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urface type humidity sensor based
on methyl green thin film, with the analysis of
capacitance and resistance through neutrosophic
statistics

Usama Afzal,a Naveed Ahmad,a Qayyum Zafar b and Muhammad Aslam *c

In this work, we propose a humidity sensor based on methyl green thin film. A surface-type humidity sensor

Al/MG/Al was fabricated by depositingmethyl green thin film between aluminum electrodes. The structural,

optical and surface morphological properties of the thin film were characterized by XRD, UV Vis and FESEM.

The sensing properties with high sensitivity as well as response time 200 s and recovery 60 s of the humidity

sensor were investigated by measuring the capacitance and resistance at 1, 10 and 100 kHz with the

humidity varying range from 32 to 85% RH. These measured values were analyzed by classical statistics

and neutrosophic statistics. As a result, it was observed that neutrosophic statistics were more

informative, flexible and adequate than classical statistics for analyzing the measured values of

capacitance and resistance.
1. Introduction

The reliable detection and control of humidity is an important
requirement of meteorology, pharmaceuticals manufacturing
and electronics industry as well as the chemical industry that
has increased the use of humidity sensors commercially.1,2

Nowadays, organic semiconductors have gotten importance in
the fabrication of humidity sensors due to their remarkable
properties such as low dielectric permittivity, electrical charac-
teristics and intrinsic hygroscopic property.3,4 In order to
fabricate a humidity sensor, a number of transduction tech-
niques are used including resistive, capacitive, surface acoustic
wave optical and eld-effect transistor (FET).5–8 All of these
techniques have their own performance, but capacitive is
dominant due to its low power degeneracy, linear response,
cost-effectiveness and device design.9 According to the estimate,
about 75% of humidity sensors fabricated by the use of capac-
itive techniques are available in markets. Similarly, the resistive
technique has also been used in a number of humidity sensors.7

Number of researchers have used organic semiconductors in
the fabrication of humidity sensors. Fabrication of a humidity
sensor with good stability, high sensitivity, quick response and
recovery time is highly desirable. Also, an effective and ideal
sensing layer that should not peel or swell as relative humidity
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RH increase, is a core requirement for such fabrication.10 M. I.
Azmer et al.,11 reported a capacitive type humidity sensor based
on polyvinylpyrrolidone (MEH-PPV:PVP) composite thin lm
and studied it at 1 volt AC operational bias with relative
humidity as the function of broad range 20–90%. It showed
a fast response time, i.e., 18 s for adsorption and 8 s for
desorption, small rage hysteresis, i.e., 2% RH and exhibited
a very high range sensitivity, i.e., 114 f F/%RH @ 100 Hz. A
resistive type humidity sensor based on AlPcCl-aluminum
phthalocyanine chloride thin lms, was fabricated and
studied at a relative humidity range of 20 to 92%, by Chani
et al.12 Similarly, Ahmad et al.,13 reported a capacitive and
resistive type humidity sensor based on organic semiconductor
material, i.e., nickel phthalocyanine-NiPc thin lm with relative
humidity ranges, i.e., 35–95% RH for capacitance and 35–75%
RH for resistance. The resistance decreased and capacitance
increased as increasing relative humidity RH.

Analysis of the data readings of capacitance and resistance of
the sensor was performed by the statistics techniques, which
may be in the form of graph values or table values. Neutrosophic
(introduced by F. Smarandache14) is a reliable technique of
statistics, which is the generalization of the fuzzy technique and
also more efficient. At the present time, the use of neutrosophic
techniques has increased to analyze the data in several elds,
i.e., in medicine for diagnoses data measurement,15 in applied
sciences,16 in astrophysics, i.e., earth speed17 and in humanistic,
etc.18 The neutrosophic technique is used on the interval point
value data, i.e., having indeterminacy.19 This is a signicant
benet over classical techniques because classical statistic only
deals with xed-point value data, i.e., having no indeterminacy.
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d1ra07087h&domain=pdf&date_stamp=2021-12-01
http://orcid.org/0000-0001-6763-9587
http://orcid.org/0000-0003-0644-1950
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra07087h
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011061


Fig. 2 Schematic diagram of Al/MG/Al sensor.
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Moreover, the neutrosophic technique is more helpful than
classical techniques, see examples in the following ref. 20, 21
and 22. Different statistical techniques were developed under
neutrosophic statistics by Muhammad Aslam.23,24

This work reports the motive study of an organic semi-
conductor methyl green MG, which was used for the rst time
in the fabrication of a humidity sensor and the rst-time neu-
trosophic statistic has been used to analyze the capacitance and
resistance on the data. In this study, methyl green in chloroform
solution was made and it is optical, structural as well as
morphological properties were investigated using different
characterization techniques. A surface type humidity sensor (Al/
MG/Al) was fabricated, whose capacitance, as well as resistance,
were measured simultaneously with respect to the change in the
relative humidity (%RH) and analyzed through classical statis-
tics and neutrosophic statistics.
2. Experimental

Methyl green [C27H35Cl2N3] MG 99.9% pure was used in this
experiment, its structure is shown in Fig. 1.

