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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• A piperazine-based Schiff base was 
designed as a potential chemosensor.

• Gas sensing ability toward benzene, 
ethanol, and acetone vapours was eval
uated for the first time.

• Adsorption kinetics were analyzed using 
the Elovich model for all analyte 
vapours.

• The thin film SPR sensor demonstrated 
promising potential for intelligent gas 
classification and healthcare 
applications.

A R T I C L E  I N F O

Keywords:
Schiff base material
Vapour sensor
Surface plasmon resonance
Elovich model

A B S T R A C T

Herein, a Schiff base sensor candidate derived from piperazine heterocycle and substituted aromatic group, 
namely 4-methyl-N-(3-nitrobenzylidene)piperazin-1-amine (NBPA) was synthesized and thin films of this de
rivative were examined through surface plasmon resonance technique for its chemoreceptor feature against some 
organic vapours of distinct character such as benzene, ethanol and acetone. The ranges of some sensor parameter 
values, including sensitivity (0.0763–0.2675 × 10− 3 response/ppm), LOD (43.25–12.33 ppm), and LOQ 
(131.06–37.38 ppm), are presented for the NBPA-based thin film exposed to these organic vapours. Furthermore, 
the adsorption kinetics of the NBPA thin film when exposed to these vapours at different concentrations were 
investigated by analysing the experimental SPR data using the Elovich model. For acetone, ethanol, and benzene 
vapours, the Elovich constant a ranged from 524.19 to 5493.24, 458.47–3734.67, and 598.03–2900.75 ppm/ 
mm2, respectively, while the corresponding b values were between 0.17 and 0.01, 0.22–0.02, and 0.42–0.02 
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mm2s/ppm. These results indicated that heterocyclic and aromatic moiety aided Schiff base material could be 
triggered for superior intermolecular interactions, and thus the potential of Schiff bases to reveal sensitive 
chemoreceptors that will broaden new horizons has been confirmed once again.

1. Introduction

In both developing industries and the groves of academe, the 
detection of harmful gases like hydrocarbons and volatile organic 
compounds (VOCs) has been risen in importance due to the growing 
concerns for healthcare and environmental monitoring [1–3]. Conven
tional detection of volatile hydrocarbons by the methods based on 
instrumental techniques including infrared spectroscopy, gas chroma
tography with specialized detectors (Flame Ionization (FID), Photo 
Ionization (PID), Thermal Conductivity (TCD) and Mass (MS) Detectors, 
etc.) has been carried out at present [4–6]. Although these instruments 
make it suitable for accurate detection and comprehensive scientific 
research, their high cost, large-sized setup, and the need for 
time-consuming procedures and professional skills make them inap
propriate for real-time detection and analysis [7]. For these reasons, as 
an alternative approach, chemical sensors which are constructed from 
organic materials have been widely used due to their unique electronic 
structures and structural properties [8,9]. Thus, related organic de
rivatives obtained by modifying their skeleton and/or introducing 
different substituents into the main skeleton allow researchers to design 
a variety of sensors for the determination of gaseous analytes [10,11].

These types of existing sensors are mainly based on the basis of 
electrochemical, optical, acoustic, luminescent, mass-sensitive, 
conductometric, piezoelectric and thermal signal transduction mecha
nisms [12–17]. Among them, Surface Plasmon Resonance (SPR) is a 
technique incorporating optical, highly sensitive sensors that make use 
of metal film excitation in order to find the presence and concentrations 
of analytes in various samples [18]. SPR sensors measure a change in the 
refractive index of this metal film surface which is caused by binding of 
the analyte to the sensing molecule that is on the metal surface [19]. 
Çimen et al. [20], in their review, highlight how (Molecularly Imprinted 
Polymer) MIP-based plasmonic sensors enable the label-free, highly 
selective and sensitive detection of various environmental contami
nants. This is achieved by integrating nanomaterials and plasmonic 
transduction layers. Moreover, recent studies [21,22] have demon
strated the MIP method’s effectiveness in various sensing applications. 
This further validates its versatility and robustness when used with 
diverse analytes, ranging from small molecules to biomacromolecules.

