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Abstract

Chemical, crystal structures, properties, thermal behaviour, Kinetic parameters, and
antitumor activity of synthesized 3-((2,5-Difluorophenyl)diazenyl)-6-ethyl-4-hydrox-2H-
pyrano[3,2-c]quinoline-2,5(6H)-dione (DFPDAEHPQD) were investigated and characterized.
Different techniques are used to identify the structure of DFPDAEHPQD, such as H nuclear
magnetic resonance (NMR) 3C NMR, X-ray diffraction (XRD) analysis, scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and thermogravimetric
analysis (TGA) measurements. XRD analysis showed that DFPDAEHPQD had a polycrystalline
nature, and TGA results illustrated that the DFPDAEHPQD was thermally stable up to about
300 °C. Optical parameters and absorption coefficient of DFPDAEHPQD were calculated using
diffused reflectance (DR) measurements in a wide range of wavelengths (200 to 1600 nm). Two
optical bandgap values (2.35 and 2.25 eV) were obtained in the applied range of photon energy
using Kubelka—Munk theory (KMT). The first value (2.35 eV) is responsible for the direct
transition, while the other value (2.25 eV) is responsible for the indirect transition. The AC
conductivity obeyed the universal power-law oac(w) = Aw®. Moreover, DFPDAEHPQD showed
highly significant antitumor activity and cytotoxicity against two human cancer cell lines:
HepG-2 and HCT-116, with the corresponding ICso values of 3.07 and 7.15 ug/ml, respectively.
Finally, we hope that DFPDAEHPQD turns out to be environmentally friendly and more energy
efficient a novel semiconductor for safe use in various electronic and biomedical applications.
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1. Introduction

Commercialization of organic semiconductors includes display applications,
lighting applications, and photocopier machines [1-3]. Furthermore, there is a good
suggestion for some new brand organic materials to be examined. One of the advantages
of organic electronics is the nearly unlimited choice of materials. Therefore, large
industrial applications are involved nowadays and in the future exploitation of organic
semiconductors.

Quinolones and their derivatives can work as natural antimicrobials, signaling
molecules, and anticancer drugs [4-6]. Fluoroquinolones are the majority of quinolones
in clinical use. This is because the physical and structural properties of the quinolones
were affected greatly by changing the electronic nature of the replacing atoms or
groups [7-12].

The fluorine atom has the highest electronegativity of any element and has a small
covalent radius [13]. This causes fluorine's high reactivity and strong bonds to other
atoms. Behind the Si—F single bond, C—F bond is the 2" strongest single bond in organic
chemistry [14] and stabilizes organofluorines [15].

Several fluorine compounds are used in electronics [16]. About thirty percent of
agrichemicals contain fluorine [17]. Recent studies show that topical fluoride reduces
dental caries (Tooth decay) [18]. One of the fluorinated compounds, the cholesterol-
reducer atorvastatin (Lipitor), made more income than any other drug until it became
common in 2011 [19]. Furthermore, many drugs are fluorinated to retard inactivation and
extend dosage intervals because of the stability of the C—F bond [20].

Recently, fluoroquinolones are among the most valuable antimicrobial materials
used in human and animal medicine because of their physicochemical and spectrum
properties. They have a relatively simple molecular nucleus, which is amenable to many
structural modifications. They play major roles in curing dangerous bacterial contagions,
essentially infections acquired from hospitals and others [21-25]. Several recent studies
have confirmed that fluoroquinolones cause children little or no additional risk compared
with other antibiotics [26,27]. Besides the antibacterial activity of fluoroguinolones,
recent studies have shown that they are used as anticancer agents because they prevent
the enzyme mammalian topoisomerase Il [28-33].
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Pyran is a non-aromatic ring containing 5 carbon atoms, 1 oxygen atom, and
2 double bonds, and its molecular formula is CsHgO. Many pyran derivatives are
important biological compounds and display antimicrobial, antitumor, and anticonvulsant
[34,35]. Azo compoundshave broad pharmaceutical, cosmetic, food, and other applications
because of their distinctive physicochemical properties and biological activities [36-38].
Moreover, they cause danger to health and the environment because of cancer and
mutations.

