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In this research, we provide the first optical and electrical characterization of 4,6-diacetylresorcinol
and 4,6-bis(1-hydrazonoethyl)benzene-1,3-diol. The optical properties have been studied by measur-
ing the diffused reflectance. Both materials have indirect optical transitions with energy gaps of 1.91
and 1.83 eV, respectively. AC electrical conductivity of both materials increases with increasing the
applied frequency (1 kHz–5 MHz). It obeys σac(ω) = BωS with S about unity and is explained in
terms of correlated barrier hopping model. 4,6-Diacetylresorcinol has higher values of AC conductiv-
ity and dielectric constant than those of 4,6-bis(1-hydrazonoethyl)benzene-1,3-diol. Finally, 4,6-bis(1-
hydrazonoethyl)benzene-1,3-diol could be employed as a dye to form dye-sensitized solar cells for pho-
tosensing applications.

topics: 4,6-diacetylresorcinol (DAR), 4,6-bis(1-hydrazonoethyl)benzene-1,3-diol (BHEBD), diffused re-
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1. Introduction

Compounds under investigation, namely 4,6-
diacetylresorcinol (DAR) and 4,6-bis(1-hydrazono-
ethyl)benzene-1,3-diol (BHEBD) (see Fig. 1), have
been prepared, characterized, and used as chelat-
ing agents towards alkaline earth metal cations:
Mg(II), Ca(II), Sr(II), and Ba(II) and transition
metal cations: Cu(II), Ni(II), and Co(II) [1–4]. Also,
they have been used as starting materials for the
construction of polydentate ligands, which were
used in the synthesis of polynuclear (mononuclear,
homo- and hetero-binuclear) complexes [5-17].

The importance of poly-nuclear complexes
arises from their fascinating magnetic charac-
teristics, such as the single-molecule magnet
(SMM) properties [18]. Also, they are used as
forerunners of molecule-based magnetic materi-
als [19–22]. Indeed, polynuclear complexes are
of immense interest not only in the elucida-
tion of the magnetic exchange between metal
ions but also as models of the active sites of
multi-metalloenzymes [23, 24]. Finally, polynuclear

Fig. 1. Structure of (a) 4,6-diacetylresorcinol
(DAR), (b) 4,6-bis(1-hydrazonoethyl)benzene-1,3-
diol (BHEBD).

complexes derived from 4,6-diacetylresorcinol and
4,6-bis(1-hydrazonoethyl)benzene-1,3-diol have at-
tracted considerable interest in inorganic and
bioinorganic chemistry as a result of their biolog-
ical applications, including antimicrobial [11–13],
antioxidant [14, 16], and antitumor [10, 14, 17]
properties.

To the best of our knowledge, no reports on the
optical, electrical, and dielectric characteristics of
these materials have been carried out. Thus, this
research aims to characterize such materials. The

128

http://doi.org/10.12693/APhysPolA.144.128
mailto:shenouda.fam@edu.asu.edu.eg


Optical and Electrical Characterization. . .

optical properties are important for determining
the optical transition and the value of the energy
gap by measuring and analyzing the diffused re-
flectance of the samples [25]. Also, the AC electrical
conductivity is important for determining and un-
derstanding the conduction mechanisms under the
influence of the AC field [25, 26]. The dielectric
properties are also essential to understand the na-
ture of dielectric loss and to develop passive devices
for integrated circuits [25, 27]. Different character-
izations have been employed to include the behav-
ior of the materials under a wide range of wave-
lengths with the available instruments. Further-
more, the materials are employed as dyes to form
dye-sensitized solar cells (DSSCs) for photosensing
applications. Recently, DSSCs have attracted much
attention owing to their low cost, easy prepara-
tion, environmental friendliness, non-toxicity, and
relatively high efficiency [28, 29]. Generally, DSSC
has four main components: photoanode, photosen-
sitizer, electrolyte, and counter electrode [28, 30].
We intended to replace the expensive common pho-
tosensitizer (ruthenium complex) with the investi-
gated compounds (DAR and BHEBD). Finally, the
dependence of short circuit current density on the il-
lumination intensity has been investigated to check
the photosensitivity mechanism of the DSSC.

2. Experimental technique

4,6-Diacetylresorcinol was prepared by acetyla-
tion of resorcinol with acetic anhydride in the
presence of excess zinc chloride, as reported
in detail in [1]. 4,6-Bis(1-hydrazonoethyl)benzene-
1,3-diol was prepared by condensation of 4,6-
diacetylresorcinol with hydrazine hydrate in molar
ratio 1:2 (diacetylresorcinol:hydrazine) in methanol,
as described in detail in [2]. The samples have been
compressed to form circular discs with a thickness
of 1 mm and a radius of 13 mm. Diffused reflectance
of the samples has been measured in the wavelength
range of 220–750 nm using a UV/VIS spectropho-
tometer (JASCO V-550). The impedance, loss tan-
gent and capacitance of the samples have been mea-
sured using the computerized HIOKI 3532-50 LCR
HiTESTER. The disk sample was placed in a spe-
cial holder with two circular electrodes. The upper
electrode has a smaller cross-section area used as
the effective area (A) to calculate the AC conduc-
tivity and dielectric constant.

