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Prfrce

The continued development of photonics technology is crucially
dependent on the availability of suitable optical materials. Biomaterials are
emerging as an important class of materials for producing novel or otherwise
improved photonic devices. From the rich world of organic materials,
biomaterials are of particular interest as they often have unusual properties that
are not easily replicated in conventional organic or inorganic materials in the
laboratory. Furthermore, natural biomaterials are a renewable resource and are
inherently biodegradable. The most important and famous biomaterial known to
man is DNA (Deoxyribonucleic Acid), the polymeric molecule that carries the
genetic code in all living organisms. It is clear that the unique structure of DNA
results in many optical and electronic properties that are extremely interesting
for photonic applications. DNA can be used as a photonic material for making
optical waveguide, both on its own and also as a host material accepting

appropriate chromophores.

Another application of biomaterials is for the synthesis of nano materials.
Synthesis of nanoparticle is an emerging field due to its potential application in
catalysis, optical, magnetic and electronic devices. Among biological molecules
deoxyribonucleic acid (DNA) and protein bovine serum albumin (BSA) have
been used extensively as biotemplates to grow inorganic quantum confined
structure and to organize non biological building blocks into extended hybrid
materials. Biological macromolecules are capable of controlling nucleation and
growth to a remarkable degree through bio- mineralization. DNA template has
also been described as a smart glue for assembling nano particles. In general,
synthesis of nano particles based on DNA template has been done by incubating
metal ion coated DNA in a reduction agent solution. The ion DNA complexes

control the release of metal ions, thereby slowing down their reduction and



effectively inhibiting metal ions from growing into big clusters. Nano-structures
of metals such as silver, gold, palladium, platinum, copper, and nickel have been

successfully synthesized by using DNA network templates.

The nonlinear optical properties of the metal nanoparicles depend on the
host material which supports them. A large number of investigations has been
carried out to study nonlinear optical properties of metal nano particles dispersed
in different optically transparent solid matrices and liquids. However, only
limited research has been done on the nonlinear optical property of the metal

nanoparticles in bio polymer template.

Research on synthesis of semiconductor nanoparticles having a controlled
size distribution has attracted significant interest because of their luminescent
properties, quantum size effects and other important size dependent physical and
chemical properties. Semiconductor nano crystals are tiny light-emitting
particles on the nanometer scale. Researchers have studied the characteristics of
these particles extensively and have developed them for broad applications in
solar energy conversion, optoelectronic devices, molecular and cellular imaging,
and ultra sensitive detection. A major feature of semiconductor nano particles is
the quantum confinement effect, which leads to spatial enclosure of the
electronic charge carriers within the nanocrystal. For instance, the band gap
emission can be tunable over wide wavelengths by adjusting an appropriate size
of the particle. The particles prepared from such viewpoint should be useful as a

fluorescence agent for optical and biotechnological applications.

Laser Induced Fluorescence has proven to be a versatile tool for a myriad
of applications. It is a powerful technique for studying molecular interactions in
analytical chemistry, biochemistry, cell biology, physiology, nephrology,
cardiology, photochemistry, and environmental science. As the theoretical

underpinnings of fluorescence became more understood, a more powerful set of
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applications emerged that yield detailed information about complex molecules
and their reaction pathways. Measuring of fluorescence quantum efficiency is

one of the experimental techniques to characterize biological samples.

A detailed investigation will be presented in the present thesis related to
direct applications of biopolymers into some selected area of photonics and how
the growth kinetics of an aerial bacterial colony on solid agar media was studied

using laser induced fluorescence technique.

In chapter 1, an overview of various biomaterials and their application to
photonics are presented. A wide range of photonics applications using
biomaterials include efficient harvesting of solar energy, low-threshold lasing,
high-density data storage, optical switching, filtering and template for nano
structures. The chapter discusses these applications of biomaterials briefly. The
most extensively investigated photonics applications in biology is Laser induced
fluorescence technique. The importance of fluorescence studies in different

biological and related fields and are also mentioned in this chapter.

Chaper 2 describes the effect of DNA on nonlinear optical properties of
Rhodmine 6G-PVA solution through open aperture Z-scan. Saturable absorption
(SA) at 532nm was observed for dye solution without DNA. A strong influence
on SA behavior of dye solution was observed by adding DNA. As the
concentration of DNA is increased, we observed RSA within SA. Theoretical
analysis has been performed using a model based on nonlinear absorption

coefficient and saturation intensity.

In chapter 3 we present results of investigation on the influence of DNA
on amplified spontaneous emission of Rhodamine 6G —PVA solution and thin
film. The presence of DNA reduces the threshold value of lasing and full width
half maximum of fluorescence spectra. Thin solid film of DNA has been

fabricated by treating with polyvinyl alcohol (PVA) and used as host for the
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laser dye Rhodamine 6G. The edge emitted spectrum clearly indicated the

existence of laser modes and amplified spontaneous emission (ASE).

Studies on nanoparticle synthesis using DNA is the subject matter of
chapter 4. Highly stable silver nanoparticles in aqueous solution at room
temperature is synthesized by standard reduction method using DNA as
stabilizing agent. The linear and nonlinear optical properties of silver
nanoparticles at different concentration of DNA is studied. Absorption spectra
shows the Ag plasmon resonance lies around 410 nm and silver nano-particles
formed in higher concentration is less. The nonlinear absorption coefficient

S and imaginary part of third order susceptibility depends on the concentration

of DNA at low pump power. It is observed that at high pump power, the

nonlinear absorption coefficient (/) and imaginary part of third order

susceptibility does not depend on the concentration of the DNA. The imaginary
parts of third order nonlinear optical susceptibility measured by Z-scan
technique revealed that silver nano particle synthesized in aqueous solution of
DNA have good nonlinear optical response and could be chosen as ideal
candidate with potential applications for nonlinear optics. The nonlinear
absorption of silver nanoparticles at high intensity is attributed to the influence
of DNA on nanoparticles. We also studied photo luminescence of silver
nanoparticles at different concentration of DNA. It is observed that the emission

of silver nanoparticles is getting enhanced as concentration of DNA increases.

