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Abstract

A coumarine derivative namelyl,2,9-trimethyl-7H-furo[3,2-flchromen-7-one] (TFC) is subjected
to investigate thermal, structural, and AC conduction properties. The XRD investigation showed
that TFC in powder form is polycrystalline and demonstrates monoclinic crystal system. Thermo-
grave metric analyses proved that TFC has a good thermal stability from room temperature up to
approximately 460 K. furthermore, it undergoes decomposition in one major step in the temperature
range 460 — 583 K. Ac and dc electrical conductivity measurements revealed that TFC showed a
semiconductor behavior. The thermal activation energy for DC conductivity AEqc are found to be
0.0576 and 0.617 eV in the low and high temperature regions, respectively. The analyses of AC
conductivity as a function of temperature and frequency revealed that the correlated barriers hoping
(CBH) conduction mechanism is the dominant mechanism for conduction of charge carriers in TFC.
The related parameters for the CBH are calculated.

Keywords: Coumarine, XRD, thermal properties, AC conductivity, electrical modulus, Correlated
barrier hopping (CBH)

because of their wide range of applications in
Pharmacology (Barot et al. 2015; Kadhum et al.

Introduction

Among organic materials is Coumarin family
which is naturally occurring organic compound.
Coumarin derivatives are utilized in various
fields like medicine, dyes, and fluorescence (P
n.d.; Sontisiri et al. 2025; Sun et al. 2020).
Coumarin was first isolated in 1820 (Sarker and
Nahar 2017). Coumarin and its derivatives have
gained considerable attention for decades
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2011; Xu et al. 2021) and biological activity
(Mohammed and Ahamed 2022).

Researches continue to produce new coumarin
derivatives and providing insights into how
modifications can enhance their functionality
and effectiveness in biological systems (Detsi,
Kontogiorgis, and Hadjipavlou-Litina 2017).
Also, the change of substituent group certainly
will affect thermal properties of coumarins.
This effect appeared obviously in the
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derivatives of 2-[(4-Methyl-2-0x0-2H-
chromen-7-yl)oxy]-N'-(substitutedmethylene)
where the milting point is varied from 252°C to
298°C (Satyanarayana et al. 2009). Many
coumarin derivatives showed
photoluminescence and electroluminescence
properties (Kotchapadist et al. 2015; Pramod,
Renuka, and Nadaf 2019). The presence of
these properties strongly recommend caumarin
derivatives in optoelectronic application such as
OLEDs (Goel et al. 2012; Kumar, Puttaraju, and
Patil 2016). Also, some coumarin derivatives
have been investigated as temperature
thermometer in polymer-supported materials
(Pedro et al. 2023).

Kotchapadist et al. reported that, N-
Coumarin derivatives demonstrated thermal
stability up to a temperature of about 400 °C and
recommended these derivatives for OLED due
to the precast of emission spectra in the visible
region of spectra. The emission properties of
these N-Coumarin derivatives have been tuned
by varying thiophene units in the conjugated
backbone or changing the type of substituent
(Kotchapadist et al. 2015).

To our knowledge, there is no direct
investigation concerning the ac conductivity
properties of natural or synthetic Coumarins. In
this study we aimed to extract infarction about
the thermal stability of new synthesized
coumarine derivative as well as its structural
and electrical properties arriving to the possible
conduction mechanisms, which can help in
propose these compounds under investigation
for the suitable technological applications.

Experimental
Materials

In the present study, one of the coumarine
derivatives which is 1,2,9-trimethyl-7H-
furo[3,2-flchromen-7-one] (TFC) (Elgogary,
Hashem, and Khodeir 2015) is subjected to
investigation without any further treatment. The
chemical structure of TFC shown in Fig.1.

Thermal Analysis

Thermo gravimetric analysis (TGA) and
differential scanning calorimetric (DSC)
measurements are recorded by (Simultaneous
Thermal Analyzers DSC/TGA, TA Instruments
STD Q600) in the temperature range 300 - 650
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K.®
X-ray Diffraction Analysis

The crystal structure of TFC in powder form is
investigated by using X-Ray diffraction (XRD)
technique and recorded by "D2 phaser company
bruker, Germany" X-ray diffractometer having
Cu as a target. The Ni-filtered CuK, radiation of
wavelength (A= 1.5406 A) is used. The X-ray
tube's voltage and current were 30 kV and 10
mA, respectively. The experimental results are
analyses using fullprof software (Dinnebier
n.d.; Linetal. 2008), and optimized by Chekcell
software (Tan and Shaari 2008).

