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ABSTRACT ARTICLE INFO

The 2-(4-Trifluoromethylphenyl)-3-(4-methoxyphenyl) acrylonitrile (4MPAN- Keywords:
TFMP) compound was successfully synthesized and characterized using standard  Acrylonitriles

spectroscopic methods. Thin films of 4MPAN-TFMP were prepared by conventional ~ Organic Semiconductors

spin-coating, with varying film thicknesses to investigate the thickness-dependent Photonic Properties

. . . . . Optoelectronic applications
optical and photonic properties. UV-Vis spectra of the compounds in DMSO were Film thickness

recorded, and key parameters such as absorption (Abs), transmittance (T), absorption
) o ) Received: 2024-11-12
band edge (Eapsbe), Optical band gap (E,), and refractive index (n) were determined. Accepted: 2024-12-08
The findings highlight the material’s potential for optoelectronic applications, as ISSN: 2651-3080
L . . . . . DOI: 10.54565/jphcfum.1583947
optimized film thicknesses can enhance material efficiency for various uses. This
advancement offers promising implications for developing high-performance

photonic devices and improving optoelectronic circuit components.

1. INTRODUCTION EH) and the lowest unoccupied molecular orbital (LUMO,

. . . energy EL). When an exciton reaches the heterojunction
Interest in conjugated materials has grown

. . and its energy step is sufficient to exceed the exciton
remarkably over the past two decades, driving extensive gy step

. . binding energy, it can be split into an electron on the
research and development across various optoelectronic

devices. Conjugated molecules with electron donor- acceptor side and a hole on the donor side [3]. Research

continues to optimize the energy alignment between the

LUMO (or HOMO) levels of the donor and acceptor

acceptor structures have attracted particular attention due

to their unique photochemical properties and efficient

. . relative to the exciton energy to improve optoelectronic
intramolecular charge transfer, which make them 24 P P

promising candidates for optoelectronic applications. [1, material efficiency [4,5].

. Recent studies indicate that exciton dissociation is
2]. The energy levels of the organic molecules are defined

by the highest occupied molecular orbital (HOMO, energy influenced by  several  factors, including energy
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configuration, temperature, fabrication methods, layer
thickness, and molecular structure and arrangement [6-8].
Acrylonitrile compounds, as a subset of conjugated
molecules with electron donor-acceptor structures, also
exhibit significant photophysical properties [9].

Organic semiconductors are widely employed in
optoelectronic devices due to their versatile chemical
structures, which allow for structural modifications The
design and synthesis of these organic semiconductor
materials to enable solution processing through methods
like spin coating, inkjet printing, and screen printing—
combined with their compatibility with flexible substrates
and potential for enhanced optical properties—are key
factors driving interest in this field [11, 12]. Consequently,
applications such as smart organic optoelectronic materials
[13], organic thin-film transistors (TFTs) [14], organic
solar cells and photovoltaic devices [15-17],
semiconductor devices [18], and organic light-emitting
diodes (OLEDs) [19, 20] have increased the focus on
designing and synthesizing such compounds.

Electron-donating  and  electron-accepting -
conjugated compounds such as carbazole [21], pyrene

[22], triazole [23] and chalcone [24] have been reported to

form donor-m-acceptor (D-m-A) systems. Extensive
research on these systems has provided valuable
information on  their  photophysical  properties.

Investigation of the photonic properties of these systems is
crucial for understanding the surface/interface interaction
mechanisms in optoelectronic devices. However, studies
of the interaction mechanisms of acrylonitrile compounds
in this context are limited.

In this

study, 2-(4-trifluoromethylphenyl)-3-(4-

methoxyphenyl) acrylonitrile (4MPAN-TFMP) was
synthesized via the Knoevenagel condensation method.
This reaction, performed under basic conditions (NaOH,
KOH, NaOEt, and K,COs3) in polar solvents (MeOH or
EtOH), is a conventional approach for synthesizing aryl
acrylonitrile derivatives [25]. The significant optical
properties of o, P-unsaturated conjugated organic
compounds highlight the importance of understanding
structure-property relationships in these molecules. Thin
films of the synthesized 4MPAN-TFMP were prepared

with varying thicknesses using spin-coating, and potential
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applications of the molecule in chemical sensors and
optoelectronic materials were evaluated. This work thus
contributes to the development of materials with promising

future applications in these fields.

2. MATERIAL AND METHOD

2.1. 2-(4-Triflorometilfenil)-3-(4-

metoksifenil)akrilonitril (4MPAN-TFMP) Compound
4-Methoxybenzaldehyde (1) (3.67 mmol) and 3-

Synthesis of

trifluoromethylphenyl acetonitrile (2) (3.67 mmol) were
added to a 20 mL ethanol solution, and the mixture was
processed according to the method described in the
literature [26,27]. The synthesis of 4MPAN-TFMP is
illustrated in Scheme 1. Yield: 0.47 g. 94 %. Anal. Calc.
for C;H,F;NO (MW= 303.28): C, 67.33; H, 3.99; N,
4.62. Found: C, 67.28; H, 3.95; N, 4.62.