For the fabrication of the device, a glass slide (25 � 25 mm,
dimension) was cleaned with acetone and ethanol (15 minutes
each) and dried using a nitrogen gun. A 99.9% pure ‘Al’ thin
lm was deposited on the substrate by thermal evaporation with
a shadow mask at 10�5 mbar pressure. In this way, we obtained
two ‘Al’ electrodes separated by 50 mm on the substrate. A
solution of MG was prepared in chloroform. 40 mg of pure
methyl green and 1.6 ml chloroform were used in this solution
and the solution was stirred for ve hours. The device was
fabricated by depositing a 50 ml ltered solution between elec-
trodes and cover the separation of 50 mm with the help of
a micropipette. In this way, we fabricated a surface type Al/MG/
Al sensor with active sensing layer MG solution of thickness of
about 2 mm and surface area of about 8 mm � 25 mm, as shown
in Fig. 2.

The structure of the MG thin lm sample was characterized
using X-ray diffraction (XRD), the optical properties of the
sample were studied using the UV Vis technique and the surface
morphology was studied using FESEM-Field Emission Scanning
ElectronMicroscopy. Similarly, electrical characterization of the
sensor Al/MG/Al was performed in the laboratory at room
Fig. 1 Molecular structure of MG.

© 2021 The Author(s). Published by the Royal Society of Chemistry
temperature of about 22 �C. This characterization was associ-
ated with the humidity control chamber of dimension 45 cm �
60 cm. For increasing the humidity inside the chamber, a GB-
A500LW02 humidier was used. The capacitance and resis-
tance of the fabricated humidity sensor were measured using
the AT2816B LCR meter at different levels of relative humidity
%RH. Similarly, for measuring the humidity and temperature
inside the chamber, the MT-4014 humidity meter was utilized.
We measured all values of capacitance and resistance in inter-
vals (i.e., maximum andminimum change of values) at different
points by varying %RH from 32 to 85%. For the neutrosophic
technique, we used the same value but for the classical statical
technique, we converted these into x point values by taking the
mean of maximum and minimum values at each measured
point of %RH. Such type of setup has been used in different
research worked to study humidity sensors as shown in ref. 12
and 25. The values of capacitance and resistance as well as,
response and recovery times, were measured many times, i.e.,
daily bases for 17 days at room temperature but we have found
minor changes (about 0.5% to 1.7%, which can be neglected) in
these values (Fig. 3).
3. Results and discussion

The structure of the thin lm of methyl green was studied by the
XRD technique. The XRD conguration of the methyl green thin
lm is shown in Fig. 4. The pattern is observed in the range 5� <
2theta� < 90� with intensity 0 to 70 (a. u.). From the plot, it is
seen that there is no characteristic sharp peak but a broad peak
at 10� to 30�, which is representing the amorphous structure of
the methyl green thin lm and also denes a successful
Fig. 3 Schematic diagram of the sensing mechanism, utilized for
electrical characterization of the capacitance and resistance of the Al/
MG/Al humidity sensor.

RSC Adv., 2021, 11, 38674–38682 | 38675
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Fig. 4 XRD Pattern of the methyl green thin film.
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deposition of thin lm by comparing previously found XRD
pattern of methyl green.26

The optical absorption properties of the thin lm of methyl
green, UV Vis characterization, is shown in Fig. 5. A peak
between 320 to 400 nm, which indicated that the sample of
methyl green is a good absorber of UV-A (known black-light or
long-wave UV).27 The efficient absorption of light by methyl
green in the visible region indicates that it may also be used for
light sensing or solar cell applications.

Surface and hygroscope properties of thin-lm are used to
determine the sensor performance.28 In the following research
work, surface, morphology was studied using the FESEM tech-
nique. Fig. 6(A) was taken at 50 000� magnication with the
scale bar indicating 1 mm. A number of nanostructures with
hexagonal shapes, which are distributed with indiscriminate
directions can be observed. Voids, which will perform an
imperative role in the absorption of water molecules were also
seen.29 Fig. 6(B) was taken at 100 000� magnication with the
scale bar indicating 500 nm, which expresses the average size of
Fig. 5 UV-Vis characterization of methyl green.

