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a b s t r a c t

A newly Schiff base,2-benzylidene-3-hydroxy-1-(5,6-diphenyl-1,2,4-triazine-3-yl)hydrazine] (HBDHT)
was synthesized and characterized on the basis of micro-analytical and spectroscopic studies. Basic
parameters of the combined compound HBDHT were ascertained on the premise of DFT level actualized
on Gaussian 09. Thin films of HBDHT were successfully prepared by spin coating technique and
confirmed by atomic force microscopy (AFM). The optical attributes of the studied films were considered
utilizing spectrophotometric estimations in a wide spectral range of 200e2500 nm. Some important
optical parameters such as extinction index, refractive index, dispersion energy, oscillator energy and
high-frequency dielectric constant were extracted. Analysis of the absorption coefficient near the
fundamental absorption edge confirms an indirectly allowed transition with an energy gap of 1.7eV. The
refractive index dispersion was estimated on basis of single oscillator model expressed by Wemple
eDidomenico. Currentevoltage (IeV) characteristics were studied in dark and under illumination of 100
mW/cm2 to clarify the sensitivity to light. Moreover, the photo-transient properties were also investi-
gated to confirm that the prepared heterojunction based HBDHT can be operated as a photodiode.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Triazine and its subordinates, has numerous applications from
manufacturing usage, to scholarly interests which may one day
work out as expected as pharmaceutically viable molecules parti-
cles. These compounds can create supermolecular structures
through correlative varieties of hydrogen-bonding sites [1e6].
1,2,4-Triazines and their derivatives are found to possess a wide
variety of pesticide or herbicide components in agriculture, phar-
macological and medicinal activities [7e9]. In addition, Schiff base
macro-ligands derived from 1, 2, 4-triazine derivatives have tradi-
tionally found application in analytical chemistry such as com-
plexing agents [10]. Likewise, various compounds, characterized by
p-conjugation were considered as a candidate for charge directing
ysics Department, Faculty of

ag).
materials because of their interesting chemical and electrical
characteristics. So far, p-conjugated macromolecular have been
broken mainly as p-type materials, giving rise to a somewhat un-
balanced development causing differences in the efficiency be-
tween the hole- and electron-transporting materials which favor
the aromaticity and electric conductivity [11]. This hence focuses on
the compound namely, 2-benzylidene-3-hydroxy-1-(5, 6-diphenyl-
1,2,4-triazine-3-aryl)hydrazine (HBHDT). Our main aim is the study
of the variation of some electronic properties related with the
electron conduction of the synthesized 1,2,4-triazine Schiff base
compound [12]. The structure of that compound has been illus-
trated by essential analysis and spectral studies. Furthermore,
crystalline and topography properties are described by AFM.
Moreover, photoluminescence and optical absorption characteris-
tics of the films are investigated as well. As further support to our
experimental work, molecular orbital calculations have been
accomplished to deduce structural parameters by means of a
density function (DFT) at the B3LYP-6-31G level implanted by the
Gaussian 09 program. Moreover, the dark current densityevoltage
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Fig. 1. FT- IR Spectrum of HBDHT compound.
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characteristics were also studied to realize the prime parameters of
the prepared hetero-junction to investigate the sensitivity for
photodiodes applications.

2. Experimental

2.1. Materials and methods

All chemicals were of reagent grade and used as commercially
purchased without further purification except dioxane which pu-
rified using the standard methods [13,14]. Buffer and potassium
hydroxide solutions were prepared and standardized by the rec-
ommendedmethods [15]. FT-IR spectrum of the present compound
was recorded in the range of 400e4000 cm�1 with an FT-IRe8101
Shimadzu spectrometer using KBr pellets. FT Far-IR spectra have
been recorded with a Nicolet 20F FT-IR spectrometer (650-
50 cm�1) with a TGS (room temperature) detector using poly-
ethylene wafers. Electronic absorption spectra were measured in
methanol solution using a Perkin-Elmer 550 S spectrophotometer
[16,17]. The potentiometric titrations and calculations of the step-
wise dissociation constants in 75% (v/v) dioxane-water were per-
formed as described earlier [18e20].

Films of HBDHT were prepared by utilizing POLOS spin coater.
The films were studied by using a Shimadzu AFM. Photo-
luminescence attributes were measured utilizing RF-5301. Opti-
cal transmission and reflection were measured by utilizing JASCO
670 spectrophotometer in the spectral range 200e2500 nm.
Single crystalline p-type Si (100) wafers were purchased from
Nippon Mining Co. and etched by using the CP4 solution (HF:
HNO3: CH3COOH with ratio 1:6:1). Currentevoltage characteris-
tics of the heterojunction were measured by means of high
impedance electrometer type Keithley 2635 A. Illumination of
the heterojunction was accomplished by utilizing a white
halogen tungsten with intensity measured utilizing a TM-206
solar power meter.

