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Schiff Base Thin Film Materials for Chloroform Vapor Detection

Rifat Capan,*@! Dilek Ogrence,?! and Hilmi Namlit®!

Two novel Schiff base compounds, (E)-4-((4-(dimethylamino)-
benzylidene)amino)benzoic acid (DMPABA) and (E)-4-(2-(4-
(dimethylamino)benzylidene)hydrazinyl)benzoic acid (DMPHBA),
were synthesized to investigate for the vapor sensor behav-
ior against chloroform vapor. DMPABA and DMPHBA thin
films were fabricated using the spin coating method. A sur-
face plasmon resonance system was employed to study the
sensor response and the adsorption behavior. The Elovich
model was chosen to determine the initial adsorption rate
(a) and the Elovich desorption constant (b). Sensor response

1. Introduction

Volatile organic compounds (VOCs) with low molecular weights
are easily evaporated at room temperature and are one of the
major air pollutants. There are increasing efforts toward the
design and synthesis of new molecules to detect and identify
VOCs at room temperature. Different types of organic materials,
such as porphyrins,! phthalocyanine,'? calixarene,! conjugated
polymers, and metal organic frameworks (MOFs),!>%! fabricated
as thin film sensors have been extensively studied for their VOCs
sensing properties. There is limited information in the literature
on the study of Schiff base material produced as a thin film VOC
sensor using the spin coating deposition technique.l’”* Schiff
base materials are significant candidates in the development of
VOC sensors due to the imine (—C=N—) group that breaks the
molecular symmetry, the conjugation, their amphiphilic nature,
and electronic properties.l'o™

The imine nitrogen atoms acting as Lewis bases in Schiff base
compounds interact with the target species via various electro-
static intermolecular interactions and/or hydrogen bonding to
enhance the sensing ability of the thin film sensor material.l'”
They are very stable for thin film formation and can be deposited
onto a solid substrate using the spin-coating technique. Thin
film sensor elements produced by Schiff base materials provide
highly sensitive and reproducible responses against VOCs, in
the field of environmental safety,™"! industrial monitoring,!'%"!
and medical applications.'®”! Therefore, they offer significant
potential for the room temperature sensing elements by utiliz-
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rates of DMPHBA and DMPABA thin films were deter-
mined to be 838 and 6.93, respectively. The a values of
the DMPHBA and DMPABA thin films were calculated as
2775.97 and 172851 ppm mm~2 respectively. The b value
(0.0373 mm?s ppm~') of the DMPHBA thin film was lower than
the b value (0.0602 mm?s ppm~') of the DMPABA thin film. The
DMPHBA film against chloroform vapor yielded a better per-
formance than the DMPABA thin film. The chemical difference
between the two materials is an —NH— group, which improved
the sensor response and adsorption behavior.

ing their amphiphilic nature, conjugated systems, and sensitivity
to VOCs.™®!

In this study, chloroform vapor is selected to study the sens-
ing properties and adsorption dynamics of Schiff base materials
because of its molecular structure, which allows for disper-
sion forces and dipole-dipole interactions. The polarity differ-
ence between the carbon-chlorine and carbon-hydrogen bonds
yields a dipole moment, which can create strong interactions
(dipole-dipole interactions or hydrogen bonds, etc.,) between
chloroform vapor and sensor material containing polar func-
tional groups. Additionally, chloroform vapor can adsorb to the
thin film structure, leading to molecular rearrangements or mor-
phological changes due to its volatility. SPR technique enables us
to study the molecular interactions between the thin film sens-
ing material and the target gas or vapor molecules. It is used
to determine optical parameters (refractive index and/or thick-
ness) of thin films and to monitor the real-time sensor response
against target molecules. It is widely used for chemical sensing
applications because of changes in the film thickness and/or the
refractive index values, which are evaluated by exciting a sur-
face plasmon at the metal-dielectric thin film interface.”?%! The
SPR signal is highly sensitive to refractive index and film thick-
ness changes. These advantages allow us to have fast online
real-time detection with relatively short response times. In addi-
tion, the SPR technique is suitable for developing a low-cost,
high-resolution, and fast-response chemical sensor.!"