38676 | RSC Adv., 2021, 11, 38674–38682
these nanostructures that is about 100 nm. The SEM of methyl
green sensing lm showed an irregular surface with large
numbers of voids. Such a type of microstructured morphology
allows greater ambient water/humidity molecule exposure,
which will enhance the sensing property of the sensing lm.30
3.1 Capacitance

The capacitance of the methyl green-based humidity sensor was
measured at changed frequencies, such as 1, 10 and 100 kHz by
varying humidity from 32 to 85%. It is detected that capacitance
increases with increased RH%. At low or initial relative
humidity, i.e., 32-RH%, the capacitance for all frequencies is
small and about at curve was obtained with small variations.
But, above 60-RH%, the capacitance starts to increase because
at this stage there was an increase in the absorption of humidity
on the sensing lm of the methyl green. So, the immobile layer
of the sensing lm transforms into the mobile layer.31 The
increase in capacitance is expressed as that capacitance is
directly proportional to humidity absorption by the sensor. The
capacitance of the humidity sensor consists of ‘3d’ dielectric
permittivity of methyl green thin lm, vacuum permittivity ‘30’,
distance between ‘Al’ electrodes ‘d’ and area of electrodes ‘A’.

C ¼ A3d30

d
(1)

The capacitance of the sensor varies on varying the %RH
level; therefore it can be safely attributed to some aspects as
follows: (a) thin lm surface morphology (b) water dielectric
constant (c) sensing material polarizability and (d) constant
area, i.e., distance between sensing material and electrodes.

Water has 80% relative permittivity that is more than that of
organic semiconductors.32 Because of such high dielectric
permittivity of water, detecting lm has signicantly high
dielectric permittivity. The difference of dielectric permittivity
of humid and dry detecting lm is the source of the detecting/
sensing process of the capacitance of the sensor. The capaci-
tance is the right source to investigate the sensing material's
dielectric properties because each other is directly proportional.
Theoretically, the relationship between capacitance and
dielectrics constant under dry and humid conditions is dened
as follows:33

Ch

Cd

¼
�
3h

3d

�n

(2)

Here 3h and 3dare humid and dry sensing dielectric
constants, similarly: Ch and Cd are capacitance values of humid
and dry factors, correspondingly and ‘n’ is a morphology
element of the dielectric. Humidity absorption on the sensing
lm was studied through hydrogen bonding with a weak VWI-
van der Waals interaction of polymer molecules with
humidity/water molecules.34 The water molecules' dipole
movement changes in the effect of the outside electric eld. So,
the polarity of the molecule is written as follows:

P ¼ aE (3)
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 (A) SEM of methyl green at 50 000� magnifications and (B) SEM of methyl green at 100 000� magnifications.
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Here ‘P’ is polarity, ‘a’ is polarizability and ‘E’ is an external
eld. Sensing material polarizability is directly proportional to
the dielectric constant of the sensing lm.35 It may be elec-
tronic, dipolar, or ionic in nature.36 By using the Clausius
Mosotti equation37 the relation is expressed as follows:

3d � 1

3d þ 2
¼ Ndad

330
(4)

Here 30is a free space permittivity and 3d is a relative
permittivity. By using this equation we can write an equation of
capacitance–humidity simulation.38 This is as follows:

Ch

Cd

¼ ½1þ 2Ndadð1þ kHÞ�
330

�½1�Ndadð1þ kHÞ�3d
330

(5)

Here, Ch and Cd are capacitance values of humid and dry
conditions, k is capacitive humidity factor having a value of 1.6
� 10�2 (RH)�1 and H is a relative humidity level.
3.2 Resistance

