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CHAPTER -1 

INTRODUCTION

1. Introduction:

Since a very long time efforts have been devoted to develop the 

methods for fabrication of new materials having desired mechanical, electrical 

and optical properties. Concepts like purity and method of fabrication 

emerged as a key factors that determined the properties and applications of the 

materials. Some of the new materials that exhibit unusual phenomena and 

promise interesting applications are crystalline composites, nanostructured 

material^ amorphous solids and thin films.

Materials in the form of thin films have been routinely used in opto and 

optoelectronic industries. Application of thin films in optics and electronics 

have made extraordinarily rapid progress in recent years. The development of 

deposition techniques for the preparation of thin films with controlled 

reproducible and well defined properties plays an increasingly important role 

in technological applications. Both organic and inorganic semiconducting and 

molecular materials, are being used in thin film preparation.

The thin films of luminescent materials are of particular interest as 

emitting layers for opto and opto electronic devices. Thin films of different 

materials have been extensively prepared by using available techniques. 

Absorption, excitation and fluorescence spectroscopy have helped in 

understanding the emitting behaviour of the molecules in the films. The 

highly fluorescent films were proposed for device applications.



Characteristics of the molecules/atoms are known to be very different 

in the isolated and in the bulk studies. Molecular materials in the required 

form can be designed by thin film technology so as to obtain the systems 

having desired properties. The utilization of the material was partly or wholly 

based on their structural, optical and electrical properties. Hence in order to 

understand fundamental aspects of the thin film a brief review is taken on 

different deposition techniques and film characterization with a special 

reference to luminescence and applications of luminescent thin films in light 

emitting devices.

1.1 Thin Film Technology :

Modem day technology requires several types of thin films for variety 

of applications1'8. The films can be single or multicomponent or multilayer 

coating on substrate of different shapes and sizes. The film can be defined 

mathematically as one which is bounded between two parallel planes 

extending infinitely in two dimensions but is restricted in its dimension along 

the third direction. The restricted third direction is termed as “thickness” of 

the film which may vary from two to several times the wavelength of light.

The thickness of the film is always smaller than the other two dimensions.

The film vary in structure from amorphous film such as polymer film9 

to a crystalline film such as epitaxially grown silicon10,11. Most of the films are 

polycrystals composed of many small crystallites or grains fitted together with 

more or less random orientation. For thin films crystal sizes is observed to be x: 

a function of thickness. However for thicker films, it is independent of 

thickness.

The scientific interest in thin film technology rise due to fundamental 

aspects such as preparation, characterization, surface interaction and 

interfacial reaction which has immense applications in thermoelectrics, super
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conductivity, information storage media, wear resistant coatings, 

optoelectronic devices etc.1'8,12'14 The thin film approach has been of use in 

investigating the relationship between structure of solids and their physical
._____ ,____15,16properties.

The enormous flexibility provided by the thin film growth processes 

allows the fabrication of desired geometrical, topographical, physical, 

crystallographic and metallurgical “structures” into two dimensions. These 

features are increasingly being exploited to study the structure sensitive 

physical, optical, mechanical and electronic properties of the micro materials. 

1.2 Thin Film Deposition Techniques

Thin film deposition techniques involve following steps :

i) Creation of material to be deposited in an atomic, molecular or 

particulate forms before its deposition on the substrate.

ii) Transport of material(s) up to the substrate in the form of a vapour 

stream or spray etc. to the substrate.

iii) Deposition of the material(s) on the substrate and film growth by a 

nucleation and growth process.

Film deposition techniques have been broadly classified in three types.
I) Physical Deposition Methods.
II) Chemical Deposition Methods, and
III) Other methods of the film deposition.

The use of a particular method depends on the factors such as 

material to be deposited, nature of substrate, the required film thickness, 

structure of the film and application of the film etc.

1.2.1 Physical deposition methods

Physical deposition methods involve either physical vapour 

deposition (PVD) or sputtering.
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1.2.2 Physical vapour deposition (PVD).

The material can be brought into the vapour form by using the sources 

such as heat (thermal evaporation), electron beam (electronbeam evaporation 

(EBE), molecular beam activated reaction!7-20 The details regarding the PVD 

techniques are summarized by Joy George.21

1.2.3 Sputtering

Bombardment of a surface with high velocity positive ions cause the 

surface atoms to be ejected.22 This ejection of atoms from the surface due to 

bombardment by positive ions usually inert is commonly known as (cathode) 

sputtering. The thin film deposition occurs when the ejected atoms are made 

to condense on a substrate.

When a charged particle bombards the target surface apart from the 

ejection of neutral atoms of the surface material, charged atoms and electrons 

are also emitted from the surface. The ejected neutral target atoms condense 

into thin films on the substrate. Several reports on the subject of sputtering 

and sputtering processes of thin film deposition are available.23

1.2.4 Chemical deposition methods

Chemical deposition methods are the most powerful tools for the 

growth of thin film. It is used for depositing a very large number of elements
OA onand compounds at relatively low temperatures.

1.2.5 Chemical vapour deposition :

A simple definition of CVD is the condensation of a compound(s) from 

the gas phase onto a substrate where reaction occurs to produce a solid 

deposit.28,29 A liquid or solid compound to be deposited is made gaseous by 

volatilization and is caused to flow either by a pressure difference or by the
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carrier gas to the substrate. The chemical reaction is initiated at the substrate 

surface to produce the desired deposit on the substrate. The morphology, 

microstructure and adhesion of the deposit is dependent on the nature of the 

reactions involved. These are thermal decomposition, hydrogen reduction, 

nitridation, carbidization or oxidation disproportion, chemical transport and 

the combined reactions.