O\ NC
NC
+ - - 0
EtOH H}d O
F;
2)

H,C”
) (4MPAN-TFMP)

Scheme 1. General synthesis scheme of compound

The synthesized compound was characterized by
elemental analysis, FT-IR, '"H-NMR and "*C-APT-NMR
spectroscopic techniques.

FT-IR (KBr, cm™): 3059 and 3023veyar), 2214veen,
1563 and 1595vc-c and 920vck.

"H-NMR (400 MHz, CDCly.d,) é/ppm: 3.92 (3H, s, H"),
7.03 (2H, d, J=8.8, H’), 7.57 (1H, s, H%), 7.72 (2H, d,
j=8.4, H'"), 7.78 (2H, d, j=8.0, H'") and 7.96 (2H, d, j=8.8,
HY).

BC-APT-NMR (400 MHz CDClyd;) d/ppm: 55.51 C',
107.12 C7, 114.56 C°, 118.07 C*, 126.04 C'', 121.86 C°,
130.57 C’°, 130.73 C', 131.60 C*, 138.37 C"2, 143.75 C°,
161.99 C%.

2.2. Preparation and Optical Characterization of
4MPAN-TFMP Films

The 4AMPAN-TFMP semiconductor solution was prepared
by dissolving the compound in DMSO, with thorough
mixing via a vortex mixer to ensure solution homogeneity.

Glass substrates were cut with a diamond cutter and
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cleaned by sequential washing in deionized water (DIW)
and hydrochloric acid (HCI) to remove glass particles and
contaminants. Following this, the substrates were rinsed
with DIW to eliminate HCI residues and with ethanol to
remove organic impurities, then dried with pressurized
nitrogen.

The 4MPAN-TFMP films were deposited onto
the cleaned, dried glass substrates using the spin-coating
technique. After coating, the films were allowed to sit at
room temperature for 8 minutes to ensure solvent
evaporation. Three different 4MPAN-TFMP film
thicknesses were prepared and measured using a thickness
gauge (ASIMETO model) as 7.69, 13.77 and 32.45 um,
respectively.

The optical properties of 4MPAN-TFMP films
were investigated by UV measurements at room
temperature in the wavelength range 1100-190 nm. This
analysis of films with varying thicknesses allowed for the
determination of key optical parameters, including optical
band gaps, absorption, conductivity, and refractive index.
Such detailed optical characterization offers valuable
insights into the potential applicability of 4AMPAN-TFMP

films in optoelectronic devices.

3. RESULTS AND DISCUSSIONS
3.1. Experimental Photonic and Refractive Index
Characteristics of 4MPAN-TFMP Films

Optical absorption measurements are widely used
to study photonic and optoelectronic properties. These
measurements have been used to determine the interaction
between light and 4MPAN-TFMP films. Techniques such
as UV-visible (UV-Vis) or electronic absorption
spectroscopy are among the most effective methods for
investigating these properties [29]. Figure 1 presents the
absorption spectra of the 4MPAN-TFMP material in
DMSO at film thicknesses of 7.69, 13.77 and 32.45 um,
showing a maximum absorption peak around 347 nm. As

expected, absorption increases with film thickness, while

above 400 nm, absorption remains minimal and constant.
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Figure 1 The absorbance spectra of the 4MPAN-TFMP
material in DMSO at different film thicknesses.

The transmittance spectra of 4AMPAN-TFMP films with
the same thicknesses are illustrated in Figure 2. The
transmittance values exhibit a sharp increase following a
dip around 345 nm, reaching a peak near 400 nm.
Transmittance decreases as film thickness increases, as

anticipated.
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Figure 2 The transmittance spectra of the 4MPAN-TFMP
material in DMSO at different film thicknesses.

The absorption band edge values, calculated from the first
derivative of the transmittance curve (Figure 3), were
3.131, 3.108, and 3.092 eV for film thicknesses of 7.69,
13.77, and 32.45 um, respectively. These values indicate a
decreasing absorption band edge with increasing film
thickness, with the lowest absorption band edge observed
at 32.45 um.
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Figure 3 dT/d\ vs. A curves of the 4AMPAN-TFMP

films for 7.69, 13.77, and 32.45 pum film thicknesses.