Similar to capacitance, the resistance of the methyl green-based
humidity sensor was measured at changed frequencies, such as
1, 10 and 100 kHz by varying humidity from 32 to 85%. It was
observed that the resistance decreases with increased relative
humidity RH%. At low or initial relative humidity, i.e., 32-RH%,
the resistance for all frequencies have high variations. But
above 60-RH%, the variation becomes very small and we get
approximately at curves because at this stage there was an
increase in the absorption of humidity on the sensing lm of
the methyl green. The change in resistance is directly related to
humidity absorption on the sensing lm. The water/humidity
molecules lead to an increase in charge carriers because these
molecules work as dopants. Moreover, this absorption may also
dissociate ions, which increases the conductivity of a material.
Conductance is inversed by resistance, so, the resistance of the
detecting lm decreases as the conductivity increases.2 The
resistance of the sensor depends on (a) the rate of water/
humidity molecules' absorption on the sensing lm (b) cross-
section area of the sensing lm ‘A’ (c) the conductivity of the
sensing material ‘a’(d) the length of sensing lm ‘l’. So, the
relation between the conductivity and resistance is expressed as
follows:
© 2021 The Author(s). Published by the Royal Society of Chemistry
R ¼ l

Aa
(6)

As the concentration of humidity/water molecules increases
in the methyl green thin lm, it is the probability that rst of all
this concentration changes the surfaces resistance ‘Rs’ and then
it changes the bulk resistance ‘Rs’.
3.3 Relationship between capacitance and resistance of the
sensor

As the capacitance of the sensor is dened by C¼ Q/V, where ‘C’
is capacitance, ‘Q’ is charge and ‘V’ is applied voltage. Also, the
resistance of the sensor is dened by V¼ IR, where ‘V’ is applied
voltage, ‘I’ is current and ‘R’ is the resistance of the sensor. As we
are dealing with the AC circuit so the impedance ‘Z’ w.r.t
capacitance is as follows:

Z ¼ 1/(j2pfC) (7)

Here f is the frequency, which is equal to f ¼ u/2p so (by

ignoring the complex no. j ¼ ffiffiffiffiffiffi�1p
)

Z ¼ 1/(uC) (8)

As the resistance and impedance of the circuit are equal i.e. Z
¼ R so

R ¼ 1/(uC) (9)

If we choose a constant frequency then the relation is:

R a 1/C (10)

This means that the capacitance and resistance of the
humidity sensor are inversely proportional to each other. The
proposed sensor is satisfying the following relation, i.e., at high
resistance the capacitance is low and vice versa.
3.4 Response and recovery time of humidity sensor

Response/comeback and recover/repeat times of sensor con-
sisted on methyl green thin were estimated through the
dynamic investigation procedure. Fig. 7 is showing the graphs
of the recovery and response time. The dynamic investigation
RSC Adv., 2021, 11, 38674–38682 | 38677
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Fig. 7 Response (left side) and recovery (right side) time of the humidity sensor based on methyl green.
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was performed between two RH levels, i.e., the low level was
40% and the high level was 80%. The comeback times are time
periods to attain about ninety-nine % of steady/stable values as
soon as suddenly the sensor is put into a chamber full of water
vapors/humidity.39 Same as the repeat time of the sensor is
a time duration required to attain its initial value as humidity is
removed. For dynamic investigation, a humidication and
dehumidication cycle was studied at 100 KHz operational AC
bias frequency (to avoid the complexity). In the following work,
we found the response time of 200 s and recovery time of 60 s for
the humidity sensor. For observing the repeatability, we
repeated the cycle of humidication and dehumidication but
we obtained the same values of response and recovery time for
the proposed sensor.

From Fig. 7, it is seen that the response time of the sensor is
a bit high at about 200 s this is due to the surface morphology of
the methyl green sensing lm, i.e., the voids on the surface are
very small having nanosize. So, the thin lm takes more time for
the absorption of water molecules/humidity drops, which is the
reason for the high response time.
3.5 Sensitivity of humidity sensor

Sensitivity is the main characteristic of the sensor that is used to
determine the transmission of the sensor. The sensitivity for
both capacitance and resistance type at 1, 10 and 100 kHz is
shown in Table 1. Moreover, we found better sensitivity than for
the previously reported sensors.11–13
Table 1 Sensitivity of capacitance and resistance type humidity sensor

Frequencies Band gap

Sensitivity

For resistance
(KU/% RH)

For capacitance
(pF/% RH)

1 kHz 32–85% 31.69 122.37
10 kHz 32–85% 28.51 91.30
100 kHz 32–85% 12.7 46.214

38678 | RSC Adv., 2021, 11, 38674–38682
Similarly, the comparison of the proposed sensor with the
previous study is shown in Table 2. From this table, it is seen
that there are many sensors have low response and recovery
time, but the sensitivity of our sensor is more than that of
others.
3.6 Analysis of data (capacitance and resistance) through
classical statistics

As mentioned above, we measured all readings in intervals. So,
for the classical statistics technique, we have converted the
readings of capacitance and resistance into the xpoint values
by taking the mean of the maximum and minimum values at
each measured point of %RH with different frequencies, i.e., 1,
10, 100 kHz.

