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Abstract. With the aim of studying the optical, electrochemical, and electronic properties of a
new porphyrin-based material, we have synthesized a new porphyrinic complex, namely the
(4,4′-bipyridine)(meso-tetratrifluoromethylphenylporphyrinato)zinc(II) 4,4′-bipyridine disolvate di-
hydrate complex with the formula [Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O (I). This species is char-
acterized by single-crystal X-ray molecular structure. The optical study is performed by UV–visible ab-
sorption and fluorescence spectroscopy. The fluorescence intensity presents an emission in the UV–
visible range, indicating that this compound can be used as an optoelectronic material. The optical
energy gap is 1.95 eV, and the current–voltage characteristics and impedance spectroscopy measure-
ments have been studied to define the electronic properties of the zinc (II) porphyrin complex. The
barrier height φb is calculated, and the space-charge limited current mechanism is found to control
the conductance. The results from the electronic study confirm that our porphyrin derivative can be
used for various optoelectronic applications.
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1. Introduction

Porphyrinic complexes have become of paramount
importance in recent years. They can be applied in
several fields such as photovoltaic materials. The imi-
tation of biological energy transfer systems of chloro-
phyll type has led to the preparation of numerous
porphyrinic compounds with electron donor and
electron acceptor characteristics [1–4].

Among metalloporphyrins, iron(II), iron(III), and
zinc(II) porphyrin coordination species have been
the most studied since the late fifties. Synthetic fer-
rous and ferric porphyrins have been exceptionally
investigated mostly because of their very close re-
semblance to iron proteins and enzymes such as
hemoglobin, cytochromes C, and cytochromes P450
for which they were used as models. On the other
hand, zinc(II) metalloporphyrins have also been ex-
cessively investigated mainly because these species
provide simpler systems (where the metal ion is un-
ambiguously in the +II oxidation state) than those of
iron, cobalt, or other d transition metals to evaluate
the influence of a wide range of different ligands on
the physicochemical properties of porphyrin com-
plexes. Then, over the past decade, zinc porphyrin
complexes have been involved in a wide range of
cutting-edge areas of research. Those include energy
storage or conversion, molecular optoelectronics or
the field of sensors [5–8], and chemical and biologi-
cal sensors [9,10].

Our research group has been involved in a num-
ber of works on zinc(II) porphyrin complexes. In-
deed, the synthesis and the spectroscopic, electro-
chemical, and structural characterization of these
species, as well as some physical and catalytic ap-
plications involving these compounds, have been
reported [11–16]. In 2019, we reported the syn-
thesis, the IR, the 1H NMR data, the UV–visible
titration, the photoluminescence, and the cyclic
voltammetry results of the hexamethylenetetramine
zinc(II) complex with the electron-deficient meso-
tetratrifluoromethylphenylporphyrin (H2TFMPP)
having the formula [Zn(TFMPP)(HMTA)] (HMTA =
hexamethylenetetramine) [6]. The electronic proper-

ties of the [ITO/Porph-Zn/Al] system have been in-
vestigated by current–voltage (I –V ) and impedance
spectroscopy measurements.

In order to better understand the role of
H2TFMPP electron-deficient porphyrin as well as
that of the 4,4-bipyridine axial ligand in the op-
tical and the photoelectronic properties of zinc
metalloporphyrins, the (4,4′-bipyridine)[meso-
tetratrifluoromethylphenylporphyrinato]zinc(II)
4,4′-bipyridine disolvate dihydrate complex, with the
formula [Zn(TFMPP)(4,4′-bpy)]·2(4,4-bipy)·2H2O,
(I) was synthesized and fully characterized by X-ray
molecular structure, UV–visible, fluorescence, IR,
and NMR spectroscopy. The electronic properties of
this species indicated that the title complex can be
used in optoelectronic devices. Results of the com-
parison of these properties with those of the related
[Zn(TFMPP)(HMTA)] coordination compound are
also reported.

