
SYNOPSIS

        Organic materials have significant advantages over inorganic materials in that their 

dimensions can easily  be miniaturised and their  properties can easily  be tailored through 

chemical synthesis. Phthalocyanines (Pcs), a group of organic semiconductors, a family of 

aromatic macrocycles based on an extensive delocalized 18π- electron system, have been 

extensively studied due to their unique optical, electronic, catalytic and structural properties. 

They exist as a range of derivatives, where the polyaromatic ring (abbreviated Pc for the 

phthalocyanato anion C32H16N8
2-) is commonly bound to a transition metal (MPc) or hydrogen 

(H2Pc). Particularly, they have been studied as dyes and pigments, light emitting diodes, in 

optical limiting devices, in molecular electronics, for non-linear optical applications, as liquid 

crystals,  semiconductor  materials,  in  photovoltaic  cells,  and  for  electrochromic  display. 

Phthalocyanine  skeletons  are  essentially  hydrophobic  due  to  interactions  between  the 

macrocycles.  The  solubility  of  phthalocyanines  can  be  improved  by  introduction  of 

substituents on the periphery of the molecule, which increases the π – electron density and 

make it easier. Some water - soluble phthalocyanine compounds have potential for use as 

photosensitizers in photodynamic therapy (PDT) since they can be directly injected into the 

bloodstream. Because of their large conjugated molecular structure, together with strong π-π 

interactions between aromatic rings, phthalocyanine derivatives have also been used as staple 

building blocks for ordered molecular systems.

It is known that in most of the metal phthalocyanines (MPcs) the macrocyclic rings 

are  particularly  planar.  They  contain  highly  conjugated  macrocycles,  consisting  of  four 

isoindol  units  connected  by  nitrogen  atoms  in  the  wing  position.  They  have  a  flat  and 

symmetrical  structure  besides  exhibiting  polymorphism.  The  centrosymmetric  planar 

molecule and the central metal atom of the MPcs produce a crystalline series of macrocyclic 
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organic with an extraordinary stability. The low symmetry of the MPcs is the principal cause 

of pronounced anisotropy of the lattice, which is the characteristic feature of many organic 

crystals. This lattice anisotropy is one of the most important reasons for the changes in the 

optical, electrical, mechanical and other physical properties of the crystal. Depending on the  

preparation parameters,  the phthalocyanine films have been reported being composed of  

different  ploymorphs  as  α,β,γ,δ,ε,X,R  or  mixtures  of  them,  which  have  different  lattice  

structures and in morphologies. For the vacuum deposition the α-and β- phthalocyanine are  

the most important polymorphs.

The properties of MPcs must strongly depend on the structure of their molecules. As 

is known a change in the molecular structure as a result of the chemical modification of a 

peripheral part of the molecule leads to significant changes in the physicochemical properties 

of the compound. The desired functionality of the molecules can be achieved by changing the 

central metal atom or introducing suitable ligands to the axial position of the center atom or  

by substituting some molecules to the four outer benzene ring. These substituted derivatives 

can easily be deposited as thin films by using thermal evaporation technique.Thus far various 

kinds  of  different  substituents  such  as  alkyl,  alkoxy  and  thioalkyl  groups  have  been 

introduced onto the peripheral and /or non peripheral positions of the phthalocyanine ligand. 

Among the different alkoxy chains,octyloxy (C8H17O) group is selected for the present study. 

Moreover,  amongst   the  two  possible  peripheral  octa-substitution  patterns  ie;  the  lateral 

positions(2,3,9,10,16,17,23,24) and the radial ones (1, 4, 8, 11,15,18, 22, 25) , the former 

have been the most commonly used phthalocyanines. In both cases columnar mesophases are 

formed, and result from the stacking of the flat and rigid Pc cores into columns, which are 

themselves arranged into a 2D lattice. The melting of the flexible side chains is responsible 

for the transition from the solid state to the vapour phase. The substituents at the PcM(OR)8 

offer channels for quick absorption and desorption processes inside the films  because the 
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high mobility of the chain segments permits passing of analyte molecules . In the present 

study, M=Cu, Zn. In the case of substituted phthalocyanines, the substituents in macrocycle 

offer possible sites for complex formation also.

The structure, morphology, electrical and optical properties of the films are crucial for 

their applications and the ordering and orientation of the molecules are important factor for 

the device efficiency. It is observed that the electrical,  optical and structural properties of 

organic semiconducting thin films depend on the film morphology, which is determined by 

the preparation parameters such as deposition rate, substrate temperature and post deposition 

annealing of the film. The electrical properties of semiconductors are decided by the type of 

conduction mechanism involved. The molecular architecture plays a fundamental role in the 

electrical and optical properties of materials processed in the form of thin films. Physical 

vapour deposition technique, taking the advantage of the high thermal stability of MPcs, is a 

suitable alternative for the fabrication of thin films of MPcs without requiring changes in 

their molecular structures.