For example, we have observed the value of capacitance [150,
170] with 32% RH at 1 kHz. As it is in interval form, so we
convert it into a xed point value, i.e., 160 by using the classical
statistics mean formula. In this way, we apply classical statistics
analysis on the measured values of capacitance and resistance
w.r.t relative humidity %RH changing from 32 to 85% at 1, 10
and 100 kHz.
3.7 Analysis of data (capacitance and resistance) through
neutrosophic statistics

For applying the neutrosophic statistics, we have developed the
proper formula. For developing the formula rst we see the
preliminaries.

3.7.1 Preliminaries. Suppose that YiN ¼ YiL + YiUIN (i ¼ 1, 2,
3. nN) where IN ˛ [IL, IU] and YN ˛ [YL, YU] be a random neu-
trosophic variable having size of nN ˛ [nL, nU]. The variable YiN ˛
[YiL, YiU] contains two parts: lower value YiL a classical part, and
upper-value YiUIN an indeterminate part with indeterminacy
interval IN ˛ [IL, IU].

Similarly, neutrosophic mean Y�N ¼ [Y�L, Y�U] is dened as
follows:

Y�N ¼ Y�L + Y�UIN; IN ˛ [IL, IU] (11)
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Comparison of Al/GM/Al sensor with the previously studied sensors

Nano-material Response time Recovery time Band width Sensitivity

a-Fe2O3 (ref. 40) 60 s 350 s — —
g-Fe2O3 (ref. 41) 150 s 450 s — —
ZnO (ref. 42) 36 s 530 s — —
SnO2 (ref. 43) 120–170 s 20–60 s 30–85% About 2–33 RH%
Methyl red44 10 s 10 s 30–95% 16.92 pF/% RH 0.307 MU/% RH
TDTBPPNI45 35 s 57 s 39–85% 102.61 pF/% RH �333.07 KU/% RH
Multi-wall carbon nanotubes46 45 s 15 s 11–97% 0.026 pF/% RH
Cobalt(II) phthalocyanine47 — — 30–95% 0.023 pF/% RH
Methyl green (present study) 200 s 60 s 40–80% 122.37 pF/% RH 31 KU/% RH

Fig. 8 The capacitance of the humidity sensor based on methyl green
at 1, 10 and 100 kHz operational frequencies.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
D

ec
em

be
r 

20
21

. D
ow

nl
oa

de
d 

on
 4

/2
6/

20
26

 2
:2

1:
57

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Here, YL ¼ PnL
i¼1

ðYiL=nLÞ and YU ¼ PnU
i¼1

YiU=nU.

3.7.2 Neutrosophic formula for capacitance. Let CN is the
measurement of capacitance with interval CN ˛ [CL, CU]. The
neutrosophic formula for the capacitance of the humidity
sensor is written as follows:

CN ¼ CL + CUIN; IN ˛ [IL, IU] (12)

The above-described measurement CN ˛ [CL, CU] is an
extension under the classical. The above equation consists of
two parts, i.e., CL determined and CUIN indeterminate parts.
Also, IN ˛ [IL, I] is known as indeterminacy interval. Moreover,
the measurement CN ˛ [CL, CU] was reduced to the classical or
determined part by choosing IL ¼ 0.

For example, at 32% RH, we observed the value of capaci-
tance as 150 and 170 at 1 kHz. So, here CL is equal to 150 and CU

is equal to 170. Similarly, indeterminacy IL ¼ 0 as mentioned
above and IU can be found by IU ¼ (CU � CL)/CU. So, the value of
IU at a given capacitance interval is 0.118. The neutrosophic
approach for the above capacitance interval is written as:

C32%RHat1kHz ¼ 150 + 170IN; IN ˛ [0, 0.118] (13)

If we choose IN ¼ 0 then we gets a minimum value, i.e., 150,
and if we choose IN ¼ 0.118, we get a maximum value of 180,
otherwise, we get a value between them. Similarly, we apply
neutrosophic statistics on the measured values of capacitance
w.r.t relative humidity %RH changing from 32 to 85% at 1, 10
and 100 kHz.

3.7.3 Neutrosophic formula for resistance. Let RN be the
measurement of capacitance with interval RN ˛ [RL, RU]. The
neutrosophic formula for the capacitance of the humidity
sensor is written as follows:

RN ¼ RL + RUIN; IN ˛ [IL, IU] (14)

The above-described measurement RN ˛ [RL, RU] is an
extension under the classical. The above equation consists of
two parts, i.e., RL determined and RUIN indeterminate part. Also
IN ˛ [IL, IU] is known as indeterminacy interval. Moreover, the
measurement RN ˛ [RL, RU] was reduced to the classical or
determined part by choosing IL ¼ 0.