Alternating current (AC) measurements

The AC measurements are carried out by the
programmable automatic RLC bridge model
Hioki 3532-50 LCR Hi Tester, in the frequency
range from 100 Hz to 1 MHz and temperature
range 300 - 443 K. The powder of TFC is
compressed to form pellets under a pressure of
5 tons/cm2. The resulting pellets have a
diameter of 1.2 cm and a thickness of about 1
mm. The samples are placed in a holder
specially designed to minimize stray
capacitance. The temperature of the sample is
monitored during the measurements by using a
NiCr-NiAl thermocouple. All measurements
are done in dark and in air.

Results and Discussion
Thermal

The TGA and DTG curves for TFC, in the
temperature rang 300 — 650 K are presented in
Figs.2 and 3.The carves prove a good thermal
stability from room temperature up to
approximately 460 K. It is noticed that TFC is
undergo decompaosition in one major step in the
temperature range 460 — 583 K with a maxima
transition temperature of 581 K (see Fig.3).

Fig.4 presents the DSC charts of TFC in the
temperature range 300 — 650 K. It is found that,
the first endothermic peaks for TFC is in the
range 473 — 492 K. Taking into account that,
there is no loss of mass occurs up to this
temperatures range, it can be confirmed that all
these endothermic peaks can be attributed to the
melting process at melting temperature (Tm).
The values of T can be extracted from DSC
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curve and found to be about 500K. This result
is confirmed by visual observation by melting
apparatus. The last endothermic peaks in the
DSC curves for TFC is positioned at the same
temperature of this maximum transition
temperature which extracted from DTG (see Fig
3). Taking this observation into account, the
phase transition process at temperature 585
TFC can be attributed to boiling process at
boiling temperature (Tp). As a conclusion, and
TFC is thermally stable up to the 500 K. This
result recommend the suitable temperature
range of studying the dielectric properties and
conductivity to be in the range from room
temperature to temperature below the melting
temperature (Tm). At this point, it is worth to
replace the expiration “decomposition” in TGA
analyses at the temperature range 555-581 K
with the term “loss of mass by evaporation due
to boiling process”.

X-ray diffraction (XRD)

The XRD patterns of TFC in the diffraction
angle range 26 = 4 -70° is illustrated in Fig.5.
The XRD pattern is characterized by many
sharp peaks which confirm the polycrystalline
nature of TFC in the powder form. Crystal
structure system, lattice parameters and Miller
indices (hkl) of the investigated compounds are
obtained by fullprof software (Dinnebier n.d.;
Lin et al. 2008), and optimized by Chekcell
software (Tan and Shaari 2008). It is found that
the TFC has monoclinic crystal system with
optimized space group P12/m  All mentioned
parameters are computed and summarized in
Tables 1 and 2.

The average crystallite size D can be calculated
using the following well known Scherre’s
equation(EIl-Ghamaz, Mogbel, and EI-Shabaan
2020):

D

_ mA
Bhkl COsehk’

€y

where S, Is the full width at half maximum in
radians, /4 is the wavelength of the incident x-
ray (1=1.5406 A) and 6. the diffraction angle of
the peak with miller indices hkl. Also the
dislocation density ¢ and the micro strain p can
be calculated using the following relations
(Correlation between ionic radii of metal
azodye complexes and electrical conductivity
n.d.; EI-Nahass et al. 2008)
5=+

DZ

(2)
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The values of D, ¢ and p is calculated and listed
in Table 3.

Dielectric properties
Electrical Modulus

The dielectric modulus M defined as the inverse
of the complex permittivity & and is a concept
used in the study of dielectric materials
practically in analyzing relaxation processes
and conductivity. The complex dielectric
constant € can be expressed by the following
relation (Conducting Polymers. VII. Effect of
Doping with lodine on the Dielectrical and
Electrical Conduction Properties of Polyaniline
n.d.):

E=¢& —i&

C)

where ¢; is the real part and & is the imaginary
part of the dielectric constant. &1 and &, are
calculated by using the following relations
(Dielectrical ~ properties and  conduction
mechanism of quinoline Schiff base and its
complexes n.d.; EI-Nahass and Ali 2012):

d
& =c~ (5)
&, = g tand (6)

where &, is the permittivity of the free space, C
is the measured capacitance and tand is the
measured dissipation factor of the three
compound in the tablet form. Also, the complex
electric modulus, M given by the following
relation (Jung 2013):

M =M, +iM, @)

where M; and M; are the real and imaginary
parts of the electric modulus respectively, and
can be calculated from the dielectric constant
using the following relations (El-Nahass and
Ali 2012):

€

M, = s%-l-lsg (8)
€

M; = £§+2£% ©)

The obtained values of M1 and M for TFC as a
function of frequency are depicted in Figs. 6 and
V, respectively. In the low frequency region, the
values of M; tends to zero. This behavior
suggests that the compound TFC exhibit
minimal polarization or motion at these
frequencies. This behavior is typical in
materials that may not have yet reached their
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characteristic response times which are needed
to effectively transition through energy
states(Barsoukov and Macdonald 2005). The
more increase of test frequency, the more
increase of M; as seen in Fig. 6. This behavior
could be due to the enhancement of polarization
of the TFC, as higher frequencies enable more
active molecular dynamics and dipole
orientations contributing to the overall
dielectric response(Liu, Cole, and Low 2013).
The spectra of M1 demonstrate a peak around
1000 Hz which is shifted toward higher
frequency with increasing temperature. It is
often attributed to thermal activation of charge
carriers,(Bose and Sarma n.d.). As temperature
rises, molecular motion increases, allowing the
materials to respond to oscillating electric fields
with higher frequency, thus shifting the peak to
higher frequencies (Jonscher 1999).