As the main purpose of this work along with the incon-
venience of being limited number of papers available in the
literature on VOC sensors with Schiff base using SPR mea-
surement technique, two new Schiff base materials were
synthesized and studied as a sensitive vapor sensor that may
open a new strategy for exploring a set of new and respon-
sive materials toward vapor sensor applications. To synthesize
two novel Schiff base materials, 4-aminobenzoic acid (PABA)
and 4-hydroxybenzoic acid (PHBA) molecules were chosen in
this study. PABA is an isomeric form of aminobenzoic acid
with carboxylic and amine functional groups. It can exist in
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three forms depending on the pH of the environment (neutral,
anion, and cation) and is a common ligand that binds to metal
ions. Therefore, PABA has gained medical attention in the last
decade.!”?’ PHBA is a p-hydrazinobenzoic acid, a hydrazine
derivative of benzoic acid. The antioxidant properties of hydrazi-
nobenzoic acid derivatives were evaluated through various in
vitro methods, including the DPPH assay, and further supported
by theoretical DFT calculations, indicating significant free radi-
cal scavenging potential.®! Using PABA and PHBA molecules,
two Schiff base materials were synthesized, namely, [(E)-4-((4-
(dimethylamino)benzylidene)amino)benzoic acid (DMPABA) and
(E)-4-(2-(4-(dimethylamino)benzylidene)hydrazinyl)benzoic  acid
(DMPHBA)]. DMPABA integrates a hydrophilic —COOH group
with a hydrophobic dimethylamino-aromatic moiety, allowing
its interaction with organic compounds. A spin coating film
fabrication system was employed to prepare thin film sensors of
DMPABA and DMPHBA materials. The SPR measurement system
is used to collect the data during the interaction between
chloroform vapor and the sensing element. The Elovich model
is chosen to investigate the adsorption dynamics of DMPABA
or DMPHBA sensor materials. The synthesis process and organic
vapor sensing properties of spin-coated thin films using two
novel DMPABA and DMPHBA materials have been demonstrated
here.

2. Materials and Methods

Chemicals involved in this study were purchased from Aldrich
or Alfa Aesar and used as received without further purification.
The ground-state geometries were optimized using density func-
tional theory (DFT) with the B3LYP hybrid functional at the basis
set level of 6-31G. The calculations were performed using the
Gaussian 09 package.[*”! The FTIR-ATR spectra were recorded on
a Perkin Elmer Spectrum 65 spectrophotometer attached with
ATR equipment.

Chloroform (99% Sigma-Aldrich) was used without further
purification as the source of organic vapor for the DMPHBA and
DMPABA thin film sensor preparations and SPR experiments. The
vapor amount in ppm was calculated using Equation (1):1%*!

2.4V
c=Z57PY 08 )
A

where ¢ (ppm) is the vapor concentration, V (mL) is the VOC
volume, p (gmL~") the VOC density, M (gmol~") is the VOC molec-
ular weight of material and V, (~0.02 mL) is the volume of the
gas cell.

2.1. Synthesis of DMPABA

The DMPABA Schiff base (Scheme 1) was synthesized through a
condensation reaction between 4-(dimethylamino)benzaldehyde
and p-aminobenzoic acid. In a typical procedure,
p-aminobenzoic acid (069 g, 500 mmol) and 4-
(dimethylamino)benzaldehyde (075 g, 5.00 mmol) were
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(Hac)zN—<: :}—CHO + HzN—®~000H

DMABA PABA
EtOH | Cat. H'
(Hsc)zN@CH:NOCOOH
DMPABA

Scheme 1. Synthetic route to DMPABA.

(Me)zN®CHO + HzN—NH—Q—COOH

DMABA PHBA
EtOH | Cat. H"

(Me)zNOCH—_N—NHOCOOH

DMPHBA

Scheme 2. Synthetic route to DMPHBA.

dissolved in absolute ethanol (25 mL). The reaction mixture
was heated under reflux for 4 h with continuous stirring.
Upon cooling to room temperature, a bright yellow precip-
itate formed, which was collected by vacuum filtration and
thoroughly washed with cold ethanol. The crude product was
obtained in 83% yield (0.78 g). Final purification was achieved by
recrystallization from acetonitrile, yielding 0.56 g (60% recovery)
of pure DMPABA compound as yellow crystals.?¢!