Based on the topics mentioned above, the main purpose of the work presented here
has been to synthesize and develop environmentally friendly and more energy efficient
DFPDAEHPQD, which contain quinolone, pyran, azo, and difluoro aryl in one molecular
structure as a promising novel anticancer agent as well as a new brand semiconductor for
safe use in various electronic and biomedical applications.

2. Experimental Details

2.1. Synthesis of DFPDAEHPQD
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Scheme 1

The reaction mixtures' thin-layer chromatography (TLC) analysis was achieved on
Fluka analytical silica gel 60 F254 nm TLC plates. Melting points were measured using
Sanyo Gallenkamp MPD 350-BM 3.5. Infrared spectra were recorded on Thermo Nicolet
Nexus 470 FT-IR spectrophotometer (cm™). Varian 400 MHz spectrometer was used to
measure *H NMR (400 MHz) and *C NMR (100 MHz) spectra. Elemental analyses were
done with the aid of the usage of A EuroEA 3000 Elemental Analyzer (Italy). The mass
spectrum was achieved on Finnigan 2000, Thermo Quest GC/MS. A triple-quadruple
tandem mass spectrometer was attached with electrospray ionization. Compound A was
prepared according to the reported literature method [39]. To a previously cooled solution
(0-5°C) of compound A (1.4 g, 5 mmol) in sodium carbonate solution (Na,CO3, 50 ml,
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1M), a solution of freshly prepared diazonium chloride from 2,5 difluoroaniline, (0.5 ml,
d =1.28 g/ml, 5 mmol) and HCI acid (60 ml, 1M), was added with stirring continuously.
After completion of the addition, the reaction mixture was stirred at 25°C for 2 h. The
formed precipitate was filtered off, washed with water, dried, and recrystallized from
AcOH to give DFPDAEHPQD compound (1.27 g, 65%), m.p = 270-272 °C yellow
DFPDAEHPQD (Schemel). M.F: CxH13F2N304, IR (KBr, cm™): 3421 broadband (OH),
3087 (CHaromatic), 2991, 2942 (CHaIiphatic), 1745 (C:Oa-pyrone), and 1676 (C:Oqumo"ne),
1616 (C=C), 1573 (N=Ng.). *H NMR (400 MHz, DMSO-ds) d ppm: 1.37 (t, J=8.00 Hz,
3H,CHj), 4.38 (t,J=8.00 Hz, 2H,N-CHy), 6.93-7.02 (m, 1Hphenyt), 7.13-7.22 (M, 1Hphenyi),
7.35 (t, J=8.00 Hz, 1H, C9-H ), 7.42 (d, J=8.00 Hz, 1H, C7-H), 7.73 - 7.82 (m, 2H,
(1Hphenyt + 1H, C8-H), 8.33 (dd, J=8.00, 1.57 Hz, 1H, C10-H), 13.24 (s, 1H, C4-OH).
13C NMR (101 MHz, DMSO0-d6) & ppm 13.05 (s, 1C2"), 37.72 (s, 1C1"), 90.23 (s, 1C3),
99.94 (s,1C4a),107.60(s,1C10a), 113.73 (S, 1Cpheny1), 115.49 (S, 1Cpheny1), 116.52 (s, 1C7),
123.05 (S, 1Cphenyt), 124.31 (s, 1C10), 124.61 (s, 1C9), 125.25 (S, 1Cpheny), 134.86 (s, 1C8),
138.09(s,1C6a),149.1(s,1C10b), 151.55 (S, 1Cphenyi ), 159.36 (S, 1Cphenyi £), 160.97(s, 1C2),
162.64 (s,1C4), 169.14 (s, 1C5) [40,41].