In chapter 5 describes the work related to the synthesis of silver nano
particles using bovine serum albumin (BSA) biopolymer. Highly stable silver
nano particles in aqueous solution at room temperature is synthesized by
standard reduction method using BSA as a stabilizing agent. Prepared solution
shows strong absorption peak originating from the surface plasmon absorption

of nanosized silver particles in aqueous solution of BSA. The photo
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luminescence spectra show emission peak at 538 nm at excitation wavelength
250 nm. The nonlinear optical properties were investigated by a single beam Z-
scan setup. The nanosol show an excellent nonlinear optical property. Silver
nanoparticle in BSA template is a potential candidate for optoelctronic device

applications.

Chapter 6 discusses band gap tunability of CdS nanoparticles in
biotemplates DNA and BSA. DNA is more efficient in controlling the size of the
nanoparticles. Since nanoparticles are capped with biomaterials, they were very
useful for biolabeling. We have studied excitation wavelength dependence on
fluorescence emission of CdS nanoparticles stabilized with DNA and BSA.

Excitation wavelength changed from 260 nm to 480 nm.

Chapter 7 discusses laser induced fluorescence technique, which has
been used for studying growth dynamics of an aerial gram positive bacterial
colony on nutrient agar medium. This technique has been shown to be a useful
technique for obtaining information about the different growth phase of the
bacterial colony. Quenching effect of dye by bacterial colony can be effectively
used to analyze growth kinetics of bacterial colony. Quenching effect of
fluorescence indicates that cultured bacteria were gram positive. The rate of
quenching of fluorescence of dye from bacterial colony was proportional to rate
of increase in area of the bacterial colony which in turn indicates that the rate of

quenching of the fluorescence was proportional to rate of growth of bacteria.

General conclusions drawn from the studies and further areas in which the

work can be extended are discussed in chapter 8.
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Biomaterials and their application to
Photonics-An overview

¢l 1.1 Introduction

M 1.2 DNA as a Photonic Material

te 1.3 Laser Induced Fluorescence (LIF)
:1 1.4 Conclusions

B References

Abstract

This chapter is an overview of the spectrum of biomaterials and their
application to Photonics. The chapter discusses a wide range of biomaterials
based photonics applications like efficient harvesting of solar energy, low-
threshold lasing, high-density data storage, optical switching, filtering and
template for nano structures. The most extensively investigated photonics
application in biology is Laser induced fluorescence technique. The importance
of fluorescence studies in different biological and related fields are also

mentioned in this chapter.




Chapter 1

1.1 INTRODUCTION

Biophotonics deals with interactions between light and biological matter,
which is an integration of three major technologies namely photonics,
nanotechnology and biotechnology. Fusion of these technologies offers a new
dimension in the medical field for both diagnostics and therapy. The use of
photonics for optical diagnostics, as well as for light-activated and light-guided
therapy give great hope for the early detection of diseases like cancer and for
new modalities of light guided and light-activated therapies[1-10]. Optical
bioimaging can be used to investigate structures and functions of cells and
tissues as well as to profile diseases at cellular, tissue, and in vivo specimen
levels [11-15]. Also, biology offers feedback to the advancement of Photonics,
since naturally occurring biopolymers (or artificially constructed facsimiles) are
showing promise in the development of new photonic media for technological
applications. Awvailability and future development of new multifunctional
materials, that can dramatically improve speed and encryption, as well as
provide terabit data storage and large-area high-resolution display, are of vital
importance for implementation of the full scope of new-generation information

technology [1].

The four types of biomaterials that hold promise for photonic applications
are (i) bioderived materials, naturally occurring or their chemical modifications,
(it) bioinspired materials, synthesized based on guiding principles of biological
systems, (iii) biotemplates for self-assembling of photonic active structures, and
(iv) bacteria bioreactors for producing photonic polymers [1]. The wide range of
photonics applications using these biomaterials include efficient harvesting of
solar energy, low-threshold lasing, high-density data storage, optical switching,

and filtering. This chapter discusses these applications of biomaterials.
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1.1.1 Bioderived materials

One of the important bioderived materials useful for photonics is green
fluorescent protein (GFP). Green fluorescent protein in its wild and mutant
forms have attracted a great deal of interest as biological fluorescent markers for
in vivo imaging and fluorescence energy transfer imaging (FRET) to study
protein—protein and DNA-protein interactions [1,16]. Fig. 1.1 shows confocal
image of the worm Caenorhabditis elegas where six luminous spots can be
distinguished on the worm representing the fluorescence yielded from GFP
molecule. A number of other photonic applications have been proposed by
utilizing a number of properties exhibited by GFP molecules. GFP can be used
as a photosensitizer due to the existence of two absorption bands at 395 nm and
475 nm covering a broad range of UV and visible regions [17]. The two
absorption bands are attributed to the presence of two resonant forms, a neutral
and an anionic, of the same chromophore, p-hydroxybenzylidene- imidazolidone
and can be interconverted in the excited state by proton transfer. The relative
stabilities of these two forms can be manipulated by the appropriate choice of
the close environment surrounding the chromophore [18]. Single molecules of
GFP mutants, immobilized in aereated aqueous polymer gels exhibit an unusual
repeated cycle of fluorescence emission (on/off blinking) on a time scale of
several seconds when excited with light of 488 nm wavelength [19]. This
phenomenon can be applied in molecular photonic switches or optical storage
elements, addressable on the single molecule level. GFP also exhibits efficient
two-photon excitation when excited at 800 nm. Two-photon excitation has
successfully been used to produce up-conversion lasing in GFP. This is the first
report of two-photon pumped lasing in a biological system [1, 20]. In addition,
GFP is extremely compact and thermally stable molecule. Since its 3-D structure
insulates the chromophore from the external environment, GFP fluorescence is

insensitive to oxygen quenching and is stable in a variety of harsh environments
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(temperatures up to 70°C, pH 6-12; detergents, proteolysis). Furthermore,
renaturation can be achieved to restore the optical properties of GFP by
reversing the conditions of any denaturation [21-22]. Another photonic
application of GFP include making a molecular photodiode. GFP exhibits a very
efficient photoinduced electron transfer such as those found for photoelectric
conversion in retina and long-range electron transfer in photosynthetic
organisms. Moreover, these electron transfers are unidirectional and hence can

be realised as optical circulators [23].

