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Abstract

A newly designed oligo-Schiff-base was prepared and characterized to investigate its optical and morphological response and
antioxidant activity. We first clarified the synthesis of 2-ethoxy-6-(((2-hydroxyphenyl)imino)methyl)phenol (EHPIMP) from
the condensation reaction of 3-ethoxy-2-hydroxybenzaldehyde with 2-aminophenol. The subsequent oxidative polycondensa-
tion process yielded the target oligo(2-ethoxy-6-(((2-hydroxyphenyl)imino)-methyl)phenol), oligo (EHPIMP). The structural
elucidation of oligo (EHPIMP) was performed by 'H, *C NMR, TGA, FTIR and GPC systems. The optical properties of
the EHPIMP and the oligo (EHPIMP)’s thin films were compared mainly with UV—Vis spectroscopy. Corresponding band
gap (E,) values of the EHPIMP and the oligo (EHPIMP) films were obtained as 2.224 and 1.404 eV, respectively. 2D and
3D surface images of films were analyzed with atomic force microscopy. In the AFM results, the surface roughness values
and the average roughness were attained to be 8.28 nm and 46.63 nm for EHPIMP and the oligo (EHPIMP)’s thin films,
respectively. Furthermore, the antioxidant activities were investigated using in vitro FRAP, CUPRAC, DPPH, and ABTS
methods. The obtained data demonstrated that EHPIMP and oligo (EHPIMP) had effective reducing antioxidant potentials
and radical scavenging activities.

Keywords Organic semiconductor - Poly-Schiff-base - Optical band gap - Morphology - Antioxidant - Radical scavenging -
Thin films

Introduction

Nowadays, researchers attention has been shifted towaed an
intensive search on the polycondensation reaction’s products
of Schiff-bases, labeled as a Schiff-base or a poly-Schiff-
base depending on their chain sizes. Schiff-base deriva-
tives are characterized by the presence of an azomethine
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group (-CH=N), and therefore, they are generally named
as azomethine’s or imine’s [1]. Owing to their non-linear
optical, electronic, electrochemical, antimicrobial, antiviral
and anticancer activity properties, these advanced materials
have been studied in divergent areas such as organic solar
cells [2—4], detectors [5], photovoltaic [6], photostabilization
[7]1, thermoelectric and thermo-stable [8, 9]. Also, Schiff-
bases constitute a significant class of compounds used in
pharmaceutical and medical field [10, 11]. The polymeri-
zation of Schiff-bases increases their fields of application.
Poly-Schiff-bases have also found places in batteries, hydro-
metallurgy, and cation exchange resins [12—14], as well as
in fireproof materials, adhesive for dental applications, and
nuclear chemistry [15-17].

Schiff-bases and their polymers are conjugated materi-
als being potential candidates for photovoltaic applications.
Furthermore, the films of conjugated material have shown
various superiorities for usages such as transistors, sensors
and photovoltaic cells [18-20]. The thin films of conjugated
materials significantly increase optical, mechanical and
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electrical properties. In particular, these films have been
used during the insulation and transmission coatings of the
superconducting devices [21].

The band gap is known to be a very important parameter
for photovoltaic device performances [22, 23]. Schiff-base’s
and their polymeric films with low band gap value can be the
desirable materials for solar cell and optoelectronic devices
owing to their chemical versatility, low weight, mechani-
cal flexibility, ease of operation, wavelength adjustment and
low-cost performance [24-27].

An organic semiconductor material, which is containing
Schiff-base, is known to be very suitable for photonic appli-
cations due to its modulating, sensing and light-emitting
properties. Also, films of the organic semiconductor are used
on smart windows, energy conversion, and lasers [28-30]
and as well as on solar cells and electronics areas [31-33].
Additionally, thanks to their optical properties, they have
been employed in the manufacturing of optical discs and
non-reflective and reflective coatings [34, 35].

