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Comparative Electrical Studies of Lithium and
Lithium Free-Phthalocyanine Complexes
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YBRID inorganic-organic  nanocomposite materials  have

various electrical and mechanical properties that make them used
in many applications in areas of the electronic industry and have
played as insulators and dielectrics. Conducting and semiconducting
properties have stimulated their use in many novel applications.
Among them new symmetrical Lithium phthalocyanine with different
lithium concentrations were synthesized by urea fusion technique and
characterized through the study of FTIR, and UV-visible spectra. The
dielectric properties such as dielectric constant (¢') and dielectric loss
(e'') were studied for metal free phthalocyanine and Lithium
phthalocyanine complexes with different concentration of lithium ions
namely 0.01, 0.03 and 0.06 M. The studies were carried out at
frequency range 100Hz-1MHz and within temperature range (280-440
K). It was observed that the dielectric constant of phthalocyanine
complexes decrease with the increase of frequency and increase with
increasing temperature signifying the semiconducting property. The
decrease in energy gap with the coordination of metal ion suggests that
the metal ion plays an important role in the electronic properties of the
comp lexes.

Keywords: Phthalocyanine, Lithium, Dielectric constant, IR and UV.

Phthalocyanines (PCs) have been the study of a great deal for researches over 60
years. PCs have been appealing considerable attention as macrocyclic
compounds, due to their odd physical and chemical properties(l’ 2 Due to their
interesting properties they have been used successfully in many applications such
as molecular electronic, semiconductor and solar cells in catalytic reaction @8
nonlinear optics ©*? gas sensor “*'% and photodynamic therapy (PDT) of
cancer 158 which is a very important association of photosensitizing drug and
light for treatment of non-oncologic diseases and malignant tumors (9

It is worth to note that cobalt and nickel phthalocyanines may act as
carcinogens(zo) and there is a good advantage of using PDT that it can be
demolished tumor selectively and does not harmful the surrounding tissues Y.
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Water soluble phthalocyanine and its complexes are considered to be the best
aims for a new production of coatings and photosensitizes ?*??, Since several
decades the introduction of different central ions or substituents of PCs had been
produced in both academic and applied fields which lead to changing of the
physical and chemical properties of PCs 32, Using of rare-earth elements to
form PCs is very interesting because of their potential technical application such
as molecular materials ©®.

In the present work, we study the effect of lithium ion as central ion of
phthalocyanine on the dielectric properties such as dielectric constant (¢') and
dielectric loss (¢'). The dielectric measurements were passed out in the
frequency 100Hz-5MHz and temperature range from 280 to 440 K with different
concentration of lithium ions. To make a distinction of the prepared samples we
study of FTIR and UV-visible spectra of the prepared samples.

Experimental

Synthesis of Metal Free Phthalocyanine (MF-Pc) and Lithium phthalocyanine
(LiPc) complexes

Metal Free Phthalocyanine MF-Pc and Lithium phthalocyanine complexes
were prepared by urea fusion technique which is a simple pathway by which
phthalocyanine complexes can be obtained with high purity and recovery @7 .
About 8.88 gm (0.06 mole) of phthalic anhydride was added into a 500 ml flask,
followed by 30 gm of urea, 0.2 gm of ammonium molybdate as reaction
promoter (For preparing LiPc complexes, LIOH with concentrations of 0.01, 0.03
and 0.06 M were added respectively). The temperature was gradually raised to
190-200°C, and maintained for 4 hrs with continuous stirring. The reaction was
cooled, boiled with distilled water many times. The precipitate was washed in
sequence with 2% HCI, dilute alkali 25% methanol and acetone. Final
purification was done by drying the sample at 200°C for 3 hrs in dry oven by
which any traces of impurities were sublimed. A blue colored of H,PC (Dark
green pigments of Li-Pc complexes) was obtained.

IR and UV measurements

The synthesized nano-phthalocyanine complexes were grinded in an agate
mill until the desired grain size. It was investigated by IR spectra with the aid of
JASCO 4600 model FTIR spectrometer. Also UV-Vis absorption spectra of the
samples were recorded in the wavelength range of 190 to 800 nm and room
temperature using a Jasco V360.

Electrical Measurements

To determine the dielectric properties, powders of the MF-Pc and LiPc
complexes are compacted into disc of 12mm diameter under a pressure of about
10 N/cm?. The temperature dependence of dielectric constant and loss will be
determined at frequencies between 0.1 KHz and 5 MHz in the temperature range
(298-423K) by means of a HIOKI3532 LCR Hi-Tester with a computer. In our
experiments, the real and imaginary parts of the complex dielectric permittivity e
Egypt. J. Chem. 59, No. 6 (2016)
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(¢ = ¢ - je') were obtained with the assumption that studied cell is equivalent to a
circuit consisting of an ideal capacitance in parallel with a pure (ohmic)
resistance R. The real part of the dielectric function (constant) &' of MF-Pc and
Li-Pc complexes with different concentration of Li* were calculated from the
measured capacitance (Cp) according to the equation:

C,d

£,A
where d is the diameter of the disc, A is its cross section area and g, is the
dielectroic constant of the vaccum (8.85x10*%)