2.2. Synthesis of DMPHBA

Scheme 2 gives the synthesis process of DMPHBA. 4-
Hydrazinobenzoic acid (0.69 g, 5.00 mmol, MW = 137.14 gmol )
and 4-(dimethylamino)-benzaldehyde (075 g, 500 mmol,
MW = 149.19 g mol~") were dissolved in absolute ethanol
(25 mL). Two drops of acetic acid were added to the solution.
The reaction mixture was heated under reflux with continuous
stirring for 4 h. After the reaction was complete, the mixture was
cooled to room temperature. This resulted in the formation of a
bright yellow—orange precipitate. The product was filtered and
thoroughly washed with cold ethanol, then crystallized from
ethanol.

2.3. Comparative FTIR Spectral Analysis
A comparative FTIR spectrum of the starting materials and the

product is presented in Figures 1 and 2. As seen in Figure 1, the
top spectrum (Figure 1a), corresponding to DMABA, the aldehy-
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Figure 1. FTIR spectra of a) PABA, b) DMABA, and c¢) DMPABA.
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Figure 2. FTIR spectra of, a) PHBA, b) DMABA, and ¢) DMPHBA materials.

dic C—H stretch of the —CHO group is observed at 2904 cm™,
the asymmetric and symmetric C—H stretching vibrations of the
—CHs groups attached to the nitrogen atom appear in the range
of 2795-2695 cm~, and the aldehydic carbonyl (C=0) group is
detected at 1667 cm™".

In the middle spectrum, which corresponds to the product,
the disappearance of the aldehyde C=0 peak and the appear-
ance of a C=C double bond stretching vibration at 1579 cm™
are observed. Furthermore, in the bottom spectrum (Figure 1c)
of PABA, the asymmetric and symmetric —NH™" stretching bands
at 3360 cm™' (Figure 1b) disappear after the reaction, and the
carbonyl peak of the newly formed Schiff base (COOH group)
appears at 1675 cm~. In Figure 1c, which corresponds to the
product, the disappearance of the aldehyde C=0 peak of PABA
and the appearance of a C=C double bond stretching vibration
at 1579 cm™' are observed.

By examining the comparative FTIR-ATR spectra of a) PHBA,
b) DMABA, and c) DMPHBA shown in Figure 2, asymmet-
ric and symmetric N—H stretching peaks at 3342 ¢cm™', cor-
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2000 600
cm™

responding to the hydrazine —NH, group, are observed in
the PHBA spectrum in Figure 2a. The observation of a sin-
gle N—H stretch in the product DMPHBA indicates that the
other hydrogens on the —NH, group were involved in the for-
mation of the —C=N— imine bond, and the N—H stretching
have disappeared. Additionally, the C=N double bond stretch
at 1598 cm™ is clearly observed in the DMPHBA spectrum in
Figure 2c. Furthermore, the disappearance of the DMABA car-
bonyl peak at 1657 cm~" in Figure 2b is a clear indication of imine
formation.

2.4. Gaussian Periodic Boundary Conditions (PBC)
Calculations for Molecular Geometry and Three-Dimensional
(3D) Analysis of DMPABA

The DMPABA molecule was energy-minimized using MM2 in

ChemBio. 3D, then further optimized for energy and 3D molecu-
lar geometry using Gaussian 09.
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Figure 3. Calculated PBC for DMPABA.
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Figure 4. Calculated PBC for DMPHBA.

According to Gaussian Periodic Boundary Conditions (PBC)
calculations, the molecular geometry and 3D analysis are as fol-
lows. The lattice parameters g, b, and ¢ of DMPABA material
shown in Figure 3 were calculated to be 16.7, 5.53, and 3.83 A,
respectively. The DMPABA molecule has a larger width than
the DMPHBA molecule due to its nonplanar structure and the
angle between the aromatic ring planes. These values are consis-
tent with those measured in films prepared by the spin-coating
technique.

ChemistrySelect 2025, 10, 03439 (4 of 12)

2.5. Gaussian Periodic Boundary Conditions (PBC) Calculations
for Molecular Geometry and 3D Analysis of DMPHBA

The energy and molecular geometry optimization of DMPHBA
have been performed in the same manner (shown in Figure 4)
as for DMPABA, and the 3D length, width, and breadth values of
the molecule are provided below. In the related molecule, unlike
DMPABA, both aromatic rings lie in the same plane. Due to the
planarity of the molecule, its width (2.8 A) is smaller than that of
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Figure 5. Thin film fabrication process for DMPHBA and DMPABA materials.

