed sensors have
been researched and compared in an effort to find a better
sensor in terms of sensitivity stability, such as carbon-
based 1-D has low selectivity [13], porous silicon has poor
stability [14, 15] and wide band gap semiconductor also
has low sensitivity [16]. Therefore, the optical-based
device for acetone detection is an excellent candidate to
producing exceptional sensors with high sensitivity, fast
response time, and stability. Optical sensor has superiority
as compared to other type of sensor in term of sensitivity
because has good evanescent coupling with other
waveguides such as metal, semiconductor and substrate as

well as offers strong near-field interaction with its
surrounding [17, 18]. Therefore, this work aims to develop
an acetone sensor that is easier to operate, more effective,
and less expensive, and does not pose an increased risk to
human health or the environment with encompasses
sensing response toward coating material.

Over the past decades, with increased concerns about
the energy issue, coating nanomaterial on glass has been
the subject of numerous research and is widely employed
in  contemporary construction. Identifying coating
materials that are fit for the task of providing many
benefits is necessary [19]. Several research projects on
investigating suitable materials to be used for sensing have
been carried out on a variety of platforms, such as
Hydroxyethyl-cellulose and Polyvinylidene Fluoride
(HEC/PVDF) [20], Zinc Oxide Nanorods [21], ZnFe-
LDH/GO nanocomposite [22], and Agarose gel coated
layer [23]. Hydroxyethyl cellulose (HEC) is a cellulose-
derived gelling and thickening substance [24], and
Polyvinylidene Fluoride (PVDF) is a thermoplastic
fluoropolymer made from the polymerization of
vinylidene difluoride that is very resistant to chemical
reactions and is employed as an internal coating due to its
ease of absorption [25]. According to the literature,
HEC/PVDF exhibits good sensing material characteristics,
such as the high capacity for water absorption, which
modifies the coating refractive index and could indeed
increase the sensitivity of the sensing structure.
Furthermore, it is more stable, cost-effective, and widely
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used [26]. This makes it a suitable nanomaterial to produce
a low-cost and high-sensitivity sensor. It could be realized
by integrating the nanomaterial-coated glass substrate with
the sensing circuit. This is due to the uncoated glass
substrate being less sensitive because it has no sensitive
substance coated on it. It has poor sensing performance
because of a low refractive index mismatch between the
ambient analyte and the sensor.

Existing optical sensors commonly comprise a light
source, an optical spectrum analyzer, and a photodetector,
a more expensive and complicated technique for the
sensing operation. To achieve our aim to produce a low-
cost and highly sensitive sensor, a glass substrate coated
with HEC/PVDF nanomaterial is integrated with a sensing
circuit that includes a main component, such as a LED to
transmit light through the glass substrate and a photodiode
that converts light into a voltage signal [27, 28]. In terms
of the output signal analysis, it is connected to the
conditioning amplifier circuit so that the suitable signal
may be sent to the Data Acquisition (DAQ) unit for signal
processing of the transmitted light [29]. Arduino
microcontroller is used as DAQ to process the data from
the signal. To perform the measurement, the detector was
carefully attached at the edge of the coated glass substrate,
one end of the coating material was connected to a light
source, and the other was connected to a photodetector.
The proposed HEC/PVDF coated glass substrate for the
acetone liquid sensor has been demonstrated for the first
time in our knowledge.

2. Sensing mechanism

Nanomaterial have evolved into a crucial element in
nanotechnology. The majority of those who utilize the
nanomaterial as sensitive materials pay less attention to
exploring the light scattering phenomena feature that
occurs on the coating material [30]. Light transmission
through the glass substrate is significantly influenced by
the dispersion coefficient of the coating material and the
total fractional power carried in the sensing region. This
can be demonstrated by an equation (1) discovered by
Beer-Lambert Law:

— —aL
I =1,e (1)
where [ signifies the intensity of light leaving the sensing
sector, while I, indicating the intensity of light entering
the sensing territory, a is the scattering coefficient, and L
is the sensing region length. To quantify these functions,
an instrument that measures the angular distribution of
light reflected or transmitted by a surface must be used to
complete knowledge of optimize the optical properties. To

fully characterise the optical properties of each layer, the
reduced scattering coefficient (us*), absorption coefficient
(uy) and phase function must be known [31]. This is
because impacted by the bulk absorption coefficient,
concentration, and effective fraction of total directed
power of the absorbing material [32]. An overview of the
sensing mechanism is shown in Fig. 1 where transmission
of light through to the sensing substance. This can cause
the intensity of the light to be reduced due to factors such
as absorption and scattering. Besides, the tone of the
scattering surface affects incident light intensity and
wavelength of the reflected light are also two factors that
need to determine the strength of the scattered light. The
intensity of dispersed light is determined by the particle
size and the light's wavelength. To get a good scattered of
light is with considering P to be the possibility of
scattering and A to be the wavelength of light, the equation
(2) is as follows:

1

Pa D 2)
This can also contribute where there is a refractive
index mismatch at the boundary. With a higher refractive
index (RI) solution, more light would leak out in point of
fact optical transmittance (T) also reduces due to the
molecular content increases which increases sensitivity to
acetone levels [33, 34]. The percentage of incoming light
that makes it through a substance is known as its
transmittance, or T, where I signifies transmitted light
(output) and I, indicates incident light (input). Given the
theoretical value output, using the following Equation (3)

to get the optical transmission (T) at the sensor [33].