By measuring the relevant change, a broad range of gaseous species 
and VOCs including the recognized candidates as the most noteworthy 
ones like benzene, ethanol and acetone can be qualitatively and/or 
quantitatively detected [23–27]. This can be attributed to the fast 
growing of industrialization and the expansion of laboratory/medical 
applications, as the emissions of these VOCs pose a significant threat to 
human health and have therefore attracted considerable public atten
tion. Among these VOCs, for instance, acetone has emerged as a 
non-invasive biomarker (breath acetone, BrAce) present in the exhaled 
breath of both healthy and diabetic individuals. Its concentration cor
relates with metabolic alterations associated with diabetes, motivating 
intense development of highly sensitive VOC sensors for healthcare 
monitoring [28]. The same sensing mechanisms and engineered mate
rials are also relevant to industrial applications, where acetone leakage 
poses significant environmental and safety concerns [29,30]. Accord
ingly, in order to meet the demands in this field and overcome the 
challenges in the design of gas sensors, much research has been dedi
cated to exploration of various organic molecules as sensing candidates 
[31].

While important steps have been taken for the preparation of gas 
sensors based on various materials ranging from organic-based com
pounds to metal-based materials [32–37], it is clear that the sensing 

performance is closely related to the structure and composition [38], 
and in this regard, Schiff bases present unique feature in view of its 
components and the imine bond along with electronic configurations 
[39–41]. In contrast to previous reports in the literature, this study fo
cuses on a Schiff base analogue designed to exhibit coordination capa
bility through diverse weak interactions with various molecular species, 
and which can be derivatized with different organic building blocks due 
to its stabilizing effects on electronic configuration and therefore 
intermolecular interactions. These characteristics distinguish it from 
conventional sensor materials in terms of selectivity and sensitivity, and 
hence as a potential sensor candidate, the Schiff base derivative con
sisting of piperazine and nitro-substituted units was systematically 
investigated for its gas sensing behaviour toward benzene, ethanol and 
acetone vapours. Moreover, to the best of our knowledge, although 
Schiff base-based sensors have been effectively employed for the 
detection of ionic species (e.g., H+) in aqueous media, and molecular 
gases like NH3 and HCl, their use in sensing volatile organic compounds 
including ethanol, benzene, and acetone has not yet been explored.

In the light of aforementioned information given in detail above, this 
paper aspires to be a space-filler in the exploration of Schiff base-based 
sensors offering considerable occasions thanks to their functional groups 
and distinct electronic properties which enhance their gas sensing ca
pabilities, particularly in the context of Schiff bases detecting VOCs.

2. Experimental section

2.1. Preparation of NBPA chemosensor thin film

The synthetic procedure and spectroscopic characterization of this 
sensor compound NBPA are given in the Supplementary Material 
(Figs. S1–S5). The spectroscopic characterization data are consistent 
with those previously reported in the literature [42]. In Fig. 1, the 
chemical structure of the NBPA molecule is shown, which is investigated 
as a potential chemical sensor in thin-film material form.

2.2. Gas measurement technique

The gas sensing characterization was performed with the SPR setup, 
Biosuplar 6 model SPR system with a He–Ne laser (632.8 nm) and an 
angular resolution of 0.003◦. A glass prism was mounted onto a holder to 
provide the Kretschman configuration to generate the surface plasmons. 
The p-polarized beam is totally internal reflected when directed above 
the critical angle. At a special angle θSPR the SPR formation is supplied 
between the interface gold/thin film (metal/dielectric) via their nega
tively signed dielectric constants, exciting the delocalized electrons of 
the gold layer, bringing them into resonance. Therefore, the reflected 
light intensity experiences a dramatic decrease at the θSPR. For the gas 
sensing experiments benzene, acetone, ethanol with a purity of 99 % 
(Sigma-Aldrich) were used without further purification. The saturated 
vapours were supplied by filling the half volume of a glass flask with the 
liquid form of the volatile solvents in room temperature; therefore, the 
saturated vapour will fulfil the other half. The saturated form of each 
VOC was transferred into a 1 mL injector to expose it into the gas cell. 
The gas sensing measurements were performed in 5 steps; 0.2 mL of 
saturated vapour was mixed with dry air to reach the volume of 1 mL 
where in each step the saturated vapour volume is increased as 0.4 mL, 
0.6 mL, 0.8 mL and the rest of the volume was completed with dry air. In 
the last step 1 mL of the volume was fulfilled with saturated vapour only. 
The exposures of the vapour and flushing with the dry air lasted for 2 
min, each periodically. The reciprocal exposures of the saturated vapour 
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were used to monitor the reproducibility of the NBPA thin film sensors. 
All measurements were repeated three times at room temperature (20 
◦C) and the relative humidity (RH) value was 25 % which is monitored 
by HTC-2 LCD Digital Thermometer Hygrometer. The SPR-gas mea
surement system is given in Fig. 2.