DMPABA (3.8 A). The presence of an additional —NH— group in
the DMPHBA molecule enhances its flexibility and leads to the
conjugation of all double bonds across the molecule.””!

2.6. Spin Coating Thin Film Fabrication

For a sensor application, the spin coating thin film technique
is a very convenient method to produce thin film sensors by
dropping a solution of the molecule onto a rotating solid sub-
strate, which is rotated at a fixed spin speed to allow the solution
spread onto the substrate to form a thin film with the help of the
centrifugal force.”®! An SCS G3P-8 spin coating system (Figure 5)
was employed for the fabrication of the DMPHBA and DMPABA
thin film sensor devices.

ChemistrySelect 2025, 10, 03439 (5 of 12)

The spin coating system has a plastic part on top of the
device, which helps to isolate the thin film fabrication part from
the environment. Thin films can be fabricated in a dust-free
place. There is an electronic control unit on the front of the
device. This unit helps us to control the rotation speed and
the duration time of the thin film fabrication process. 12 mg
of DMPHBA in a mixed solvent (10 mL chloroform and 1 mL
methanol), 13 mg of DMPABA in a 10 mL chloroform solvent
were used to prepare solutions. 50 nm thick gold-coated glass
substrates with dimensions of 20 mm x 20 mm were supplied
from TEKNOTIP company in TURKEY. Each substrate was sepa-
rately replaced into the SCS G3P-8 spin coating system and was
rotated at a spin speed value of 2000 rpm. 200 uL of DMPHBA
and DMPABA solutions were separately dropped onto the sub-
strate using a microliter syringe. Each substrate was rotated for
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Figure 6. SPR measurement system.

the total thin film formation time of 60 s. After the rotation pro-
cess stopped, 30 min were left for the thin film to evaporate
any residual solvent, which may collapse in the DMPHBA and
DMPABA thin film structure.

2.7. SPR Measurement System

The SPR system is suitable for investigating optical properties
and sensor applications of thin films.!?’! Figure 6 shows the SPR
measurement system (BIOSUPLAR 6 Model spectrometer) and a
schematic diagram of the gas cell.

To study optical parameters, Biosuplar software was enabled
to collect data of the reflected light intensity against incidence
angle with an approximately 0.003-degree angular resolution.
The light source was a low-power (630-670 nm) laser diode. A
gold-coated glass slide was placed onto a glass prism (n = 1.51).
An optical contact between the glass slide and the prism was
made using ethyl salicylate as an index-matching fluid. The prism

ChemistrySelect 2025, 10, 03439 (6 of 12)

was then mounted onto a holder within the SPR equipment.
When the polarized laser beam interacted with a 50 nm gold
thin layer and the interface between the thin gold surface and its
coating of either the DMPHBA or DMPABA thin film, a total inter-
nal reflection occurred. The delocalized electrons at the surface
of the gold thin layer were excited, leading to a surface plas-
mon resonance if the incidence is greater than the critical angle.
It caused an adsorption of energy, leading to a sharp reduction
in the reflected light intensity. When this happened, the angle is
called the SPR resonance angle. Winspall fitting software 12! was
applied to the SPR experimental data used to calculate refractive
index and thickness values of the DMPHBA and DMPABA thin
films.

The SPR system was also used for vapor sensor measure-
ments. The real-time SPR kinetic measurement monitored the
light intensity at a fixed angle () versus time (t) whilst interac-
tions between DMPHBA or DMPABA thin films and the chloro-
form vapor. A gas cell was constructed out of transparent plastic
and contained an outlet and an inlet, which were both fitted

© 2025 Wiley-VCH GmbH

85U8017 SUOWILLOD BA 81D 3(gedljdde sy Aq peussnob are sajoie VO ‘88N Jo ss|n. 1oj AriqiT8UIIUO /8|1 UO (SUONIPUOD-pUR-SWBI 0D A8 1M Al [l |uo//SdnL) SUORIPUOD pue sWiB | 84} 88S *[9202/20/90] Uo ARiqiauliuo A8|im ‘AiseAIUN 18831 A 6EVE0SZ0Z 1018/200T OT/I0p/W0d A8 |im* Azeiq 1 jpuljuo adoune-Ais weyo//sdny woiy papeojumod ‘Te ‘F0Z ‘6759S9ET