Each of the two compounds was dissolved in iso-
propanol. Then, TiO2 electrodes were immersed in
the two solutions for 24 h. After that, the electrodes
were washed with pure ethanol and dried in air. Io-
dide electrolyte was placed between the sensitized
TiO2 electrode and a sputtered Pt/FTO counter
electrode to form DSSC. The photovoltaic charac-
teristics of both cells were measured using comput-
erized Keithley source-measure (K2635, USA), so-
lar power meter (TM-206, Tenmars, Taiwan), and

Fig. 2. Wavelength dependence of (a) dif-
fused reflectance, (b) absorption coeffi-
cient for 4,6-diacetylresorcinol and 4,6-bis(1-
hydrazonoethyl)benzene-1,3-diol.

a xenon lamp (CHF-XM500, Trusttech Co., Ltd. —
China) at room temperature. Details of the prepara-
tion and characterization of the electrodes and the
cells are in our previous work [31].

3. Results and discussion

3.1. Optical properties

To investigate the optical properties of 4,6-
diacetylresorcinol and 4,6-bis(1-hydrazono-
ethyl)benzene-1,3-diol, the diffused reflectance
Rd of both samples was measured, as seen in
Fig. 2a. The diffused reflectance is the reflected
light from powder samples. The basic equation
describing this process is given by [32, 33]

− 1

ρ k

dI

dS
= I − j

k
, (1)

where I is the intensity of the incident light, ρ is
the medium density, k is an attenuation coefficient
due to absorption and scattering, dS is the change
of the pathlength, and j is the scattering function.
The solution to this equation was suggested by
Schuster and developed by Kubelka and Munk.
Thus, this solution is called Schuster–Kubelka–
Munk theory with the following function [32, 33]
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F (Rd) =
(1−Rd)

2

2Rd
. (2)

Then, the absorption coefficient could be deter-
mined using the measured diffused reflectance Rd
as follows [32–34]

α =
F (Rd)

t
=

1

t

(1−Rd)
2

2Rd
, (3)

where t is the thickness of the sample. The wave-
length dependence of the absorption coefficient is
presented in Fig. 2b. Clearly, there are strong and
weak absorption bands for both molecules. The
high energy (strong) absorption band is assigned
to π–π∗ transitions, while the lower energy (weak)
band is assigned to the n–π∗ transitions.

Fig. 3. Dependence (αhν)0.5 vs hν for 4,6-
diacetylresorcinol and 4,6-bis(1-hydrazono-
ethyl)benzene-1,3-diol.

Fig. 4. Dependence of the AC conductivity on
the frequency of the applied field. Inset: ln(σac)
vs ln(ω) of 4,6-diacetylresorcinol and 4,6-bis(1-
hydrazonoethyl)benzene-1,3-diol.

TABLE I

Value of the energy gaps of DAR and BHEBD dyes.

Eg1 [eV] Eg2 [eV]
DAR 1.65 1.91
BHEBD 1.70 1.83

The photon energy dependence of the absorp-
tion coefficient has been analyzed using the follow-
ing equation to determine the optical energy gap
Eg [35–37]

(αhυ) = A (hν − Eg)
m
, (4)

where A is a constant and m is a number
relating to the type of the optical transition
(m = 2 and 0.5 for indirect and direct al-
lowed transition, respectively). It is clear from
Fig. 3 ((αhν)1/2 vs hν) that both materials
have indirect allowed transitions. The optical en-
ergy gaps of 4,6-diacetylresorcinol and 4,6-bis(1-
hydrazonoethyl)benzene-1,3-diol were determined
by extrapolating the linear part in Fig. 3 to the
x-axis (hν). The values of the energy gaps are 1.65
and 1.91 eV for the 4,6-diacetylresorcinol and 1.70
and 1.83 eV for 4,6-bis(1-hydrazonoethyl)benzene-
1,3-diol as presented in Table I. These findings sug-
gest the semiconducting behavior of the organic ma-
terials under investigation. Thus, these materials
could be employed for further applications.

3.2. Electrical properties

In order to study the electrical properties, the
impedance Z of both samples has been measured
at different frequencies (1 kHz–5 MHz). Then, the
AC electrical conductivity σac is calculated using
the following equation [38]

σac = σtot.ac − σdc =
t

ZA
− t

RA
, (5)

where R is the ohmic resistance, and A is the effec-
tive area of the measured sample (area of the upper
electrode). The variation of the AC conductivity de-
pending on the frequency is shown in Fig. 4. Clearly,
the AC conductivity of DAR is higher than that
of BHEBD. This could be due to the difference in
the chemical structure. Also, the AC conductivity of
both samples increases linearly with the frequency.
Thus, these two materials obey Jonscher’s universal
power equation of semiconductors [39, 40]

σac = B ωS , (6)
where B is a constant. Now, ln(σac) vs ln(ω) is plot-
ted in the inset of Fig. 4 for both samples. The
slope of both lines (S) is about unity, thus, the AC
conductivity of both samples can be illustrated as
correlated barrier hopping between intimate valence
alternation pairs [41, 42].