Aromatic Schiff-bases with acceptor—donor groups by the
expanded m-conjugated system and hydrogen-bonding net-
work are promising as a class of organic compounds with a
stable structure for electrical and technological applications.
Conductivity and antioxidant properties of different aromatic
Schiff-base polymers have been investigated related to their
chemical structures for applications in the optical, electrical
and biological fields [36]. Antioxidant activities of various
Schiff-bases as DPPH, ABTS, and superoxide radical scav-
engers were reported in recent studies [37, 38]. In particular,
it has been reported that the semiconductor action of these
compounds improves by adding electron donor or electron
attracting groups to the phenyl ring, and many compounds
exhibit antioxidant activity [39—-42].

In this article, we aimed to synthesis and characterization
of the aromatic Schiff-base existing in the literature [43] and
novel oligo-Schiff-base derivative, in the first part of the
study. The oligo (EHPIMP) derived from 2-ethoxy-6-(((2-
hydroxyphenyl)imino) methyl)-phenol was obtained. The
structural determination of a novel oligo (EHPIMP) was
determined by UV-Vis, 'H NMR, '3C NMR, TGA, FTIR
and GPC techniques. In the second part, the optical proper-
ties of EHPIMP and oligo (EHPIMP)-coated films, including
the detection of optical band gaps, absorbances and transmit-
tance values, were investigated. The surface morphology of
the EHPIMP and oligo (EHPIMP) films was analyzed by
AFM. Moreover, the antioxidant activities of EHPIMP and
oligo (EHPIMP) were determined by measuring their radical
scavenging and reducing properties. For this purpose, ABTS
cation radical scavenging, DPPH free radical scavenging,
CUPRAC (cupric ions reducing antioxidant capacity), and
FRAP (ferric ions reducing antioxidant power) in vitro meth-
ods were applied to the samples. BHA (butylated hydroxy-
anisole), BHT (butylated hydroxytoluene), a-tocopherol,
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trolox, and ascorbic acid, which are well-known antioxidant
compounds [44], were used as standards for comparison.

Experimental
Starting materials

2-Aminophenol, 3-ethoxy-2-hydroxybenzaldehyde, potas-
sium hydroxide (KOH), hydrochloric acid (HCI), dimethyl-
formamide (DMF), ethanol, sodium hypochlorite (NaOCI)
(10%) were supplied from Sigma Aldrich or Merck and were
used without further purification for all experiments.

Equipment

The FTIR spectra were carried out by a Perkin Elmer spec-
trometer in the range of 4000-600 cm™!. Agilent 1100
Series was used to determine the molecular weight and
PDI of the oligo (EHPIMP) by gel permeation chroma-
tography (GPC). An injection volume of 20 pL was used
with an eluent (DMF) in a flow rate of 0.7 mL min~". Tol-
uene was added as a flow maker. Poly(styrene) standards
were used to calibrate for relative M, and M, (calibration
range Mp 2500-270000 g/mol). The ultraviolet—visible
(UV-Vis) spectrum was recorded at wavelength between
1100 and 190 nm at room temperature with a Shimadzu
model UV-1800 Spectrophotometer. 'H (400 MHz) and
13C (100 MHz) NMR spectra were obtained in DMSO-d,
solutions by Bruker DRX-400 high-performance digital FT-
NMR spectrometer. TGA was performed using Perkin Elmer
Pyris 1 in the range of room temperature to 800 °C with a
heating rate of 10 °C min~' under N, atmosphere.

Synthesis of EHPIMP

That monomer was synthesized according to literature in
Scheme 1 [45] (yield: 41%, color: orange).

IR (v, cm™"): 1620 (CH=N), 1598 (aromatic C=C), 1438
(-C=C-N), 1275 (C-0); 3054, 2996, 2978 (aromatic C-H),
2869 (aliphatic C-H), "H NMR (400 MHz, DMSO-d) &
(ppm): 14.14 (s, 1H, OH), 9.82 (s, 1H, OH), 8.96 (s, 1H,
—N=CH), 7.39-6.84 (m, 7H, Ar—-C-H), 4.00 (OCH;), 1.34
(CH,) 3C NMR (100 MHz, DMSO-d) & (ppm): 162.00
(C=N), 152.38 (C-OH), 151.11, 147.80, 135.19, 128.58,
124.22,119.64, 117.31, 116.94, (C atoms on aromatic ring),
63.99 (CH,), 15.62 (CH,).