Chemistry

Research Article Europe
ChemistrySelect doi.org/10.1002/slct.202503439 Socies Pubihing

1 o

0.9 —@—Dbare gold

F  -@-DMPHBA

08 I _e-DMPABA
~ 07
& '
206 F
£ b
5 [
& 05 F
] ’
E 04 F
2 i
3 03
0.2 f
0.1 f

0.----l----l----l g g 3 5 3 3 2 3 3 3 3 3 2 1 2 3 3
43 44 45 46 47 48 49 50

Angle of incidence (°)

Figure 7. SPR results of DMPHBA and DMPABA thin films with experimental data and fitting graphs.

with silicone tubes. The gas cell had an inlet and an outlet con-
nected to silicone tubes. The DMPHBA or DMPABA thin films
were replaced between the gas cell and the prism. A syringe was
used to inject the chloroform vapor or dry air into the gas cell.
The Elovich Model was applied to SPR kinetic measurements to
elucidate the adsorption dynamics between the DMPHBA and
DMPABA thin films and chloroform vapor molecules.

3. Results and Discussion

Figure 7 shows the reflected light intensity at varying angles
of incidence for bare gold, DMPHBA, and DMPABA thin films.
It is very noticeable that the SPR curves for both films indi-
cate an angle shift from the SPR curve for the bare gold. Angle
shifts can be explained by the fact that both materials are suit-
able for producing a sensor element. The SPR curve of DMPHBA
yielded a similar angle shift to the SPR curve of DMPABA thin
film, depending on optical parameters such as the refractive
index (n) and the thickness (d) of the thin films. WINSPALL
fitting software was applied to the SPR experimental data to
determine the refractive index and thicknesses of DMPHBA and

ChemistrySelect 2025, 10, 03439 (7 of 12)

DMPABA thin films. The refractive index values for both thin
films are determined to be 1.47. The thickness values of DMPHBA
and DMPABA thin films are estimated to be 19.7 £ 0.1 and
217 + 0.1 A, respectively. As seen in Figures 3 and 4, these values
are in good agreement, with the computationally determined
maximum lengths being 17.50 and 16.70 A.

Time-dependent SPR kinetic measurement is important to
investigate the sensor behavior between the sensing element
and VOC molecules. Figure 8 shows three SPR kinetic cycles
when DMPHBA and DMPABA thin filmswere exposed to satu-
rated chloroform vapor. The similarity in the response of these
three cycles shows the stability and reproducibility of sensor
responses.

The initial stage in time-dependent SPR kinetic measure-
ments is to flush dry air as a reference gas through DMPHBA and
DMPABA thin films to achieve a baseline from 0 to 120 s. 3 mL
of chloroform vapor was injected with an injector into the gas
cell at 120 s. There is an initial sharp increase in reflected light
intensity as the vapor molecule is adsorbed into both thin film
structures. The reason for the sharp increase is possibly because
the film is actively binding the chloroform vapor molecules. This
can be explained by the adsorbing vapor molecules moving
into the thin film structure and increasing the film transparency,
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Figure 8. Real-time SPR kinetic measurements of the DMPHBA and DMPABA thin films.

Table 1. Sensor properties for DMPHBA and DMPABA thin films against chloroform vapor.
Cycle tres trec I; (the reflected I (the reflected light Al = I; Al
(response time) (recovery time) light intensity at intensity during the vapor (mean value)
the initial stage) interaction stage)
DMPHBA 1 1404 4.210 570.939 577.988 7.049 8.38
2 1.952 6.829 574.951 585.941 10.99
3 1.951 2.936 580.891 588.02 7129
DMPABA 1 1.064 4.878 686.931 695.049 8.118 6.93
2 1.701 6.829 690.297 696.04 5.743
3 2.67 5.854 691.089 698.02 6.931

causing rapid changes in the film thickness and structure,
followed by the film settling down and reaching equilibrium.
This change drops and tends toward a constant value with time
as the film stabilizes. Upon flushing with dry air between 120
and 240 s, if DMPHBA and DMPABA thin film sensors have a
reversible response, the sensor response approaches the initial
baseline with a decrease in the reflected light intensity. On flush-
ing with dry air at 360 s, the reverse desorption of chloroform
vapor occurs, again with an initial sharp peak where desorption
is most rapid, followed by a slower trend to the initial state. Dry
air/chloroform vapor process to both thin films was repeated