2. Experimental section

2.1. Materials and methods

All reagents employed were commercially avail-
able and were used as received without further pu-
rification. The meso-(tetratrifluoromethylphenyl-
porphyrin) (H2TFMPP) was synthesized according
to the literature [17,18]. The [ZnII(TFMPP)] starting
material was prepared according to the standard
method from the literature [19]. All reactions and
manipulations for the preparation of the Zn(II) por-
phyrin derivative were carried out under aerobic
conditions. The UV–visible spectra and titrations
were recorded by a WinASPECT PLUS (validation for
SPECORD PLUS version 4.2) scanning spectropho-
tometer. 1H NMR spectroscopic characterization
was performed using a Bruker DPX 400 spectrome-
ter. Chemical shifts were reported in ppm downfield
from internal tetramethylsilane (TMS).
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2.2. Synthesis of [Zn(TFMPP)(4,4′-bipy)]·(4,4′-
bipy)·2H2O (I)

To a solution of [Zn(TFMPP)] (100 mg, 0.088 mmol)
in dichloromethane (5 mL) was added an excess of
4,4′-bipyridine (250 mg, 1.59 mmol). The reaction
mixture was stirred at room temperature for 8 h and
then overlaid with n-hexane. Dark purple crystals, of
(I) suitable for X-ray diffraction, were obtained within
10 days with a yield of about 86%.

Elemental analysis (%) for C78H52F12N10O2Zn: C
60.42, H 3.38, N 9.03%; found: C 60.98, H 3.21, N
9.14%. 1H NMR (400 MHz, CDCl3): δ (ppm) 7.06 (d,
8H, J 6.8 Hz), 8.00 (d, 8H, J 8 Hz), 8.31 (d, 8H, J
8.2 Hz), 8.82 (s, 8H, β-pyrrole-H). UV/vis (CH2Cl2),
λmax (nm) (ε× 10−3 L·mmol−1·cm−1) 430 (958), 561
(65), 602 (41).

The chemical reaction in the preparation of
[ZnII(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·H2O (I) is
shown in Scheme 1.

2.3. X-ray structure determination

Crystallographic data and selected bond lengths and
angles for (1) are listed in Table 1 and Supplemen-
tary Table 1, respectively. Intensity data were col-
lected at 100 (2) K on an XtaLAB Synergy, Dualflex,
HyPix area-detector diffractometer using graphite-
monochromated Mo Kα radiation (λ = 0.71073 Å).
The reflections were scaled and corrected for absorp-
tion effects with SCALE3 ABSPACK in the CrysAl-
isPRO program [20]. The crystalline structures were
solved by direct methods using SIR-2004-1.0 [21] and
refined by full-matrix least squares on |F|2 using the
SHELXL-97 program [22]. All non-hydrogen atoms
were refined anisotropically. The H atoms for (I) were
included at estimated positions using a riding model
except in the case of the free water molecule, where
the H atoms were located using the CALC-OH pro-
gram [23,24].

3. Results and discussion

3.1. UV–visible absorption

The absorption spectrum of the synthesized
porphyrinic complex (4,4′-bipyridine)(meso-
tetratrifluoromethylphenylporphyrinato)zinc(II)
4,4-bipyridine disolvate dihydrate with the for-
mula [Zn(TFMPP)(4,4′-bpy)]·2(4,4′-bipy)·2H2O (I) is

characteristic of a zinc(II) pentacoordinated meso-
porphyrin coordination compound with a Soret
band (B-band) at 430 nm and a Q-band in the range
560–610 nm (Figure 1) [13].

The difference in energy between the highest oc-
cupied molecular orbital (HOMO) and the lowest un-
occupied molecular orbital (LUMO), obtained from
the UV–visible spectra, defines the optical gap energy
(Eg). The Eg value was calculated by the Tauc plot
method [25] using the relation

(αhν)2 = c(hν−Eg),

where α is the absorption coefficient of the material,
c is a constant, and hν is the photonic energy. The
calculated Eg value for (I) is 1.95 eV, which is normal
for a metalloporphyrin species.