Synthesis and characterization of the oligo
(EHPIMP)

The (2-ethoxy-6-(((2-hydroxyphenyl)imino)methyl)phe-
nol) (oligo (EHPIMP)) was synthesized by oxidative
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Scheme 1 Preparation of the
EHPIMP

OH

N0

polycondensation adding NaOCl (10%) as oxidative rea-
gent at 90 °C [46]. The EHPIMP (1.28 g, 5 mmol) was
placed in two-necked vials equipped with a dropping fun-
nel containing 10% NaOCI solution (12.1 mL, 10 mmol).
DMF (12 mL) and KOH (7 mL) solution (0.56 g, 10 mmol)
were added to the Schiff-base reagent, and the oxidative
reagent was added dropwise to the reaction medium at
60 °C for about 10 min. The reaction, which continued
at 90 °C, was stopped after 24 h. The mixture at room
temperature was neutralized by the addition of 37% HCI
solution (1.65 mL, 20 mmol). The precipitate was filtered
and washed with hot water (3 X 50 mL) to remove salts.
Afterward, the residue was purified by washing with etha-
nol. The final oligo (EHPIMP) was dried in a vacuum oven
at 80 °C for 24 h (Scheme 2).

(Yield: 49%. Color: dark black). IR (v, cm™'): 1654
(CH=N), 1581 (C=C aromatic), 1467 (-C=C-N), 1256
(C-0) 3061, 2975, (aromatic C-H) 'H NMR (400 MHz,
DMSO-dg) 6 (ppm): 11.33, (s, 1H, OH), 9.53 (s, 1H, OH),
8.31 (s, 1H, -N=CH), 7.93-6.21 (m, 7H, Ar-CH), 3.98
(OCH,), 1.30 (CH;); '*C NMR (100 MHz, DMSO-dy) &
(ppm): 165.36 (HC=N), 152.57, 150.47, 147.91, 142.40,
128.72, 128.48, 123.16, 121.56, 120.01, 114.30, 113.35
(C atoms on aromatic ring), 67.25 (OCH,), 17.82 (CHj;).

Scheme 2 Synthesis of novel
oligo (EHPIMP)
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Preparation of EHPIMP and oligo (EHPIMP) thin
films

At first, the EHPIMP and the oligo (EHPIMP) were placed
into separate tubes, taking 20 mg of each molecule. 1 mL of
DMF was added to each tube and stirred at room tempera-
ture for 1 h. Additionally, the glass substrates were cleaned
adequately with a piranha solution [mixture of 30% (vol)
hydrogen peroxide and 70% (vol) concentrated sulfuric
acid], and then the glass substrates were rinsed with water
at ambient temperature [47, 48]. Preparation of EHPIMP and
oligo (EHPIMP) films consisted of two steps, the first step
was to make solutions and the second step involved casting
the film. The prepared DMF solutions of the EHPIMP and
the oligo (EHPIMP) were applied carefully onto clean glass
slides using the drop casting, which is the solution process-
based method, at room temperature (300 K), being careful
to eliminate any air bubbles. This was then left overnight to
evaporate the solvent. The final films of the EHPIMP and the
oligo (EHPIMP) were prepared following this methodology
which is depicted in Fig. 1. The thickness and exact dimen-
sions of each film were determined by a digital micrometer
(sensitivity: 0.001 mm), and the values were given as the
average of five random measurements (Table 1).