2.3. Theoretical model

In gas sensor applications, the study of adsorption dynamics is 
important in terms of investigating the surface adsorption, diffusion and 
desorption interactions between the sensitive sensor material and the 
selected gas molecule to be detected. These interactions are highly 
dependent on the physical and chemical properties of applied gas. 
Several models such as Pseudo, Elovich, Langmuir adsorption models 
etc. have been developed to analyse the obtained experimental data. The 
piperazine-based Schiff base SPR sensor chip, which was previously 
prepared using this Schiff base material, was exposed to organic vapours 
containing chlorine compounds and their adsorption dynamics were 
analyzed using the Elovich model [42]. In this study, the same SPR 
sensor chip was used to investigate the sensor properties and adsorption 
dynamics against acetone, ethanol, and benzene vapours. The experi
mental results obtained for these vapours will be analyzed using the 
Elovich model which allows us to determine the adsorption efficiency, 
the rate of adsorption, the suitability of fitting parameters and the cor
relation coefficient [43,44].

The Elovich model is based on two assumptions: the amount of 
activation energy increases with adsorption time, and the adsorbent 
surface is heterogeneous [45]. Therefore, the Elovich model is suitable 
to analyse the data recorded from a solid film during the interaction 
between a solid surface and adsorbents. The adsorption capacity (the 
adsorption amount per unit area), qt, for a time-dependent SPR kinetic 
measurement is described as [46]: 

qt =

[
(Ii − Ie)V

A

]

(Eq. 1) 

Fig. 1. 3-Dimension Molecular Structure (ball-and-stick model) of NBPA 
sensor candidate.

Fig. 2. SPR-gas measurement system.
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where Ii is the initial reflected light intensity value, Ie is the equilibrium 
reflected light intensity value, V is the volume of the injected vapour and 
A is the surface area of thin film respectively.

The adsorption rate as a function of time (dqt/dt) for the Elovich 
model is given as [47]: 

dqt

dt
= a exp(− b qt) (Eq. 2) 

where a is the initial adsorption rate, qt is the quantity of gas adsorbed at 
time t and b is the Elovich desorption constant respectively.

If qt is chosen as 0, Eq. (2) is equal to a value which is regarded as the 
initial adsorption rate. If the boundary conditions can be chosen from 
qt = 0 at t = 0 and qt = qt at t = t, Eq. (2) can be integrated as [48]: 

qt =

(
1
b

)

ln(ab) +
(

1
b

)

ln(t) (Eq. 3) 

Eq. (3) can be applied to the experimental data for a calculation of a 
and b values which are used to understand the nature of gas adsorption 
onto a thin film.

If t ≫ t0 is assumed that the validity of Eq. (3) can be checked by 
plotting qt versus lnt which yields a linear relationship. Using the 

intercept 
(

1
b

)

lnab and the slope 
(

1
b

)

of this relationship the a and b 

values can be determined [49]. The correlation coefficient (R2) of this 
graph gives us an indicator of the conformity between SPR experimental 
data and the Elovich model parameters.

3. Results and discussion

3.1. Characterization of the NBPA thin films

The nanometric morphology of NBPA thin films was examined using 
atomic force microscopy (AFM) and scanning electron microscopy 
(SEM) techniques. Fig. S6a and S6b show the 2D and 3D topographical 
images of the film surface on a glass substrate. Image analysis of a 10 ×
10 μm μm scan area revealed roughness and RMS area values of 2.09 and 
2.84 nm, respectively. While some regions have relatively high surface 
peaks, the film’s overall surface appears homogeneous and smooth. 
Additionally, the SEM image shown in Fig. S7 revealed that the NBPA- 

coated glass surface had a uniform morphology, suggesting that NBPA 
molecules were distributed evenly across the surface.