The deposition may be either heterogeneous or homogeneous. The 

feasibility of CVD processes can be predicted by studying the 

thermodynamics of the reactions. The reaction kinetics and the mechanism of 

film formation are so different in individual processes. Some important 

features common to all these methods are

1) CVD set-ups are simple and fast recycle times are possible.

2) High deposition rates are achieved.

3) Deposition of compounds and multicomponent alloys and control of 

their stoichiometry is possible.

4) Epitaxial layer of high perfection and low impurity content can be 

grown.

5) Objects of complex shapes and geometries can be coated.

6) In-situ chemical vapour etching of the substrates prior to the deposition 

is possible.

1.2.6 Solution growth or chemical bath deposition :

Films can be deposited on metallic or nonmetallic substrates by dipping 

them in appropriate solutions of metal salts without the application of any 

electric field. Deposition may occur by homogeneous chemical reactions 

usually reduction of metal ions in solution by a reducing agent. ‘ If this 

occurs on a catalytic surface it is called an electroless deposition. Silvering is



the most widely used of this techniques, metallic as well as compound films 

and their alloys can be deposited. The growth rate and degree of crystallinity 

depends on the temperature of the solution. One of the chief advantages of 

such a method is to deposit the films on non accessible surfaces.

Other methods of film deposition 

1.2.7 Langmuir-Blodgett technique:

Langmuir (1881-1957) developed theories of adsorption. He also 

developed a number of new techniques for studying films. Blodgett (1898- 

1979) transferred the floating films on liquid surfaces to solid surfaces and 

hence named as Langmuir-Blodgett (LB) films. These films have interesting 

properties and serve as model systems to study a number of fundamental 

properties. A monomolecular film assembled by the L-B methodology is 

easily visualized. If a glass plate is lifted through a barium stearate 

monolayer spread on water, the film which holds on to the plate will have the 

hydrocarbon tail pointing outward. The surface after film preparation will be 

hydrophobic. The film covered surface can be dipped back in the liquid 

depositing another layer of the film back to back and such a film will be 

hydrophilic. This kind of overlayer growth is called Y type growth. There are 

also other kinds of growth such as X and Z in which similar surfaces are 

exposed all the time.16,33'38

The subphase plays an important role in determining the quality of the 

deposited films. Ultrapure water is the most favoured liquid. The nature of the 

LB films of aromatic compound is also controlled by the pH and the 

temperature of the subphase.
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1.2.8 Spray pyrolysis

Spray pyrolysis involves a thermally stimulated chemical reaction 

between fine droplets of different chemical species. In this technique of film 

preparation, a solution containing soluble salts of the constituent atoms of the 

compound is sprayed onto a heated substrate in the form of fine droplets by a 

nozzle sprayer, with the help of a carrier gas.39,40

The growth of film by a spray pyrolysis is determined by the nature of 

the substrate, chemical nature and concentration of the spraying solution and 

spray parameters. Spray pyrolysis has been conveniently used for large area 

polycrystalline thin films. These films generally show good adherence to the 

substrates and stable with time and temperature.

1.2.9 Screen printing

Screen printing is a thick film process in which pastes containing the 

desired material are screen printed by a conventional method onto a suitable 

substrate to define conductor resistor or a device pattern. The substrate is 

fixed under optimized conditions of the time and temperature to yield rugged 

components bonded to the substrate. The substrates which have smooth 

surface capability of withstanding for higher temperature, mechanical 

strength, high thermal conductivity and good electrical properties and are 

compatible with film material pastes are used.1,14

1.2.10 Spin Coating Technique

Polymer films doped by organic and inorganic fluorescent materials 

were prepared by spin coating technique. The technique utilizes the 

centrifugal forces created by a spinning substrate to spread a coating solution 

evenly over a surface. As the substrate spins at a given spin speed, the



rotational acceleration and the force on the liquid increases. This acceleration 

influences the final coating coverage.

Spin coating method involves preparation of solution of the material to 

be deposited into a suitable highly volatile solvent. Use of solvents such as 

benzene, toluene, p-xylene, chlorobenzene, cyclohexane, acetonitrile, ethanol, 

methanol etc. have been reported in the literature.4145 The solution is then 

made to fall on the substrate kept rotating by some mechanical means. The 

rotation speed can be monitored as it changes the thickness of the film. Films 

of moderate thickness and having a well molecular ordering can be prepared 

by this method.

For deposition of thin films, substrates of different types and shapes 

were used. The substrate serves as a mechanical support for the thin film and 

as an insulator in electronic applications. The substrate should be selected 

such that no chemical reaction occurs with the film, which could change the 

properties of the film. The substrate must therefore fulfil certain requirements 

as mechanical strength and adequate adhesion of the film to the substrate at 

normal temperature as well as at higher temperature changes. The surface of 

the substrate should be flat and smooth during coating the film. The most 

widely used substrates for polycrystalline films are glass, fused silica, 

ceramics and quartz. The roughness is measured by an apparatus called 

Talysurf.46 The irregularities in glass can be reduced by optical polishing or 

fine polishing. The smoothest surface can be obtained by using polished fused 

quartz.