Fig.7 shows the variation of M, with frequency
for TFC. It is noticed that, a typical relaxation
peak that moves towards higher frequencies by
increasing temperature. The presence of a
typical relaxation peak indicates that the
materials exhibit a relaxation process that is
sensitive to frequency. As temperature
increases, this peak shifts towards higher
frequencies, suggesting that the molecular
dynamics become faster at elevated
temperatures (EI-Ghamaz, Moqgbel, and El-
Shabaan 2020; Yu et al. 2017). The
characteristic relaxation time is calculated by
inverse of frequency of the maximum position,
i.e., ==1/fmax. The variation of  with temperature
of TFC is calculated and depicted in Fig.7. It is
clear that the behavior of relaxation time is
affected by the temperature and shows
decreasing trend in general and has a peak value
at about 348 K (El-Nahass, El-Barry, and Abd
el Rahman 2006; Jung 2013; Yu et al. 2017).

Electrical conductivity

The AC (alternating current) electrical
conductivity is critically important in material
science. It provides insight into the behavior
and properties of material especially under
alternating electric field and give information
about how charge carriers move through a
material. The AC electrical conductivity (oac)
can be calculated wusing the following
relation(Dielectrical properties and conduction
mechanism of quinoline Schiff base and its
complexes n.d.):
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Oge = EQWE; (10)

Where o is the angular frequency (w=2xf. f is
the frequency). The temperature dependence of
conductivity can be discrepant by the following
archaic relation (Effect of Doping with Nickel
lons on the Electrical Properties of
Poly(aniline-co-oanthranilic acid) and Doped
Copolymer as Precursor of NiO Nanoparticles.
In: Foxit. https://www.foxit.com/pdf-to-word/
n.d.).

—AEgc

Ogc = 0o €XP (m) (11)
where g is the pre-exponential factor and AE is
the activation energy for AC conductivity, kg is
Boltzmann’s constant, and T is the absolute
temperature. The relation between o, and
1000/T for different test frequency is presented
in Fig.8. It is noticed that cs,c demonstrate
semiconductor behavior. The thermal activation
AE5. can be obtained from the slope of the
straight line segments in the low and high
temperature regions respectively. Fig.9 (a,b)
presents the relation of frequency dependence
of AEqc(1) and AEac(z) for TFC in the temperature
rang 303 — 385 K and 385 — 440 K, respectively.
The value of AEq can be determined from the
relation between Ln o4 Versus 1000/T for f=0
Hz (see Fig. 8). The values of AEqc) and AEc()
are found to be 0.0576 and 0.617 eV,
respectively. The relatively low values of
AEqc(1), suggests that the conduction process of
charge carries can be described by hoping
mechanism (Effect of Doping with Nickel lons
on the Electrical Properties of Poly(aniline-co-
oanthranilic acid) and Doped Copolymer as
Precursor of NiO Nanoparticles. In: Foxit.
https://www.foxit.com/pdf-to-word/ n.d.).
Furthermore, in the higher temperature range,
the obtained values of AEa) suggest that the
conduction of charge carries can be described
by thermal activation process.

The AC conductivity (oac) can be described as
a function of frequency according to the
following relation (Elliott 1987).
Ogc = Aw®

(12)

where, A is a constant depending on
temperature and S is the frequency exponent
that its behavior with temperature indicates give
information about the most probably
conduction mechanism(Dielectrical properties
and conduction mechanism of quinoline Schiff
base and its complexes n.d.). Fig 10. Presents,
Ln o4 as a function of Ln w in the temperature
range 303 - 443 K for TFC. It is observed that
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oac INCreases with the increase of frequency in
all the frequency range under test. Also, it is
observed that, all carves show two different
slopes in the low and high regions of frequency.
The value of S is directly the slope at the higher
frequency region. The value of S is obtained and
presented as a function of temperature in Fig 11.
The value of S show a continuous decrease with
the increase of temperature. This behavior
confirms that the correlated barrier hoping
(CBH) mechanism to be the operating condition
mechanism. Similar behavior has been recorded
for many organic compounds in which the CBH
conduction mechanism were proposed as the
operating conduction mechanism (N. A. El-
Ghamazl and E. n.d.; Yu et al. 2017). In CBH
model, oac iS given by the following relation
(Bose and Sarma n.d.; Effect of Doping with
Nickel lons on the Electrical Properties of
Poly(aniline-co-oanthranilic acid) and Doped
Copolymer as Precursor of NiO Nanoparticles.
In: Foxit. https://www.foxit.com/pdf-to-word/
n.d.):