3.2. Fluorescence spectroscopy

Porphyrins and metalloporphyrins have very inter-
esting photophysical properties thanks to the elec-
tronic conjugation of the aromatic ring. Figure 2 illus-
trates the fluorescence spectra of our synthetic zinc
complex recorded in dichloromethane at room tem-
perature. Following laser excitation (λexc = 500 nm)
of a dichloromethane solution of (I), an electron of
the HOMO is excited to the LUMO, which leaves a
hole in the highest orbital (HOMO). This hole can
be filled by a fast intramolecular electron transfer.
This phenomenon provides a mechanism for non-
radiative deactivation of the excited state. These re-
sults show that the complex (I) can be used for
various optoelectronic applications such as a priori
Organic Light-Emitting Diode (OLED) and Organic
Photovoltaics (OPV) structures.

The fluorescence spectrum of (I) presents two
emission bands: Q(0,0) and Q(0,1) with λmax values
at 599 and 650 nm, respectively.

3.3. X-ray molecular structure

The title compound crystallizes in the mono-
clinic space group with the C2/c space group.
The asymmetric unit of (I) is made up of one half
[Zn(TFMPP)(4,4′-bipy)] molecule, one free 4,4′-
bipyridine molecule, and one water molecule. Fig-
ure 3 is an ORTEP (Oak Ridge Thermal Ellipsoid Plot)
diagram of the complex (I).

The coordination geometry around the Zn(II)
in (I) is square-pyramidal, where the four N-donor

C. R. Chimie, 2020, 23, n 6-7, 403-414
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Scheme 1. Synthesis of [Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O (I).

Table 1. Crystal and refinement data of [ZnII(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O(I)

Compound (I)

Empirical formula C78H52F12N10O2Zn

Formula weight (g·mol−1) 1450.70

Crystal system Monoclinic

Space group C2/c

a (Å) 16.0350(5)

b (Å) 18.7235(5)

c (Å) 21.6904(6)

β (◦) 101.845(3)

V (Å3) 6373.5(3)

Z 4

µ (mm−1) 0.481

F(000) 2976

Crystal size (mm3) 0.64×0.40×0.27

T (K) 100 (2)

Θ range (◦) 2.073–26.372

Limiting indices −20 ≤ h ≤ 20, −23 ≤ k ≤ 23, −27 ≤ l ≤ 27

Reflec. collec./unique/observed 28933/6450/5890

Parameters 469

S (goodness of fit) 1.086

R1, wR2 (Fo > 4σ(Fo)) 0.0332, 0.0861

R1, wR2 (all data) 0.0371, 0.0919

Min./max. res. (eÅ−3) −0.435/0.374

CCDC 1940323

atoms from the pyrrole rings of the TFPP porphyri-
nato occupy equatorial positions along the por-
phyrin core while one N-donor atom of the 4,4′-
bipyridine species occupies the axial position (Fig-
ure 3). A search of the Cambridge Structural Data-

base (CSD, Version 5.40) [26] has shown that the
majority of the reported structures of zinc metallo-
porphyrins with 4,4′-bipyridine are either dimers
or polymers and very few are five-coordinated
(Table 2).

C. R. Chimie, 2020, 23, n 6-7, 403-414
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Figure 1. UV–visible absorption spectrum of [Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O (I) recorded in
dichloromethane at concentrations of approximately 10−6 M.

Figure 2. Normalized fluorescence spectra of
[Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O (I)
in dichloromethane (concentration ∼10−6 M).
The excitation wavelength is 500 nm.

The distance between the Zn(II) center metal
and the nitrogen atom of the 4,4′-bipyridine ax-
ial ligand (Zn–N(4,4′-bipy)) for our complex (I) is
2.1295(18) Å, which is slightly shorter than that
for the related TEBOP derivative (Zn–N(4,4′-bipy)
= 2.152 Å). The Zn–N(4,4′-bipy) values for the re-
ported 4,4′-bipy zinc(II) porphyrins are in the (2.129–
2.371) Å range (Table 2).