In order to make the film adhesive to the substrate a definite quantity of 

polymer soluble in solvent is added.41,47’48 Polymers such as polystyrene (PS), 

poly (methyl methacrylate) (PMMA), poly (N-vinyl carbazole), poly (vinyl- 

toluene), poly(vinyl chloride) (PVC), poly (vinyl-benzyl chloride) (PVBC);
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polypropylene have been extensively used in polymer spincoating film 

preparation. The amount of polymer used depends on the concentration of the 

solution and the volume of the solution to be prepared. Polymers which are 

highly soluble in common organic solvents were used. Thus during film 

formation the polymer chains may orient themselves with reduction of 

crystallinity, by side chain interactions. The spin cast on to various substrates 

gives highly transparent homogeneous thin films without heat treatment.

The concentration of polymer was expressed either in mole percent or 

molecular weight percent. Fossum R.D. and Fox M.A. reported the 

preparation of polymer thin films by spin coating technique.41 A 2-5 wt. % 

solution of the polymer in Tetrahydrofuran (THF) on indium tin oxide (ITO) 

coated glass of resistance 100 Q. The substrate^were spun at 4000 rpm for 30 

seconds.

Z. He et.al. were prepared film samples by spin coating from solution 

in chloroform approximately 8 wt. percent samples in polymer host and 

produced films of about 1 pm thickness.48

Miller et. al. used glass microscope slides coated with friction 

deposited poly-tetrafluoro ethylene (PTFE).42 Deposition was done with both 

the substrate and PTFE source held at 290°c and a loading of 4 kg/cm2 of 

contact area. The substrate was fed at ~ 1 mm/sec. The resulting films were 

barely visible by eye and showed strong birefringence under a cross polarized 

microscope. These authors also reported preparation of films of 

semiconducting polymers from dilute solution typically 0.01% - 0.1% on to 

the substrates at typical spin rates of 2000 rpm. A spin cast film of polymer 

doped by fluorescent materials have also been prepared from benzene 

solution43. A concentration of fluorescent pyrene relative to monomer unit of
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polymer employed in this study was 1.0 mol. percent, while the substrate were 

ITO coated glass slides.

The spin coating instrument consists, a support to hold the substrate 

tightly and a mechanical motor to spun the support at required rate. The 

rotation in rpm of the support can be controlled by the facility provided on the 

motor. The thickness of the film depends upon the rotation speed, therefore, to 

obtain the ultra thin films the support need to be rotated at high rpm and for a 

short time. The spin coater is a low cost deposition unit and either built in 

laboratory or can be purchased from commercial source (Milman thin film 

system Pvt. Ltd., Pune-411038). The coater could be enclosed in a air tight 

cabinet so that film during deposition is protected from environmental 

poisoning. In order to avoid contamination the unit need to be evacuated and 

spinning is to be carried under the vacuum of the order of 10'3 to 10'5 torr.

Spin coating has wide spread applications due to its following 

advantages, when compared to other deposition techniques.

1) It is fast operating 2) Low cost equipment 3) It is easy to reproduce 

the thin film 4) Small quantity of material is required for deposition 5) Spin 

coating technique prevents the wastage of material 6) Film preparation is 

economical 7) It is possible to deposit films on to the substrates of all kinds 

using materials with molecules having good solubility 8) Spin coating 

technique allows the deposition of organic thin films.49 51 

1.3 Film Thickness

Thickness is one of the most important parameters since it largely 

determines the properties of the film. On the other hand almost all properties 

of thin films depend on the thickness42,47,52 and can therefore be used for the 

thickness measurement.
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Methods of monitoring thickness can be divided into several groups 

including balance, optical, electrical and other methods.53’54 (i.e. based on

emission and absorption of radiation, chemical analysis etc.) Each above
<?

method is further classified into different depending on its measuring r 
parameters. The most widely used methods for determination of thickness of 

the film are 1) Weight difference method and 2) Method based on using 

interference fringes of equal thickness. These are discussed in detail as 

follows:

1.3.1 Weight difference method

The method employed measures the mass per unit area, from which 

the average thickness is calculated using a given mass density, then the 

thickness obtained is called the mass thickness.

In this method the weight of the glass substrate is determined by using 

an analytical balance before the film is deposited. The area of the glass 

substrate on which film to be deposited is also calculated. The weight of the 

substrate after film deposition is determined. By knowing the weight 

difference per unit area the thickness of the film is calculated by using the 

formula
m

t = --------

Ax d

where t = thickness of film, 
m = mass of film,

A = Area of the substrate on which film is deposited (coated), 
d = density of sample.

1.3.2 Methods using interference fringes of equal thickness

Optical methods for measurement of film thickness based on light 

interference in thin films. The interference method developed mainly by
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Tolansky, has become one of the standard methods for thin film measurement. 

Visible light is an electromagnetic undulation? with wavelength ranging 

approximately 400 to 800 nm. The interaction of two or more waves give rise 

to interference phenomena. The intensity of the light is increased or reduced 

in certain directions. The interference phenomenon depends on the difference 

in the optical paths of the interacting rays.

The layer on which the multiple beam interference takes place is 

formed by an air gap between two optical planes inclined by a small angle one 

of which supports the measured film, which constitutes a kind of step on the 

surface. Both surfaces are metal-coated with the same substance in order to 

obtain a high reflectance R. A parallel light beam is directed from a 

monochromatic source at an angle of 45° onto a semitransparent mirror and is 

partially reflected to the interference system. In the system interference 

fringes of equal thickness arise separated by XU when viewed with a low 

power microscope. If L is the fringe spacing and AL the displacement of the 

fringes then the film thickness is given by 
AL X

t =— .--------------------- >
L 2

where X = wavelength of monochromatic light.

1.4 Properties of Thin Films :

1.4.1 Mechanical properties

The mechanical properties of thin films play a veiy important role in 

every application because the stability of thin film systems depends on them. 

The mechanical properties are largely determined by the film structure and 

that in turn, is determined by the method of deposition.