2.2. Devices and measurements

A pellet with dimensions, 13 mm diameter and 1 mm thick was obtained using the
manual hydraulic press. The description of the used method was mentioned earlier [42].
The surface morphology of the DFPDAEHPQD in powder form was obtained using
SEM type (JSM-6360) operated at 20 kV. XRD measurement of the DFPDAEHPQD
sample was achieved with a Shimadzu LabX-XRD-6000 X-ray diffractometer
at ambient temperature using filtered CuK, radiation (A = 1.5406,&). XRD pattern was
recorded automatically over a wide range of diffraction angles (5—80°). Thermal analysis
of DFPDAEHPQD has been achieved by thermo-gravimetric analysis (TGA-50)
in a nitrogen atmosphere up to 700°C temperature. The UV/visible spectra of
DFPDAEHPQD were recorded using an integrating sphere system connected to
a UV-3600 spectrophotometer (Shimadzu, Japan) inside a wavelength range of
200 — 1600 nm. FTIR spectrum of DFPDAEHPQD was measured on THERMO
SCIENTIFIC, DXR FT-IR Spectrometer through the region between 4000 and 400 cm™
wavenumber. About 2% of finely crushed DFPDAEHPQD powder was mixed with
potassium bromide to get 100 mg of the subjected sample to this analysis. The electrical
characterization measurements of DFPDAEHPQD films were achieved at a constant
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temperature (25 °C) using properly computer-controlled Keithley 4200-SCS over an
extensive variety of frequencies beginning from 3 kHz up to 10 MHz.

2.3. Cytotoxic of DFPDAEHPQD

The cytotoxic examination was achieved at the Regional Center for Mycology and
Biotechnology, Al-Azhar University. The used two human cancer cell lines, namely:
HepG-2 (hepatocellular carcinoma) and HCT-116 (colon carcinoma) were purchased
from VACSERA, Unit of Tissue Culture, Cairo, Egypt. The inhibition zone was
measured at each well after 24 h at 37 °C.

For cytotoxicity assay, 1 x 10* cells (HepG-2 and HCT-116) per well in 100 ul of
growth medium were seeded in a 96-well plate. The used procedure was mentioned
earlier in advance [43]. After treatment with the characteristic compound, the survival
curve for each tumor cell line was obtained by plotting the relation between surviving
cells against drug concentration. The concentration necessary to induce toxic effects in
50% (ICsp), of intact cells, was determined by plotting the relationship between
percentages of cell viability against sample concentration using GraphPad Prism software
(San Diego, CA, USA) [44].

3. Results and Discussion

3.1. Fourier transformation infrared spectroscopy (FTIR) of DFPDAEHPQD

FTIR became a vital instrument in various fields and is considered a fingerprinted
analysis. FTIR spectrum of DFPDAEHPQD within 400—4000 cm™ of wavenumber range
is presented in Fig. 1. As presented in Fig. 1, there are two strong absorption peaks
at 3441.32 cm™ of a broadband (OH) and 3080.99 cm™ of (CHaromatic). Moreover, three
peaks were observed at 2978.51, 2932.23, and 2353.72 cm™ that refer to (CHaiiphatic),
1755.37cm ™ of (C=Opg-pyrone), 1672.73 cm™*of (C=Oquinoiine), 1609.92cm™ of (C=C) and the
peaks within the range 1563.64-1414.88 cm™ are due to azo group N=N [40,41]. An extra
two peaks at 1289.26 and 1123.97 cm™ were located due to strong C-F bonds [45].
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Figure 1. FTIR spectra of DFPDAEHPQD.
3.2. 'H-NMR, BC-NMR, and mass spectra of DFPDAEHPQD.