360 390

The optical band gap (Eg) is a key parameter for
photonic and optoelectronic applications. The optical band
gap values of the 4MPAN-TFMP molecule for film
thicknesses of 7.69, 13.77 and 32.45 pm were calculated
using the (ahv)? plot versus photon energy as shown in
Figure 4. Results indicate that the E, value decreases with
increasing film thickness, with the lowest E, (3.109 eV) at
32.45 pm and the highest E, (3.223 e¢V) at 7.69 pm. This
trend suggests that the optical band gap of 4MPAN-TFMP
films decreases as thickness increases, highlighting their

potential for optoelectronic applications.
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Figure 4 The (ahv)’ plot versus photon energy (E) of

the AMPAN-TFMP films for 7.69, 13.77 and 32.45 film
thicknesses.
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The investigation of the ac parameter, widely used in
sensor, is considered a significant finding that highlights
the practical potential of this study. The sensing properties
of 4MPAN-TFMP materials with different film
thicknesses were examined using the contrast (oc)
parameter, which is crucial for sensor technologies. This
parameter indicates the sensing capabilities of a material

and can be calculated using the following formula:
2

a.=1- (:—:) 1))

The details and results of this equation aid in
understanding the photophysical properties of the material.
Here, n; and n, are the refractive indices of the medium
and the solution, respectively. The ac values of the
AMPAN-TFMP molecule for different film thicknesses
were calculated, and the corresponding ac curves were
plotted against E, in the graph as shows in Figure 5. It is
observed that the 4MPAN-TFMP molecule shows a
sharper and more stable sensitivity to increasing photon
energy with increasing film thickness. This finding shows
that the material has photosensitive properties and is a

promising candidate for optoelectronic devices.

Contrast (a,)

—e— 1377 um
69 um

—— 07

31 3.2 33 3.4 3.5
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Figure 5. The contrast (ac) curves of the AMPAN-TFMP
molecule against photon energy (E) for film thicknesses of
7.69, 13.77, and 32.45 pm.
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Reflectance spectra are an important method for
understanding the optical properties of a material because
they provide information about the interaction of the
material with light. In order to obtain the optical refractive
index (n) values, various equations such as Reddy,
Ravindra, Kumar-Singh, Herve-Vandamme and Moss [29]
were used for AMPAN-TFMP films at film thicknesses of
7.69, 13.77, and 32.45 um. These equations were directly
applied along with the optical band gap (E,) values. These
calculated values are presented in Table 1. It is observed
that the refractive indices increase with increasing film

thickness.

Tablo 1 The refractive index values of the 4MPAN-TFMP

molecule obtained from various relations for film
thicknesses of 7.69, 13.77, and 32.45 pm.

Film Refractive Index Values

;[;ll(i:II;I;e Moss Ravindra Sz:tie;mmc Reddy Is(il:gn:r-
3245 2.351 2.156 2.296 2.737 2.336

13.77 2344  2.133 2.286 2.728 2.327

7.69 2.330 2.086 2.265 2.709 2.309

Average n values for these relations were also
calculated, and Figure 6 displays the refractive index
curves for different film thicknesses, further illustrating

this trend.

—8— Moss
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Refractive index

Reddy

2,2 —&— Kumar and Singh

5 10 15 20 25 30 35
Film thickness (um)

Figure 6 Refractive index n curves for 4MPAN-TFMP
organic material at different film thicknesses for different
relations.

The results obtained show that the refinement of the
optical parameters studied at different film thicknesses
provides a flexible and comprehensive approach for
modelling layered systems with different degrees of
coherence. This method proves to be an effective tool for
investigating the effects of film thickness on the electrical

and optical properties of thin film materials. The study has
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shown that the increase in film thickness has a consistent
relationship between the energy band gap (Eg) and the band
edge values, in accordance with the desired properties in optical
material designs such as OLEDs, LEDs, photodetectors and solar
cells [30-32]. These materials can be optimized for specific
applications through the tailoring of energy levels in order to
increase their photovoltaic performance [33]. Furthermore, the
observed increase in contrast and refractive index values with
increasing film thickness is considered a critical parameter for
the design and fabrication of photosensitive optoelectronic
devices, especially laser diodes, sensors, and fiber optic devices

[34,36]

4. DISCUSSION

The electrical conductivity or carrier density of thin
films under UV light can be enhanced depending on the
structure of the material and the charge movement under
the electric field. Thus, optimizing parameters such as
coating technique, surface roughness, and film thickness is
essential, and their effects warrant thorough investigation.
In this study, thin films of 4MPAN-TFMP with varying
thicknesses were prepared via the spin-coating method,
and the photonic properties of this organic semiconductor
material were examined in relation to absorption
parameters under UV-Vis light. The films exhibited an
indirect allowed optical band gap from 3.223 eV to 3.109
eV, which decreases from 3.223 eV to 3.109 eV as the
film thickness increases from 0.769 pum to 32.45 pm.
Additionally, the contrast and refractive index values
increase with increasing film thickness, suggesting
promising results in the production of photosensitive

optoelectronic devices.
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