2.1.1. Synthesis of 5, 6 di phenyl-3-hydrazino-1, 2, 4-triazine (DHT)
A mixture of 5,6 diphenyl-3-chloro-1,2,4-triazine(1 gm) and

hydrazine hydrate (99%) anhydrous (2 ml), was heated under reflux
for one hour, the reaction product was cooled then the greenish
precipitate collect and re-crystallized from ethanol, m. p. 172 �C.

2.1.2. Synthesis of 2-benzylidene-3-hydroxy-1-(5,6-diphenyl-1,2,4-
triazine-3-yl)hydrazine (HBDHT)

Amixture of an ethanolic solution of DHTand the stoichiometric
amount of salicyaldhyde in ethanol was refluxed for one hour. The
yellow crystals obtained were filtered off, washed with ethanol and
re-crystallized from dichloroethane and stored over silica gel, m. p.
267 �C. Anal. Calcd. For HBDHT, C22H17N5O: C 71.90%, H 4.63% and N
19.00%; experimentally: C 70.90%, H 4.80% and N 18.43%, these data
showed good agreement with the proposed structure of HBDHT
compound.

The FT-IR (Fig. 1): 3537 cm�1 (nOH group), 3225 cm�1 (nNH),
1607 cm�1 (nC¼N) and 1508 cm�1 (nC¼C), 1455 cm�1 (n(C¼N)
triazine) and 818 cm�1 (nCe N) triazine) [20]. In addition to
several bands for triazine ring in the far-IR region at 545, 390,
296, 270 cm�1 [18]. The UVeVis spectra of the present Schiff-
base in methanol within the region 200e800 nm displays three
bands at 500, 400 (n-p* transition, R-band) and 235 nm (p�p*

transitions, K-band) [18,21e23]. The calculated dissociation
constant (pKa) values in 75% (v/v) dioxane-water at 25 �C of the
current compound by potentiometric technique are12.43 ± 0.02
and 13.60 ± 0.0.8; corresponding to the hydroxyl and NH groups,
respectively.
3. Results and discussion

3.1. Morphology characterization

Surface morphology characterization of HBDHT was studied by
using atomic force microscopy (AFM) and scanned for different
areas to check for uniformity of the prepared films. AFM images of
2D and 3D directions are shown in Fig. 2 (a) and (b), respectively. As
observed from the images, the morphology of the prepared films
seems to be a column-like structure with different sizes and
lengths. Besides, the AFM images indicate that all the films have a
high roughness and high density of occupation of the columns all
over the surface of substrates (i.e. nearly uniform). The obtained
columns-like structure can particularly interesting for electronics
and optoelectronic applications. The particle size was measured by
using particle size analyzer and found to be 50 nm.

3.2. Optical characterization

Fig. 3(a) shows the spectral distribution of the HBDHT thin films
in a wide range of 200e2500 nm of reflectance, R and trans-
mittance, T. As observed, a fundamental transmission edge is
observed which supporting for a suitable optical filter application.
In addition, at longer wavelengths (l > 1000 nm), the film become
full transparency without any scattering or absorption (~R þ T ¼ l).
Nonetheless, at shorter wavelengths (l < 1000 nm) the absorption
by the film is taken place and then R þ T < 1.

The absorption coefficient, a, can be calculated from T (l) and R
(l) and film thickness d by using equation (1) [24e30]

a ¼ 1
d
ln

0
@ð1� RÞ2

2T
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� RÞ4
4T2

þ R2

s 1
A (1)

The absorption coefficient of light influenced by several pa-
rameters such as: material type of the film, the film thickness,
optical conductivity and extinction coefficient of the film as well as
skin effect or skin thickness. Moreover, the skin depth can be
influenced by both the film conductivity and the incident photons
frequency and related to a according to expression 2 [24].

d ¼ 1
a

(2)



Fig. 2. Atomic force microscopy image (a) 2D view and (b) 3D view of HBDHT thin films.