The different mechanical properties of thin films are as follows :
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1) Stresses in thin films 2) Mechanical constants of thin films 3) Adhesion 

of thin films 4) Rayleigh surface waves etc. The greatest attention has been 

given to the study of stress-strain curves, to the occurrence of plastic 

deformations and creep, to tensile strength and to the origin of internal 

stresses. Mechanical property, adhesion of film are the properties of our 

interest and hence discussed below,

1.4.2 Adhesion of thin films

The adhesion of films to a substrate is an important property in almost 

all applications. It depends on the nature and the strength of the binding 

forces between the substrate and film.

A qualitative estimate of adhesion is obtained by the Scotch tape test, 

in which the film is lifted off the substrate by adhesive tape. Methods 

employing various techniques of film abrasion are also used, their results 

being dependent on the hardness of the film.

A scratch method has turned out to be the best and simplest one 

available. A rounded chrome-steel point is moved across the film surface and 

the load applied to it is gradually increased. The critical load value at which 

the film is stripped from the substrate is the measure of adhesion. The 

measurement is done by observation in a microscope.^

Recently an ultrasonic method for the evaluation of interface elastic 

properties was developed. It was shown that a thin layer located at the solid- 

solid interface exhibits waveguide properties provided that the shear modulus 

of the film is less than that of the substrate. In the case of a perfect bond 

between the film and the substrate the shear modulus of the film can be found 

from the measured velocity of the interface wave. For weak boundary layers 

the behaviour can be described by an effective shear modulus depending both



on the shear modulus of the thin film and on the quality of the bonds between 

the thin film and substrate.

Some authors mentioned that the adhesion is caused by the Van-der ^
J s'

Waals forces. A linear relation for several different metals evaporated on 

different alkali halides has been found between the van-der Waals energy 

related to unit area and the shearing force applied in the scratch method.

Optical properties of thin films 

1.4.3 Fundamental optical properties

The fundamental physical properties investigated by thin film optics 

are reflectance, transmittance and polarization of light for films at various 

wavelengths and angles of incidence of the beam. These properties are 

determined from the electromagnetic theory of light as a function of the 

complex refractive index and thickness of the film.

In strongly absorbing materials the transmittance decreases with 

increasing thickness. The refractive index of a thin film is in some cases equal 

to that of the bulk material. In other cases, the index is lower, which is due to 

a porous structure. In such cases the porosity may be determined from the 

index.

In recent years the basic optical properties of thin films were 

investigated!6,25’27,28 For example, the connection of the optical parameters 

with their microstructure and their band structure was established.7,55'59

Absorption studies yield the information regarding molecular 

arrangement in thin film. Molecular polarizability as well as electric dipole 

moment in polyatomic molecules is very important physical parameter which 

reflects the electronic structure. Their quantities are also very important in 

relation to the non-linear optical property.

14
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The absorption studies under the influence of external electric field, 

indicated that the state energy is shifted when molecular polarizabilities and 

electrical dipole moment values are not zero. The magnitude and direction of 

change in their parameter following excitation into the individual electronic 

states can be determined by measuring the shift or broadening of the optical 

absorption i.e. by examining the stark effect in the electroabsorption spectra?6 ^

Electrofluorescence spectra also give information about the change in 

electrical dipole moment and molecular polarisability following fluorescence 

process, as in the case of the electroabsorption spectra. In addition to these 

field effects, field induced charges in excitation dynamics may be able to be 

detected, as a field induced charge in fluorescence quantum yield. In electro- 

optical applications efficient luminescence properties of the dye as well as 

favourable physical properties of the substrate play an important role in 

determining the choice of the material. The optical properties, photothermal 

and chemical stabilities, carrier mobilities and complex refractive index of the 

materials are among the most important parameters which were considered.

Low molecular weight organic materials doped in polymer matrices 

provides a simple way of achieving fine control over the electrooptical 

properties of the device substrate. In order to evaluate materials for opto or 

opto-electronic devices, it is useful to study the materials in both liquid 

solutions and in solid materials. The photoluminescence from doped matrices 

is generally complicated due to the rigidity of the matrix and quite often a 

strong interaction between guest molecule and the host polymer. Therefore it 

is necessary to understand the effect of the interaction between the
CM'

components of the mixture on luminescent properties (of)the whole. ^ *



The optical characterization of thin ordered arrays would likely be a &
S*»3*»**------

powerful means for defining electronic interactions between a chemi- or 

physi-sorbed probe molecule and the supporting surface. ’

1.4.4 Light generation and optical waveguides

The very rapid development of opto electronics and integrated optics 

during the last decade imposed new requirements on optical elements. The 

extreme miniaturization in integrated optics is only possible using thin film 

techniques and advanced technology. The main purpose of optoelectronics and 

integrated optics is transmission and processing of informations on 

frequencies corresponding to the visible light and neighbouring regions. IR, 

UV, light emitting diodes (LED) or semiconductor injection lasers are used as 

sources. Lightguides of thin film which are used in integrated optics are 

principally of two kinds, plane and strip waveguides. Electro-optical 

waveguides are based on the change in the index of refraction in an electric 

field in materials exhibiting a strong electro optic effect.

1.4.5 Light modulation

Intensity modulation of light is based on changes of the refraction index 

of an active medium caused by electro-optical, acousto-optical or magneto

optical effects or on changes of the absorption coefficient caused by the 

electroabsorption effect. The electro-optical effect consists of the optical 

anisotropy of a crystal caused by an electric field.

