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Abstract

A new alkoxylated-chalcone derivative displaying donor(D)-m-acceptor(A) system was successfully synthesized via Claisen-
Schmidt condensation to be integrated as organic semiconductor material. The correlation between electronic, optical properties,
electrochemical and DFT calculation of the designated system were assessed in thorough. This alkoxylated-chalcone (OCT-
CHAL) reveals an absorption band at Amax 312 nm with molar coefficient of ca. 103 L mol™! cm™! which corresponding to m-rt*
transition. The optical band gap gives the value of 3.40 eV which shows good agreement with the value of energy level between
HOMO and LUMO for theoretical calculation. Meanwhile, this derivative also reveals good thermal stability up to 200 °C with
total mass loss at 97 %. In turn, the electrochemical behaviour of OCT-CHAL was investigated and exhibited redox potential with
the values of 2.40 V for oxidation potential while the reduction potential exhibited at value of -1.72 V as quasi-reversible reduction.
From the outcome, the existence of conjugation effect on chalcone moiety with ideal relation between the experimental and
theoretical approach provides good support of being a potential candidate in organic semiconductor material for advance material
application.

Keywords: alkoxy, chalcone, bandgap, DFT, electrochemistry

Abstrak
Terbitan alkoksi-kalkon baharu yang memaparkan sistem penderma(D)-n-penerima(D) telah berjaya disintesis melalui kaedah
kondensasi Claisen-Schmidt untuk diintegrasikan sebagai bahan organik semikonduktor. Perkaitan antara elektronik, sifat optik,
elektrokimia dan pengiraan DFT bagi sistem yang direkabentuk telah dinilai secara menyeluruh. Alkoksi-kalkon (OCT-CHAL)
ini menunjukkan jalur serapan pada Amak 312 nm dengan pekali molar 10° L mol! cm™! yang selari dengan peralihan n-n*. Nilai
jurang jalur optik memberikan nilai 3.40 eV yang mana keputusannya menunjukkan nilai yang selari dengan nilai aras tenaga
antara HOMO dan LUMO bagi pengiraan teori. Sementara itu, terbitan ini juga menunjukkan kestabilan terma yang baik sehingga
200 °C dengan jumlah jisim yang hilang sebanyak 97 %. Selanjutnya sifat elektrokimia bagi OCT-CHAL telah dikaji dan
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menunjukkan keupayaan redoks dengan nilai 2.40 V untuk potensi pengoksidaan manakala potensi penurunan adalah pada nilai -
1.72 V sebagai penurunan kuasi-terbalik. Daripada keputusan yang diperolehi, kehadiran kesan konjugasi pada moiti kalkon
dengan hubungan yang baik antara kaedah eksperimen dan teori memberikan sokongan yang baik untuk menjadi calon berpotensi

dalam bahan organik semikonduktor bagi aplikasi bahan termaju.

Kata kunci: alkoksi, kalkon, jurang jalur, DFT, Elektrokimia

Introduction
In recent years, the development of organic
semiconductor has been extensively explored due to its
electronic delocalization in m-orbital system in
optimizing the efficiencies of various application in
electrical and optoelectronic application [1]. The
materials have been extensively studied as a small
molecule and polymer and mostly comprised of carbon
and hydrogen atom in their molecular structure where
the mobility of electron transfer is occurred within the
molecule. Considering to the ability in transferring
electron, chalcone backbone has been introduced as an
organic material which fulfilled this criterion [2,3].
Chalcone, known as 1,3-diphenyl-2-propen-1-one is a
molecule that consists of two phenyl rings with o, -
unsaturated ketone (C=C-C=0) moiety in their
molecular build-up has attracted considerable attention
among researchers due to its electronic properties
according to the presence of m-conjugated system in
their molecular backbone [4]. Generally, a conjugated
system would generate a cloud of delocalized electron
merging by m-electron system which enables the flowing
of electron along the molecular framework thus
activates its potential as charge carrier mobility [5].
Meanwhile, chalcone is considered as a molecule with
high charge mobility as it exhibits
intramolecular charge transfer (ICT) properties and is
known as considerably highly emissive molecule as

transfer

reported previously [6]. However, the elections of
substituents towards the terminals of the phenyl rings
would determine their contribution as good charge
transfer ability [7], and appropriate selection of these
substituents lead to the development of application such
as in optoelectronics particularly in potential non-linear
optical interests [8].