=z
KOH, NaOCl < J
- - 7 N
[VaVaVaVaVal |
90°C, 48 h. N

Oligo(EHPIMP)
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EHPIMP

Oligo(EHPIMP)

21 um

Fig. 1 Images of thin films

Table 1 The band gap values of thin films

Film thickness (pm) EHPIMP  Oligo (EHPIMP)
21 22

E, for Eq. 1 (eV) 2.183 1.370

E, for Tauc equation (eV) 2.224 1.404

T % (300-1100 nm) 10.2 23.3

Tavg% (380-780 nm) visible range 8.5 9.5

In vitro antioxidant activity assays
FRAP reducing method

Reducing antioxidant potentials of EHPIMP and oligo
(EHPIMP) were determined by a modified FRAP method
[49]. For this purpose EHPIMP, oligo (EHPIMP), and stand-
ard antioxidants (10-30 pg/mL) were prepared in 0.75 mL
distilled water. One milliliter of potassium ferricyanide
(1%) and 0.2 M sodium phosphate (pH 6.6) were added into
each of the test samples. After 20 min incubation at 50 °C,
1 mL of trichloroacetic acid (TCA) (10%) was added to the
mixtures. The reaction was completed by adding 0.25 mL
of FeCl,; (0.1%). A Shimadzu UV spectrophotometer (UV-
1800, Japan) was used for the detection of their absorbances
at 700 nm.

CUPRAC reducing method

Reducing Cu®* ions to Cu™ ions mostly are related to anti-
oxidant potential. CUPRAC method with a basic modifi-
cation was used for this purpose [50]. The same amounts
of (0.5 mL) neocuproine solution (7.5x 1073 M), CuCl,
(0.01 M), and acetate buffer (1.0 M, pH 5.0) were added
into separate test tubes, respectively. Then, EHPIMP, oligo
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(EHPIMP), and standard antioxidants (10-30 pg/mL) were
added to the test tubes. The total volumes were completed
to 4 mL with purified water. The samples were mixed well
and stored for 30 min at room conditions. The absorbances
at 450 nm were measured for all samples and standards.

ABTS radical scavenging method

The cation radical scavenging activities of the EHPIMP and
the oligo (EHPIMP) were evaluated according to the ABTS
(2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid)
method previously reported [51]. The ABTS cation radi-
cal solution has a dark blue color with a maximum absorb-
ance at 734 nm. The cation radical solution was prepared
by mixing 50 mL of ABTS (2 mM) with 50-mL potassium
persulfate (2.45 mM) with a magnetic stirrer (12 h) at room
temperature. The ratio of ABTS** and purified water was
determined for the control solution to obtain around 0.9 +0.1
absorbance at 734 nm. The ABTS** solution was added to
each EHPIMP, oligo (EHPIMP), and standard antioxidants
(10-30 pg/mL). The absorbances of samples and standards
were measured at 734 nm after vortexing and incubation in
the dark.

DPPH radical scavenging method

DPPH (1,1-diphenyl-2-picryl-hydrazyl) method was used
for the determination of free radical scavenging activities
of EHPIMP and oligo (EHPIMP) [52, 53]. The reducing
absorbance of the DPPH solution indicates the antioxidant
potential of a substance. Then, EHPIMP, oligo (EHPIMP),
and standard antioxidants (10-30 pg/mL) were prepared
in 2-mL ethanol. One milliliter of DPPH radical solution
(0.1 mM) was added to each sample. The absorbances of
samples and standards were measured at 517 nm after vor-
texing and incubation in the dark.

Results and discussion
Synthesis and characterization

This research has been performed in three stages. In the first
stage, the 2-ethoxy-6-(((2 hydroxyphenyl)imino)methyl)
(EHPIMP) phenol was obtained. In the second stage, the
new oligomer was carried out through oxidative polyconden-
sation of EHPIMP. In the third stage, optical, morphological,
and antioxidant properties of the synthesized EHPIMP and
oligo (EHPIMP) were investigated.