3.2. Sensor parameters of NBPA thin film sensor

The interactions of NBPA thin films with volatile organic vapours 
were investigated using the spin coating production technique on a gold- 
coated glass substrate. Kinetic interactions of the NBPA thin films with 
benzene, acetone, and ethanol vapours were studied using the SPR 
method.

Generally, the sensing mechanism (given in Fig. 3) can be performed 
in four steps (baseline, adsorption, diffusion, and desorption). In the 
early baseline, NBPA-based thin film sensor exposed to dry air for 120 s 
and in this period of time, the response was a stable. The initial response 
of the NBPA -based thin film sensor showed a sharp increase for all 
harmful organic vapours between 120 and 125 s due to the surface 
adsorption effect. Once the vapour molecules have been transported into 

Fig. 3. A schematic diagram of the SPR sensing mechanism.

Fig. 4. The kinetic response of NBPA-based SPR sensor.
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the NBPA-based thin film, the bulk diffusion effect takes over, and the 
response decreases exponentially. At 240 s, the response to dry air 
decreased instantaneously, followed by a recovery process (between 240 
and 244 s) for all harmful organic vapours due to desorption of the 
vapours. The response of the NBPA-based thin film sensor is stable after 
245 s, and the sensor returns to the initial baseline.

Fig. 4 shows the kinetic studies of the NBPA-based SPR sensors’ 
interaction with three different vapours. The response is presented in 
terms of the 

Sensor response=
(

ΔI
I0

)

x 100 (Eq. 4) 

where ΔI describes the difference in the reflected light intensity before 
the interaction between the thin film and vapour molecules (Io) and after 
exposure to selected vapour molecules (I). From Fig. 4, it can be seen 
that the reflected light intensity was kept constant for the first 120 s of 
the time-dependent response measurements. Then, selected vapour was 
injected into the gas cell at the 120th second, after which the amount of 
reflected light intensity was recorded for the following 120 s. After 240 
s, fresh air was injected into the gas cell to clean it of volatile organic 
vapour. A similar process was carried out for kinetic study by exposing 
the NBPA thin film to acetone, ethanol, and benzene vapours at five 
different concentrations, as shown in Fig. 6a, 7a and 8a, respectively.

The three different vapour response values of the NBPA thin film can 
be explained by the physical parameters of the VOCs presented in 
Table 1. Among the organic vapours tested, the NBPA thin film sensor 
exhibited the highest response to acetone vapour (ΔI/Io × 100). This 
may be due to acetone having higher vapour pressure compared to other 
vapours. The rapid change in response is believed to be directly 

Table 1 
Some physical properties of vapours.

Vapours Molecular weight (g 
mol− 1)

Vapour pressure 
(kPa)

Sensor response (ΔI/Io 
× 100)

Benzene 78.11 9.95 32.85
Acetone 58.08 30.6 45.52
Ethanol 46.11 5.95 12.54

Fig. 5. The response of NBPA-based SPR sensor against to three different VOCs 
at different concentrations.

Fig. 6. Adsorption results of NBPA thin film for acetone vapour.
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proportional to the vapour pressure value once the vapour is released 
into the gas cell.

The kinetic measurements were analyzed through the sensor pa
rameters such as sensitivity (S), limit of detection (LOD), limit of 
quantification (LOQ), response and recovery times.

Sensitivity was calculated as 

S=
Sensor response

c
(Eq. 5) 

in terms of ppm− 1 which represents the response per unit concentration 
of vapour molecules. Concentration dependence calibration curves of 
NBPA thin film are given in Fig. 5. The calibration curves are generated 
for this purpose that present the linear relation between the response 
with increasing concentration of each vapour. The S values are calcu
lated using this linear relationship and are listed in Table 2. The highest 
S value is obtained for benzene vapour and the lowest S value for ethanol 
vapour.

LOD value of a sensor material describes the lowest amount of the 
selected vapour that can be detected. LOQ value is known as the lowest 
amount of the selected vapour that can be accurately quantified. These 
two important sensor parameters indicate a higher sensitivity and pre
cision of a sensor material. The LOD [50] and the LOQ [51] values can 
be given as: 

LOD=
3.3 σ

S
(Eq. 6) 

LOQ=
10 σ

S
(Eq. 7) 

where σ is the standard deviation for our SPR measurements (0.001) and 
S is the sensitivity of NBPA thin film.