In this context, the chalcone based compound is
introduced with the attachment of ideal substituents to
develop a molecule with donor-m-acceptor (D-m-A)
system in enhancing the ICT properties of the molecule
[9]. The introduction of alkoxy chain towards chalcone
based molecule was believed in lowering the energy
band gap due to the steric bulkiness of the compound
[10], thus enables it to lie in typical band gap range of
semiconducting materials. Various physicochemical
evaluations were accomplished via cyclic voltammetry
(CV) technique in order to study their electrochemical
properties and behaviour to establish their potentiality as
semiconducting materials. As part of our studies in this
area, a model molecule of new alkoxylated-based
chalcone derivative namely, 1-(4-octoxyphenyl)-3-[4-
(trifluoromethyl)phenyl]prop-2-en-1-one (OCT-
CHAL) featuring D-n-A system presented in Figure 1
designed, synthesized and
demonstrated as a semiconducting material as reported
herein.

was  successfully

Materials and Methods
1-bromooctane,

4-hydroxyacetophenone,
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Figure 1. Molecular structure of OCT-CHAL derivative
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sodium hydroxide (NaOH), anhydrous hydrochloric
acid (HCI), sodium sulphate and silica gel blue were
commercially purchased form standard commercial
suppliers namely Sigma Aldrich, Merck, Fisher
Scientific and R&M Chemical without any further
purification procedures were performed. The reaction
was carried out under ambient atmosphere with no
special condition including air or mixture exclusion.

Instrumentations

The infrared (IR) spectra were recorded by using Perkin
Elmer Spectrum 100 Fourier Transform Infrared
Spectrophotometer via Attenuated Total Reflection
(ATR) in the spectral range of 4000 cm™'-400 cm.
Whilst, 'H and '*C nuclear magnetic resonance (NMR)
were determined by Bruker Avance II1 400 spectrometer
'H (400MHz) and '*C (100.61MHz) by using deuterated
chloroform (CDCl;) acting as a solvent and
tetramethylsilane (TMS) as an internal standard of &y (0-
15 ppm) and &¢ (0-200 ppm) respectively. CH elemental
analysis was carried out via Vario EL Cube Elemental
Analyzer to determine the percentage weight of the
elements of carbon and hydrogen presence in the
synthesized compound. The UV-Vis spectroscopy
spectrum was observed by using Spectrophotometer
Shimadzu UV-1800 PC in 1 cm® quartz cuvette in
dichloromethane solution with concentration of 1 x 10
M in the spectra range of 200—-500 nm for absorbance
analysis. The optimized molecular structure was
obtained via density functional theory (DFT) calculation

using ab initio quantum mechanical software of
Gaussian 09 with correlation functional of B3LYP with
basis set of 6-31G (d, p). Then, the excitation energies
and correlation absorption wavelength were calculated
through TD-DFT quantum mechanical calculation to
obtain the energy level of HOMO-LUMO energy
transition. The thermal stability was recorded via Perkin
Elmer TGA Analyzer from 30 °C to 900 °C with heating
rate of 10 °C/min in the of presence nitrogen gas with
flow rate of 10 mL/min. The electrochemistry was
performed via AUTOLAB PGSTAT101 model
potentiostat driven by NOVA 2.1 software which
comprises three-electrode cell system which are
working electrode (glassy carbon electrode), counter
electrode (platinum wire) and reference electrode
(Ag/AgCl). This experimental work-up were carried out
in dichloromethane solution containing 0.1 M of
tetrabutylammonium hexafluorophosphate [NBu4]PFs
as a supporting electrolyte with sample concentration of
1 x103M.