Figure 1.1 Confocal image of the worm Caenorhabditis elegas.Six luminous spots can
be distinguished on the worm, representing the fluorescence yielded from
the Green Fluorescent Protein (GFP) molecules[24]

Another example for bioderived material for photonics s
bacteriorhodopsin. The main focus has been to utilize its excited-state properties
and associated photochemistry for high-density holographic data storage. A
large number of photonic applications for this naturally occurring protein has
been proposed, because of its robustness, ease of processing into optical quality
films, suitable photophysics and photochemistry of the excited state, and
flexibility for chemical and genetic modifications. The photonics applications

include random access thin-film memories, photon counters and photovoltaic
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converters, spatial light modulators, reversible holographic media, artificial
retinas, two-photon volumetric memories and pattern recognition systems [1].
Recently, the DNA has been proposed as photonic media for optical waveguide
and host for laser dyes. In the present thesis most of the experiments are
performed using DNA as biomaterial. Photonic applications of DNA are

discussed in section 1.2.
1.1.2 Bioobjects and biocolloids

In nature there exists many unique forms of bioobjects, which show
highly precise shapes and monodisperse size in 1, 2, and 3 dimensions (plates,
rods, icosahedral etc.). Examples of these bioobjects are viruses, sponges, sea
urchin needles, platelets from abalone shell, and so on. Above all, the surface
chemistry of these bioobjects is heterogeneous and precise. For example, virus
particles are comprised of a capsid consisting of arranged protein subunits that
form a hollow particle which encloses the genome. The genomic material in the
core of a virus particle can be replaced by other functional interiors to produce
novel photonic functions. Also using appropriate protein chemistry, surfaces of
virus particles are being exploited for various applications. One promising
prospect is the use of these monodispersed bioobjects as building blocks for
photonic crystals. The virus particles of sizes 100-300 nm and varied shapes
enable one to assemble them in both fcc and non-fcc packing to produce a wide
range of self-assembled photonic crystals. These bioobjects form biocolloids by
dispersing in suitable solvent, which will self-assemble into a close-packed
structure exhibiting photonic crystal behaviour. It is also reported that viruses
can be packed not only in an fcc structure, but also in other lattices such as
orthorhombic and monoclinic systems. SEM image of close packing of irido
viruses in a periodic structure is show in Fig. 1.2. Parker et al. [25] produced a
spine from the sea mouse aphrodita which is an example of close-packed
bioobjects. The electron micrograph of a section of the spine reveals a close-
packed array of hollow cylinders, with the long axis of the cylinders along the
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spine and each cylinder having six nearest neighbours. The dielectric constant of
a photonic crystal can be enhanced by incorporating other materials such as
high-refractive-index nanoparticles within the capsid of a virus to manipulate its
refractive index [1].

Figure: 1.2. SEM micrograph of close packing of irido viruses in a periodic
structure[1].

1.1.3. Bioinspired materials

Bioinspired materials are synthetic materials produced by mimicking
natural processes of synthesis of biological materials. An example of this
category is a light-harvesting photonic material, which consists of a chlorophyll
assembly to perform photosynthesis. The photosynthetic system consists of a
large array of chlorophyll molecules that surround a reaction centre. This
chlorophyll array acts as an efficient light-harvesting antenna to capture photons
from the sun and transfer the absorbed energy to the reaction centre. The
reaction centre utilizes this energy to produce charge separation, eventually
forming ATP and NADPH. Frechet et al. have demonstrated two-photon excited
efficient light harvesting in novel dendrite systems. Here the antennas are
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efficient two-photon absorbers that absorb near-IR photons at 800 nm and
transfer the excitation energy quantitatively to the core molecule [1]. The
chemical structure of light-harvesting antenna-based dendritic system is

shown in Fig. 1.3.

Ar=3,5-di-tert-butylphenyl
Figure:1.3. Light-harvesting antenna-based dendritic structure (chemical
structure). Antenna has three different Zn porphyrins: eight
tetraphenyl Zn porphyrin units (TP-Por), four Zn porphyrin units with
two meso-ethynyl and two meso-phenyl groups (DE-Por), and a Zn
porphyrin unit with four meso-ethynyl groups (TE-Por)[26]

1.1.4 Biotemplates

Biotemplates refer to natural microstructures with appropriate
morphologies and surface interactions to serve as templates for creating
multiscale and multicomponent photonics materials. The biotemplates can be
naturally occurring biomaterials or a chemically modified, bioderived material.

Some specific examples for bio templates are DNA, bovine serum albumin
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(BSA) and virus. A great deal of research shows the capacity of DNA as a
template to grow inorganic quantum confined structures details of which will be
discussed in section 1.2.2. Viruses with well-defined morphology, flexible
microstructures, and surfaces can be modified easily and can be used as a
suitable template for producing novel photonic materials [1]. Bovine serum
albumin (also known as BSA) is a serum albumin protein which has numerous
biochemical applications can be used as good stabilising agent in nanoparticle
synthesis [27]. One of the challenges in nano technology is developing
methodologies with biological molecules as templates for nanomaterial

synthesis.
1.1.5 Bioreactors

Bioreactors refer to the naturally occurring biosynthetic machinery that
can be manipulated to produce a family of helical polymers having a wide range
of optical properties. An example is a bacterial reactor that can be used to
synthesize customized polymeric structures for photonic applications. The
biosynthetic behavior of bacteria can be harnessed to prepare unique polymers
which are useful in developing photonic devices. An example is the production
of a family of polyhydroxyalkanoic acid (PHA) polymers synthesized by the
bacteria Pseudomonas oleovorans. This organism has the capacity to synthesize
various PHAs containing C6 to C14 hydroxyalkanoic acid dependent on the 3-

hydroxyl alkanoate monomer present [1].
1.2. DNA AS APHOTONIC MATERIAL

The most important and famous biomaterial known to man is DNA
(Deoxyribonucleic Acid), that carries the genetic code in all living organisms.
During the last two decade, DNA “the molecule of life” has been attracting
attention of researchers in diverse areas of science and technology. Many

experimental reports have been published in the last two decades which show
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DNA research has emerged as an expanding field attractive enough to obtain
more attention from scientists and engineers. Applications of DNA include
variety of fields like electronic, optics, biochemistry, environmental protection
etc. The DNA-based biopolymer is abundant, inexpensive, replenishable, and
composed of green materials. A variety of agricultural and fish industry waste
products can be used as raw materials, and because the biopolymer is not fossil

fuel-based, it will not deplete natural resources or harm the environment.