The dihedral angle (φ) between the two pyridyl
groups of the 4,4′-bipyridine axial ligand for (I) is

42.09◦, which is in the (0.0◦–47◦) range for the re-
ported (4,4′-bipy)-zinc(II) porphyrin complexes. The
average equatorial zinc–nitrogen pyrrole distance
(Zn–Np) of (I), which is 2.080(2) Å, is in the (2.032–
2.081) Å range of the reported [Zn(Porph)(4,4′-bipy]
moieties (Table 2).

Figure 4 depicts the formal diagram of the por-
phyrinato cores of (I), showing the displacements of
each atom from the mean plane of the 24 atoms of
the porphyrin macrocycle ion in units of 0.01 Å. The
porphyrin macrocycle of our 4,4′-bipy derivative ex-
hibits major ruffling, as indicated by the high val-
ues of the displacement of the meso-carbon atoms
above and below the porphyrin mean plane and
a major saddle deformation (alternative displace-
ments of pyrrole rings above and below the por-
phyrin mean plane). Moreover, the displacement
of the zinc central metal from the mean plane of
the porphyrin core (PC) is 0.4231(5) Å. This Zn–PC

distance is quite longer than those of the meso-
arylporphyrin type [Zn(Porph)(4,4′-bipy)] complexes
(Porph = meso-arylporphyrin) but shorter than that
of the [Zn(OEP)(4,4′-bipy)], where OEP is the β-
pyrrole substituted octaethylporphyrinato.

The crystal packing of (I) is made up of pairs of lay-
ers parallel to the c axis (Figure 5). Within a pair of lay-
ers, the two-dimensional sheets are linked together
via weak intermolecular interactions of type C–H· · ·F
between the F1 atom of one TFPP porphyrinato and
the hydrogen of the carbon C15 of a phenyl ring of a

C. R. Chimie, 2020, 23, n 6-7, 403-414
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Figure 3. ORTEP diagram of [Zn(TFMPP)(4,4′-bpy)]·(4,4′-bipy)·H2O with the atom-numbering scheme.
Displacement ellipsoids are drawn at the 40% probability level. H atoms have been omitted for clarity.

porphyrin of the second sheet with a C15–H· · ·F1 dis-
tance of 3.231(2) Å (Supplementary Table 2).

The two-dimensional layer is stabilized via the
following interactions (Figure 6): (i) two free 4,4′-
bipyridine molecules are linked together by weak π–
π interactions between the centroids of two pyridyl
rings at a Cg· · ·Cg distance of 3.6771(11) Å (Supple-
mentary Table 3), (ii) the nitrogens N5 and N6 of
two pairs of the two free 4,4′-bipy molecules are H-
bonded to a water molecule with the O1–H1O1· · ·N5
and the O1–H2O1· · ·N6 interactions at distances of
2.984(2) and 2.937(2) Å, respectively, (iii) the oxygen
atom O6 of the same water molecule is involved in
a weak non-conventional H bond with the hydrogen
of the carbon C26 of a phenyl porphyrinato ring of
a nearby [Zn(TFPP)(4,4′-bipy)] molecule at a C26–
H28· · ·O6 distance of 3.163(2) Å, and (iv) the carbon
C20 of a phenyl porphyrin and the centroid Cg1 of the
pyrrole N1/C1–C4 are involved in a C–H· · ·Cg inter-
molecular interaction at a C20-H20· · ·Cg1 distance of
3.638(2) Å.

4. Electronic study

In this study, devices consist of an active layer com-
posed of the porphyrin complex (I) located between
ITO-coated glass and the aluminum contact. In order
to ensure good quality of the film surface, an AFM im-
age was recorded, displaying a uniform thin film with
a very good layered structure (1.98 nm).