T=21=¢a 3)
IO

A proposed sensor is shown in Fig. 1 is utilized
pertaining to the characterization of the sensing structure.
In order to observe the sensing response, a light source is
supplied at one edge of the glass substrate to expose the
concentrations of acetone liquid. The amount of light
emitted will gradually decrease subsequent to its initiation
of interaction with the sensor substrate [35]. The increase
in refractive index contrast between surrounding of coated
glass layers as a result of scattering will lead to more light
leakage as concentrations grow, resulting in a lower output
voltage value [36]. There are many other factors that
contribute to this scenario; however, the structure that has
been proposed is aimed at achieving notable sensing
properties such as high sensitivity, high linearity, and

reliable measurement.
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Fig. 1. Sensing mechanism of the proposed sensor

3. Experiment detail

The experimental approach for this project comprises
several phases. Before the coating process started, the
glass substrates had to go through preparatory steps. The
edges of the glass have been cut into several little shards,
each measuring 22 millimetres (L) x 15 millimetres (W).
Prior of ultrasonic cleaning process, the glass substrates
(Heathrow Scientific LLC) were sequentially submerged
for 15 minutes in a container containing soap water, clear
water, and acetone (CH3COCHS3, Bendosen Laboratory
Chemical). After that, it was placed in an oven at a
temperature of 90 degrees Celsius for one hour in order to
eliminate any biological material [20]. The HEC/PVDF
solution was prepared by dissolving 1g of PVDF powder
(Mw=275,000) in 120 ml of dimethyl form amide (DMF)
in a water bath at 90°C. Subsequently, 4 g of hydroxyethyl
cellulose were added to the PVDF solution (HEC). The
three-dimensional structure of the mesh gel was developed
when the combined solution was agitated continuously for
around 10 hours at room temperature (hydrogel). After
waiting 48 hours for the HEC/PVDF combination to dry, it
was carefully applied to the glass substrate [37].
Subsequently, a little quantity of the mixture was gently
placed onto the glass substrate, then exposed to particles at
ambient conditions for 24 hours. Fig. 2 depicts a glass
substrate with HEC/PVDF coated glass substrate. To
develop a low-cost sensor device in this work, a
commercial green LED light source with a wavelength
between 495 nm and 570 nm was used [38]. The LED and
photodetector were placed as close to the edges of the
glass substrates, with as little space between them as
possible. To ensure total internal reflection is maximized,
the LED was positioned at a 50° angle near the glass
substrate's border, resulting in a 60° incident angle. A
photodetector is linked to a precondition amplifier, which
elevates the voltage signal so it can be processed by a data
acquisition (DAQ) device. The photodetector, which
transformed light intensity into an electrical signal, and the
light source were separated by a glass substrate. For this
reason, a commercial green LED was implemented as the
light source, and a photodiode was used as the light

detector [39]. The suggested sensor, based on a
HEC/PVDF-coated glass substrate, was tested in a
controlled environment utilizing a data acquisition (DAQ)
device as shown in Fig. 3. In additionally, the experiment
was performed at room temperature, with acetone
concentration levels ranging from 0% to 15%, and the
started were investigated with 0% as a reference value
[36]. This was accomplished by using pure water (0%).
The experiment was continuously done with acetone
sensing to obtain different results by placing on the surface
HEC/PVDF coated glass substrate. Eventually, the
behavior of the output voltage is analyzed according to the
performance of the sensing parameters such as sensitivity,
linearity, repeatability, hysteresis, response time and
stability.

Fig. 2. HEC/PVDF coated glass substrate
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Fig. 3. Experimental setup of the proposed sensor
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4. Result and discussion

Figs. 4 (a) and 4 (b) show that the proposed sensor
was tested at least three times to determine the standard
deviation of the output voltage, which is a response of the
sensor acetone towards HEC/PVDF coated glass and
uncoated glass by light scattering effect on glass
substrates. Referring to Fig. 4 (a), the uncoated glass
showed that the differences in deviation voltage ranged
around 0.06 compared to the coated glass, as shown in Fig.
4 (b), where the differences in deviation voltage ranged
around 0.03, and compared to the uncoated glass, the
accuracy of the results for each concentration was higher.
More importantly, the whole range shows that the voltage
value will be lower at the higher concentration level. Fig. 5
shows hysteresis performances based on the output voltage
that was measured in both forward and reverse directions.
As depicted in Fig. 5 (a), the variations between forward
and reverse values are extremely evident, particularly at
concentration levels of 9% and 12% for uncoated glass.
For uncoated glass, the difference between forward and
reverse measurements is around 0.1V. The minor
discrepancy in sensor response is due to the different
adsorption and desorption rates of analyte molecules on
the coating layer [38]. Furthermore, the output voltages
versus concentration in the ranges of 0% to 15% show for
both forward and reverse variations has a very small
margin of error across the range, as shown in Fig. 5(b).
Especially at 9% concentration, where there is a smaller
divergence with a lesser output voltage differential of
roughly 0.01V.
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Fig. 4. The repeatability of; a) Uncoated glass and b)
HEC/PVDF coated glass (color online)