Results and Discussion

FTIR spectra

From IR spectra (Fig. 1), it is clear that there is abroad band around 3730 cm™
pointed to the presence of —CH group and at 1590cm™ strong peak pointed for
the presence of Ar C=C (stretching vibration of phenyl rings). Around 2360 cm™
there is a medium peak which pointed to C=N, at 1035, 995, 920, 850, 830, 812,
805, 740, 700, 685, 590, 550, 540 cm' these peaks give indication to the
presence of weak bands of C=N (vibration of pyrole ring). Peak at 1225 cm’
Yindicate the presence of strong peak for C=N, but at 1250 and 1358cm™give a
good evidence for presence of medium peak of C=N. At 1035 cm™ there is a peak
which indicated to the vibration of porphyrin ring for pyrole unit.

The studies of lithium-phthalocyanine complexes show good adsorption
properties for two strong regions, one of them at about 316-400 nm (B-band or
soret band) which is attributed to m-m* transition from highest occupied
molecular orbital (HOMO) to Lowest unoccupied molecular orbital (LUMO) of
the phthalocyanine ring ®®2% _ In this region, the shifting of wavelength of metal
free-phthalocyanine may be due to decreasing the electron densny at the inner

nitrogen atoms depending on the electronegativity of the metal @

All spectra for B-band are stronger than Q-band which appears at 665-700 nm
and this reveal strong ag%;regatlon . The B-band is characteristic of metal-
phthalocyanine absorption®®. The phthalocyanlne principally absorb in this
region because of the disruption in phthalocyanine n-system caused by the N
atoms being in the meso-positions and the peripheral benzene rings that extend =-
system @4

Calculation of the band gap energy (E) is important in the semiconductors, so
that the band gap energy of the prepared samples is calculated the extrapolatlon
of the linear portion of the graph between the absorbance and Wavelength @) by
using the following equation:

E=h
A
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Fig. 1. IR spectra of metal free (MF) and different concentrations of Li-Pc complex.
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UV-visible adsorption spectra

The sum of electronic, vibrational and rotational energies denotes the total
energy of a molecule. The changes in the electronic energy of the molecule are
produced from energy absorbed in the UV region. The resulting spectra acquired
for MF-Pc and Li-Pc complexes with different Li ion concentration are revealed
in Fig. 2.
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Fig.2. UV/Vis spectra of metal free (MF) and different concentrations of Li-Pc
complex
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The studies of lithium-phthalocyanine complexes show good adsorption
properties for two strong regions, one of them at about 316-400 nm (B-band or
soret band) which is attributed to m-n* transition from highest occupied
molecular orbital (HOMO) to Lowest unoccupied molecular orbital (LUMO) of
the phthalocyanine ring [28-30]. In this region, the shifting of wavelength of
metal free-phthalocyanine may be due to decreasing the electron density at the
inner nitrogen atoms depending on the electronegativity of the metal @D,

All spectra for B-band are stronger than Q-band which appears at 665-700 nm
and this reveal strong aggregation ©2) The B-band is characteristic of metal-
phthalocyanine absorption ®%. The phthalocyanine principally absorb in this
region because of the disruption in phthalocyanine n-system caused by the N
atoms being in the meso-positions and the peripheral benzene rings that extend -
system ®Y .

Calculation of the band gap energy (E) is important in the semiconductors, so
that the band gap energy of the prepared samples is calculated the extrapolation
of the linear portion of the graph between the absorbance and wavelength ©% by
using the following equation:

E=h ¢

A
Where h is Plank's constant (6.626x10°3* J.s), C is the speed of light (3.0x10°
m/s), A is the cut off wavelength and 1ev=1.6x10"°J. The spectral data recorded
showed strong cut off at 286 nm, 285 nm, 477 nm and 407 nm for MF-Pc, 0.01M
Li-Pc, 0.03M LiPc and 0.06M Li-Pc respectively. Refereeing to the data recorded
in Table (1), it is obvious that the presence of lithium ion as central metal at
phthalocyanine macromolecule decrease the band gap energy. Moreover, as the
concentration of lithium ion increases the band gap energy decrease significantly
this can be referred to the small ionic radii of lithium ion.

TABLE 1. Band gap energy of different concentrations of the samples.

Samples E (eV)

MF- Pc 4.346591
0.01M Li-Pc 4.361842
0.03M Li-Pc 2.606132

Dielectric investigation

The dielectric properties of the metal free and lithium phthalocyanine
complexes were proved in frequency range 100Hz-5MHz and within temperature
range 280-440K. The dielectric constant (¢') of metal-free phthalocyanine
(H,PC) and phthalocyanine complexes with different concentration of lithium
ions (0.01, 0.03 and 0.06 M) were measured as a function of frequency and
temperature as shown in Fig. 3. The dielectric constant increase with increasing
temperature and decrease with increasing frequency, this behavior can be due to
the interfacial polarization which is called Maxwell-Wagner Siller, MWS which
is a famous theory in the heterogeneous structure of compound. Also this can be
attributed to donation of the conductivity on the dielectric constant @6),