Synthetic approach

The synthesis work consists of two major parts which
was the formation of 4-octyloxyacetophenone (OCT) as
a precursor and the formation of 1-(4-octoxyphenyl)-3-
[4-(trifluoromethyl)phenyl]prop-2-en-1-one (OCT-
CHAL) as a targeted compound which were synthesized
via Williamson ether synthesis and Claisen-Schmidt
condensation respectively as shown in Scheme 1.
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Scheme 1. Synthetic pathway for preparation of OCT-CHAL derivative

Synthesis
(OCT)
Precursor of OCT was reported by previous literature

of precursor: 4-octyloxyacetophenone

[11], however some modifications in the experimental
set-up were carried out in this study. The preparation of
OCT was prepared by the mixture of 4-
hydroxyacetophenone (1.0 g, 7.3 mmol), 1-
bromooctane (1.41 g, 7.3 mmol) and potassium
carbonate (3.02 g, 21.9 mmol) that were charged in 250
ml of two-necked round bottom flask. The mixture was
treated with 40 ml of dimethylformamide (DMF) and
was put at
approximately 24 hours. After adjudged completion by
thin layer chromatography, (TLC) (hexane: ethyl
acetate; 4:1), the mixture was cooled down to room
temperature and then was filtered and extracted with
hexane and distilled water. The organic layer fraction
obtained then was separated and washed with 1 M of
aqueous NaOH (25 ml) and then with 1 M of aqueous
HCI (25 ml). The organic layer obtained was dried over
sodium sulphate, Na,SO4 and was dried in vacuo.
(yellow viscous liquid; yield: 1.25 g, 69 %). IR (cm™):
2926.01 (vC-H alkanes), 2856.58 (vC-H alkane CH>),
1676.14 (vC=0), 1598.99 (vC=C), 1465.90 (vCH,

reflux with constant stirring for
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bend), 1357.89 (vCHj3 bend), 1251.80 (vC-O carbonyl
group), 1170.79 (vC-O ether), 835.18 (vC-H aromatic
OOP). 'H NMR (400 MHz, CDCI3) 8: 7.85 (pseudo-d,
2H, J = 8.8 Hz, Ar-H), 6.85 (pseudo-d, 2H, J = 9.2 Hz,
Ar-H), 3.98 (t, 3H, J = 13.2 Hz, O-CH,), 2.50 (s, 2H,
H;C-C=0), 1.75 (m, 2H, -CH>), 1.45 (m, 2H, -CH>),
1.25 (m, 9H, -CH,), 0.85 (t, 3H, J = 14 Hz, -CH3). 13C
NMR (100.61 MHz, CDCl3) &: 195.83, 162.11, 129.56,
129.05, 113.10, 67.24,30.77,28.29, 28.19, 28.07, 25.31,
24.95,21.63,13.08.

Synthesis of
(trifluoromethyl)phenyl]prop-2-en-1-one
CHAL)

The preparation of OCT-CHAL derived from the
reaction of OCT (0.14 g, 0.8 mmol) and 4-
trifluoromethylbenzaldehyde (0.2 g, 0.8 mmol) that both
were charged in 250 ml of two-necked round bottom
flask. The mixture was treated with 30 ml of ethanolic
solution and then 20 % of NaOH was added dropwise to
the mixture until the precipitate was formed under
constant stirring for approximately 24 hours. When
adjudged completion by thin layer chromatography,
(TLC) (hexane: dichloromethane; 3:2), the mixture was