DNA photonic devices can be either in solid or liquid form. The wet
category contains primarily optofluidic devices, where the DNA molecules are
present in either as aqueous or organic-solvent solution and are transported in a
fluid under the influence of electric fields or fluid flow. The solid-state devices
are based on thin films of DNA. DNA films are produced by treating aqueous
solution of DNA with a cationic surfactant (such as cetyl trimethyl ammonium
chloride-CTMA) producing a DNA- lipid complex that is insoluble in water but
soluble in alcohols. This technique allows casting or spin coating of DNA thin-
films, which do not dissolve other organic layers on contact and can thus be
integrated into organic devices [28-31]. The characteristics of DNA - CTMA
films can be controlled by adjusting the DNA molecular weight and the
concentration of the reagents. Therefore, the electrical resistivity of DNA can be
tuned via control of the molecular weight. This property of DNA is very useful
for optimizing device operation. The electrical resistivity measures three to five
orders of magnitude lower than that of polymer materials. Furthermore, the
DNA — CTMA complex is thermally stable up to 200 — 250 °C and it maintains
its double helical structure to temperature in excess of 100 °C, which gives some
flexibility in device fabrication [28, 32-38].

DNA based biopolymer also shows low optical loss. Optical losses
ranging from 0.1 to 1.2 dB/cm have been observed over a broad wavelength
range of 600 -1700 nm [28, 29]. In the case of DNA - based films, value of third
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harmonic generation (THG) susceptibility is one order of magnitude larger than
that of silica. This difference is due to the presence of highly polarizable
conjugated 7 electrons in DNA. In addition, combining DNA — CTMA films
with polymers that have large nonlinear optical coefficients can result in
improved poling efficiency when creating nonlinear optical devices [32-35, 37,
39].

Studies have shown that DNA — CTMA films also show low dielectric -
loss values, ranging from 0.11 dB at 10 GHz to 0.5 dB at 30 GHz, and a loss
tangent of less than 0.1 at microwave frequencies [40, 41]. The performance of
organic field effect transistors (OFETs) has improved a lot by incorporating
DNA - CTMA films as the gate insulator. These characteristics make the

biopolymer very attractive for designing electro optic devices [35].

It is shown that, by incorporating DNA as an electron-blocking layer
(EBL) in BioLEDs, luminance and luminance efficiency became significantly
higher compared to conventional organic LEDs. For example, the luminance
efficiency for a green emitting DNA BioLED reaches as high as 8 cd/A
compared to 2 cd/A for a conventional OLED structure without the DNA layer.
The EBL blocks electron flow which enhance the probability of radiative electron-
hole recombination, leading to increased luminous efficiency and luminance of
the device. Enhanced efficiency using DNA — CTMA nanometre thick films as
EBL material has been demonstrated in both green- and blue-emitting devices
[42-44)].

Kobayashi et al. described the red electroluminescence of a device
constructed with a water-soluble DNA-polyaniline complex containing
Ru (bpy)zg the device performance is improved by adding DNA [45]. DNA can

contribute in enhancing light emission by adding appropriate lumophores or

chromophores to DNA molecules. The high fluorescence enhancement upon
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binding of ethidium bromide (EB) to poly nucleotides has been the subject of
intensive studies and many different mechanisms have been proposed for this
enhancement. Although the mechanisms are not yet completely understood for
enhanced light emission, it is speculated that, many fluorescent dyes can readily
be intercalated into helices of DNA. These dye molecules can be situated inside
the double helix structure or at some grooves beside the main chains. Because of
the intercalation or groove binding of dyes in the DNA strand make molecules
get isolated from each other thereby reducing the fluorescence quenching caused
by aggregation. Dye molecules intercalated between base pairs in the DNA
structure, are essentially shielded from non radiative relaxation centres in the
host material, thus opening the door to efficient photon emission. Another
possible explanation is related to the tight spatial fit between intercalated
molecules and the base-pair structure, which may prevent the conformational
relaxation of excited lumophores and thereby enhance the process of radiative
relaxation [42, 45-49]. This intercalation makes DNA films to act as a far better
host for lumophores than conventional polymer hosts. The DNA-based
biopolymers could be doped at a much higher level without aggregation than
other polymer host materials, such as polymethyl methacrylate (PMMA). For
example, DNA-CTMA thin films doped with the Iluminescent dye
sulforhodamine (SRh) have been reported to exhibit photoluminescence
intensity more than an order of magnitude higher than that of SRh in PMMA,
which is a popular polymer host. Other lumophores have also been reported to
luminesce very efficiently in DNA thin-films. Large amplifications of
fluorescence light were attained in the case of Eu+++ or Th+++ with increasing
amount of DNA [42, 45-49].

Recently it is reported that DNA molecules can be used as a data storage
medium. DNA memory, utilizing DNA molecules and DNA reactions for data

processing, has been proposed as a high capacity and high density memory. The
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base sequence of DNA determines the address in DNA memory, and the
addressing to a DNA memory is based on several DNA reactions, such as
hybridization and denaturation. DNA on substrate is virtually divided into
multiple small areas. The individual areas can be identified with unique
positional addresses. DNA reactions are generally induced by temperature shift.
In the photonic DNA memory, the temperature shift is controlled by light
irradiation. The irradiation achieves accurate control of DNA reactions in each
local space [50, 51]. The biopolymeric material of DNA complexed with the
cationic surfactant CTMA and doped with the photochromic disperse red 1 dye
is being used in fast dynamic holography applications due to its short recovery

times, good optical stability, and complete reversibility[52].