    In this thesis, the techniques of preparation of the phthalocyanine thin films of Octakis 

(octyloxy)  Phthalocyanine(  H2PcOC8),  Zinc  Octakis  (octyloxy)  Phthalocyanine(  ZnPcOC8), 

Copper Octakis (octyloxy) Phthalocyanine(CuPcOC8) and studies on their electrical, optical and 

structural properties are presented. A brief review of the earlier work made on phthalocyanines 

are given in chapter.1. Molecular structures of the materials are also given here.

Chapter.2 gives a brief description of the apparatus and experimental set up used in 

the  present  work.  Brief  description  of  the  vacuum  coating  unit,  UV-Vis-NIR 

spectrophotometer,  Keithley  electrometer,  X-ray  diffractometer,  Scanning  Electron 

Microscope, and Gamma Chamber which are used in this study are discussed. The technique 

used for the measurement of the thicknesses of the deposited films is also discussed.
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Chapter.3 deals with the electrical characterisation of the H2PcOC8, ZnPcOC8  and 

CuPcOC8 thin films. Films are deposited at room temperature and are annealed in air and 

vacuum to study the temperature dependence of the electrical conductivity. The variations in 

activation energy with air annealing, vacuum annealing and film thickness are also studied. 

The presence of more than one linear segment in the ln σ versus 1000/T graphs for H 2PcOC8, 

ZnPcOC8, and CuPcOC8  confirm the existence of trap levels. From the slopes of the linear 

portions of the graphs, the activation energies have been determined. An extrinsic to intrinsic 

cross-over  for  the  activation  energy  is  found  in  all  the  three  phthalocyanine  thin  films. 

H2PcOC8,  ZnPcOC8,  and CuPcOC8    thin films show a change in  activation energy with 

annealing  temperature.  The conduction  process  in  H2PcOC8,  ZnPcOC8,  and  CuPcOC8   is 

found to be controlled by different trapping levels present in the forbidden energy gap 

The  investigations  on  the  optical  absorption  spectra  of  H2PcOC8,  ZnPcOC8,  and 

CuPcOC8 thin films are described in chapter.4.Influence of film thickness, post deposition 

annealing in air and vacuum on the spectra are also discussed.   All the spectra consist of two 

bands namely; Soret band with peak centred around 330-345 nm and Q band in the range of 

600-670 nm. The Q-band shows a doublet due to Davydov splitting .Optical band gap and the 

excitonic levels of the H2PcOC8, ZnPcOC8, and CuPcOC8 thin films are determined from the 

α2 versus hυ graphs.   The optical transition is found to be direct allowed type.  The effect of  

thickness and post deposition annealing on the energy band gap and exciton energy gap are 

given here. Using reflectance spectra, the optical constants such as refractive index (n), the 

extinction coefficient (k) and the dielectric constants (ε1 and ε2) of the H2PcOC8, ZnPcOC8, 

and  CuPcOC8 thin  films  are  determined.  Influence  of  thermal  annealing  on  the 

photoluminescent behaviour of the thin films is also discussed.

X-ray diffraction and surface morphology of H2PcOC8, ZnPcOC8, and CuPcOC8  thin 

films are given in chapter.5. The X-ray diffractograms of the powder as well as the films are 
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studied. Variation in the crystallinity of the thin films with post deposition annealing is also 

discussed. Surface morphology of the films are analysed using Scanning Electron Microscope 

(SEM). Effect of surface topography with air annealing is given here. The SEM images have 

shown densely pcked nano particles and nano-rod like structures on the substrates annealed at 

different temperatures for all the materials.At low annealing temperatures the nano particles 

are  spherical  in  shape.But  as  the  annealing  temperature  increases  nano  rod  /ribbon  like 

structures are observed. This indicates the phase transition of the  H2PcOC8, ZnPcOC8, and 

CuPcOC8  thin films during annealing.

The effect of gamma irradiation on the optical and electrical properties of  H2PcOC8, 

ZnPcOC8, and CuPcOC8  thin films are discussed in chapter.6 The films are γ irradiated with 

60Co γ source at three different dosages  50 K rad, 100 K rad and 150 K rad. Radiation doses 

are controlled through the exposure time. The determination of the thermal activation energy 

from the electrical conductivity measurements and its variation with gamma dosage is given 

in this chapter. Determination of the optical band gap and excitonic energy levels of gamma 

irradiated samples are also included here. 

Chapter.7  is  the  concluding  chapter  which  gives  the  summary  of  the  results  and 

discussion. The future scope of this work is also indicated. Most of the work presented in this  

thesis have either been published in international journals or presented in international and 

national conferences or are in the process of publication. A list of such publications is given 

below.
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