Complexe (I) has important electronic properties
and an optical gap energy of the order of that of semi-
conductors. The I –V measurements were conducted
between −1 and 1 V using the Keithley 236 measure-
ment unit and the impedance measurements were
performed using an impedance analyzer (Hewlett
Packard 4192ALF). The electronic characterization of
the diode structure is an important way to provide
useful information about transport properties in or-
ganic materials.

Figure 7 displays the I –V curve measured at room
temperature for ITO/Pi/Al (Pi = [Zn(TFMPP)(4,4′-
bipy)]·2(4,4′-bipy)·2H2O, which shows a behavior

C. R. Chimie, 2020, 23, n 6-7, 403-414
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Table 2. Selected bond lengths (Å) and angles (◦) for several zinc(II) porphyrinic and non-porphyrinic
complexes

Complex Zn–Np
a Zn–NL

b Zn–PC
c φd Ref.

Zinc(II) porphyrin complexes

[ZnII(TBPP)(pipz)]e,f 2.078(7) 2.078(7) 0.4365(4) - [27]

[Zn(TPBP)(dabco)]e,g 2.078(2) 2.185(2) 0.4324(5) - [27]

[{Zn(TPBP)}2(µ2-dabco)]e,g 2.075(4) 2.182(4) 0.4151(1) - [27]

[Zn(TPBP)(pyz)2]e,h 2.027(3) 2.459(5) 0.012(2) - [27]

Zinc(II) 4,4′-bipyridine porphyrin complexes

[{Zn(TPP)}2(µ2-4,4′-bpy)]i 2.081(2), 2.065(1) 2.169(6), 2.270(7) 0.327, 0.286 46.86 [28]

{[Zn(TPP)]3(µ2-4,4′-bpy)}2
i 2.049(8), 2.058 2.185(8), 2.490 - 21.63 23.61 [28]

[{Zn(TOHPP)}2(µ2-4,4′-bpy)]k 2.032, 2.097 2.134, 2.144 0.306, 0.308 3.05 [29]

[{Zn(OEP)}2(µ2-4,4′-bpy)]l 2.080(3) 2.173(4) 0.517 0.0 [30]

[{Zn(TPBP)}2(µ2-4,4′-bpy)]e 2.063(6) 2.178(6) 0.329(2) 0.0 [13]

[Zn(TFMPP](4,4′-bipy)] 2.080(2) 2.1295(18) 0.4231(5) 42.09 t.w.
a: Zn–Np = average equatorial M–Npyrrole distance,
b: Zn–NL = distance between Zn(II) and the nitrogen atom of the N-donor ligand,
c: Zn–PC = distance between Zn(II) and the 24-atom mean plane,
d: φ= dihedral angle between the two pyridyl groups of the 4,4′-bipy axial ligand,
e: pipz = piperazine ligand,
f: TBPP = meso-tetrakis-[4-(benzoyloxy)phenyl]porphyrinato,
g: dabco = 1,4-diazabicyclo[2.2.2]octane ligand,
h: pyz = pyrazine ligand,
i: TPP = meso-tetraphenylporphyrinato,
k: TOHPP = meso-tetrakis(4-hydroxyphenyl)porphyrinato,
l: OEP = octaethylporphyrinato.

typical of that of the forward and reverse bias diode.
The value of the threshold voltage is about 0.53 V.

According to the shape of the I –V curve, there are
two different regimes depending on the voltage. In
the first regime, for high voltages, the electronic I –V
curve exhibits an asymmetrical characteristic, which
might result from the injection manner of the elec-
trons and holes into the barriers. This is due to the
difference between the work functions of the cath-
ode and the anode. In the second regime, for low volt-
ages, the I –V curve shows a symmetric characteris-
tic, which can be explained by the localized state with
defects inducing localized gap states [31].

