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Abstract

This study describe the effect of temperature on the optical
properties of nickel(ii) phthalocyanine tetrasulfonic acid tetrasodium
salt (NiPcTs) organic thin films which are prepared by spin coating
on indium tin oxide (ITO-glass). The optical absorption spectra of
these thin films are measured. Present studies reveal that the optical
band gap energies of NiPcTs thin films are dependent on the
annealing temperatures. The optical band gap decreases with increase
in annealing temperature, then increased when the temperature rising
to 473K. To enhance the results of Uv-Vis measurements and get
more accurate values of optical energy gaps; the Photoluminescence
spectra of as-deposited and annealed NiPcTs thin films was studied.
FTIR measurements for NiPcTs thin films also carried out in this
work and gave good information about the NiPcTs bonds and its
locations as a compared with H,Pc as a reference.
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Introduction

Metal phthalocyanines (MPc) properties [8] as well as their chemical
are molecular organic semiconductors and thermal stability [9]. Another
[1] and have attracted extensive reason that makes them so interested in
attention in numerous applications, many applications is the low cost and
such as organic solar cells [2], sensors simple device preparation via solution
[3, 4], field effect transistors [5], and processing [10], like roll-to-roll
optical data storage [6, 7]. This wide processing [11], ink-jet printing [12],
range of applications of or spin casting [13].
phthalocyanine compounds are due to Simplicity of the film deposition
their unique optical and electronic technique, cost effectiveness, and less
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material consumption can be obtained
from the wet processing method to
deposition of organic thin films [8].For
large scale device applications mainly
in the form of micro electro machined
devices (MEMs) or electronic nose as
well as cost effective disposable
sensors, it is necessary to manufacture
the devices by simpler technique such
as solution spinning, printing, micro-
drop coating, etc. Phthalocyanines are
usually difficult to dissolve in common
solvent (de-ionized water, ethanol,
methanol etc.). In order to assist the
MPcs to dissolve in solvent and to
enhance the mobility of the charge
carrier in electronic devices, different
functional groups  have  been
introduced to the phthalocyanines.
Water soluble phthalocyanine can also
be synthesized from non-substituted
phthalocyanines by attaching sulfonate
groups [14]. Copper (1D
phthalocyanine tetrasulfonic  acid,
tetrasodium salt (CuPcTs) is a typical
example of water-soluble
phthalocyanines. CuPcTs structure is
very similar to CuPc except that polar
SO;Na attached to the corners of
benzene rings and makes this
compound water soluble[14].

Because of the expansion and
contraction of the lattice with
temperature, the  various band
parameters, particularly the energy gap
is temperature dependent. Although
calculations are available to predict
and account for the T dependence of
the band gap at the fundamental
absorption edge, E,(T) is best found by
empirical fits [15].

In this study, an organic
compound Nickel (II) phthalocyanine
tetrasulfonic acid tetrasodium salt
(NiPcTs) is used to investigate its
optical properties under the effect of
temperature.
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Experimental
Nickel (i) phthalocyanine
tetrasulfonic acid tetrasodium salt

(NiPcTs) was purchased from Sigma-
Aldrich and wused without further
purification. Its molecular formula is
C32H12NgNa4NiOIZS4 and has 9794
g/mol molecular weight. Molecular
structure of NiPcTs is shown in Fig. 1.
To fabricate the Films, a 40 mg/ml
NiPcTs was dissolved in deionized
water and the result solution spin
coated using Laurell WS-650Mz-
23NPP Spin coater on pre-cleaned
ITO-glass substrates. The thickness of
the NiPcTs films which equal to
150nm were measured by KLA-
TENCOR P-6 Surface Profiler. The
resistivity of the deionized water was
~15 MQ-cm. The ITO-glass substrates
(25mmx25mm) were cleaned using
acetone, isopropyl, and deionized
water by ultra- sonic bath for ten
minutes, subsequently.