The FTIR spectra of EHPIMP and oligo (EHPIMP) are
shown in Fig. 2. In the IR spectra of EHPIMP, the bands at
3046, 2914 (aromatic C—H), 1590 cm™" (C=C double bonds)
and 1620 cm™! (HC=N azomethine) are seen as distinctive
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Fig.2 FTIR spectra of EHPIMP and oligo (EHPIMP)

bands. The oligomer spectrum differs from the EHPIMP
spectrum in terms of band strength and a decrease in wave-
length due to the increase in molecular weight and polycon-
jugate structure after polycondensation. The FTIR spectrum
of oligo (EHPIMP) showed bands at 1211 and 1254 cm™!,
which can be interpreted to phenolic C-O vibration [54].
Moreover, the azomethine stretching of the oligo (EHPIMP)
shifted to 1654 cm™!. The powerful band at 1579 cm™!
shows to the C=C stretching vibration of the aromatic ring.
An important increment in the band intensity observed at
741 cm™! for oligo (EHPIMP) indicates phenylene type cou-
plings (C-C) that are dominant in polymer structure [55].
The hydroxyl and imine protons of the EHPIMP in 'H
NMR spectrum were seen at 14.14, 9.82 and 8.96 (-N=CH),
respectively. When 'H NMR spectra of the EHPIMP and
the oligo (EHPIMP) are compared, the decrease of OH
peaks of EHPIMP indicates that the hydroxyl groups in
the polymerization may form C—O—C coupling with free
radicals. It is apparent that after oxidative polycondensa-
tion, the signal of the oligo (EHPIMP) is broader than the
EHPIMP due to the increasing molecular weight of oligo
(EHPIMP). Furthermore, the decrease in the ratio of the
integral height of aromatic protons to the integral height
of the imine proton compared to the monomer in the oli-
gomer shows aromatic ring protons attendance to the cou-
pling reaction. When the '3C NMR spectrum of the oligo
(EHPIMP) and the EHPIMP are examined, imine carbons
of the EHPIMP and the oligo (EHPIMP) are seen at 162
and 165.36 ppm, respectively. Moreover, aromatic carbons
are monitored between the range of 152.38 and 116.94 ppm

for the EHPIMP, and 152.57 and 113.35 ppm for the oligo
(EHPIMP). On the other hand, the peaks at 63.99 and
15.62 ppm in the EHPIMP and the peaks at 63.99 and 15.62
in the oligo (EHPIMP) are identified as carbons of CH, and
CHj;. The similarity of the 13C NMR spectra of EHPIMP
and oligo (EHPIMP) explains the preservation of EHPIMP
structure in polymerization [56, 57].

The M, and M, and PDI values of the oligo (EHPIMP)
determined by GPC were found as 1682 and 3231 g/mol,
and 1.92, respectively.

The thermogravimetric analysis of the oligo (EHPIMP)
was measured in the nitrogen medium, starting from room
temperature up to 800 °C at a heating rate of 10 °C/min using
a thermogravimetric technique (Fig. 3). While the weight
loss of oligo (EHPIMP) started in the range of 30—108 °C
due to the water molecules in the oligo (EHPIMP) structure,
the weight loss at about 190 °C showed chemical C-O-C
bonds. 50% weight loss of the oligo (EHPIMP) was also
seen at 651 °C, and it left 46% residual at 800 °C. These
results indicate a thermally stable oligo (EHPIMP) due to
power C—C bonds and polyconjugation. Additionally, a lin-
ear decrease in weight loss was observed with an increase in
temperature in the thermogram of the oligomer [58].

The optical properties of EHPIMP and oligo
(EHPIMP) films

The Schiff-based polymers have attracted much attention
due to the optical properties and electronic applications. As
shown by the absorbance graphs of the EHPIMP and oligo
(EHPIMP) film (Fig. 4), the value absorbed by EHPIMP
was greater than the value absorbed by oligo (EHPIMP) and
accordingly the EHPIMP absorbed light at a lower wave-
length, while oligo (EHPIMP) absorbed light at a higher
wavelength.
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EHPIMP

Absorbance (a.u.)