Another application for DNA being explored is in the field of nano
biotechnology. Establishing a strong tie between biotechnology and
nanotechnology resulted a new field called nano biotechnology. DNA can be
used as a template to grow inorganic quantum confined structures like quantum
dots, quantum wires, metallic nanoparticles etc. The biotemplate approach is a
top down approach for building a nanostructured photonic material. DNA
template can be described as“smart glue” for assembling nanoscale building
blocks. After stretching and positioning, the DNA molecules are generally
treated with a metal ion solution to bind metal ions to DNA. These metal ions
can be reduced to form metal clusters. As the metal seeds on the DNA templates
serve as catalysts for further reduction, the clusters keep growing until the
reaction is finished. With such an approach, various metallic nanowires have
been prepared by the deposition of silver, palladium, platinum, nickel, copper,
and cobalt metal ions on DNA. Coffer and co-workers were the first to utilize
DNA as a template for CdS nanoparticles [53-59].

DNA can be used as a guiding template for the polymerization of

conducting polymers also. For example polypyrrole and polyaniline are
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synthesized on the DNA template by the interaction of cationic monomers to the
backbone of DNA immobilized on a Si surface. This approach has potential for
fabrication of high-density conducting polymer nanowires with a predetermined

position and orientation on a Si surface [60].

Applications of DNA as electronic, optical, and biomaterials, as catalyst,
and in environmental protection, separation, rely on few fundamental properties
of DNA that relate to the famous double helical structure [Fig. 1.4]. A DNA
molecule consists of two polynucleotide strands coiled around each other in a
helical fashion, (Watson and Crick model) with a diameter of approximately 2
nm. The ‘monomer’ unit of DNA is made up of a base which is covalently
bonded to a sugar molecule, which is again covalently bonded to a phosphate
group that makes up the backbone of the DNA polymer. There are four different
base molecules that make up DNA: adenine (A), thymine (T), guanine (G), and
cytosine (C) [Fig. 1.5]. Each base has a conjugated ring structure [28, 60].

Base pairs [

Adenine Thymine

(— ]

Helix]pitch Guanine Cylosine

Sugar phosphate
backbone

Figure:1.4 Double helix structure of DNA
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Figure: 1.5. Back bone of double helix structure of DNA

Moreover, the double helix chains of DNA are negatively charged by the
phosphate groups that are regularly arranged in the two backbones [Fig.1.6].
Highly charged double helical structure, which shows local stiffness in a range
of about 50 nm but long-range flexibility in water. Therefore, DNA is an ideal
template to fabricate highly ordered nanostructures by binding cationic agents
such as metal ions, cationic surfactants and poly cationic agents. In dilute
solutions DNA forms wormlike coils. However, the DNA molecules in dilute
solution can be easily stretched to linear templates that can lead to ordered
nanostructures. The mechanism of DNA condensation has been mainly
considered to be a nucleation — growth process, in which the highly ordered
toroidal structure starts from a spontaneous nucleation loop of a single DNA
molecule as a proto-toroid, followed by the collection of additional DNA leading
to growth. Such ordered structures formed by the DNA condensation have
implications for their usability in fabrication of nanostructures. When DNA
reacts with cationic surfactants such as hexadecyl trimethyl ammonium chloride,
a precipitate is formed, producing a complex that is soluble in common organic
solvents, and thus can be easily cast to thin films. The conformation of the
DNA-surfactant complex is controllable and often locally ordered.
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Figure: 1.6. Helical anionic polynucleotic backbone [60]

Another important feature of DNA is its selective affinity for small
molecules. The most common DNA structure is the B - DNA type in which the
stacked bases are regularly spaced 0.34 nm along the helix axis, and the helical
structure possesses a wide major groove and a narrow minor groove of
approximately the same depth [Fig.1.7]. This makes small molecules to
intercalate into the spaces between the stacked bases, or bind in the grooves
between the two backbones. Both of the interaction patterns are highly selective
toward the structure of the small molecules. By this special affinity, DNA can be
used as an environmental material to selectively remove toxic pollutants, or as a
template to arrange functional molecules. Also, DNA is perfectly biocompatible,
as it can be found in almost all living organisms. This offers DNA excellent
prospects for serving as biomaterials [28, 60].

r\b

Intercalation and groove binding

Figure: 1.7  a). Different grooves present in DNA
b). Intercalation and groove binding of DNA [60]
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1.3. LASER INDUCED FLUORESCENCE(LIF)

Laser-induced fluorescence (LIF) is a spectroscopic method used for
studying structure of molecules, detection of selective species and flow
visualization and measurements. In this case laser provides a very selective
means for populating excited states, which gives more accurate and sensitive
measurements. The excited species will de excite and emit at longer wavelength
after some time, usually in the order of few nanoseconds to microseconds. This
emitted light known as fluorescence is measured. As the theoretical
underpinnings of fluorescence became more understood, a more powerful set of
applications emerged that yield detailed information about complex molecules
and their reaction pathways. For example the quantum efficiency of fluorophores
can change as a function of variations in the local environment of the
fluorophore molecule like viscosity, temperature, refractive index, pH, calcium
and oxygen concentration, electric field etc. Measuring fluorescence quantum
efficiency is one of the experimental techniques to characterize biological
samples. The signal-to-noise ratio of the fluorescence signal is very high,
providing a good sensitivity to the process. It is also possible to distinguish
between more species, since the lasing wavelength can be tuned to a particular
excitation of a given species which is not shared by other species. In analytical
chemistry and biology, resonance fluorescence is used extensively for efficient

detection and identification of single molecules [61-65].

Some of the applications of LIF in biology are ....

1. Studies in energy transfer particularly in the field of proteins and
membranes

2. Rate study of the decay processes of excited state species.

3. Effect on fluorescence of molecules due to the environment, e.g.

solvent PH
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4. Change in fluorescence due to structural changes in the molecules.

5. Biochemists are involved in studies relating to the metabolism
e.g.catecholamines, tryptophan metabolites.

Determination of proteins orientation.

Determination of binding site of proteins.