ChemistrySelect 2025, 10, 03439 (8 of 12)

three times from the beginning of the measurements to the end
of the measurements using 120 s time intervals. DMPHBA and
DMPABA thin films gave a reversible response to chloroform
vapor. However, the reversibility of the DMPABA thin film is
better than DMPHBA thin film in returning to the initial state.
The numerical calculations of sensor parameters for DMPHBA
and DMPABA thin films, as determined using Figure 8, are given
in Table 1. DMPHBA thin film indicates a higher response than
DMPABA thin film.

It is well known that the chemical structure of the selected
material plays an important role, such as hydrogen binding,
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Figure 9. SPR responses for the DMPHBA and DMPABA thin films as a function of time.

dipole-dipole, and Van der Waals interactions®*" in design-
ing vapor sensors of a highly sensitive thin film layer to design
against VOCs detection.?

The chemical formula of DMPHBA (CsH;;N50,) and DMPABA
(GieHisN2O,) materials have a very similar structure. The differ-
ence between the two materials is an extra —NH— group in the
DMPHBA material. As a result of this, the molecular weight of
DMPHBA (268 gmol™) is higher than the molecular weight of
DMPABA (283 gmol~"). Both materials have aromatic groups with
a benzene ring and the carboxyl (—COOH) group, which are suit-
able for gas/vapor sensing applications when the —NH— group
is added to DMPHBA material. According to the response rate
in Table 1, DMPHBA thin film demonstrates a higher response
than DMPABA thin film when they are exposed to chloroform
vapor at the same laboratory conditions. It can be explained
that one of the strongest could be the formation of hydrogen
bonds between DMPHBA thin film and the chloroform vapor
molecules. Basova et al investigated the interactions of phthalo-
cyanine films with organic vapors using Raman spectroscopy.
The Raman spectra proved the formation of hydrogen bonding
interactions between the side chains of the phthalocyanine moi-
eties and electron-donating atoms (O, Cl) within a range of vapor
molecules.>”! Within this study, similar interactions between the
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chloroform vapors and DMPHBA thin film have the formation of
hydrogen bonds between guest and host.

In order to analyze a sensor interaction, the adsorption pro-
cess between the thin film and target adsorbent is another
sensing interaction factor that must be investigated. In an
adsorption feature, the adsorbate encounters the surface, inter-
acts with the surface, and then migrates into the film structure.
Linear or nonlinear adsorption models, such as Pseudo-first order
and Pseudo-second order models, Ritchie and Elovich models,
can be developed to analyze an adsorption process using time-
dependent SPR data.!** These models allow us to determine the
sorption capacity, the rate of adsorption, the suitability of fit-
ting parameters, and the correlation coefficient. In this study, the
Elovich model is selected to investigate the adsorption dynam-
ics by using the correlation coefficient (R?) as an indicator of the
conformity between the model prediction and the experimental
adsorption data.

To understand the adsorption mechanism and to calcu-
late the interaction parameters of chloroform vapors with the
DMPHBA and DMPABA thin films, the data in Figure 8 (from 120
to 240 s, from 360 to 480 s, from 600 to 720 s) for each cycle
is selected from the initial point of vapor injection to the end
of the interaction. The data indicating the change in the SPR
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Figure 10. g values for the DMPHBA and DMPABA thin films as a function of time.

response in time during the exposure to the vapor with a dura-
tion of 2 min was plotted in Figure 8. The graph of the U%'O) value
against time is given in Figure 9, and the vapor molecules were
exposed in 3 cycles using the same saturated concentration.

While the vapor adsorption to the thin film sensor increases
rapidly at first, the adsorption slows down over time and finally
reaches an equilibrium.** The probability of adsorption of a
vapor molecule decreases exponentially as a function of the
number of vapor molecules that have already adsorbed onto the
surface.®®! The sorption capacity, g;, for the SPR measurement is
described as:*

li—1L)V
g = [%] @)

where /; is the initial reflected light intensity, /. is the equilibrium
reflected light intensity, V is the injected vapor volume, and A is
the thin film surface area, respectively. Using Figure 9 and Equa-
tion (2), g; is calculated and presented as a function of time in
Figure 10.