Fig. 3. (a) Spectral behavior of the reflectance R (l) and transmittance T(l), (b) plot of skin depth vs. hn and (c) Plot of (ahn)1/2 vs. hn of HBDHT film.
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Fig. 3 (b) illustrates the dependence of d on the photon energy
(hn) for HBDHT thin films. As observed, d increases with the
increasing of the photon energy up to a certain value of the photon
energy, 0.9 eV, then decreases and becomes zero at 1.90 eV, cor-
responding to l ¼ 653 nm (called cut-off value). For photon energy
greater than this value, the absorption of the film for light vanishes
and the reduction in amplitude is taken place after passing a large
distance. The situations of the skin depth peaks and their in-
tensities are dependent upon the type of the film.

The optical band gap of HBDHT thin films was extracted from
the investigation of the absorption spectrum close to the principal
absorption edge which is considered to be of type indirect allowed
transition. Subsequently, the absorption coefficient can easily be
obtained according to Tauc's relation for the allowed non-direct
transition [25] by expression 3:

ðahnÞ1=2 ¼ K
�
hn� Eg

�
; (3)

where K is a constant related to the transition probability and Eg is
the optical band gap. As observed, the best fitting of (ahn) 1/2 vs.
photon energy (hn) for six is obtained (Fig. 3 (c)). The value of Eg was
estimated from the intercept of (ahn) 1/2 vs. (hn) at (ahn) 1/2 ¼ 0
according to the above equation and found to be 1.7 eV.The ob-
tained value of energy gap indicates that HBDHT is expected to be
best for photovoltaic consideration, and will have a higher effi-
ciency in addition to several other advantages [26]. The obtained
energy gap (1.7 eV) is too lower than those extracted from the
molecular orbital calculations (6.28 eV).

The spectral dependence of the refractive index in the trans-
parent region can be explained by the single oscillator model and
expressed by Wemple and Di-Domenico to extract the main
dispersion parameters as follows [27]:

1�
n2 � 1

� ¼ �
E0
Ed

�
� 1
E0Ed

ðhnÞ2; (4)

where hn is the photon energy, Ed is the dispersion energy and E0 is
the single oscillator energy. A plot of (n2 e 1)�1 vs. (hn) 2 is illus-
trated in Fig. 4(a) for HBDHT thin film. Values of E0 and Ed can easily
be determined from the slope (E0Ed) �1 of the linear section of the
curve and its intercept with the ordinate axis (E0/Ed) and found to
be 3.11 and 9.00 eV, respectively.

The real part of dielectric constant, ε1, can be used to obtain the
high-frequency dielectric constant and describe the lattice vibra-
tion modes of the dispersion using the relation given by equation
(5) [28,29]:

ε ¼ n2 ¼ ε∞ �
�

e2

4p2c2ε0

N
m*

�
l2; (5)

where ε∞ is the high-frequency dielectric constant, ε0 is permit-
tivity of free space, N/m* is the ratio of carrier concentration to its



Fig. 4. (a) Plot of (n2-1)�1 vs. hn, (b) Plot of n2 vs. l2 and (c) Photon energy dependence of ε1 and ε2 of HBDHT film.
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effectivemass and c is the velocity of light. The spectral distribution
of n2 vs. l2 is shown in Fig. 4(b). It is observed that n2 decreases with
increasing wavelength. At long wavelengths, the dependence of ε1
on l2 is fitted to linear. The value of the high-frequency dielectric
constant was determined from the extrapolation of the straight line
section of the curve to intersect with the ordinate axis and found to
be 4.37. The value of N/m* was determined from the slope of the
curve and found to be 1.22 � 10-57 kg/m3. Real and imaginary parts
of the complex dielectric constant,ε1 and ε2, respectively. The
photon energy dependence of both ε1 and ε2 is shown in Fig. 4(c). As
observed, ε1 and ε2 obey the same mode in the photon energy
below 2.5 eV, corresponds to a peak at about 2 eV. After which the
behavior is opposite, where a maximum of ε2 corresponds to a
minimum of ε1. Furthermore, values of ε1 are higher than those for
ε2. The variety of dielectric capacity with photon energy shows that
a few interactions amongst photons and electrons in the film
happen inside the studied energy range [30,31]. Similar behavior
was observed for some organic thin films published by Ashery [32],
Farag [33,34] and El-Nahass et al. [35,36].
3.3. Currentevoltage characteristics

The I-V characteristics of HBDHT/p-Si heterojunction at room
temperature (300 K) under dark condition are illustrated in
Fig. 5(a). Good rectifying characteristics are observed, confirming
the presence of a barrier between HBDHT and Si, and the forward
diode current is found to increase exponentially with the applied
voltage. Moreover, the rectification factor can easily be extracted
Fig. 5. (a) Current -voltage characteristics and RJ vs. Voltage of HBDHT/p-Si heterojunction, (b
of HBDHT/p-Si heterojunction.
from the ratio of the forward current to the reverse one at the same
applied voltage (±1 V) and listed in Table 1. A higher value of
rectification factor indicates a high execution of the heterojunction
[37]. Accordingly, the prepared heterojunction behaves like as a
diode. Therefore, the currentevoltage characteristics can be
expressed as follows [38,39]:

J ¼ J0

�
exp

�
qV
hkT

�
� 1

�
; (6)

where V is the definite forward bias voltage, h is the ideality factor, k
is the Boltzmann constant, T is the temperature, and the reverse
saturation current density J0 is determined by equation (7):

J0 ¼ AA*T2 exp
��qFb

kT

�
; (7)

where A* is the Richardson constant (32 A/cm2 K2 for p-type Si) [40]
and Fb is the zero-bias barrier height as follows:

Fb ¼ kT
q
ln
�
A*T2

J0

�
(8)

In addition, the ideality factor can be determined from the J-V
characteristics using relation 9:

h ¼ q
kT

�
dV

d lnðJÞ
�

(9)

Taking the logarithm of Eq. (7), and using the plot of ln J vs. V
) Logarithmic current -voltage characteristics and (c) Plot of the transient photocurrent



Table 1
Current evoltage parameters of 2-benzylidene-3-hydroxy -1-(5,6-diphenyl-1,2,4-triazine-3-yl)hydrazine (HBDHT) based heterojunction.

Structure RF h J0(A) Fb (eV) Rs (U.cm2) Rsh(U.cm2) Reference

In/HBDHT/p-Si heterojunction 10 1.6 1.2 � 10�6 0.75 103 1.2 � 104 Present work
Au/pyronine G(Y)/p-GaAs/Au:Zn 13 2.52 2.77 � 10�8 0.69 510 1878 [45]
Au/Pyronine G(Y)/p-Si/Al 95.65 2.7 3 � 10�8 0.83 2.32 � 103 e [46]
Zn[((NO2)2-8HQ)2]/p-Si e 7.2 5.4 � 10�4 0.63 50 760 [47]

Fig. 6. Optimized structure of HBDHT compound.
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(not shown here), one can obtain the reverse saturation current
value and then the barrier height of the. In addition, the ideality
factor can easily be obtained from the slope of the plot as discussed
by Ajimsha et al. [39]. The estimated parameters of reverse satu-
ration current, barrier height and the ideality factor, in comparison
with those organic based heterojunction, are tabulated in Table 1.
The basic parameters of the devices are compared to the conjugated
organic devices. A higher value of the calculated ideality factor than
unity was refer to that the operating conduction mechanism in our
heterojunction could be quite realized by thermionic emission as
discussed by Sharma and Purohit [40]. Vardhanan et al. [41] have
attributed the higher ideality factor to the high prospect of
recombination of charge carriers in the depletion region and/or the
contribution of tunneling effect.

Another parameters affected the characteristics of the hetero-
junction are the series and shunt resistances. Salinas et al. [42] have
attributed the importance of these resistances to that the series
resistance is considered to be the summation of all resistances of
the heterojunction (contact resistance, bulk resistance) while the
shunt resistance can be attributed to leakage current under low
bias. Accordingly, for ideal hetero-junction the series resistance
tends to zero, while the shunt resistance tends to infinity as stated
by Abdel Rafea et al. [43] and Farag [44]. Series and shunt re-
sistances, in this study, can be estimated from the plot of junction
resistance (RJ) versus the applied voltages (not shown here). The Rs
value can be specified at high forward bias, where the junction
resistance tends to a nearly constant. Furthermore, the shunt
resistance can be extracted by the samemethod but at high reverse
bias as discussed before by Soliman et al. [45]. The values of the
series and shunt resistances were estimated, in comparison with
those published organic based heterojunction, are tabulated in
Table 1. As observed, a higher shunt resistance of the presented
hetero-junction is comparatively better than to those published
heterojunction [45e47].

To obtain information on the operative conduction mechanism
of the presented heterojunction, double logarithmic characteristics
are demonstrated in Fig. 5 (b). Using the power law of the IeV, I a
Vm (m refers to exponent for identifying the operating mechanism.
As observed, two linear efitting regions were obtained indicating
the presence of two operating conduction mechanism depending
on the applied voltage region. In the first applied voltage region,
m~1 indicating the prevalence of ohmic conduction mechanism.
Under higher applied voltage, m~ 2 corresponding to the space
charge conduction mechanism. The latter can be attributed to the
occurrence of traps near the Fermi level of the layer in which SCLC
is taken place. This behavior is in agreement with those published
for various heterojunction [48e50].