For example, at 32% RH, we observed the values of resistance
as 1430, 1930 at 1 kHz. So, here RL is equal to 1430 and RU is
© 2021 The Author(s). Published by the Royal Society of Chemistry
equal to 1930. Similarly, indeterminacy IL ¼ 0 as mentioned
above and IU can be found by IU ¼ (RU � RL)/RU. So, the value of
IU at a given resistance interval is 0.260. The neutrosophic
approach for the above resistance interval is written as:

R32%RHat1kHz ¼ 1430 + 1930IN; IN ˛ [0, 0.260] (15)

If we choose IN ¼ 0, then we get a minimum value, i.e., 1430,
and if we choose IN ¼ 0.260, we get a maximum value 1930,
otherwise we get a value between them. Similarly, we apply
neutrosophic statistics on the measured values of resistance
w.r.t relative humidity %RH changing from 32 to 85% at 1, 10
and 100 kHz.

3.8 Comparison between classical analysis and
neutrosophic analysis

The plots of capacitance and resistance measured value anal-
yses through classical statistics are shown in Fig. 8 and 9,
respectively.

Similarly, the plots of capacitance and resistance measured
value analyses through neutrosophic statistics are shown in
Fig. 10 and 11, respectively.

From the classical graphs shown in Fig. 8 and 9, it is directly
seen that resistance and the capacitance of the sensor are
following the relation, as described in eqn (10) (section 3.3), i.e.,
RSC Adv., 2021, 11, 38674–38682 | 38679
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Fig. 9 The resistance of the humidity sensor based onmethyl green at
1, 10 and 100 kHz operational frequencies.

Fig. 11 Neutrosophic graphs of resistance of the humidity sensor
based on methyl green measured at 1, 10 and 100 kHz operational
frequencies.
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the resistance and capacitance are inversely increased or
decreased, respectively, to each other. Neutrosophic graphs are
shown in Fig. 10 and 11, as can be seen, in Fig. 10 the capaci-
tance from 32.5 to 60% RH is lower, this is because the neu-
trosophic statistics deal with the variation. In this region, the
variation for all 1, 10 and 100 kHz is very small, so in the neu-
trosophic graph capacitance in this region looks the same. But
in fact, the capacitance is increasing slowly w.r.t change in the
relative humidity %RH. It is seen that resistance and capaci-
tance have an inverse relationship as to where resistance has
high variation capacitance, has small variations, and where
capacitance has high variation resistance and has small
variations.

Similarly, the stability of the proposed sensor was checked by
varying the temperature. The sensor shows good stability for
both the magnitude of resistance and capacitance with varia-
tion in temperature until 57 �C with a small change of about
1.5% (which can be negligible). But as the temperature
Fig. 10 Neutrosophic graphs of the capacitance of the humidity
sensor based on methyl green measured at 1, 10 and 100 kHz oper-
ational frequencies.

38680 | RSC Adv., 2021, 11, 38674–38682
increases, the values of both capacitance and resistance change
about 2 times from initial.

Moreover, from the above graphs, a comparison between the
neutrosophic and classical statistical analysis of capacitance
and resistance of the humidity sensor can be made. It is seen
that graphs of classical analysis are not much exible because
these graphs are drawn at xed-point values. But graphs of the
neutrosophic analysis show more exibility. This means that
neutrosophic statistics are more effective to analyze the capac-
itance and resistance of the said humidity sensor. As a result, it
is found that neutrosophic statistics are informative, exible
and adequate than classical statistics.
4. Conclusions

A surface-type humidity sensor based on an organic semi-
conductor methyl green thin lm has been fabricated, whose
capacitance and resistance have been studied. The sensor
shows higher sensitivity. The capacitance and resistance of the
sensors were measured w.r.t the variation in relative humidity
(%RH) from 32 to 85% at 1, 10 and 100 kHz. These values were
analyzed through classical statistics and neutrosophic statis-
tics. It is observed that capacitance was increased but resistance
was decreased with the increase in humidity absorption on
sensing of the thin lm. Moreover, it was observed that the
analysis of capacitance and resistance of the humidity sensor
through the neutrosophic statistics was informative, exible
and adequate than the analysis through classical statistics.
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