Figure 2 shows 'H NMR spectrum of DFPDAEHPQD that revealed the
disappearance of aromatic proton at position 3 of N-ethylpyranoguinolinone and
confirmed the appearance of new three protons in the aromatic region corresponding to
the phenyl ring of 2,5-difluoroaniline. *C NMR spectrum of DFPDAEHPQD exhibited
two signals in the aliphatic region attributed to two carbons of the N-ethyl group and
eighteen sp?-hybridized carbons in the region & 90-169 ppm corresponding to the
aromatic carbon atoms which are compatible with the number of carbon atoms in the
molecular formula of the DFPDAEHPQD as shown in Fig. 3.
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Figure 2. *H-NMR spectrum of DFPDAEHPQD.
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Figure 3. *C-NMR spectrum of DFPDAEHPQD.

3.3. Surface morphology of DFPDAEHPQD

The SEM micrograph shown in Fig. 4, illustrates the surface morphology of
DFPDAEHPQD. This figure shows the formation of a rod-like structure with an average
diameter of 0.565 pm. Furthermore, nanorods with various sizes and shapes were
randomly distributed. These nanoscale structures are characterized by high sensitivity and
may be advantageous in the applications of different fields [46-50].

Rt &

Figure 4. SEM images of different scales of DFPDAEHPQD.
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3.4. Crystal structure of DFPDAEHPQD

X-ray crystallographic and structural data of DFPDAEHPQD powder are summarized
in Tables 1(a&b) with (hkl) planes using crysfire and check-cell software [51], and
the XRD pattern of the synthesized DFPDAEHPQD is shown in Fig.5. According to the
XRD pattern presented in Fig. 5, it can be concluded that DFPDAEHPQD has a crystalline
nature. Analysis of the obtained data in Tables 1(a&b) explained that DFPDAEHPQD

is @ monoclinic structure with a space group P-.

Table 1a. XRD analysis of DFPDAEHPQD.

2Theta, 2Theta, .
h K : (observed) | (Calculated) Diffegenge
-1 0 |1 6.0148 6.0414 -0.0266
1 0 |1 9.6466 9.6375 0.0091
-2 0 |0 10.97 10.9307 0.0393
0 0 |2 11.8316 11.8166 0.015
0 110 12.435 12.4465 -0.0115
-1 1 |1 13.89 13.8457 0.0443
1 0 |2 15.11 15.047 0.063
-1 1 12 16.405 16.3969 0.0081
0 0 |3 17.735 17.7646 -0.0296
-3 110 20.6616 20.6623 -0.0007
-3 1 (3 22.123 22.1025 0.0205
0 0 | 4 23.8 23.7612 0.0388
-4 1 13 24.822 24.824 -0.002
-1 2 |1 25.7923 25.7845 0.0078
1 0 |4 26.6434 26.6736 -0.0302
-2 2 |2 27.9 27.8989 0.0011
-5 1 (3 28.42 28.4035 0.0165
2 2 |1 29.045 29.0743 -0.0293
0 2 |3 30.87 30.8728 -0.0028
3 1 (3 31.85 31.8451 0.0049
5 111 33.23 33.2371 -0.0071
5 0 |2 34.65 34.6521 -0.0021
-6 0 | 6 36.88 36.8644 0.0156
0 1 [6 38.2 38.208 -0.008
-5 1|7 41.095 41.1234 -0.0284
-8 1 1 44,344 44.3441 -0.0001
121 0 |2 64.625 64.6349 -0.0099
Table 1b. XRD parameters of DFPDAEHPQD.
Lattice parameters
a b c alpha beta gamma volume
17.9788 | 7.1059 | 16.6351 90 115.88 90 1912.047
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Figure 5. XRD pattern of DFPDAEHPQD.

3.5. Thermal analysis of DFPDAEHPQD

The studied sample's thermogravimetric analysis (TGA) has been achieved and
illustrated in Fig. 6. This figure showed that a process of single-stage decomposition was
observed in the temperature range (25-300 °C). However, beyond this temperature range,
the decomposition of the sample caused a significant weight loss at a temperature range
of 300 —400°C. Moreover, a further increase in decomposition temperature up to 700°C
caused a slow rate of weight loss in the test sample. These analyses confirm that
DFPDAEHPQD is a thermally stable organic semiconductor via various temperatures.
The high thermal stability in the case of the DFPDAEHPQD up to about 300 °C might be
due to the formation of a C—F strong bond [13].
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3.6. Optical diffused reflectance and absorption index of DFPDAEHPQD.