In order to calculate the barrier height and the sat-
uration current values, the I –V curve is presented on
a semi-logarithmic scale. As shown in Figure 8, the
behavior of the current versus the potential is sensi-
tive to the presence of the series resistance Rs related

to wires and contact, the shunt resistance Rsh, and
to the interface states. The effective barrier height
Φb and the saturation current Is are calculated us-
ing (1) [32]:

Φb = K ·T

q
ln

(
S · A∗ ·T 2

Is

)
. (1)

Here K is the Boltzmann constant (1.38 ×
10−23 J·K−1), A∗ is the Richardson effective con-
stant (120 A·cm−2·K−2), T is the room temperature,
and q refers to the electronic charge.

From this investigation, we conclude that the sys-
tem containing the [Zn(TFMPP)(4,4′-bipy)]·2(4,4′-
bipy)·2H2O complex exhibits a barrier height of
1.2533 V and a saturation current (Is) of 6.027×10−9 A
(Figure 8 and Table 3).

Based on these results and in compari-
son with those of the related species complex

C. R. Chimie, 2020, 23, n 6-7, 403-414
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Table 3. Electrical parameters of the [TiO/Pi/Al] system

Complex Is (A) φb (V)

[Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O 6.027×10−9 1.2533

Figure 4. Schematic representation of the por-
phyrin macrocycle of the [Zn(TFMPP)(4,4′-
bipy)] complex showing the displacements of
each atom from the 24-atom mean plane in
units of 0.01 Å.

[ZnII(TFMPP)(HMTA)], we note that our complex
(I) has a high barrier height φb compared to the re-
lated zinc-HMTA derivative. This is most probably
due to the aromatic ligand 4,4′-bpy for (I), which
can prevent the distribution of the charge contrary
to the case of the related species containing the
non-aromatic ligand HMTA.

It is the same for the saturation current
6.027 × 10−9 for our zinc(II)-4,4′-bipy derivative,
which is very low compared to that of the related
[ZnII(TFMPP)(HMTA)] complex whose value is equal
to 6.57× 10−6. These results show that the nature of
the axial ligand plays a very important role in the
optoelectronic properties for this type of porphyrin
compound.

The variation of I as a function of V has been rep-
resented in a log–log plot to better study the mech-
anism of electrical conductance across the junction
(Figure 9).

For complex (I), as shown by this figure, there are
different regions where the current varies as a func-
tion of the potential according to the relation I ≈V m ,
where m represents the slope for each region and
provides information about the type of conduction
mechanism.

The slope value is close to unity at low voltage
defining the ohmic region. In this region, the pres-
ence of a small amount of interface barrier hinders
charge injection. In this case, the density of thermally
excited load carriers is insufficient and trap levels are
empty [32]. The current density is given by (2):

JΩ = q ·po ·µ · V

d
. (2)

Here q is the electronic charge, µ is the charge mobil-
ity, po is the free carrier density, d is the film thickness
and V is the applied voltage.

The slope value is approximately 1.6 at medium
voltage in the case of our zinc porphyrin complex,
where the voltage follows the power law dependence
(I –V ), which is related to the space-charge limited
current mechanism (SCLC). Moreover, the density
of the injected charges from electrodes increases.
Since the applied voltage passes through the tran-
sition voltage V = 0.53 V, the density of the in-
jected charges will dominate the transport capacity
of the [Zn(TFMPP)(4,4′-bipy)]·(4,4′-bipy)·2H2O layer.
In this regime, the current density varies following
equation (3):

JSCLC = 9

8
ε ·µeff ·

V 2

d 3 . (3)

Here ε is the material permittivity (assumed to be
4εo , where εo is the vacuum permittivity) and µeff is
the effective carrier mobility equal to θµ ·θ, which is
the free charge fraction with θ = p/(p +pt ). Parame-
ters p and pt represent the free and trapped charge-
carrier densities, respectively; d is the film thickness
and V is the applied voltage.