1.4.6 Film fluorescence

Fluorescence is the emission of cold light observed upon excitation of 

the system by either UV or visible radiation. Fluorescence of the material in 

the film is different from the bulk material due to molecular orientation during 

preparation of the films. The fluorescence could be monitored by controlling
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the conditions of the film preparation. The fluorescence of organic molecular 

materials in the film was reviewed to differentiate film fluorescence from 

crystal and solution fluorescence.

1.5 Fluorescence Mechanism

Fluorescence process can be interpreted only in terms of the excited 

state from which emission occurs and its relationship to the ground state. 

Various excited states of the organic materials are designated as singlet and 

triplets according to the multiplicity considerations of atomic spectroscopy.

A singlet state is one in which all the electrons in the molecule have 

their spins paired. Triplet states are those in which one set of electron spins 

have become unpaired. In free radical the ground state is always doublet, as it 

contains, one unpaired electron. It is important to consider all processes which 

occurs after absorption of energy by a molecule and their relationship to 

fluorescence. The radiative and non-radiative processes occurring in various 

electronic states are shown in figure 1.1.

The non-radiative processes which may occur are as follows.

1.5.1 Vibrational relaxation (VR) :

On absorption of energy the molecules are excited to different 

vibrational levels of excited singlet state. The deactivation of molecule from 

same vibrational level to which they are excited occurs only in gaseous state. 

However, in case of solids and solutions the excited molecules do not give 

emission from the same vibrational level but they have to fall into lowest 

vibrational level of the excited state. This process of loss of energy as heat is 

the vibrational relaxation. Thus, in this non-radiative process, the molecule 

fall into the lowest vibrational level of an excited state and then emission

occurs.
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Fig.M- Energy level diagram of the electronic states of 
Aromatic Hydrocarbons (JABLONSKI DIAGRAM).



1.5.2 Internal conversion (IQ :

The non-radiative transfer of energy between isoenergetic vibrational 

levels of electronic states having same multiplicity is the internal conversion. 

Generally fluorescence arise from the lowest excited singlet state of molecule 

(except the azulene in which it arises from second excited singlet state).

1.5.3 Intersystem crossing (ISQ :

Population of triplet state by direct absorption of energy is 

insignificant. The triplet state may be populated by intersystem crossing 

process. This is the process in which energy transfer occurs between two 

isoenergetic vibrational levels of electronic states with different multiplicity. 

This energy transfer is followed by vibrational relaxation process to give 

lowest vibrationally excited triplet excitons.

1.5.4 Fluorescence : A radiative de-activation :

Emission observed in direct deactivation process of singlet excitons ^ 

into ground state is the fluorescence. The fluorescence depends upon the 

several structural factors. On the other hand electron-withdrawing substituents 

diminish or inhibit fluorescence completely. Benzoic acid is nonfluorescent 

whereas aniline is highly fluorescent than benzene.

Most organic fluorescent molecules contain conjugated system of 

double bonds with extended 7t-orbitals in a planar cyclic structure. Such 

structures imparts certain rigidity to the molecule and shifts the absorption 

and emission wavelengths in the visible region. Large energy separation 

between excited singlet Si and triplet T) states should favour fluorescence 

since intersystem crossing is less probable in such systems. For this reason 

aromatic hydrocarbons are normally fluorescent. Fluorescence efficiency 

increases with increase in the number of condensed ring e.g. benzene <
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naphthalene < anthracene etc. Linear ring systems are good fluorescers as 

compared to angular compounds. Planarity of the ring is also an important 

criterion.

1.5.5 Fluorescence quenching

The quantum yield of fluorescence is always less than unity. This 

indicates that the energy absorbed is not all emitted as light, a part of it may be 

dissipated in other form. This result decreases the intensity of fluorescence 

and referred to as fluorescence quenching. The fluorescence quenching may 

be explained on the basis of excitation energy transfer from excited molecule 

to the other molecule. The different possibilities of fluorescence quenching 

are discussed below.

1.5.6 Monomer fluorescence and concentration quenching :

Monomer fluorescence : The sharp and structured fluorescence spectra are 

obtained due to deactivation of a excited molecule. These fluorescence 

spectra are the characteristics of monomeric emissions. Such monomeric 

emission bands are slightly shifted from the absorption band. In dilute 

solution or in vapour state, most of the organic substances exhibits monomer 

emission. The absorption and fluorescence spectrum in the dilute solution 

overlap with each other. The fluorescence emission is slightly shifted from 

the absorption spectrum, in concentrated solution. The monomeric emission is 

the molecular property of the emitting system. The monomer emissions are 

observed in the A type crystal lattice?0-64 However B type lattices do not 

show monomer emission?5-67 The broad fluorescence band is arising from a 

charge transfer state in paired molecules which have been suggested by 

Castella et al.68 Normally above the lowest excited singlet state, the charge 

transfer state is expected to lie. However, in lattice B molecules the charge
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transfer state lie below the other states in crystal. Monomer fluorescence is 

observed only from the dilute solutions.

1.5.7 Quenching of monomer fluorescence due to excimer formation :

The structureless emission band appeared towards the red side of the 

monomer fluorescence spectrum are due to the formation of some complex 

species in the excited state. These short lived excited state species are called 

excimers. The excimers dissociate when they return to the ground state by 

giving structureless emission spectrum.