Measurement of optically diffused reflectance with a UV-visible spectrophotometer
is considered as a standard technique for obtaining information about the absorption
properties of the material under investigation. Optical diffused reflectance (ODR) and
absorption index of the DFPDAEHPQD versus wavelength in the range 200 — 1600 nm,
as shown in Figs. 7(a&b). It's obvious from Fig. 7a that the ODR of DFPDAEHPQD
didn't change in the 200—500 nm range. Then, a sharp increase of the ODR was observed
within various wavelengths from 500 to 700 nm, forming the bandgap. After that,
the ODR depicted absorption peaks (maximal/minimal peaks) within 700 — 1600 nm of
the wavelength range. Light absorbed by the studied material creates these absorption

bands [52,53].
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Figure 7b shows that DFPDAEHPQD has small absorption index values
(10 *—-10"3) due to the non-absorbing area of the DFPDAEHPQD surface, and the
inclination of the DFPDAEHPQD sample to the incident light. Also, this figure
represents maximum absorption at a wavelength of about 380 nm, typical for band-to-
band electronic transitions (z—7z*) [54,55]. This sharp peak and the exciton absorption
indicate that the DFPDAEHPQD has a very good optical quality, i.e., contains a small
density of defects. The optical bandgaps Eg of the DFPDAEHPQD were calculated using
Tauc's model as given below [56-58]:

F(R) =52 @)
a="2, 2)
ahv = A(hv — Eg)", 3)

Where F(R) is the reflectance which represents the Schuster-Kubelka-Munk model,
R is the ODR of the layer measured immediately from the spectrophotometer and
expressed as a decimal fraction, « is the absorption coefficient, t is the sample's thickness
(= 0.5 mm), hois the energy of the incoming photon, A is the band tailing parameter [59]
and Eq is the bandgap energy of the sample. In the above equation, n = % for direct
allowed transition, and n=2 for indirect allowed transition. Hence, the equation for direct
bandgap material is:

(chv)’ =A*(hv-E,), (4)
And the equation for indirect bandgap material is:
(ahv)'? = A" (hv-E,), (5)

Figure 8 shows the plots of (ahv)Y?, and (ahv)? versus (hv) for DFPDAEHPQD in
powder form. The bandgaps were obtained via the line interception of these plots to the
x-axis at which o2 and o2 equal zero. Two optical band gaps (2.35 eV & 2.25 eV) of
DFPDAEHPQD were obtained in the studied range of photon energy. The first value
(2.35 eV) is responsible for the direct allowed transition, while the other value (2.25 eV)
IS responsible for the indirect bandgap. These values were found to be higher than those
obtained for Pyronin Y [60] and lower than those acquired for DPQ, DPQ-CI, and
DPQ-CI, [61].
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Figure 8. Plot of (ahv)? and (ahv)? vs. ho for DFPDAEHPQD.
3.7. Dielectric behavior and AC electrical conductivity of DFPDAEHPQD

The dielectric function describes the direct response of the material to
electromagnetic radiation, and it predominates the behaviour of electromagnetic wave
propagation in the material. Therefore, it's essential to recognize the nature of the
dielectric function and its basis. The following equations were used to represent the
complex dielectric function &"(w) for the considered organic material [62]:

(6)

*

¢ (0) = &(0) +1g(0),
where

&, =" -K%, &, = 2nk (7)
where & () and &(w) are real and imaginary parts of the dielectric constant, respectively.
n and k are real and imaginary components of the refractive index, respectively. While
the fundamental component & (w) of the dielectric constant describes the refraction of
light, the imaginary component &(w) is related to its extinction, and it mainly describes
the electron transition from occupied states to unoccupied ones. Plots of &(w) and &(w)
versus the applied frequencies for DFPDAEHPQD are illustrated in Fig. 9.
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Figure 9. Plots of dielectric constant and dielectric loss versus the applied frequencies for
DFPDAEHPQD.

