
1. Introduction
In the past three decades, phthalocyanine compounds have 
attracted much attention because they have enormous potential 
applications, such as, in photo voltaic and solar cell, gas sensors[1 - 
5]  and optical recording[6] .  Pc molecules are thermally stable and 
may be sublimed without decomposition. These molecules have 
low sublimation temperature, so the preparation of Pc thin �lms by 
vacuum evaporation is feasible. Phthalocyanines are generally 
available in two morphological forms α and β[7 , 8] . β form is 
monoclinic, where as a form is reported to be tetragonal, 
orthorhombic or monoclinic. At room temperature, they are usually 
in the metastable phase.

Figure 1. Molecular structure of zinc-tetra-tert –butyl phthalo 
cyanine

The basic optical properties of semiconductors result from the 
electronic excitation in crystals when an electromagnetic wave is 
incident on them. The optical constants have been evaluated in 
order to correlate them to the electronic band structure. Under high 
intensity visible wavelength excitation in the region of 400-600 nm 
phthalocyanines behave as reverse saturable absorbers. Various 
workers have studied the basic properties of many of the metallo-
phthallocyanines (MPcs) in detail [9 - 11]  

The electrical, optical and structural properties of Pcs are critically 
depend on �lm morphology, which in tern determined by ambient 
parameters such as deposition rate, substrate temperature and 
post-deposition annealing [12]

The performance of the optical devices strongly depends on the 
wavelength dependence of the optical constants n and k of their 
layers and on their thickness. Knowledge of these parameters is 
necessary to understand the fundamental aspects of the materials. 

In this paper, we report the optical and structural properties of 
ZnTTBPc thin �lms on a well cleaned glass substrate prepared by 
vacuum deposition method. Bulk ZnTTBPc in the powder form is 
purchased from Sigma-Aldrich Chemicals. 

2. Experimental
Spectroscopically Pure ZnTTBPc powder (96%) is used as the source 
material for the present study. Films of thickness 250 nm were 
deposited by thermal evaporation at a base pressure of ~105Torr 
using a Hind–Hivac 12A4 coating unit. For deposition of �lms highly 
polished and thoroughly cleaned glass substrates are used. 
Evaporation of the material is carried out with a molybdenum boat 
of dimensions 2.91.2 0.5 cm used as the resistive heating element. 
During evaporation, substrates are placed at a distance of 11cm 
from the source and the deposition rate is kept at about ~ 0.5nm/s. 
The thickness of the �lms is measured using the Tolansky's multiple 
beam interference technique. The UV -Visible-NIR spectra of the 
�lms were recorded using JASCO Corp., V-550 Spectrophotometer.  
SEM analysis is carried out by JEOL, JSM-6390 Scanning Electron 
Microscope [13]

3. Results and Discussions
3.1. Optical Studies
The UV-VIS spectrum observed for phthalocyanines originates from 
molecular orbital within the aromatic 18 p electron system and from 
overlapping orbital on the central metal atom[14]. The absorption 
band in the UV region which is known as the Soret (B) band a2u→eg 
(→*) . The broad absorption band in the ultraviolet region is 
preceded by the ultraviolet absorption band edge of the 
phthalocyanine molecule. The other well known band of the 
phthalocyanine molecule, namely Q-band a1u → eg (n →*) appears 
in the region between 550 and 750 nm. Distinct characterized peaks 
in the visible region are generally interpreted in terms of-* transition 
[15] between bonding and anti-bonding molecular orbital . It can 
also be noticed that this band shows the characteristic splitting 
(Davydov Splitting) present in all phthalocyanine derivatives 
[16].The low energy peak of the Q-band has been previously 
explained as a second -*  transition .

The variation of the absorption coefficient (a) as a function of the 
photon  energy (hu) for ZnTTBPc thin �lms of thickness 250nm at 
different annealing temperatures is shown in the �gure 3. In the 
visible region there are two absorption peaks, which show 
absorption maxima at 1.79 and 2.00 eV in the Q-band for as 
deposited thin �lm. In the next band B (soret band) in UV region, the 
maximum absorption lies at 3.67 eV and the shoulder is seen near 
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4.14 eV on the high energy side of the Soret band

Figure 2 .The absorption coefficient Vs photon energy h  for as �a u
deposited and annealed ZnTTBPc thin �lms

The high energy peak of the Q band has been assigned to the �rst π- 
π* transition of Pc macrocycle. The low energy peak of the Q band 
has been variously explained as a second π- π* transition and as a 
vibrational interval. The difference between Q  and Q  is de�ned as y x

the Davydov splitting (ΔQ) which is at (0.18 eV) in the present 
spectrum. The annealing process has no marked effect on the 
energy values for the different bands.

The variation in absorption coefficient (a) with photon energy for 
band to band transitions is given by 

Where E is the energy gap and n determines the type of transition. 
The value of n can be ½ or 2 for allowed direct and allowed indirect 
optical transition, 3/2 and 3 in the case of forbidden direct and 
indirect optical transition, respectively. The dependence of the 

2absorption coefficient ( ) on photon energy ( h ) was plotted for 
u

a
different values of n. The best �t was obtained for n=1/2.The 

4 1absorption (≥ 10  cm- ) is related to direct band transitions [17].

2Figure 3. α  versus photon energy for ZnTTBPc  as deposited thin  
�lm

Hence the square of the absorption coefficient versus photon 
energy for as deposited �lm can be plotted as shown in �g . 3   .The 
intercepts  on the energy axis of the respective graph  give the direct 
allowed band gap for the sample. There is no signi�cant variation of 
band gap energy due to annealing. The energy gap at the 
fundamental intense band was found to be 3.1 eV before and after 
annealing. This gap can be interpreted as a maximum in the 
refractive index, because the extinction at that photon energy is 
quite small [18]

Table 1.  Band gap energy Eg (eV) and trap levels of ZnTTBPc thin 
�lms with different annealing temperature (K)

3. SEM  analysis.

 SEM images of as deposited and annealed �lm at 573 K as shown in 
Fig.4. The as deposited �lm consists of small granular crystallites 
Fig.4 (a) and in an annealed �lm the clusters are formed Fig.4 (b). 
Thus annealed �lms   are characterized by a looser structure and 
porosity, and crystallites become larger as the annealing 
temperature increases. 

(a)

(b)

Figure 4. SEM images of the as deposited �lm (a) and annealed �lm 
(b)

4. Conclusion
The absorption band that appears in the region of 300-380nm is the 
Soret band and that in the 609-706nm is the Q-band. The Soret band 
is due to the - * transition.   The phthalocyanines absorb light on �p p

either side of blue –green region and can be used as photo 
conductor materials and color �lters. It has been found that the 
optical band gap is unaffected by annealing temperature . It shows 
that ZnTTBPc thin �lms before and after annealing provide evidence 
for the thermal stability of the deposited �lms.
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Annealing temperature Band gap energy (eV) Trap levels (eV)
As deposited    3.1 1.7

323 3.2 1.7
373     3.2 1.6
423 3.1 1.8
473 3.2 1.8
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