Excimer emission is often observed from planar molecules when the 

two component molecules are placed in parallel configuration. Puech et.al. 

investigated the monomer emission similar to that of dilute solutions in the 

film structure with increasing layer (thickness) the luminescence is dominated 

by excimer transitions. The excimer line width decreases markedly with 

decreasing temperature. They have reported excimer emission from ultrathin 

N,N’dimethyl perylene 3,4:9,10 bis dicarboximide dye films due to the 

molecular aggregates. The high energy side of the excimer peak is attributed 

to arise from the partially relaxed excimer state. It is also shown that the 

transition between monomer and excimer emission could be controlled by 

varying the substrate roughness. They have also proved the broad structureless 

peak is as an excimer emission. The monomer emission decreases with 

increasing concentration while the excimer emission increases. The monomer 

emission was quenched with simultaneous increase in excimer emission with 

concentration.

Ohta et al.44 studied fluorescence of mixture of pyrene and C6o in 

polymethyl methacrylate (PMMA) polymer films and in thin polymer films. 

In polymer films excitation energy transfer occur efficiently from
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photoexcited pyrene to C6o and a field induced change in quantum yield for 

both monomer and the excimer fluorescence observed.

Monomer and excimer fluorescence of anthracene and 1-2 

benzaanthracene in L.B. films were studied by Ibrayer N.K. and Latonin 

V.A.69 The results have been explained on the basis of formation of triplet 

excitons in the basic process of deactivation of the aromatic molecules in L.B. 

films.

Similarly Sluch et al.70 reported the quenching of pyrene fluorescence 

in L.B. films. It is shown that monomer fluorescence of 9,9- & bis (2’- 

ethylenexylfluorene) co polymers containing perylene units in polymer film 

quenches the monomer fluorescence . The authors have demonstrated the 

formation of excimer in the film in excited state.

Sluch Vitylenovska Petty16 reported pyrene excimer formation in L.B. 

films. Molecular aggregate formation inL.B. films of dyemolecule has been 

investigated. Mixed layers of pyrene and substituted pyrene deposited on the 

quartz substrate have also exhibited the excimer formation due to different 

types of aggregates in the film. Dimeric formation of perylene in L.B. films 

was reported by Akimoto et al.35

Spectral characteristics of pyrene in polar polymer matrices has 

been studied by Hrdlovic P. Chmelas45. Presence of monomeric species in 

methanol has been reported. The spectral properties of multifunctional probes 

based on pyrene in polymer matrices have been reported by Hrdlovic et al.72 

A red shifted emission is observed in solid matrices at which the parent probe 

yields the monomer emission only indicating formation of ground state 

aggregate.
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Spectral properties of monosubstituted derivatives of pyrene in low 

viscosity solvents were compared with the results in glassy polymer matrices 

above and below the glass transition temperatures. Polystyrene, polymethyl 

methacrylate, polyvinyl chloride were used as the polymers. The fluorescence 

spectra have exhibited exclusively excimer emission. The fluorescence 

quenching of perylene monomer in PMMA thin films, it is shown to be useful 

as an optical sensor for detection of NO2 gas?4 Aggregate electroluminescence
ne

in polymer matrices gives red luminescence due to excimer formation.

Dimer formation of dimolecule also results in the appearance of new 

emission band that is shifted compared with the fluorescence of the 

uncomplexed molecules, but this shift is not as large as in the excimer case. 

In the L.B. films with higher concentration of pyrene a structureless band at 

450 nm is reported.56 This emission band does not coincide with the well 

known pyrene excimer band known to occur at 470 nm. From these results it 

has shown that the emission appeared at 450 nm must be due to the excited 

dimer.

1.6 Applications

1.6.1 Optoelectronics and integrated optics

The optical applications of thin films were the first which came into 

widespread industrial use. Mirrors were first made by evaporation of metals. 

The thin films of absorbing substances have been used extensively for optical 

apparatus.8’12,14 Thin films of nanoabsorbing materials by utilizing the 

interference phenomena, wider and more diversified uses in optics have been 

found. By combining films of suitable thicknesses and refractive indices, 

antireflection coatings can be prepared on glass surfaces. This is important 

especially in optical systems like photographic objectives.



1.6.2 Electroluminescent (EL) diodes and EL Lamps

Electroluminescent (EL) diodes consists of emitting layer may be in 

powder form or in a film.79'81 Film could be prepared by the techniques 

reviewed earlier. The simple technique of film preparation is spin coating 

method where polymer films doped by fluorescent materials are prepared on 

Indium Titanium Oxide (ITO) coated glass substrates. Such polymeric 

fluorescent films are widely used in EL diodes. The substrate is half coated 

and then a thin film layer of an insulating material is applied on it which in 

turn coated by vacuum deposited aluminium. The ITO serves as one electrode 

while aluminium serves as another electrode.82 Across these electrodes either 

a.c. or d.c. electrical field is applied. The excitation of film by electrical 

energy generates light.

Electroluminescent (EL) devices based on polymeric thin layers have 

attracted much attention because of their academic interest and wide variety 

of applications such as flat panel display,83’84 light emitting diodes,85’86 lasers87 

and plastic scintillator materials.88,89 Low molecular weight and polymeric 

imides were synthesized by attaching perylene units as substituents or by 

incorporating perylene units as substituents or by incorporating in aromatic 

main chain co-polymers to achieve high photoluminescent efficiency.82 The 

best solid state photoluminescence was obtained in copolymers with 0.50 mol 

perylene content. Electroluminescent devices with copolymers in PVK 

(polyvinyl carbazol) blend show characteristic red emission from perylene, 

nearly identical with its photoluminescence. The device constitute 

ITO/copolymer + PVK blend/Al. The efficiency of this device depends upon 

the PVK content.