1-(4-octoxyphenyl)-3-[4-
(OCT-
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poured into icy water and the cooled mixture was
filtered and washed with distilled water. The precipitate
collected was dried over silica gel blue before
recrystallized from methanol, CH3OH (off-white
crystalline solid, 0.2 g, 55 %). IR (cm™): 2921.24 (vC-H
alkanes), 2855.66 (vC-H alkane CH>), 1664.60 (vC=0O
ketone), 1601.91 (vC=C alkene), 1573.94 (vC=C
aromatic), 1470.75 (vCH; bend), 1391.65 (vCH3 bend),
1328.01 (vC-X fluoride), 1169.85 (vC-O ether), 830.19
(vC-H aromatic OOP). 'H NMR (400.11 MHz, CDCl;)
3: 7.95 (pseudo-d, 2H, J = 8.8 Hz, Ar-H), 7.72 (d, 1H,
16 Hz, HC=CH), 7.65 (pseudo-d, 2H, 8.4 Hz, Ar-H),
7.60 (pseudo-d, 2H, 8.4 Hz, Ar-H), 7.55 (d, 1H, 16 Hz,
HC=CH), 6.90 (pseudo-d, 2H, J = 9.2 Hz, Ar-H), 3.95
(t, 2H, J = 13.2 Hz, -OCH3), 1.75 (m, 2H, -CH>), 1.35
(m, 2H, -CH>), 1.20 (m, 9H, -CH,), 0.85 (t, 3H, J = 10
Hz, -CH3). '*C NMR (100.61 MHz, CDCl5) &: 187.14,
162.36, 140.76 130.17, 129.44, 127.38, 124.86, 124.82,
123.16,113.41, 67.35,30.78, 28.30, 28.19, 28.08, 24.97,
21.63, 13.07.

Results and Discussion

Infrared spectroscopy analysis

The spectral data of OCT-CHAL were recorded and
analysed spectroscopically. In IR spectrum of chalcone
derivative as depicted in Figure 2, it revealed all the
expected bands of interest v(C-H alkanes), v(C-H
alkanes, -CH_), v(C=0), v(C=C aromatic) and w(C=C
alkenes). The medium intensity at 2921.24 c¢cm™' and
2855.66 cm™! were corresponded to vibrational of w(C-H
alkanes). The sharp peak of IR band was observed at
1664.60 cm™! and 1601.91 cm™ which assigned to
v(C=0) and v(C=C) with good agreement to previous
researchers [12]. The medium intensity at 1573.94 ¢cm'!
shows the vibrations of v(C=C aromatic) while strong
band at 1328.01 cm™! corresponded to v(C-X fluoride),
in which the absorption of its wavenumber increase with
increment of force constant from C-F bonds due to the
inductive effect between C-F bond and fluorine that are
attracted by fluorine electrons [13], and the vibrational
of »(C-0) ether revealed at 1169.85 cm™!.

100
80 H
£
Q
e \ =
© o
£ 60 g c,/ g
& 8 2 [
e | 8 S =
© - = x T
= & 5
40 3
3
: &g
= Y
T T T T T T T T T T
3600 3200 2800 2400 2000 1600 1200
Wavenumber (cm™)

Figure 2. IR spectrum of OCT-CHAL

'H and C nuclear magnetic resonance analysis

In '"H NMR, it revealed a pseudo-doublet resonance in
the range of &y 7.95-6.90 ppm due to aromatic protons
of para-substitution at the aromatic rings. A doublet
resonance can be found at 6y 7.72 ppm and 6y 7.55 ppm

while triplet resonance at 6y 3.95 ppm was observed as
OCH23 due to the deshielding effect of the nearby oxygen
atom which is more electronegative. Multiplet
overlapping resonances lies on oy 1.75- 1.20 ppm while
triplet resonance was recorded at shielded position on

928



Syaharil et al.: SYNTHESIS, ELECTROCHEMICAL ANALYSIS AND DFT CALCULATION OF NEW
ALKOXYLATED-CHALCONE AS SEMICONDUCTOR MATERIAL

0.85 ppm. Figure 3 shows the spectrum of '"H NMR for OCT-CHAL.
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Figure 3. '"H NMR spectrum of OCT-CHAL

The *C NMR spectrum of OCT-CHAL is represented
in Figure 4. The C=0 was identified as singlet resonance
at ¢ 187.14 ppm according to deshielding effect due to
the presence of nearby oxygen atom in which this trend
of chemical shift position was also observed in prior
reported literature [14]. Meanwhile, the aromatic
carbons were recorded in the range of 5¢ 162.36- 113.41

ppm. Two vinylic resonances were observed at Oc
140.76 ppm and &¢ 123.16 ppm referring to the carbon
splitting of o and 3 unsaturated carbons respectively due
to their unsymmetrical nature within the molecular
structure.
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Figure 4. *C NMR spectrum of OCT-CHAL
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Optical properties