For comparative performance metrics, a comprehensive study using 
different thin films is summarized in Table 3.

In this study, the responses of NBPA thin films to three different 
organic vapours were recorded using SPR kinetic measurements. These 
response data and the calculated sensor parameters are shown in Ta
bles 1 and 2. Physical property parameters such as vapour pressure, 
dipole moment and molecular weight of the vapours tested can explain 
the measured and calculated sensor parameter values (response, sensi
tivity, LOD, LOQ, response and recovery times) for the NBPA thin film 
sensor [60,61].

The overall sensitivity for the NBPA-based SPR sensor is in the 
following order: benzene > acetone > ethanol. This can be explained by 
considering the molecular weights. The order of sensitivity is the same 
as the molecular weight of the vapours: benzene (78.11 g mol− 1), 
acetone (58.08 g mol− 1) and ethanol (46.11 g mol− 1). A larger vapour 
molecular weight leads to higher sensitivity, which aligns well with 
previous findings in the literature [62–64]. When the number of mole
cules that can be adsorbed by an adsorbent is limited, it is reasonable to 
assume that a larger molecular weight of the adsorbent will lead to 
greater sensitivity.

Fig. 7. Adsorption results of NBPA thin film for ethanol vapour.
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3.3. Adsorption results of NBPA thin film

The Elovich constants (a and b) and R2 parameters for the Elovich 
model versus each concentration value were calculated using the time- 
dependent SPR kinetic measurement data for acetone, ethanol, and 
benzene vapours of the NBPA thin film given in Figs. 6–8, respectively, 
as well as Eqs. (1) and (3). These values are given in Table 4. An un
derstanding of the adsorption behavior was obtained by collecting the 
values of reflected light intensity for each concentration from Fig. 6a, 7a 
and 8a. These values were recorded while the vapour molecules were 
exposed to the gas cell until dry air was introduced.

The selected data on the intensity of reflected light for acetone, 
ethanol, and benzene vapours as a function of time is shown in Fig. 6b, 
7b and 8b, respectively. The qe values of the thin film sensor NBPA were 
determined with the help of Eq. (1) and are presented in Fig. 6c, 7c and 
8c for acetone, ethanol, and benzene vapours, respectively. Eq. (3) and 
Fig. 6d, 7d and 8d are used for Elovich model to determine a and b 
constants which are given in Table 4.

It is clear that the values for all three vapours increase while b values 
decrease depending on the concentration. As the concentration value 

increases, a value also increases rapidly because the interaction between 
vapour molecules and NBPA thin film sensors increases rapidly when 
the vapour molecules are adsorbed. The b value shows a rapid decrease 
due to the desorption process slower with the increase in the concen
tration amount.

Table 4 shows the Elovich constants (a and b) that were calculated 
for the different concentrations of the three vapours to which the SPR- 
based NBPA sensor was exposed. The Elovich constant, a, was found 
to be in the range of 524.19–5493.24 ppm/mm2 for acetone vapour, 
458.47–3734.67 ppm/mm2 for ethanol, and 598.03–2900.75 ppm/mm2 

for benzene vapour at different concentrations. The other Elovich con
stant (b) was calculated to be in the range of 0.17–0.01, 0.22–0.02, and 
0.42–0.02 mm2s/ppm for acetone, ethanol, and benzene vapours, 
respectively. The Elovich constant (a) of acetone vapour at saturated 
concentration is higher than that of other vapours. The result obtained 
can be attributed to acetone’s high vapour pressure and dipole moment 
compared to the other vapours. This result may be due to dipole-dipole 
interactions between the adsorbed vapour molecules and the thin film 
material. The order of Elovich constants at saturated concentrations for 
three different vapours is the same as the order of their dipole moment 
values (acetone (2.91 D) > ethanol (1.69 D) > benzene (0 D)).

In order to analyse a sensor interaction, the adsorption process be
tween the thin film and target adsorbent is another sensing interaction 
factor that must be investigated. In an adsorption feature, the adsorbate 
encounters the surface, interacts with the surface, and then migrates into 
the film structure [65]. The chemical and physical interactions between 
the gas molecules (analyte) and the thin film (adsorption agent) occur, 
in which the pore volume and size distribution of the surface, molecular 
weight, polarity, saturated vapour pressure of the gas molecules, and 

Fig. 8. Adsorption results of NBPA thin film for benzene vapour.