Organic semiconductors that consist of conjugated aligomers or 

polymers are the subject of considerable current research interest due to their



fundamental optoelectronic physics and their potential applications in 

photodiodes, light emitting diodes and thin film transistors. The synthesis and 

device properties of the green light emitting polymers and a model aligomers 

are described by Chauah et al?°

Poly [p-phenylene ethynylene (PPE)] was prepared in which 

anthracene and coumarin photosensitizer molecules are covalently attached to 

the conjugated polymer backbone via a flexible spacer by cross coupling 

polymerization.91 These polymer show efficient energy transfer from sensitizer 

molecule to PPE backbone in polymer matrix. These photo-luminescent 

polymer films claimed to be suitable for display applications.

Liu et al. reported studies on poloymeric electroluminescent thin film 

devices.92 The devices consist of poly (N-vinyl carbazole) and perylene doped 

poly (N-vinyl carbazole) films as a whole transparent layers. The emission 

spectra, threshold voltage, luminescent efficiency and electrical characteristics 

of the devices have been studied.

Display devices need red emitting electroluminescent diodes. Red 

emitting EL diodes could be obtained either by doping high fluorescent dyes 

or using metal complexes.81 The EL layer consisting of A% [Al-tris(8- 

hydroxyquinolines)] doped with dye has maximum luminescence of 14800Q4 

ed/ml

A new thermal transfer approach for the doping of organic LED’s 

consists an effective process of performing controllable doping of polymer 

films. In this approach, a film to be doped is brought into direct contact with 

dye dispersed polymer donor films to permit direct dye diffusion thermal 

transfer.93 A guest-host system based on a few hundred ppm of the red 

emitting dye poly (perylene-co-diethynyl benzene) PPDB, in blue emitting 

ladder type poly(paraphenylene) LPPP was used to build efficient white light



emitting devices.94 Upon photoexcitation of the film a very efficient 

excitation energy transfer (EET) involving the diffusion of an electron-hole 

pair from the higher energy gap LPPP to the lower gap PPDB is observed.

Manufacture of thin film polymeric based light emitting devices has 

been reported.95 The device consists of a pair of electrode layers sandwiched 

an organic fluorescent substance and an organic polymer between one of the 

electrode layer and the light emitting layer. This method has given device 

having improved luminous efficiency at low cost.

White polymer thick film electroluminescent lamps and have become 

an established backlighting technology for current liquid crystal displays 

(LCD) used in portable electronic devices.96 These devices have become more 

popular and consumers demand for high quality backlighting has increased 

especially for paper white and colour LCDs, Durol has developed white 

electroluminescent lamps for LCD back lighting purposes. These lamps meet 

the needs of modem LCD backlighting and have advantages versus other 

backlighting solution.

Bright blue electroluminescent devices were fabricated using poly (N- 

vinyl) carbazole doped with perylene as the emissive layer and PPPV as hole 

transporting layer tris (8-Hydroxyquinol) (Alq3) as electron transporting layer 

and aluminium as the cathode.97 A luminescence of 700 Cal/m2 and efficiency 'p~ 

of 0-8 are achieved at a drive voltage of 36 V. Yellow-green emission device 

has also been fabricated using structure of glass substrate / InSn oxide/ PVK- 

perylene/Al and possible emission mechanism is discussed on the basis of 

effect of the transporting layer on the electroluminescence.97

An alternative method for producing efficient white light emitting
£

polymer diodes based on a blend of two polymer is reported by Tasch et al.98 

The white light emission is composed of a broad blue emission of ladder type



LPPP and a red orange emission of a new polymer, poly (perylene-co- 

diethy 1/benzene) PPDB. The red orange electroluminescence emission is 

promoted by an excitation energy and charge transfer from m-LPPP to the 

PPDB. It has been shown that a concentration of 0.05 M PPDB in the 

polymer blend is required in order to obtain white light emission.

Soluble rigid flexible polyethers containing bis (biphenyl) anthracene 

or bis(styryl) anthracene units in the main chain were synthesized for LED 

applications by Konstanda Ko P. et al" and were characterized by 

Viscometry, NMR, UV-visible and luminescence spectroscopy. The 

polyethers containing bis(styryl) anthracene units in the main chain form free 

standing films either from solution containing or after melting at temperatures 

where they are stable. Films with high modulus at room temperature and glass 

transition temperatures in the range 74-103°C were obtained. These polymers 

show bright yellow fluorescence with maximum at 580 nm in solution and red 

shifted emission in solid state. The polyethers containing bis(biphenyl) 

anthracene units in the main chain are blue light emitting polymers with 

fluorescence maxima at 435 and 455 nm.

1.6.3 Plastic scintillators

The combination of a photomultiplyer with a scintillator was 

commonly used to detect high ionizing radiations. Scintillator is a material 

which emits visible light, when high energy radiation falls on it. The emitted 

light is then detected and measured by photomultiplier tube. In early days 

highly pure crystals were used as scintillators. The most effective scintillating 

crystals are characterized by large n electron systems, high molecular 

symmetry and the absence of appreciable steric hindrance.100 Crystalline 

aromatic hydrocarbons are of widely interest in this field. The choice of 

suitable compound to serve as crystal scintillators is much more limited than
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plastic or liquid scintillators. Sodium salicylate is one of such materials used 

for the detection of vacuum UV radiations.