In low-frequency areas, the dielectric constants significantly decrease with the
increase in frequency up to 6x10* Hz; then, they slightly decrease with the increase of
photon frequency. The enhancement of dielectric constants with decreased frequency
reveals that DFPDAEHPQD exhibits strong interfacial polarization at a lower frequency.
At higher values of photon frequency, the dielectric constant increases and
reaches a maximum value when the frequency reaches about 6x107 Hz. Furthermore,
the amounts of dielectric loss decrease to the smallest possible value and once more
increase. Generally, the diminishing dielectric constants of the studied material are
related to the mechanism of dielectric polarization. Whereas applying an external electric
field to DFPDAEHPQD, exclusive kinds of dielectric polarization can come about as
electronic, ionic, dipolar, or interfacial polarization. Electronic and ionic polarizations are
the predominant polarization in the high-frequency range. The large value of &(w) at
a totally low-frequency range may be interpreted by way of interfacial polarization that
occurs by charge carriers, that immigrate and are restricted by defects and gathered while
the material is a dielectric. The value of &(w) begins to grow at a high-frequency range
because the dipole oscillation can rotate rapidly [63]. The influence of frequency
on AC electrical conductivity has been examined to describe the conduction behaviour
of DFPDAEHPQD. The following subsequent equations have been used to calculate the
AC conductivity of the sample [64-67]:

O7otal.AC (a)) = % , (8)

OTotal.AC (w) = O'Dc(a) - 0)"’ Oac (a)), (9)
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oc(0)=A0®, (10)
Where o, ,..(0) is the total AC electrical conductivity, Z is the impedance, A is
a temperature-dependent constant, o,.(o—0) is the DC electrical conductivity, o, (w) IS

the AC electrical conductivity, o is the angular frequency and s is a parameter (called
frequency exponent) which determines AC conduction. Organic semiconductors denote
semiconducting organic compounds exhibiting electronic conductivities between 10x10-°
and 10x10% Qt.cm™ [68]. The frequency exponent s is a specific parameter showing the
numerous-material interactions of charge carriers and impurities. The value of this
exponent depends on both frequency and temperature and changes from 0 to 1; it is
identical to 1 for typical Debye-type materials.

Moreover, this exponent is related to the charge carriers or extraneous dipoles
caused by the existence of impurities and imperfections. In particular, the value of this
exponent generally varies from 0.6 to 0.8 in conducting disordered materials, while
it is close to 1 in highly disordered dielectrics [69]. Based on the power mentioned above
in the law (Eq. 10), the quantity Inoac(@) was plotted against In(w) which is illustrated
in Fig. 10. Figure 10 shows that Inoac(w) rises with increasing In(w). The value of
the exponent s for DFPDAEHPQD at room temperature was computed by using
the slope of the linear part of this relation. In this work, the obtained value of s was
1.0152 + 0.00318 [60]. This behaviour can be explained in terms of the correlated barrier
hopping between centers forming intimate valence alternation pairs [70]. A common
feature in arranged, disarranged, organic and inorganic materials is the direct changes of
the AC electrical conductivity with the applied frequency [68].

4
-6- .
8- a"

=10+ n

-12 -

InG,,, (G, in (chm.m)™)

14

-16

10 1M 12 13 14 15 16 17 18
Ine, (@ in Hz)

Figure 10. The frequency dependence of the AC electrical conductivity for DFPDAEHPQD.
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3.9. Antitumor activity of DFPDAEHPQD