375 450 525 600 675 750 825 900 975 1050
Wavelength (nm)

Fig.4 The absorbance graph as a function of wavelength in thin films

In Fig. 4, it was observed that EHPIMP and oligo
(EHPIMP) films absorbed more in the range of 520-582 nm
and 642-905 nm, respectively. The oligo (EHPIMP) film’s
absorbance value remained constant after a certain amount
of wavelength. Contrary to the oligo (EHPIMP), for the
EHPIMP film, it was observed that the absorbance was
wavy in the range of 328-518 nm. According to Fig. 4, the
EHPIMP was observed to be absorbed by near-ultraviolet
and near-visible region, while the oligo (EHPIMP) was
observed to absorb near-ultraviolet, visible and near-infra-
red region. It is known that conjugated materials begin to
absorb at high wavelengths as conjugation increases. At high
wavelengths of EHPIMP and oligo (EHPIMP) molecules
(around 580 nm and 920 nm, respectively) started to absorb
due to high conjugation. When the EHPIMP was turned into
oligo (EHPIMP), the number of the repeating units increased
which caused an increase in conjugation. Hence, the absorp-
tion value was shifted to a higher wavelength. 4., values
of coated films were calculated from the absorbance edges

=N
i

EHPIMP

-
o N
Ll

Transmittance (%)

375 450 525 600 675 750 825 900 975 1050
Wavelength (nm)

Fig.5 The transmittance graph as a function of wavelength in thin films
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[59]. The absorbance edges of the 21-um-coated film of the
EHPIMP and 22-um-coated film of the oligo (EHPIMP)
were found as 568 nm and 905 nm, respectively. The opti-
cal band gap (E,) of the EHPIMP and the oligo (EHPIMP)
films were calculated from the absorption spectra using
Eq. 1 given below (Table 1) [60].

E, = 1240/ A -

ey

The optical band gap of the EHPIMP (21 um) and oligo
(EHPIMP) (22 pm) films were calculated as 2.183 eV and
1.370 eV, respectively.

The transmittance graphs for the EHPIMP and the oligo
(EHPIMP) films are observed in Fig. 5. The transmittance
values of the EHPIMP and oligo (EHPIMP) films were
observed in the range of 0-12% and 0-56%, respectively. The
average transmittance values in the range of 300-1100 nm
of the EHPIMP (21 pm) and the oligo (EHPIMP) (22 pm)
films were found as 10.2 and 23.3%, respectively (Table 1).

60

Oligo(EHPIMP)
501
401
301
20:
10:f

T T T T T T T T T T
375 450 525 600 675 750 825 900 975 1050
Wavelength (nm)
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Similarly, the average transmittance values of the films were
determined as 8.5% and 9.5% in the visible range (between
380 and 780 nm), respectively (Table 1).

The band gap values of semiconductor materials for opto-
electronic and solar cells are of great importance [61]. To
find the band gap of EHPIMP and oligo (EHPIMP) films,
Tauc equation was used to obtain photon energy with (ahv)?
[62, 63] (Fig. 6).

It was observed that the band gap values of the Schiff-
based films were found to be 2.224 for the EHPIMP (21 pm)
and 1.404 eV for the oligo (EHPIMP) (22 pm), respectively.
The Tauc equation and the values found in Eq. 1 were found
to be almost compatible with each other (Table 1). The band
gap values of the EHPIMP and the oligo (EHPIMP) were
calculated with the two equations, and it was determined
that these conjugated materials had low band gap values.
The conjugated molecules with a band gap of less than
1.6 eV are known to be more suitable for ambipolar field
effect transistors (FETSs), organic photovoltaics (OPV) and
photodetectors (PDs) [64-66]. In this study, the E, values of
oligo (EHPIMP) were found to be very low. The reason why
the differences in band gap values between EHPIMP and
oligo (EHPIMP) are such large can be explained by the fact
that the interaction between alternating donors and accep-
tors results in a compressed band gap [67]. Besides, in some
other studies, the band gap values of conjugated molecules
for photovoltaic applications were reported as between 1.6
and 2.5 eV [68, 69]. In this case, it can be said that EHPIMP
and oligo (EHPIMP) are convenient for photovoltaic appli-
cations, because their band gap values were found between
1.6 and 2.5 eV. In this study, the oligo (EHPIMP) organic
semiconductor, with a low band gap, was easily obtained.
The oligo (EHPIMP) with a low band gap was obtained
without complex formation and doping makes this study
useful for photovoltaic applications.
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3

< 31

£

o
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3
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Fig.6 The graph of (ahv)? with photon energy of thin films

(chv)? (cm eV)?