Moreover, to verify the sensor's usefulness, a stability
test was conducted by recording sensor readings for 600
seconds, and each second at five concentration levels with
a total time is 10 minutes. A stability reading of uncoated
glass is depicted in Fig. 6(a), shows a less stable output
voltage during the whole period of the test. This is due to
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the fact that the uncoated glass has a low refractive index
contrast as compared to the coated glass. Therefore, more
consistent light refraction occurred to the HEC/PVDF
coated glass substrate. This lead to more stability to the
proposed sensor. This is demonstrated by the data from the
stability output voltage readings shown in Fig. 6 (b). Fig. 7
depicts the experimental setup for the response and
recovery time for both sensing, which were achieved by
continuously adding acetone from the lowest concentration
value to the highest concentration value during the test
duration of 480 seconds, or 8 minutes. The concentration
of acetone has also been adjusted from the minimum to the
maximum concentration, and likewise every 120 seconds
or 2 minutes until two cycles have been completed [36].
The overall response time for uncoated glass and
HEC/PVDF coated glass is displayed in Fig. 7 (a), which
is the uncoated glass react from the lowest to the greatest
concentration is 1.5 second has a slower time as compared
to a HEC/PVDF coated glass substrate, the higher output
voltage concentration is 1.47 second. While recovery time
shows it was reacting directly from the highest
concentration value to the lowest concentration.
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Fig. 5. The hysteresis graph of; a) Uncoated glass and
b) HEC/PVDF coated glass (color online)

where the output voltage of HEC/PVDF coated glass is
greater than that of uncoated glass, with a reaction time of

1.57 seconds against 2.0 seconds, as shown in Fig. 7 (b).
These findings demonstrated that the time response of the
glass substrate was enhanced after being coated with
HEC/PVDF. Fig. 8 depicts the sensing response when
exposure to increasing acetone concentrations levels for
both sensors along the concentrations level range of 0% to
15%. In addition, the performance parameters of both
sensors have been compared and summarised in Table 1.
This table shows that coated glass has superior
performance, as indicated by the percentages of sensitivity
(0.0331%) and linearity (99.1%), in contrast to uncoated
glass, which has a lower sensitivity (0.025%) and linearity
(only 95.41%). The detection of the acetone sensor on the
coating material is based on the fact that the acetone
molecule has a higher dipole moment [1, 40], making it
easier for it to react with the HEC/PVDF coated glass
substrate compared to uncoated glass. Our proposed sensor
also shows better performances in term of linearity as
compared to other acetone liquid sensors found in the
literature [41, 42] which exhibit linearity of 94.38% and
96.91% respectively as compared to our result which is
99.1%. Sensitivity of our sensor (0.0331 V/%) also better
as compared to acetone liquid sensor in [42], which is
0.0269 V/%. The change in the refractive index (RI) of the
coating materials also can modify the light output intensity
[37]. The findings have demonstrated that all of the
sensor's properties, including its stability, linearity, and
sensitivity, have been successfully improved.
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Table 1. Summary of the sensing performances

Parameters Uncoated HEC/PVDF
glass coated glass
Sensitivity (V/%) 0.025 0.0331
Linearity (%) 95.41 99.1
Std. deviation (V) 0.0153 0.00718
Resolution (%) 0.612 0.217
Time response (Secs) 1.0 0.6

5. Conclusions

In summary, the proposed acetone liquid sensor based
on HEC/PVDF coatings layer that act as changeable
reflective index (RI) on glass has been successfully
implemented. The proposed sensor exhibits several
advantages, such as high sensitivity, fast response, and
stability. The sensor shows a strong linear response when
exposed to concentration levels between a range of 0% to
15%. In each tested concentration range, the proposed
sensor shows superiority in all sensing performance
parameters as compared to the uncoated glass. The
experimental results show that a sensitivity of 0.0331 V/%
as compared to the sensitivity of uncoated glass of 0.025
V/% and a linearity of 99.1%, which is higher than
uncoated glass, demonstrating a greater potential as an
acetone sensor. Overall, the proposed sensor produces
better sensing performances in terms of sensitivity,
linearity, repeatability, hysteresis, stability, and time
response. In the future, a wide variety of coating materials
might be used as sensitive materials to examine sensing
performance in relation to acetone concentrations.
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