Synthesized DFPDAEHPQD compound has been examined for its antitumor
activity and cytotoxicity against two different human cancer cell lines HepG-2 and
HCT-116. Results presented in Fig. 11 showed that DFPDAEHPQD exhibited strong
antitumor activity against these two cell lines. This figure reflected that DFPDAEHPQD
showed significant inhibition towards the proliferation of both used cell lines HepG-2
and HCT-116 in a dose-dependent manner. The treatment with DFPDAEHPQD
decreased the proliferation of HepG-2 cells with a 50 % reduction at about 3.07 ug/ml.
In comparison, HCT-116 cells showed a significant decrease in proliferation with
a 50 % reduction at about 7.15 pg/ml of DFPDAEHPQD extract. The effect of
DFPDAEHPQD concentration on the morphological features of both HepG-2 and
HCT-116 cells is shown in Figs. (12&13). The Structure-activity relationship (SAR),
in the present study, has focused on the influence of fluorine groups on the antitumor
activity of the DFPDAEHPQD compound. Some recent studies depicted that compounds
containing fluorine atoms (an electron-withdrawing group) strengthen the inhibitory
activity of cancer cells [40,71,72]. This may be due to the high electronegativity of
fluorine atoms (4.0 on Pauling’s electronegativity scale) which causes increasing the
lipophilicity of the molecule that enhances the absorption rate, and helps easy penetration
of the compound through the lipid membranes and therefore boosts the intercellular drug
delivery [40,73,74].
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Figure 11. Effect of DFPDAEHPQD on the proliferation of HepG-2 and HCT-116 cells. Cells were treated
with different concentrations of DFPDAEHPQD, incubated at 37°C, and harvested after 24 h.
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Figure 12. (1) HepG-2 cells (control), (2-10) HepG-2 cells treated with different concentrations of
DFPDAEHPQD: (2) 2 pg/ ml; (3) 3.9 ug/ ml; (4) 7.8 pg/ ml; (5) 15.6 pg/ ml; (6) 31.25 pg/ ml;
(7) 62.5 pg/ ml; (8) 125 pg/ ml; (9) 250 pg/ ml; (10) 500 pg/ ml.

Flgure 13. (1) HCT-116 cells (control), (2-10) HCT-116 cells treated with different concentrations of
DFPDAEHPQD: (2) 2 pg/ ml; (3) 3.9 pug/ ml; (4) 7.8 pg/ ml; (5) 15.6 pg/ ml; (6) 31.25 pg/ ml;
(7) 62.5 pg/ ml; (8) 125 pg/ ml; (9) 250 pg/ ml; (10) 500 pg/ ml.
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Conclusion:

In conclusion, DFPDAEHPQD was successfully synthesized and characterized by
various elemental analyses, FTIR, TGA, and XRD techniques. Fourier transform infrared
spectroscopy analyzed the fingerprint function groups in DFPDAEHPQD. TGA was used
to investigate the thermal characteristics of DFPDAEHPQD. Thermal analysis of
DFPDAEHPQD indicated thermal stability over a large scale of temperature up to
300 °C. XRD analysis showed that the crystal of the used material is monoclinic with
space group P,. Optical diffused reflectance (ODR) of DFPDAEHPQD was utilized
to measure bandgap energy and absorption region within the wavelength 190 —2300 nm.
The band optical gaps have been computed using Kubelka—Munk theory and found to be
2.35 and 2.25 eV for the direct and indirect transitions, respectively. DFPDAEHPQD is
an organic semiconductor substance that is confirmed by the measurements of electrical
conductivity of direct current. Results showed that the AC electrical conductivity of
DFPDAEHPQD increases by raising the applied frequency. The dielectric constants were
found to decrease with the increase in frequency, then they increase at higher values of
photon frequency and get maximum value when the frequency reaches about 6x107 Hz.
The dielectric loss was found to be lower than the dielectric constants. Moreover,
DFPDAEHPQD showed promising antitumor activity and cytotoxicity against two
human cancer cell lines (HepG-2 and HCT-116) with the corresponding I1Cs, values of
3.07 and 7.15 pg/ml, respectively. Thus, DFPDAEHPQD looks like organic material very
efficiently; it is expected to have many safe applications in modern technology.
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