To examine the UV-Vis optical
properties of the as-deposited and heat
treated NiTsPc thin films, a double
beam JASCO V-570 UV-Vis-NIR
spectrophotometer was used
in the range (300-800)nm.
Photoluminescence(PL) measurements
recorded by Renishaw 2000 system
operating at excitation wavelengths of
325nm for as-deposited and heat
treated NiPcTs thin films. While
Fourier-transformed Infra-red (FTIR)
spectrum  for  as-deposited and
annealed NiPcTs thin films were
recorded the spectrum over the range
of 400-4000 cm™ with resolution 4, the
spectra obtained at room temperature
and recorded in the transmittance mode
using Thermo Scientific™ Nicolet™
1S™10 FTIR Spectrometer. An X-ray
diffraction type (SHIMADZU XRD-
6000) was used to exam the structure
of the as-deposited and heat treated
NiPcTs films deposited on corning
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glass substrate, while the surface
morphology of NiPcT tested by
FESEM type JSM-7600F produce by
JEOL Ltd. Japan.

NaO,S

Prst
A,

SO,Na

Na0,S

Fig. 1: Molecular structure of nickel (ii)
phthalocyanine tetrasulfonic acid
tetrasodium salt (NiTsPc z) [14].

Optical measurement constitutes
the most important means of
determining the band structure of
semiconductors, and the optical
constants of thin films provide us with
information concerning microscopic
characteristics of the material, and the
determination is very important for
using it in any one of such devices.
Optical absorbance (A) spectra were
performed over the wavelength (1) and
the of these spectra were used to
calculate the absorption coefficient (o)
and band gap energy (E,).

The relation between the intensity

of incident light (I,) and the
transmitted intensity (It) is represented
by an exponential form [16]:
It = Leexp(—at) (D)
where o being the absorption
coefficient and t is the film thickness.
According to this equation, the optical
absorption coefficient of thin films was
evaluated from the absorption data
using the relation [16].

a=2.303 A/t )
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As a result of absorption
coefficient data, the nature of transition

(direct or indirect) is determined
according to Tauc relation [17] given
by:

aE=B(E-Eg)" 3)

where B is a constant, r is a constant
whose value depends on the type of
transition, where r is equal to 1/2 and
3/2 for allowed and forbidden direct
transition respectively, and r is equal to
2 and 3 for allowed and forbidden
indirect transition respectively. The
term E in Eq.(3) represent the photon
energy which can be calculated from
the relation [18]:

E (eV) =hv = 1.24 /A(um) 4)
where h is Plank constant, v is the
incident photon frequency, and A is the
photon wavelength. (oE)"" of thin
films is plotted against E to decide
whether this material has allowed or
forbidden direct or indirect band gap
transition. Extrapolation of the linear
portion of the plot to the energy axis
(aE=0) yielded the direct optical band
gap energy value of deposited thin
film.

Results and discussions

Absorption spectra of the as-
deposited and annealed NiTsPc thin
films are shown in Fig. 2. These
absorption spectra exhibits two peaks
which are B and Q bands. In the Q
band, an intense absorption peak at
around 615nm is due to the transition
between the bonding and antibonding
(m—m*) at the dimer part of the
phthalocyanine molecule. The central
metal atom  (Nickel) of the
phthalocyanine molecule is associated
with the d-band. Therefore, within the
UV region of the spectrum, a strong
absorption peak at around 340nm is
attributed to partially occupied d—m*
transitions [19]. The wvariations in
absorption with annealing temperature
for B band are greater than the
variations in Q band.
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Fig. 2: Absorption spectrum of as-deposited and annealed NiPcTs thin films.

From Fig. 2, one can see that
the light absorption is increased as the
annealing  temperature  increases,
however it drops at 473K.

The morphology of the film can
be modified by thermal treatment
which leading to the improvement in
the absorption properties. Some
researchers utilized similar research
work to enhance the absorption
capability of the thin films [20, 21].
The absorption features of this spin-
coated phthalocyanine derivative film
are similar to the reported thermally
evaporated phthalocyanine films [20,

22]. The result indicates that the simple
spin coating method can be utilized to
obtain  similar  light  absorption
properties of a soluble phthalocyanine,
as provided by the complicated thermal
evaporation technique.

Fig. 3 shows the dependence of
the absorption coefficient (a) on
annealing temperatures as a function of
wavelength for NiPcTs films. This
absorption coefficient was determined
from the region of high absorption i.e.
at the fundamental absorption edge of
the films.
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Fig. 3: Absorption Coefficient of as-deposited and annealed NiPcTs thin films.