3.3. Dielectric properties

In order to develop passive devices for advanced
technologies, it is important to study the behavior
of the dielectric constant [27]. The dielectric con-
stant ε1 and the dielectric loss ε2 were calculated
from the measured capacitance C and loss tangent
tan(δ) as following [25, 43]

ε1 =
C t

εoA
, (7)
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TABLE IIPhotovoltaic parameters of DSSC based on DAR and BHEBD dyes.

Pin [mW/cm2] Voc [V] Jsc [µA/cm2] Vm [V] Pm [µW/cm2] Jm [µA/cm2] FF
DAR 100 0.003 30.8 0.001 0.0184 18.35 0.199

BHEBD

20 0.226 11.5 0.165 1.22 7.40 0.470
30 0.218 17.2 0.150 1.53 10.2 0.409
40 0.217 22.7 0.150 2.13 14.7 0.433
50 0.228 27.7 0.150 2.90 19.3 0.459
60 0.236 33.9 0.170 3.92 23.1 0.490
70 0.239 40.7 0.165 4.85 29.4 0.498
80 0.228 46.0 0.160 5.07 31.7 0.483
90 0.255 53.3 0.185 7.22 39.0 0.531
100 0.243 60.4 0.175 7.49 42.8 0.510

Fig. 5. Frequency dependence of (a) di-
electric constant and (b) dielectric loss
of 4,6-diacetylresorcinol and 4,6-bis(1-
hydrazonoethyl)benzene-1,3-diol.

ε2 = ε1 tan(δ), (8)
where εo is the vacuum permittivity. The frequency
dependence of ε1 and ε2 for both samples is pre-
sented in Fig. 5. Clearly, the dielectric constant
of DAR is higher (more than twice) than that
of BHEBD in most of the frequency range. The

dielectric constant seems to be frequency indepen-
dent, except for a small increase after 2 MHz. This
may be due to interfacial or space charge polariza-
tion at higher frequencies.

The dielectric loss of DAR is higher than that of
BHEBD till 1 MHz, then the dielectric loss of DAR
becomes less than that of BHEBD. The dielectric
loss of BHEBD has a peak at 1 MHz, while the
dielectric loss of DAR has many peaks.

3.4. Photovoltaic properties

Finally, the two compounds are employed as
dyes to form dye-sensitized solar cells. The cur-
rent density–voltage (J–V ) of both DSSCs at
100 mW/cm2 is presented in Fig. 6a. Clearly, the
BHEBD dye shows better photovoltaic behavior.
Figure 6b presents the effect of illumination inten-
sity on the current density–voltage of the DSSC
based on the BHEBD dye. The open circuit volt-
age (Voc) and the short circuit current density (Jsc)
were determined and listed in Table II.

Clearly, Voc is approximately independent of
the illumination intensity, while Jsc increases with
increasing the illumination intensity obeying the
equation [31, 44]

Jsc = const P γin. (9)

Here, γ is a parameter determining the recombina-
tion mechanism (γ = 1 and 0.5 for the monomolec-
ular and bimolecular recombination mechanism, re-
spectively). For our purpose, γ is determined from
the best fitting of the relation ln(Jsc) vs ln(Pin),
as presented in Fig. 7a. Therefore, γ has a value
of 1.02 referring to the monomolecular recombi-
nation mechanism. Also, this approximate linear
dependence of Jsc on the illumination intensity
makes this cell promising for photosensing appli-
cations [28, 31, 45].

The maximum output power density Pm
was determined from the power density–voltage
(see Fig. 7b). The current density (Jm) and the
voltage (Vm) corresponding to the maximum power
density were determined and given in Table II.
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Fig. 6. Current density–voltage (J–V ) of the
DSSCs based on (a) DAR and BHEBD dyes at
100 mW/cm2, (b) BHEBD at different illumination
intensities.

Other photovoltaic parameters, such as the fill fac-
tor (FF) and efficiency (η), were calculated using
the following equations [31]

FF =
Pm
JscVoc

, (10)

η =
Pm
Pin

× 100%. (11)

The results are shown in Table II. The fill factor
has a value ranging from 0.40 to 0.53, while the ef-
ficiency has a small value (0.0065± 0.0015%).

4. Conclusions

Both 4,6-diacetylresorcinol and 4,6-bis(1-
hydrazonoethyl)benzene-1,3-diol behave like
semiconductor materials. Both have indirect al-
lowed transitions. The AC conductivity of DAR is
higher than that of BHEBD. The conductivity of
both materials increases linearly with increasing
the applied frequency and is explained as a cor-
related barring hopping model. The dielectric
constant of DAR is higher than that of BHEBD.

Fig. 7. (a) ln(Jsc) vs ln(Pin), (b) maximum power
density–voltage (Pm–V ) of the DSSCs based on
BHEBD dye at different illumination intensities.

The small increase of the dielectric constant
at higher frequencies may be due to interfacial
or space charge polarization of the molecules.
The BHEBD compound could be employed as
a dye to form DSSC. The linear dependence of
the current density on the illumination inten-
sity recommends this DSSC for photosensing
applications.
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