— 1 352 6
Oac =5, T N4g ggwR,)

(13)

where N is the density of pairs of sites, and R.,
is the hopping distance which can be deduced
at angular frequency w. R,, is evaluated as
follows (El-Nahass, El-Barry, and Abd el
Rahman 2006; Geometrical structures, thermal,
optical and electrical properties of azo quinoline
derivatives n.d.):

2
R, =
TE1E9[Win+KkTIn(wty)]

(14)

where Wi, is the maximum barrier height (the
energy required moving the electron from a site
to infinity and 1o is the relaxation time with
frequency, the wR® component in the CBH
model represents frequency dependency and
may be represented in terms of the frequency
exponent S as shown below:

_ 1 _ 6kgT
s=1 Wy — kTin(1/wtg)

(15)

Which can be approached to the following
relation:
§=1— 6kgT

Wum

(16)

As a consequence, the CBH expects a
temperature-dependent exponent, S, to reduce
when the temperature rises and escalates to
unity when the temperature declines to zero
kelvin.

The maximum barrier height Wy, is determined
as 2.49 eV. The values of 1 rm, N, For TFC are
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determined in different temperature and listed
in Table 4.

Conclusion

1,2,9-trimethyl-7H-furo[3,2-flchromen-7-one]

(TFC) is one of coumarin derivatives that
showed good thermal stability from room
temperature up to approximately 460 K. It
decomposed in one major step with maximum
decomposition rate at 581 K. The powder of
TFC is polycrystalline and has a monoclinic
crystal structure with lattice parameters 13.446
A, 4566 A, 10.557 A, 90°, 90.62° and 90° for
a, b, ¢, a, B and vy, respectively. The average
crystallite size was estimated to be 506 nm. The
study of the dielectric modulus proved that TFC
exhibits minimum polarization at low
frequency. The polarization is enhanced with
the more increase of applied test frequency
which enables more active molecular dynamics
and dipole orientation contributing to the
overall dielectric response. In general TFC
showed semiconductor behavior in the
temperature range 303- 440 K. the investigation
of conduction mechanism confirmed that the
correlated barrier hoping (CBH) mechanism is
the operating conduction mechanism for AC
conductivity.

Obijectives

Computational methods can be employed to
provide valuable molecular information for
these coumarin derivatives. Therefore, the
principal objective of this work was to
investigate the structure, electronic and optical
properties of these same derivatives (Lin et al.
2008) in order to establish the relationship
between the chemical substitutions and
computed molecular properties to aid in the
design  of  materials  with  potential
optoelectronic applications.
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Tablel.The indexed Miller indies (h k ) and in
inter-planer spacing (d na) for TFC.

Selected reflections

Peak No. h k| d h 2000s 20ca A20)
1 101 82590 10.6470 10.7024 -0.0554
2 200 6.7083 13.1591 13.1592 -0.0001
3 2 01 50689 15.5783 15.5378 0.0405
4 201 56370 15.7396 15.6919 0.0477
5 002 52820 16.7894 16.7835 0.0059
6 011 41837 21.2021 21.1833 0.0188
7 3 01 41034 21.6428 21.6079 0.0349
8 112 33360 26.7225 26.6766 0.0459
9 104 2593 34.5080 34.5359 -0.0279

Table 2. The lattice parameters (a, b, ¢, a, p and y)
and crystal system for TFC.

parameters TFC

Crystal system Monclinc

a(A) 13.4460

b (A) 45660

c(A) 10.5570

o (deg) 90.000

B (deg) 90.62

Y (deg) 90.000

Space group P12/m

D (nm) 506.21

8 (m)2x10%? 3.9

u x10-3 0.68
Table 3. The value of D, ¢ and p for TFC.

parameters TFC

D(nm) 506.21

8(m)*x10%2 3.9

p x103 0.68

Table 4. The Wy, is the maximum barrier height, the
T, is characteristic relaxation time, N expects a

temperature-dependent exponent, rm represents
frequency, for TFC.

Compound TFC Wn(eV) =2.49 eV
TK FHZ ©*10° rmx101m Nx10%ev/m?
303 280 3.5714 1.5675 6.3237
323 452 22123  1.6648 5.1750
343 331 3.0211  1.5907 6.0459
363 383 2.6109 1.5568 6.5111
383 590 16949 1.5139 6.9906
403 732 13661 1.4804 7.1834
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