Table 2 
Sensor parameters for the NBPA thin-film sensor.

VOCs Sensitivity (Response/ 
ppm) x 10− 3

LOD 
(ppm)

LOQ 
(ppm)

Response/ 
Recovery times (s)

Benzene 0.2675 12.33 37.38 2/5
Acetone 0.2214 14.90 45.17 2/7
Ethanol 0.0763 43.25 131.06 2/5
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external conditions can all play an important role within the adsorption 
process [66]. To understand the sensing mechanism, the different 
models are applied to the experimental data because the nature of the 
adsorption interactions between gas molecules and a sensing material is 
an important issue to develop and optimize high-quality sensors in 
several areas of application [66–68].

Our earlier report showed that sensing results for different VOCs, 
such as dichloromethane, chloroform, and trichloroethylene, are higher 
than acetone, ethanol, and benzene vapours. In addition, the fitting 
parameters of sensing data using the Elovich model are much better than 
the current study. These results can be concluded that the NBPA thin 
film sensor is more sensitive and selective to dichloromethane, chloro
form, trichloroethylene vapours than acetone, ethanol, and benzene 
vapours due to adsorption features.

4. Conclusions

In this study, our piperazine conjugated Schiff base chemoreceptor 
was, for the first time, employed to broaden its sensing capabilities to
ward gaseous guest molecules including benzene, ethanol, and acetone, 
considering their intrinsic physicochemical properties. In related gas 
sensing experiments, the LOD, LOQ, and sensitivity values were deter
mined to be 43.25–12.33 ppm, 131.06–37.38 ppm, and 0.0763–0.2675 
× 10− 3 response/ppm, respectively, for the Schiff base-based thin film 
sensor exposed to organic vapours of different characteristics, namely 
benzene, ethanol, and acetone. The adsorption kinetics of the NBPA- 
based SPR optical sensor during the interaction process with this 
vapour were also discussed, and the results were presented. The 
adsorption kinetics were studied by calculating the Elovich constants (a 
and b) using data obtained by exposing the NBPA-based SPR sensor to 
organic vapours at five different concentrations. The Elovich constant a 
was calculated to be in the range of 524.19–5493.24, 458.47–3734.67, 

Table 3 
The existing sensors for selected vapours.

Thin film sensor Test technique Tested vapour S LOD 
(ppm)

LOQ 
(ppm)

Refs

The nanofiber sensor PAN-RHE Quartz Crystal 
Microbalance (QCM)

acetone 0.0243 Hz/ppm 135.80 411.52 [52]
ethanol 0.0091 Hz/ppm 362.63 1098.9
benzene No good response – –

Metal organic framework (MOF) MIL-101(Cr) acetone 0.090 Hz/ppm no report no report [53]
ethanol 0.450 Hz/ppm

N-cyclohexylmethacrylamide LB thin films acetone 0.044 Hz/ppm 67.72 no report [54]
ethanol 0.029 Hz/ppm 100.33
benzene 0.047 Hz/ppm 63.83

Tetranitro-oxacalix [4]arenes thin film SPR acetone 0.0700 response/ppm no report no report [55]
ethanol 0.0166 response/ppm
benzene 0.0400 response/ppm

Pyridine modified calix [4]arene Langmuir-Blodgett thin film 
sensor

acetone 0.477 response/ppm 7.79 ×
103

no report [56]

benzene 0.185 response/ppm 6.52 ×
103

TiO2 thin film sensing layer ethanol 1.13 × 10− 6 (1/ppm) 22 × 103 no report [57]
HKUST-1 metal–organic framework (MOF) via a layer-by- 

layer
acetone 13.7 nm/% 0.005 % no report [58]
ethanol 15.5 nm/% 0.003 %

Chitosan-polyethylene glycol (PEG)-based surface plasmon 
resonance (SPR) sensor

acetone 0.348◦/ppm 5 no report [59]

4-methyl-N-(3-nitrobenzylidene)piperazin-1-amine (NBPA) 
thin film

dichloromethane 1.78 response/ppm 1.85 5.62 [42]
chloroform 2.27 response/ppm 1.45 1.94
trichloroethylene 1.70 response/ppm 1.94 5.88
acetone 0.2675 × 10− 3 

response/ppm
12.33 37.38 This 

work
ethanol 0.2214 × 10− 3 

response/ppm
14.90 45.17

benzene 0.0763 × 10− 3 

response/ppm
43.25 131.06

Table 4 
Adsorption results of NBPA thin film for three different organic vapours.