The photo response properties of HBDHT/p-Si heterojunction at
room temperature (300 K) under an illumination condition of
100 mW/cm2 are illustrated in Fig. 5(c) by using photocurrent
measurement. The dark and illuminated current was measured for
a short time ~30 s and the current is measured versus time. Upon
illumination, current values increase sharply from 1.15 � 10�4 A to
1.37 � 10�4 A. After which, the current decreases rapidly to its
original value with highest able and reproducibility characteristic
after the light is switched off. The current in the case of on-state/
off-state (ratio of on-state/off-state) is found to be ~1.2. Although,
the ratio of on-state/off-state is small as compared to other pub-
lished for another hetero structures but it considered to be
acceptable for application due to the reproducibility and sensitivity
for illumination which suggests that the possibility for photo de-
tector and application for optical switching [51,52].
3.4. Molecular orbital calculations

Molecular orbital calculations provide a definite depiction of
orbitals including spatial attributes, nodal patterns, and individual
atom contributions. Density function theory (DFT) calculations
were performed to optimize the elucidated structure of present
compound (HBHDT) at the B3LYP-6-31G level provided by the
Gaussian 09 program. Fig. 6 shows the optimized molecular struc-
ture of the most stable form of HBDHT. The contour plots of the
frontier orbitals for the ground state of HBDHT is shown in Fig. 7,
providing comparison of HOMO and LUMO. It is intriguing to see
that both orbitals are significantly appropriated over the conjuga-
tion plane. The structural parameters data calculated of the studied
compound are: total energy �1197a.u., heat of formation, DH
(-850 kcal/mol), dipole moment (0.6351m/D). The calculated data
agree to that reported for the related compounds [53,54].

The frontier molecular orbitals play an important role in the
electric and optical properties, as well as in UVevis spectra and
chemical reactions [54e56]. Fig. 7 illustrates the distributions and
energy levels of the HOMO-1 (�0.2532), HOMO (�0.2324), LUMO
(�0.0012) and LUMOþ1(-0.0001) orbitals. The calculations indicate
that the title compound has 95 occupied molecular orbitals. Both
the HOMOs and LUMOs are basically localized on the rings indi-
cating that the HOMOeLUMO is mostly the p-anti-bonding type
orbitals [57]. Fig. 7 establishes that the HOMO-1 and HOMO orbitals
are mainly delocalized on the triazine group, while the LUMO and
LUMOþ1 orbitals are mainly delocalized on triazine group and
phenyl rings. The observed electron transitions can be assigned to
the n-p* and p-p*electron transitions. The value of the energy
separation between the HOMO and LUMO is 0.231a.u. (6.28 eV).



Fig. 7. Electron density of the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of HBDHT Compound.
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This energy gap indicates that the HBDHT is potentially interesting
electronic transitions as those involving narrow energy gaps.
4. Conclusions

In this work, the Schiff base, 2-benzylidene-3-hydroxy -1-(5,6-
diphenyl-1,2,4-triazine-3-yl)hydrazine (HBDHT) was successively
synthesized and characterized by methods for different spectro-
scopic techniques and elemental analysis. Thin films of HBDHT
films were prepared by spin-coating technique and exhibit well
crystalline structure with a column -like structure of different sizes
and lengths, supported by AFM. Fluorescence spectrum exhibits
well defined strong greenish-blue emission band with wavelength
503 nm. The transmittance and reflectance spectra showed that the
thinner film has the highest transparency. The optical character-
ization of the film indicated indirect allowed electronic inter-band
transition and the optical band gap is found to be 1.70 eV. Current
density evoltage characteristics dominates ohmic conduction at
low voltages, whereas at high voltages, the process is dominated
by the space charge conduction mechanism. Photocurrent
characteristics of HBDHT/p-Si heterojunction show a significant
sensitivity to light and then could be promising for optoelectronic
device applications. Optimization the HBDHT structure was carried
out by means of DFT molecular orbital calculation at the B3LYP-6-
31G level provided by the Gaussian 09 program. The optimized
structure designated that the HOMO-1 and HOMO orbitals are
mainly delocalized on the triazine group, while the LUMO and
LUMOþ1 orbitals are mainly delocalized on triazine group and
phenyl rings. The calculated energy separation between the HOMO
and LUMO in gaseous state is 6.28 eV indicated that the HBDHT is
potentially interesting electronic transitions as those involving
narrow energy gaps.
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