According to the SCLC model (3), µeff for the
film containing complex (I) was calculated with a
value of 0.45 (10−5 cm2/Vs). This result is compa-
rable to the literature value of about 10−5 cm2/Vs
for the 2,7-distyrylcarbazole p-type species [33–35].
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Figure 5. Projection of the crystal lattice of (I) down the c axis.

Figure 6. Packing showing the intermolecular interactions within one layer of (I).

For high voltages, we observed the third linear re-
gion, where the slope value of m is 2.7, which repre-
sents the trapped charge limiting current (TCLC) re-

gion, where the trap distributions vary exponentially.
In this case, trapping levels will affect the transition
from the SCLC mechanism to the TCLC mechanism.
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Figure 7. (I –V ) characteristics of ITO/
[Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O/Al
system.

Figure 8. Current–voltage curves of
[ITO/ZnPi/Al] (Pi = (I)) in semi-logarithmic
representation.

This transition occurs when the injected carrier den-
sity exceeds the free carrier density.

As shown by Figure 9, we noticed that both the
shape of the curve and the current I values as
functions of the voltage V values are very different
from those of the related Zn(II)-HMTA species [6].
Moreover, the latter species exhibits better optoelec-
tronic properties that those of our Zn(II)-4,4′-bpy
derivative.

4.1. Impedance spectroscopy

Complex impedance spectroscopy is a powerful tool
to study the dielectric properties of materials [36–38].

Figure 9. Log–log I –V curve for the [TiO/Pi/Al]
(Pi = (I)) device.

Figure 10. Nyquist plot of the [TiO/Pi/Al] de-
vice.

The complex impedance Z (ω) is divided into two
parts: the real part (Re(Z ) = Z ′) and its imaginary part
(Im(Z ) = Z ′′). The Z (ω) impedance of the [TiO/Pi/Al]
system (Pi= complex (I)) can be defined as a function
of frequency according to (4):

Z (ω) = Re(Z )+ j Im(Z ) = Z ′(ω)+ j Z ′′(ω). (4)

The Nyquist plot of the [TiO/Pi/Al] containing the
[Zn(TFMPP)(4,4′-bipy)]·2(4,4′-bipy)·2H2O film ap-
pears as a semicircle. This response indicates the
homogeneous nature of the electrode–organic in-
terface. The high-frequency response may contain
clues to transport and series resistance elements as
well as dielectric contributions (Figure 10).
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Figure 11. Conductance curve of the
[TiO/Pi/Al] device.

4.2. Conductance

The conductance curve shows two peaks at low and
high frequencies (Figure 11). The conductance of
complex (I) at low frequency is 4.7 × 10−3 S/m. At
low frequency, the conductance depends strongly
on the frequency, which is characteristic of a disor-
dered system. However, at high frequency, the con-
ductance tends to zero, where the dipoles ignore the
frequency. The switch from the frequency-dependent
to the frequency-independent regions is related to
the hopping transport mechanism because dipoles
will be oriented with the applied field, leading to an
increase in charge hopping.

5. Conclusion

In conclusion, we report the synthesis of a new
material based on the porphyrin species, which
is characterized by UV–visible, fluorescence spec-
troscopy, and X-ray molecular structure. From
the optical gap energy value calculated, it is clear
that this material can be used in organic light-
emitting diode structures. To investigate the trans-
port characteristics of the [ITO/Pi/Al] (Pi = com-
plex (I)) diode structure, current–voltage and elec-
trical impedance measurements were carried out.
The comparison of the electronic parameter val-
ues obtained in the case of our Zn-4,4′-bpy deriv-
ative with those of the already known derivative
Zn-HMTA (hexamethylenetetramine) with the same

meso-tetratrifluoromethylphenylporphyrin shows a
clear difference between these values, which clearly
indicated that the optoelectronic properties of the
zinc(II) porphyrin complexes do not depend on the
nature of the meso-arylporphyrin but rather on the
nature of the axial ligand coordinated to the zinc(II).
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