Membrane studies.

© © N o

Presence of glucose and metabolites can determine in blood.
1.4. CONCLUSIONS

A general introduction to Biophotonics is given in this chapter. The use of
photonics in biology include laser induced fluorescence technique, early
detection of diseases, light-activated therapies etc. The various types of
biomaterials being investigated for photonics are presented in this chapter.
Biomaterials are emerging as an important class of materials for a variety of
photonics applications. Among biomaterials, DNA shows promising applications
in the area of photonics. The unique double helix nano structure of DNA plays
an important role in intercalating dye molecules and in enhanced optical
properties. Biotemplates refer to natural microstructures with appropriate
morphologies and surface interactions to serve as templates for creating
multiscale and multicomponent photonic materials. The use of biopolymer as a
template to grow quantum confined structures is also discussed in this chapter.
Critical analysis of the applications of DNA as biomaterials has revealed that the
mechanism of DNA based photonic devices have not yet been completely
understood. Only limited works are available in the literature on the use of DNA
in realizing new laser media. Subsequent chapters describe the studies carried

out in these directions.
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Abstract

This chapter describes the results obtained from investigations on the
effect of DNA on nonlinear optical properties of Rhodmine 6G-PVA solution and
thin film using open aperture Z-scan. We observed saturable absorption (SA) at
532 nm for dye solution without DNA. A strong influence on SA behavior of dye
solution is observed by adding DNA. As the concentration of DNA (2 wt %)
increased, we observed RSA within SA. The sample shows SA behavior away
from focus and RSA behavior near the focus. Theoretical analysis has been
performed using a model based on nonlinear absorption coefficient and
saturation intensity. In dye doped DNA —PVA film, complete switch over from
SA to RSA is observed when concentration of DNA changes from 1 wt% to
1.5 wt%. Temperature dependence on structural and nonlinear optical properties of

DNA in poly vinyl alcohol solution is studied, details of which are illustrated in

this chapter. As temperature increases from 30°C to 55°C the nonlinear

absorption coefficient decreases from approximately 0.5 cm/GW to 0.02 cm/GW.

The results of this chapter are published in
B.Nithyaja et.al. Journal of Applied physics 109, 023110 (2011)
[“also reprinted in Virtual Journal of Biological Physics Research, February 1, 2011”]



Chapter 2

2.1. INTRODUCTION

The bio-organic polymer, DNA is emerging as a novel exciting photonic
polymer material due to its unique double-helix structure. From the rich world of
organic materials, biomaterials are of particular interest as they often have
unusual properties that are not easily replicated in conventional organic or
inorganic materials in the laboratory. Furthermore, natural biomaterials are a
renewable resource and are inherently biodegradable [1, 2]. DNA can be used as
a photonic material for making optical waveguide, both on its own and also as a
host material accepting appropriate chromophores. There have been numerous
investigations on lumophore-doped DNA and laser emission from solid state

thin film of DNA as well [3-6].

It is important to evaluate parameters which may be relevant for photonic
device applications of DNA itself and the materials derived from it.
Determination of second and third order nonlinearities are of fundamental
importance for evaluation of the properties with respect to wave-guiding
structures containing DNA based materials. In order to study the use of DNA for
photonic applications, temperature dependence of relevant properties is
important. In the present chapter we have studied the temperature dependence of
nonlinear optical properties of DNA arising due to denaturation using Z-scan
technique. In order to understand the detailed aspects of DNA interaction with
dye, investigation on nonlinear optical properties of dye doped DNA matrix are
carried out. Numerous organic chromophores show extremely large and fast
nonlinearities [7]. We have used poly vinyl alcohol (PVA) - for dissolving DNA
and dye for carrying out most of the experiments. Since DNA and PVA are
water soluble, it is very easy to make thin film of DNA-PVA mixture by
allowing it to get dry. Polyvinyl alcohol (PVA) has excellent film forming,
emulsifying and adhesive properties. In the DNA-PVA system we have
incorporated Rhodamine 6G dye, which is frequently investigated to
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characterize dye lasers in a variety of liquid and solid hosts, on account of its
high fluorescence quantum yield, low intersystem crossing rate and low excited
state absorption at both pump and lasing wavelength [8]. To make the thesis self
contained, relevant aspects of nonlinear optics are described in the following

section.
2.2. NONLINEAR OPTICS

Nonlinear optical response has been studied for a long time in relation to
the photonic device application. Nonlinear optics has been a rapidly growing
field in the past few decades. It is based on the study of effects and phenomena
related to the interaction of intense coherent light radiation with matter.
Nonlinear optics is observed with lasers which have high degree of spectral
purity, coherence and directionality with which atoms and molecules can be
irradiated with an equivalent electric field that is comparable to inter atomic
field. Studies on optical nonlinearity and related dynamics are useful for the

development of new materials for applications in ultra fast optical devices [9-15].

The property of optical nonlinearity can be well understood by
considering the dependence of dipole moment per unit volume or polarization
P(t) of the material on the strength E(t) of the applied electric field associated
with electro magnetic field (EMF). In the case of linear optics the induced
polarization has a linear dependence on the electric field strength which can be

described as
PO=¢x“E® L @.1)

where the constant of proportionality x(l) is the linear optical susceptibility.
When the electric field is significantly high, nonlinear interaction occurs and the
observed nonlinear optical effects can be described by expressing the induced

polarization P (t) as a power series in the field strength E(t) as
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Pt)= yPE@®) +x® E%(t) + OB () +......... .(2.2)
=POYO+P2 ) +PI(t) +........ ..(2.3)

where x@ , x® are the second and third order nonlinear optical susceptibilities

respectively. The second and third order polarizations can be expressed as

p(2 (t) = X(Z) Ez(t) ...(2.4)
p3 (t) = x(3) Es(t) ....(2.9)

The physical processes that occur due to second and third order
polarizations are distinct from each other. Unlike in the case of 3" order
nonlinearity, second order nonlinear effects occur only in non centrosymmetric
crystals. Third order nonlinear processes are of special importance because they
belong to the nonlinearity which is the lowest order nonlinear effect in majority
of the materials. In resonant media the third order optical susceptibility is
considered to be a complex quantity having both real and imaginary