Egypt. J. Chem. 59, No.6 (2016)
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According to Koops's @7) the main donation to the dielectric constant at low
frequency comes from the grain boundaries which have a high dielectric
constant. On the other hand, at high frequency the dielectric behavior is
controlled by the grains which have small dielectric constant, so the decrease of
¢ may be related to the electrical relaxation processes G, It is noticeable that,
the values of dielectric constant (¢) measured at high temperature (423K) and
low frequency (50 Hz) for MF-Pc and Li-Pc with 0.01, 0.03 and 0.06 M Li ion
concentration were 13.2, 1188, 828 and 466 , respectively which indicate the
increase in dielectric constant (¢') of the Pc with the presence of metal ion. It is
noticeable that the dispersion of dielectric constant (¢') begins at very low
frequency for MF-Pc and when the lithium ion introduced to the Pc molecule, it
begins at about 1 KHz.
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Fig.3. Relation between log f(Hz) and dielectric constant (¢') as a function of
frequency at different temperature and at different lithium concentrations
(MF metal free 2 0.01M, b 0.03M and ¢ 0.06 M) .
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Figure 4 clarifies the variation of dielectric constant as a function of
temperature at 3 frequency values (100 Hz, 100 KHz and 1 MHz) for metal free
phthalocyanine and lithium-phthalocyanine with different concentrations of
lithium ions. For 0.01M, the dielectric constant increased give up one value
which indicates the presence of one transition phase. While at concentrations
(0.03 M and 0.06 M) the dielectric constant interprets two values means that
there are two transition phases. The change of a-phase to B-phase begin at 320 K

and concluded 390 K, this could be due to that the polarization increases with
temperature G949,

These phenomena may be related to the migration of electrons or ions over
distances of microns. Also, as the temperature increases, the bound charge
carriers get enough excitation thermal energy to be able to complete the variation
in the external field more clearly. This turn raises their benefaction to the
polarization leading to an increase of dielectric constant “2).
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Fig.4. Relation between dielectric constant £ and temperature T (K) at selected

frequency (a 100Hz, b 100KHz and ¢ 1MHz) for metal free (MF) and
different concentrations of Li-Pc complex .

Dielectric loss (¢') for MF-Pc and its Li-Pc complexes as a function of
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frequency were displayed in Fig. 5. The dielectric absorption bands appear in all
samples. The frequencies corresponding to the maximum energy loss (f,, ) are

used to evaluate the relaxation time (7 ) from the relation:
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Fig.5. Relation between dielectric loss £ and logf (Hz) as a function of temperature

at different lithium concentrations (MF metal free a 0.01M, b 0.03M and ¢
0.06 M).

Generally, it was found that in heterocyclic compounds in the solid state,
there are two loss regions. One of them described by a loss peak located at
temperature above the glass transition point is because of a-relaxation and the
other described by a flat loss maximum extending over a wide temperature range
below the transition point is because of B-relaxation. It was proposed that the
reason of B-relaxation is the motion of polar side groups in the amorphous phase
and the local in nature. Assuming that the crystalline phase contains various
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kinds of defectiveness, the motion associated with the B-relaxation would be
possible even in such crystalline defects.

The relaxation time increases from 2.3x10°s for MF-Pc to 1.6x10™s for
0.01&0.03 M LiPC and then decreases to 1.9x10's for 0.06 M LiPc and the
values of the dielectric loss are generally high especially for 0.01 M LiPc. These
indicate the semiconducting property of these complexes. Moreover, the decrease
of T and dielectric loss is attributed to the presence of Lithiumions with its small

ionic radii which can lead to increase in the number of electrons. While the losses
decrease at high frequency is because of the decrease in the dc-conductance.

Generally, it was found that in heterocyclic compounds in the solid state,
there are two loss regions. One of them described by a loss peak located at
temperature above the glass transition point is because of a-relaxation and the
other described by a flat loss maximum extending over a wide temperature range
below the transition point is because of B-relaxation. It was proposed that the
reason of B-relaxation is the motion of polar side groups in the amorphous phase
and the local in nature. Assuming that the crystalline phase contains various
kinds of defectiveness, the motion associated with the B-relaxation would be
possible even in such crystalline defects.

The relaxation process in all these complexes can be considered as -
relaxation initiated from the lattice defects due to the electron transfer which
leads to the formation of charge centers as polar bonds, groups orsites possessing
orientation polarization.

Relation between capacitance and different concentration of lithiumions [Li*]
at selected frequency as a function of temperature was illustrated in Fig. 6 which
elucidates that the smallar capcitance predicts smaller charge, this is due to
smaller concentration and ofcourse less difussion of ions %) .
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Fig.6. Relation between capacitance and different concentration of lithium ions [Li*]
at selected frequency as a function of temperature.

Fig. 7 represents the frequency dependence of the real part (Z) of the complex
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impedance at different temperature. The decrease in impedance of low frequency
by increasing the temperature followed by impedance saturation of high
frequency was observed for all complexes which proving the semiconducting
property of the complexes and suggesting mixed type of polarization (electronic,
orientation and dipole).
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