Morphological properties of EHPIMP and oligo
(EHPIMP)

AFM is a device that can measure surface topography from
an angstrom to 100—150 microns. The atomic force micro-
scope is the system with a nano-sized type that is moved
on the surface of the sample and it obtains the image of the
surface by detecting the force applied to the atoms on the
surface [70].

Figures 7 and 8 show two-dimensional and three-dimen-
sional 5p x 5p phase images of the EHPIMP and oligo
(EHPIMP) films. When the phase images are examined, it is
seen that EHPIMP film is generally homogeneous, smooth,
and small grained. The differences in color represent the
different heights in the images [71]. For example, the black
ones represent the valleys, and the white ones represent the
hills. From the surface morphology of the compound, the
grains of different sizes and heights seem intertwined. In
the measurement, the roughness value, Ra, was measured
as 46.63 nm, and the roughness value, Rq, was 55.14 nm as
shown in Table 2.

When the phase images of the oligo (EHPIMP) film
are examined, it is seen that the film has a homogeneous,
smooth, fine-grained structure and the maximum height
among the pits and valleys formed on the surface is 44 nm.
The roughness value, Ra, was measured as 8.28 nm, and the
roughness value, Rq, was 9.96 nm. Morphological examina-
tions of three Schiff-bases have been studied by Derkowska-
Zielinska et al. [72]. According to their findings, roughness
parameters (roughness average and surface roughness,
respectively) calculated from AFM images were found to be
1.76 nm and 2.25 nm for Schiff-base with 2-(2-pyridyl)ethyl-
amine, 8.84 nm and 10.4 nm for Schiff-base with cyclohex-
anediamine, and Ra=4.99 nm and 6.28 nm for Schiff-base
with cyclohexanediamine with NO, group. These values are

x10"
1.6 1 Oligo(EHPIMP)
1.2
0.8 -

1.404 eV
0.4 -
0.0

. 12141618202224262830323436384.0
E (eV)
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Fig.7 2D AFM images of thin films

Range  27.02
43.83

Fig.8 3D AFM images of thin films

Table 2 AFM surface parameters of thin films

EHPIMP Oligo (EHPIMP)
Roughness average (Ra) 46.63 8.28
Surface roughness (Rq) 55.14 9.96
Peak (Rp) 124.50 9.48
Valley (Rv) 62.99 24.90
Peak-Valley (Rt) 187.49 34.38

quite reasonable when compared to the surface parameters
of the oligo (EHPIMP) thin film we have obtained.

gBlPPI @ Springer

Antioxidant studies on EHPIMP and oligo (EHPIMP)

The antioxidant capabilities of the samples were investigated
by four in vitro methods. FRAP and CUPRAC methods were
used for determining reducing antioxidant characterization
as well as ABTS and DPPH methods used for determining
radical scavenging characterization.

The reducing ferric ions indicate the antioxidant-reduc-
ing potential of a substance. Antioxidant molecules usually
transfer a single electron to act as a reducing agent. Accord-
ing to the FRAP assay, the ferric reducing capabilities of the
samples and standards decreased as BHA, BHT, ascorbic
acid, the EHPIMP, tocopherol, and the oligo (EHPIMP),
respectively. The increasing absorbance of a sample indi-
cates its reducing activity potential. The data of this method
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are graphed in Fig. 9. The reducing amount of the EHPIMP
was higher than the tocopherol and very close to the other
standards. However, the oligo (EHPIMP) showed the lowest
reducing ferric ions activity among the standards and tested
samples.