3)

components. ¥ = yx® +y®. The real and imaginary parts are related to

n, and B respectively, where n, is the nonlinear refractive index and B is the

nonlinear absorption coefficient [10, 11].
2.2.1. Nonlinear Optical Absorption (NLA)

In the low intensity field the amount of light absorbed by any absorbing
medium increases linearly with input intensity and is termed as linear
absorption. At sufficiently high intensities the probability of a material absorbing
more than one photon before relaxing to the ground state is greatly enhanced.
Other than two or more photon absorption, many other complicated phenomena
like population redistribution, complicated energy transitions in complex
molecular systems and the generation of free carriers are accompanied by the
intense optical fields. These phenomena are manifested optically in a reduced

(saturable) or increased (reverse saturable) absorption.
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The two absorptive mechanisms resulting in reverse saturable absorption
(RSA) are the two or multiphoton absorption and the excited state absorption
(ESA). Two photon or multiphoton absorption involves a transition from the
ground state of a system to a higher lying state by the simultaneous absorption of
two or more photons from an incident radiation. This process involves different
selection rules than those of single photon absorption. Fig. 2.1 shows the
schematic representation of TPA. The intermediate state is the virtual level and

hence the system must absorb two photons simultaneously.

The nonlinear absorption in this case is proportional to the square of the

simultaneous intensity (I) and is given by

a__a-pr 2.6
YA

Where « is the linear absorption coefficient and £ is the two photon

absorption coeficient.

The absorption of (n+1) photons (multi photon) from a single optical
beam is given by

dl

d_Z:_(aJr;/(”“H e 2.7

Where "™ is the (n+1) photon absorption coefficient.

: Excited state
hv
Virtual state
........... feereseii,
hv
Ground state
Figure: 2.1. Schematic diagram of two photon absorption
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When the incident intensity is well above the saturation intensity, the
excited state can become significantly populated. The excited electrons can
rapidly make a transition to higher excited states before it eventually makes
transition back to the ground state. In organic molecules, transitions are possible
to higher energy singlet and triplet manifolds. Depending on the pulse duration,
pump intensity and wavelength the excited electrons from the first excited
singlet state S; can make transition to higher excited singlet states S, or from the
T, to T, states in the triplet manifold. This is known as the excited state
absorption (ESA). When the cross section for TPA or ESA is greater than that of
linear absorption, reverse saturable absorption (RSA) occurs. It is observable
when the incident beam intensity is sufficiently high to deplete the ground state
significantly. In the case of ESA the absorption cross section o, from ground

state to first excited state will be lower than the excited state absorption cross

section o, .

The nonlinear process associated with real energy level is the saturable
absorption (SA). In this process, absorption of light by the material
decreases with increasing light intensity. Here, the absorption cross section
of material o(I) decreases with intensity. On the other hand, when the absorption
cross section increases with intensity, the system will be less transmissive when
excited. This gives the opposite effect of SA and the phenomenon is termed as

reverse saturable absorption (RSA).

Third order nonlinearity effect can be easily studied in Z-scan technique

and details of which are given in the following section.
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2.2.2. Open Aperture Z-scan to Study NLA

The Z-scan technique is a simple and sensitive single beam method
developed by Sheik Bahae [15] to measure the sign and magnitude of both real
and imaginary part of third order nonlinear susceptibility ¥. When a high
intensity laser beam propagate through any nonlinear material, photo induced
refractive index variations may lead to self focusing of the beam. The
propagation of laser beam inside such a material and the ensuing self refraction

can be studied using the Z-scan technique.

The experimental set up for single beam Z-scan technique is given in
Fig. 2.2. In the single beam configuration, the transmittance of the sample is
measured, as the sample is moved along the propagation direction of a focused
Gaussian beam. In Z-scan measurement, it is assumed that the sample is thin and

the sample length is much less than the Rayleigh’s range z, which is given by

Z_ka)(f
o =
2

..(2.8)

where K is the wave vector and o, is the beam waist. This is essential to make
sure that the beam profile does not vary appreciably inside the sample. The
refractive nonlinearity is obtained by measuring the transmittance through a
finite aperture in the far field as function of the sample position z from the focal
plane. This is the closed aperture Z-scan technique by which the sign and
magnitude of nonlinear refractive index n, can be determined. In this method, the
phase distortion suffered by the beam while propagating through the nonlinear

medium is converted into corresponding amplitude variation.

The absorptive nonlinearities are determined by the open aperture Z-scan
technique where the entire light is collected by removing the aperture from the
experimental setup. Since Z-scan measurements are very sensitive to nonlinear

refractive index effects that will spread the transmitted beam, care must be taken
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in the case of open aperture scheme to collect the whole transmitted energy.
When the entire light is collected, the throughput is sensitive only to nonlinear
absorption resulting from the intensity dependent refractive index. Nonlinear
absorption present in the sample is manifested in the measurements as a
transmission minimum at the focal point [16-20]. Since we are interested only in
intensity dependent optical absorption, experiments were restricted only to open

aperture Z-scan technique in the present case.

Detector

Beam splitter Sample

Laser N\

Py
=

Reference Detector

D,
Figure 2.2. Schematic representation of the experimental set up for Z-scan technique.
2.2.3. Theory of Open Aperture Z-scan Technique

When the absorption coefficient of a medium has a dependence on laser

beam intensity, one can write

aD)=ap+p1 ... (2.9)
where oy is the linear absorption coefficient and 3 is the nonlinear absorption

coefficient of the medium.