Currently plastic scintillators form an important group of fluorescent 

materials in vacuum UV. Although the fluorescent efficiency of plastic 

scintillators is much less than that of sodium salicylate. Scintillators have 

advantage of having an extremely smooth surface that serves as an ideal 

substrate for the deposition of thin metallic films. Films that would otherwise 

oxidize rapidly in air can be over-coated with another transparent metal 

providing a protective coating. Such combinations mounted onto a 

photomultiplier can provide excellent narrow band detectors. Thin film of tin 

about 1700 A thick evaporated onto the plastic scintillator has a transmittance 

of 20 percent at the 584 A line and about a factor of 300 less at the 304 A 
line. When metallic films are evaporated onto scintillators, their effective 

transmittances are increased since they reflect the fluorescent radiation which 

would otherwise escape detection.

Several types of plastic scintillators are available commercially. The 

type Ne 102 contains scintillation crystals of p-terphenyl (primaiy solute) and 

bis-l,4-(2-phenyl-5-oxazoly)-benzene (secondary solute). The crystals are 

dissolved in the plastic polyvinyl-toluene. The fluorescent wavelength at 

maximum emission is 4200 A and the fluorescent decay time is 2.2 nano 

seconds. The fluorescent spectra apparently are characteristic of the 

wavelength shifter only.

1.7 Present Work

The demands of emitting materials for fabrication of electro

luminescent (EL) devices led to the development of new methods for 

production of materials in the various nanocrystal forms. The emitting 

materials in single crystal, polycrystalline and in film form have been used



successfully for fabrication of electroluminescent devices. Electroluminescent 

devices consists of a fluorescent material sandwiched between two electrodes 

across which either a.c. or d.c. electric field is applied. The electrical 

excitation in materials produce light in visible region of the spectrum. 

Organic semiconducting materials have been used extensively in EL devices. 

Polynuclear aromatic hydrocarbons fluorescing in different visible regions is 

the most important classes of organic molecular crystals (OMC) which has 

been given more popular substituted polycrystalline OMC in single crystals, 

mixed crystals and films.

Films of organic molecular substances prepared by different 

techniques were used in EL devices as emitting layers. The emitting layer 

could be prepared by CVD, PVD, ion plating, spray pyrolysis and spin coating

techniques. Of these spin coating technique is simple and less expensive
o .

technique. It gives the films of thickness in the range 500-5000 A®. This 

technique is suitable for preparing light emitting polymer thin films. An 

advantage of polymer thin film is that it transmits both UV and visible light. 

Another advantages of polymer film are the colour tunability, good film 

forming property and adequate mechanical properties in comparison to 

inorganic semiconductor devices. These features have given the material 

potential for practical applications in polymer electroluminescent devices in 

opto-electronics.

Fluorescent polymer films have been prepared by five methods, which 

involves incorporation of organic fluorescent molecules in the polymer 1) 

Changing main chain molecular structure 2) Changing side chain molecular 

structure 3) Blending of an electroluminescent polymer with second attractive 

polymer 4) Doping polymer with low molecular weight fluorescent organic
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molecules and 5) Using multiplayer device architectures. Of these doping a 

polymer with other fluorescent substance is a simple, quick and less expensive 

technique. Other techniques involve complicated costly synthetic process to 

chemically link fluorescent molecule with backbone of polymer and are time 

consuming and costly processes.

Present work aims to prepare polymer films doped by the organic 

fluorescent molecules. The polymer films have been prepared by spin coating 

method fabricated in our laboratory. The polymer films have been prepared 

on glass substrate for which microscope glass slides and thin cover slips have 

been used. The attempts have been made to determine the thickness of the film 

by weight difference method. Both water soluble as well as insoluble 

polymers such as poly (vinyl alcohol), polystyrene etc. have been used in the 

present investigation. Polynuclear aromatic hydrocarbons (PAH) have been 

doped in the polymers during spin casting the films.

Model PAH used in present work is the pyrene, a highly fluorescent 

organic semiconductor and is known to exhibit dual fluorescence in solution 

due to molecular aggregation. Attempt has been made to obtain the solution 

properties of pyrene in polymer film where solvent has been replaced by 

polymer matrix. The behaviour of pyrene molecule in polymer has been 

studied in detail by absorption, excitation and fluorescence spectroscopy.

In addition to molecular aggregates, the excitation energy transfer 

process occurring between donor and acceptor molecule is of again prime 

importance as such approach has given organic mixed crystals emitting with 

red, green and yellow colors. That is why, it is worth to prepare polymer films 

that contains donor-acceptor pair for excitation energy transfer. Unlike in 

solution and mixed ciystals where the donor and acceptor molecules are
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chaotically distributed in polymer matrix, they are ordered. The photostability 

of such polymer film is higher than that of binary solution and mixed crystals.

The pyrene is known to absorb photo energy in UV region and may 

transfer its excitation energy to the acceptor molecule of other substance 

present in polymer film with it. Hence the present work also aims to prepare 

polymer film containing pyrene and another solute with which it can undergo 

either energetic interaction or aggregation and would exhibit interesting 

optical properties. The fluorescent substances such as naphthalene, perylene, 

biphenyl and 9-anthracene carboxylic acid have used as second solute in the 

polymer films. However, it also needs to study the optical behaviour of these 

solutes in polymer film in absence of pyrene. Therefore, in first step 

fluorescence behaviour of these solute in different polymers have been studied ^ 

and secondly polymer films containing two solutes of which one is always 

pyrene were prepared and undertaken for further detailed fluorescence studies.

The absorption studies of the films helped in understanding the ground 

state behaviour of solute molecules in the polymer matrices and to confirm the 

ground state molecular aggregates. The excitation spectroscopy helped to 

select the wavelength of excitation radiation and to explore the possibility of 

molecular aggregates in the excited state. Nature of fluorescence spectra have 

indicated the behaviour of emitting species and are characteristics of solute 

and donor-acceptor pair formed in the polymer matrix.