Similarly, reducing cupric ions potential of a sample indi-
cates its antioxidant potential. The cupric reducing capabili-
ties of the samples and standards were decreased as BHT,
BHA, the oligo (EHPIMP), the EHPIMP, tocopherol, and
ascorbic acid, respectively. The samples were shown effec-
tive cupric ions reducing potential as indicated in Fig. 10.
The reducing amounts of the oligo (EHPIMP) and the
EHPIMP were higher than those of tocopherol and ascorbic
acid but lower than those of the other standard antioxidant
compounds.

Antioxidant compounds have good capabilities of single
electron transfer or hydrogen atom transfer to reactive or
radical species. Thus, antioxidants can scavenge radical spe-
cies that make them more stable and unreactive compounds.
The present study determined the radical scavenging anti-
oxidant potential of the samples and standards by in vitro
DPPH and ABTS assays.

The ICs, values (concentration of a sample that scavenges
50% of radicals) and scavenging percentages (%) for ABTS
and DPPH radicals are given in Table 3. According to the
obtained results of ABTS and DPPH methods, effective radi-
cal scavenging antioxidant activities of EHPIMP and oligo
(EHPIMP) were detected.

The ABTS radical scavenging percentages of the sam-
ples and standards at the same concentration (30 pg/mL)
decreased in the order of ascorbic acid (93.5 +2.9), oligo
(EHPIMP) (89.9 +1.1), tocopherol (83.4+4.7), BHT
(79.4+18.1), EHPIMP (78.6 +16.3), BHA (73.4+7.6), and
trolox (68.4+14.7).

DPPH radical scavenging percentages of samples at the
same concentration (30 pg/mL) decreased in the order of
BHA (63.6+9.8), ascorbic acid (63.6 +18.9), EHPIMP
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Fig.9 Ferric reducing antioxidant potentials of samples and standard
compounds

—o— BHA

—+— BHT

—eo— Ascorbic acid
—a— Tocopherol

EHPIMP

Absorbance (450 nm)

— Oligo(EHPIMP)

Concentration (ug/mL)

Fig. 10 Cupric reducing antioxidant capacities of samples and stand-
ard compounds

(51.0+£9.7), BHT (47.2 + 12.7), tocopherol (44.4 +23.9),
trolox (38.1+17.6), and oligo (EHPIMP) (33.4 +6.9).

Conclusion

The novel oligo (EHPIMP) with a low band gap was synthe-
sized and characterized. Films of the obtained EHPIMP and
the oligo (EHPIMP) were prepared and their optical proper-
ties were examined. It was observed that the surface rough-
ness values decreased with the transition from EHPIMP film
to poly-oligo (EHPIMP). This smoothness is essential for the
reliability, processability, and interfacing of such films. The
band gap values of the EHPIMP and the oligo (EHPIMP)
were calculated both with Tauc equation and using the wave-
length peak from the absorption spectrum and it was found
to be very low the band gap values and the resulting data
were compatible with each other. Thus, they were suitable
for photovoltaic applications. The results of in vitro antioxi-
dant methods showed that the EHPIMP and oligo (EHPIMP)
have effective reducing antioxidant potentials and radical

Table 3 Determination of half maximal concentrations (ICs)) and
scavenging percentages (%) of samples and standards for ABTS and
DPPH radicals

Sample ABTS scavenging DPPH scavenging
ICyy* G ICyy* O

BHA 142485 734476 152+5.6 63.6+9.8

BHT 1414103 79.4+18.1 203+54 472+12.7

Ascorbic acid 10.6+5.1 935+29 15.0+35 63.6+189

Tocopherol 163+11.6 834+47 229+1.0 4444239
Trolox 11.8+54 684+147 258+1.2 38.1+17.6
EHPIMP 132+6.6 78.6+163 188+6.4 51.0+9.7
Oligo (EHPIMP) 11.1+5.6 899+1.1 28.7+9.3 334+69

*Sample concentration to scavenge 50% of radicals

**Scavenging percentages of samples at 30 ug/mL
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scavenging activities. The EHPIMP and oligo (EHPIMP)
materials having low optical band gap and good antioxidant
effects might be good candidates for optoelectronic devices
and drug design.
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