Two absorption edges in the
absorption  spectra  suggest the
existence of two different energy gaps
for the NiTsPc film.
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The optical energy gap values
(E™) for NiPcTs films have been
determined by using Tauc Eq. (3)
which is used to find the type of the
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optical transition by plotting the
relations (ahv)?, (ahv)2/3, (()th)l/2 and
(ohv)"? versus photon energy (hv) and
select the optimum linear part. It is
found that the first relation yields
linear dependence, which describes the
allowed direct transition. B, is then
determined by the extrapolation of the
portion at (a=0) as shown in Figs. 4
and 5.

The optical energy gap for B-
band decreased from 1.7¢V to 1.68eV

Vol.13, No.28, PP. 44-51

when the film annealed at 373K
whereas, its values increased to 1.72eV
with increasing annealing temperature
to Ta=473K. The same behavior
observed in Q-band, the optical energy
gap decreased from 3.08eV to 3.04eV
when the temperature increases from
room temperature to 373K, while the
optical energy gap return to increase to
3.12eV after increasing the
temperature to 473K.
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Fig. 4: (ahv)’ versus photon energy of incident radiation for as-deposited and annealed
NiPcTs thin films (Q-band).

——R.T
—8—Ta=373K
Ta=473K

2 2.2

2.4

2.6

2.8

3 3.2
hv (eV)

34 36 38 4

Fig. 5: (ahv)’ versus photon energy of incident radiation for as-deposited and annealed
NiPcTs thin films (B-band).

The optical energy gap was
found to decrease after heat treatment
at 373K, this decreasing is attributed to
existence of a localized states inside
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the gap due to amorphous structure of
NiPcTs at this temperature. The
observed localized states due to change
the structure to amorphous because of
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annealing (see Fig. 6), which is a
characteristic of most of the optical
data on amorphous semiconductors
which is considered to be determined
mainly to the structural disorder
existing at the grain boundaries, but

Ameer F. Abdulameer, et al.

after the second annealing temperature
at Ta=473K the energy gap increased
due to structure change to nanofiber as
shown in Fig. 7.
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Photoluminescence spectrum or
emission  spectrum  has  great
importance since it gives information
about the optical energy band gap,
excitons and traps energy levels. The
energy gap value that has been
obtained from photoluminescence
spectrum is more accurate than that
calculated by Tauce equation. The
behaviour of variation of optical
energy gap obtained from
photoluminescence spectrum is similar
to the behavior of optical energy gap
obtained from UV-VIS spectrum, i.e.
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6: XRD pattern of as-deposited and annealed NiPcTs Thin Films.
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the energy gap also decreases when the
film of NiPcTs annealed to 373K and
when the annealing temperature
increase to 473K, the energy gap go to
increase. The values of optical energy
gap using photoluminescence spectrum
are 2.92, 2.9 and 2.94 respectively as
shown in Fig. 8, these values represent
the B-band because the excitation
wave length of laser used in this
photoluminescence  spectrum  was
325nm that is mean it have energy of
3.8eV which is higher than the B-band
energy gap of NiPcTs.
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Fig. 8: Photoluminescence spectra of as-deposited and annealed NiPcTs thin films.

Fig. 9 shows the FT-IR
spectrum  for  as-deposited and
annealed NiPcTc thin films which was
measured at room temperature and
compared with H,Pc spectrum. FT-IR
for NiPcTc thin films shows the bond
bending represented by the range (400-
2000) cm” while the bond stretching
represented by the range (2000-4000)
cm™. One can see a weak peak in the
range (600-400) cm’ which indicate

the presence of (metal-Nitrogen) bond
vibration at (508-578) cm™ have been
assigned for (Nickel — Nitrogen). The
band at (1334-1320) cm™ is for bond
of C-N and the peak (1612) cm’
indicates C=C bond and the peak at
(1533) cm™ indicates Benzene ring
band, also the spectrum shows the
absent of stretching band N-H which is
appears in H,Pc spectrum.
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Fig. 9: FTIR spectra for as-deposited and annealed NiPcTc Thin Films.

Conclusions

The NiTsPc thin  films
deposited successfully using a spin-
coating technique and modified the
optical properties of the films by heat
treatment. The B and Q indicate the
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presence of two energy gaps, which
have been obtained by manipulating
the Tauc relationship. In addition, the
absorption intensity at both regions has
also been varies with the treatment
temperature.
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The behaviour of variation of
optical energy gap obtained from
photoluminescence spectrum is more
accurate than the optical energy gap
obtained from UV-VIS spectrum, but
both have similar behavior under the
effect of heat treatment.
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