Organic 
vapour

C 
(%)

Fitting equation R2 Elovich constant

a (ppm/ 
mm2)

b (mm2s/ 
ppm)

Acetone 20 y = − 5.5832x +
25.36

0.9369 524.1938 0.1791

40 y = − 7.4709x +
33.922

0.6392 701.4256 0.1338

60 y = − 17.124x +
62.095

0.721 643.8346 0.0613

80 y = − 25.031x +
106.63

0.7638 1772.267 0.0399

100 y = − 62.839x +
280.94

0.7638 5493.247 0.0159

Ethanol 20 y = − 4.4115x +
20.486

0.9657 458.4788 0.2266

40 y = − 12.539x +
59.623

0.9533 1456.568 0.0797

60 y = − 16.643x +
74.643

0.9059 1475.702 0.0600

80 y = − 28.341x +
129.16

0.9067 2701.626 0.03528

100 y = − 43.005x +
191.98

0.9128 3734.675 0.0232

Benzene 20 y = − 2.34x +
12.972

0.8475 598.0359 0.4273

40 y = − 5.553x +
25.898

0.8403 588.7713 0.1800

60 y = − 13.051x +
56.243

0.913 970.9396 0.0766

80 y = − 25.616x +
115.78

0.9536 2351.989 0.0390

100 y = − 34.53x +
153

0.8822 2900.758 0.0289
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and 598.03–2900.75 ppm/mm2 for the different acetone, ethanol, and 
benzene vapour concentrations, respectively. Similar calculations were 
performed for Elovich constant b and were found to be in the range of 
0.17–0.01, 0.22–0.02, and 0.42–0.02 mm2s/ppm for acetone, ethanol, 
and benzene vapours, respectively. In light of these findings, Schiff base 
host molecule modified with a piperazine heterocyclic core has emerged 
as a promising candidate for developing high-performance sensors tar
geting gaseous guest analytes, including benzene, ethanol, and acetone, 
with potential applications in medicine and healthcare. To enhance the 
selectivity of the related host molecule, our study also incorporated 
detailed investigations aimed at gas classification. Consequently, this 
study lays a solid foundation for the selective recognition capabilities of 
intelligent gas sensing technologies.
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[60] Y. Acikbas, G. Dogan, M. Erdoğan, R. Çapan, C. Soykan, Organic vapor sensing 
properties of copolymer Langmuir-Blodgett thin film sensors, J. Macromol. Sci., 
Pure Appl. Chem. 53 (2016) 470–474, https://doi.org/10.1080/ 
10601325.2016.1189279.

[61] K. Büyükkabasakal, S.C. Acikbas, A. Deniz, Y. Acikbas, R. Capan, M. Erdogan, 
Chemical sensor properties and mathematical modeling of graphene oxide 
Langmuir-Blodgett thin films, IEEE Sens. J. 19 (2019) 9097–9104, https://doi.org/ 
10.1109/JSEN.2019.2926367.

[62] Y. Acikbas, R. Capan, M. Erdogan, F. Yukruk, Thin film characterization and vapor 
sensing properties of a novel perylenediimide material, Sens. Actuators, B 160 
(2011) 65–71, https://doi.org/10.1016/j.snb.2011.07.013.

[63] P. Sun, Y. Jiang, G. Xie, J. Yu, X. Du, J. Hu, Synthesis and sensitive properties of 
poly-(bistriethylphosphine)-platinum-diethynylbenzene for organic vapor 
detection, J. Appl. Polym. Sci. 116 (2010) 562–567, https://doi.org/10.1002/ 
app.31506.

[64] L.G. Xu, X. Hu, Y.T. Lim, V.S. Subramanian, Organic vapor adsorption behavior of 
poly(3-butoxythiophene) LB films on quartz crystal microbalance, Thin Solid Films 
417 (2002) 90–94, https://doi.org/10.1016/S0040-6090(02)00634-X.
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