The model states that the speed of the adsorption process
(dg:/dt) onto a film structure depends on the amount of vapor
adsorbed onto the surface. The sorption capacity, the initial
adsorption rate, and the Elovich constant were calculated using
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the Elovich equation, which can be described as follows:1¢!

% = aexp (—bg;) ®3)
where gt represents the quantity of vapor molecules adsorbed
at time t, a is the initial adsorption rate, and b is the Elovich
constant. In the Elovich equation, constant a is regarded as the
initial adsorption rate because (dqt/dt) approaches a when gt
approaches zero. If the boundary conditions can be chosen from
g: = q: att=tand g; = 0 at t = 0, Equation (3) is easily inte-
grated. Wua described the final form of the Elovich equation
as:¥7

1 1
g: = (B) In (ab) + (5) Int 4)

Equation (4) is used to test the applicability of the Elovich
model to the kinetics of chloroform vapor adsorption onto the
surface. The assumption of t >> t, and validity of Equation (4) is
checked by plotting g; versus In t. The plot of g; versus In t would
yield a linear relationship, which can be used to determine the
values of a and b using the slope (%) and the intercept (%)lnab
of the plot, respectively.®® The graph of g; versus In t for the
DMPHBA and DMPABA thin films is given in Figure 11.
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Figure 11. Elovich model adsorption graphs of the DMPHBA and DMPABA thin films.

Table 2. Calculated Elovich constants of the DMPHBA and DMPABA thin films.

Elovich model (DMPHBA)

Cycle a (ppm mm~2) b (mm?s ppm™) R? Mean value (a) Mean value (b) Mean value (R?)
15t 2292925 0.0459 0.965 2775.97 0.0373 0.972

2nd 2837.878 0.0339 0.971

3rd 3197.108 0.0322 0.979

Elovich model (DMPABA)

Cycle a (ppm mm~2) b (mm?s ppm™) R? Mean value (a) Mean value (b) Mean value (R?)
1t 1610.846 0.0665 0.9782 1728.51 0.0602 0.935

2nd 1498.733 0.0651 0.8499

3rd 2075.958 0.0491 0.9783

Elovich constants (a, b, and R?) for the DMPHBA and
DMPABA thin films were calculated using Figure 11, and the
calculated values are represented in Table 2.

It can be seen that all graphs have a linear relationship
with fitting values of 0.972 for the DMPHBA and 0.935 for the
DMPABA thin films. R? value of the DMPHBA material is higher
than R? value of DMPHBA material due to adding the —NH—
group to the DMPHBA molecular structure.

The value of a (the initial adsorption rate) is dramatically
increased. The change of b (the Elovich desorption constant)
value is reversed. It can be concluded that adding the —NH—

ChemistrySelect 2025, 10, 03439 (11 of 12)

group to the molecular structure yielded a high adsorption
process for the detection of chloroform vapor.

4. Conclusions

Two Schiff base compounds (DMPABA and DMPHBA) were
synthesized via a condensation reaction, and their chemical
structures were confirmed by FTIR-ATR spectroscopy. Using the
spin coating method, they successfully fabricated the DMPHBA
and DMPABA thin films with thickness values of 19.7 £+ 0.1 and
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217 + 0.1 A, respectively. The sensor behavior and adsorption
dynamics were investigated using the SPR technique. When the
—NH— group was attached to the DMPHBA chemical struc-
ture, the sensor response was improved from 6.93 to 8.38.
The adsorption dynamics of DMPHBA and DMPABA thin films
during exposure to chloroform vapor were studied using the
Elovich Model. The initial adsorption rates were determined
to be 2775.97 ppm mm~2 for DMPHBA and 728.51 ppm mm™2
for DMPABA. The Elovich constant was calculated as 0.0373
mm?2s ppm~' for DMPHBA and 0.0602 mm?s ppm~' for DMPABA.
The DMPHBA molecule with an —NH— group may be consid-
ered as the reason why this molecule exhibits higher sensitivity
to chloroform vapor compared to the DMPABA molecule. This
study indicated that DMPHBA and DMPABA Schiff base thin
films may be candidates for chloroform vapor sensing applica-
tions with their high adsorption features, stable, fast response,
and reversibility.
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