In electronic transition of OCT-CHAL, it revealed
n—7* transition attributed by C=0 chromophore which
lies in the range of 240 nm to 245 nm where the
transition is shifted to longer wavelength due to the
interaction of m-conjugation of carbonyl and phenyl
rings. The strong absorption band between 280 nm to
330 nm can be contributed by m—n* and n—m*
transitions that may correspond to C=C and C-O
chromophores [8, 15]. The experimental spectrum of
OCT-CHAL as depicted in Figure 5 (a) enables the
calculation of optical band gap of this compound by
referring to the formula of [E,P= hc/ Aofrer (365 nm)
eV]. The calculated optical band gap for OCT-CHAL is

3.40 eV. Comparatively, this finding has a good
agreement with the values of theoretical energy band
gap. The theoretical and optical band gap values are
slightly different as the optical band gap are influenced
by the type of solute-solvent interaction, where the
solvent polarity would determine the level of ground
state and excited state energy which then lead to
bathochromic shift of optical spectrum. Whilst, the
estimation of theoretical energy band gap was used has
lowered solvatochromism in their calculation [16].
Moreover, the differences of theoretical and optical
energy band gap values are also occurred due to the
exciton energy binding [9], which stated that the
different amount of energy band gap in the range from
0.45eVto 1.0eV.

+ OCT-CHAL
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Figure 5. (a) UV-Vis spectrum of OCT-CHAL recorded in dichloromethane solution and (b) energy separation

between HOMO-LUMO of OCT-CHAL

Computational calculations using time dependent
density functional theory (TD-DFT) method with basis
set of B3LYP-631G (d, p) was optimized from
molecular structure of OCT-CHAL for further
investigation of energy separation between the highest
occupied molecular orbitals (HOMO) and lowest
unoccupied molecular orbitals (LUMO). The energy
separation between HOMO-LUMO energy level as
depicted in Figure 5 (b). In OCT-CHAL, HOMO orbital
density was located on electron donating alkoxy
substituents while its LUMO coefficient was
concentrated over enone and vinyl-substituted aryl

group [17].

Molecular electrostatic potential

The molecular electrostatic potential (MEP) was
performed to evaluate the molecular interaction of
OCT-CHAL. MEP shows three-dimensional charge
distributions of the molecules in which provide some
information regarding to electron acceptor as well as
electron donator which is displayed by colour as
depicted in Figure 6. On MEP mapped surface, red area
represents nucleophilic region which is rich of electron
while blue area represents electrophilic region that poor
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of electron and green area is zero potential as it is the
halfway interaction of red and blue region. The
evaluation of this potential region is necessary in

|
-5.130e-2

estimate the intermolecular and intramolecular

hydrogen bonds of the molecules [17].
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Figure 6. MEP mapped surface of OCT-CHAL

Global chemical reactivity descriptors

The differential global chemical reactivity descriptors
(GCRD) were calculated by the evaluation of HOMO
and LUMO energy level which reveal their ability as
electron donor and acceptor in the compound. HOMO
indicates to ionization energy (IP) while LUMO
indicates to electron affinity (EA) where these findings
determine the chemical properties of the molecule in
term of chemical hardness (77), chemical softness (),
electronegativity (), chemical potential (# ) and

The calculation of Chemical hardness, [7 = (IP-EA) / 2];

electrophilic index (@) as tabulated in Table 1. In
addition, the calculation of HOMO-LUMO energy band
gap determine the reactivity and stability of the
molecule where the large optical energy band gap
corresponding to less reactive and more stable and vice
versa [15]. The stated parameters were used in measure
the stabilities energy and reactivity of a molecule and the
calculation of their quantum mechanical stabilities were
calculated by equation as reported by previous literature
[18, 19].

The Chemical Softness of the molecules evaluated as, [S=1/27];
The electronegativity of the molecule estimated as, [y = (IP+EA) / 2];
The chemical potential of the molecules calculated as, [« = -y1;

The value of electrophilic index, [@= u2/27]

Table 1. Chemical properties of OCT-CHAL via GCRD calculation

Parameter [DFT-B3LYP/6-31G (d, p)]
Enomo (eV) -6.204
Evrumo (eV) -2.253
AE (eV) 3.951
Ionization potential / (eV) 6.204
Electron affinity £4 (eV) 2.253
Chemical hardness 7 (eV) 1.976
Chemical Softness S (eV!) 0.253
Electronegativity y (eV) 4.229
Chemical potential u (eV) -4.229
Electrophilic index o (eV) 4.525
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Thermal studies

Thermal stability of OCT-CHAL was determined by
thermogravimetric analyzer (TGA) where the molecule
is stable up to 200 °C with two stages of major mass loss
in the degradation process as shown in Figure 7. By
observing the thermogram, the first degradation was
occurred at around 201.47 °C (Tonset) and ended at

420.38 °C whilst second degradation was taken place at
around 499.46 °C and ended at 570.16 °C with total mass
loss of 97 %. Hence, the targeted alkoxylated-chalcone
system of OCT-CHAL exhibits thermal stability at
satisfactory temperature and gives good indication for
the fabrication of thin film to be applied in any potential
advanced materials application.

1% degradation

80

60

Weight Loss (%)

40 4

20

| 2" degradation

T T T
100 200 300 400

Temperature (°C)

T T T T T
500 600 700 800 900

Figure 7. TGA of OCT-CHAL

Electrochemical properties

Cyclic Voltammetry (CV) analyzer was used in the
evaluation of redox potential (oxidation and reduction)
of OCT-CHAL. The measurement was carried out in
dichloromethane solution with the presence of 0.1 M of
tetrabutylammonium hexafluorophosphate, [NBus] PFs
acting as supporting electrolyte in the potential range of
-3.0 V to 3.0 V as shown in Figure 8. From the cyclic
voltammogram, the oxidation potential took place
around 2.40 V at anodic peak which corresponding to
oxidation of chalcone derivative due to the absorption of
chalcone and/or oxidation of product occurred on the

electrode surface [20]. The reduction of C=0O may be
corresponding to the peak revealed in the range of -1.30
V to -2.0 V with quasi-reversible reduction [21] and the
process of quasi-reversibility reduction was determined
by the calculation of energy separation between cathodic
peak potential (Ep.=-1.55 V) with anodic peak potential
which are (Epc=-1.72 V). In addition, Ilhan and his team
have confirmed this classification by evaluating the ratio
of anodic peak current-to-cathodic peak current that are
almost unity [22], with the values of (AE,=0.17 V).

932



Syaharil et al.: SYNTHESIS, ELECTROCHEMICAL ANALYSIS AND DFT CALCULATION OF NEW
ALKOXYLATED-CHALCONE AS SEMICONDUCTOR MATERIAL

0.05

0.00

Current, | (mA)

-0.05

-0.10

T
o}

Voltage (V)

T T T
1 2 3

Figure 8. Cyclic voltammogram of OCT-CHAL in DCM/ 0.1 [NBu4]PF¢ with scan rate of 0.03 Vs!

Conclusion
A new alkoxylated-chalcone derivative featuring donor
(D)-m-Acceptor (A) system has been successfully
designed and synthesized Claisen-Schmidt
condensation. The semiconductor property of OCT-
CHAL was investigated via optoelectronic using UV-

via

Vis spectroscopy and DFT calculation. The preliminary
result reveals that this derivative exhibited an optical
band gap of 3.40 eV which showed good relationship
between the experimental and theoretical data. The
simulated data from frontier molecular orbitals (FMO)
analysis, chemical reactivity and molecular electrostatic
potential (MEP) also demonstrated that this chalcone
based with alkoxy substituent significantly gives good
HOMO-LUMO gap which lies in the range of organic
semiconducting material. Hence, from this finding,
OCT-CHAL has proven exhibit
properties for advanced material applications in the near
future.
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