The irradiance at the exit surface of the sample can be written as
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—al

| (zrt):l(z’L (2.10)
r DL 1+q(z’ r’t) .
where  q(z,r,t)= B 1(z,r,t)L (2.11)

L. is the effective length and is given in terms of sample length | and o, by the

relation

_ %l
L =(1a—e) o (2.12)

The total power transmitted P (zt) is obtained by integrating equation

2.10 over z and r and is given by

1 Infl+9,(z,1)]

P(z,t) =P, (t)e™ e (2.13)
1 Ay (2,1)
P4(t) and qq(t) are given by the equations
2
P (t) = T 02 () o (2.14)
2
I,(HL, z;
Go(z,t) = Ay Oluz, - o (2.15)
Z° +12;

Where z, is the Rayleigh’s range, equation 2.13 can be integrated to give the

transmission as

C 7 :
In(1+q,e™" )dt . (2.16)
qov7 .[o ’

If |q0| Z 1, equation 2.16 [16] can be simplified as

T(2)=

- [0, (20)]"
T(2)= ) ——"—— (2.17)
"0 (m+1)?
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where m is an integer. Once open aperture Z-scan is performed, the parameter

q, can be obtained by fitting the experimental results to equation 2.16.Then the

nonlinear absorption coefficient [ can be unambiguously deduced using

equation 2.11.

The nonlinear absorption coefficient is related to Im( y ’ ) by the relation

50nozczﬁ

Im()(3):T(szZ):M

10’ (esu) ....(2.18)

where @ is the excitation frequency, n,is the linear refractive
index, g,1s the permittivity of free space and C the velocity light in

vaccum [16].
2.3. MATERIALS AND METHODS

DNA powder (SRL, extracted from herring sperm) at appropriate amount
in polyvinyl alcohol solution (PVA-Merck) is taken to study the effect of
temperature on nonlinear optical properties of the DNA. We have studied
variation in absorption spectra of DNA at different temperature using UV-VIS
NIR spectrophotometer (Jasco V-570). Nonlinear studies are carried out by Z-
scan technique. Rhodamine 6G at appropriate concentration is dissolved in
polyvinyl alcohol (PVA). In order to study the effect of DNA on the dye
solution, DNA was added at different concentration in the range of 1 to 2 wt%.
Effect of DNA on the nonlinear optical properties Rhodamine 6G solution was
carried out by Z-scan technique. A mode locked Nd:YAG laser (Spectra Physics
LAB-1760) having 10 ns pulses at a repetition rate of 10 Hz giving second
harmonic at 532 nm was used in the Z-scan experiment to study the optical
nonlinearity. The sample is moved along the axis of light beam which is focused
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with a lens of focal length 200 mm. The radius of the beam waist wy is

calculated to be 42.56 um. The Rayleigh length z~= 7Z'a)§ / A, is estimated to be

10.6 mm, which is much greater than the thickness of the sample cuvette (1mm),
which is an essential condition for Z-scan experiments. The transmitted beam
energy, reference beam energy and their ratio are measured simultaneously by
an energy ratiometer (Rj620, Laser Probe Corp.) having two identical
pyroelectric detector heads (Rjp 735). The complete experimental setup is
automated using labview. The effect of fluctuations of laser power is eliminated
by dividing the transmitted power by the power obtained at the reference

detector.

Absorption spectra and Z - scan experiment are performed in Rhodamine
6G- DNA-PVA film also. The required film is fabricated by dissolving certain
amount of PVA (8 wt%) into distilled water at 80 °C under continuous stirring
for 3 hr. DNA solution were prepared in water by dissolving required amount of

DNA in distilled water in which Rhodamine 6G dye at concentration of

2x107°M was added. PVA and DNA solutions were then mixed for 4 hr. After
mixing the solutions, thin film is fabricated on glass substrate by dip coating
technique. Film thickness can be varied either by changing the viscosity of

solution or by increasing the number of coating layers.
2.4. RESULTS AND DISCUSSIONS

Fig. 2.3 shows absorption spectra of DNA- PVA solution measured at

different temperature (30-55 0 C). In all temperature DNA shows absorption peak
at 260 nm which is the characteristics of DNA absorption and is consistent with
reported result of enhancement in absorption at 260 nm with increase in
temperature. This band is due to the absorption of light by nucleic acid bases of

DNA. Significant increase in absorption peak in the absorption spectra of the
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sample describe temperature increased hyperchromic shift on increase in light
absorbance at 260 nm region. Both native and denatured DNA are capable of
absorbing UV light at a wavelength of 260 nm due to the aromaticity of
nitrogenous bases. However, the stacking of nitrogenous bases in native DNA
interferes with UV absorption, resulting in a lower absorbance. Denaturation
disrupts such stacking, allowing for more absorbance by the bases. Thus increase
in absorbance indicates the degradation or unwinding of DNA molecule from

double stranded structure [21].

Open aperture Z-scan is plotted in Fig. 2.4 for three temperature at

intensity 50 MW/cm . Transmittance is minimum at the focus and increases
steadily on both sides of the focus indicating RSA. Fitting of the experimental
open aperture Z-scan plot to theoretical curve describes the TPA induced RSA.
Two-photon absorption is possible in DNA at 532 nm corresponding to twice the
wavelength of the main absorption peak (260 nm) [22-24]. From analysis it is
found that two photon absorption coefficient of DNA varies in the range

approximately 0.5 c/GW to 0.02 c/GW as temperature varies from 30 to

55°C. Thus our studies show the decrease in two photon absorption cross
section as temperature is increased. The absorbance at 260 nm leads to more
atoms in excited state compared to lower state. This leads to saturation in ground
state absorption thereby leading to decrease in two photon absorption
coefficient. From absorption spectra it is clear that increase in temperature leads
to denaturation or unwinding of the DNA molecule. Also Z-scan curve shows
decrease in two photon absorption coefficients which is a measure of loss of

double stranded structure.
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Figure: 2.3. Absorption spectra of DNA in PVA at different temperatures
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Figure: 2.4.0pen aperture Z-scan curve of and DNA in PVA solution at different
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Figure: 2.5. Absorption spectra of dye doped DNA-PVA solution
a. Rhodamine 6G -PVA alone
b. Rhodamine 6G -DNA-PVA

The linear absorption spectra for Rhodamine 6G solution ( 2x 107> M) and
DNA doped Rhodamine 6G solution in polyvinyl alcohol are shown in Fig. 2.5.
Absorption peak of the Rhodamine 6G is prominent in the visible region around
532 nm. The curve b shows the presence of DNA in dye solution as is confirmed

by the presence of the absorption band 260 nm which is characteristics of DNA.

Fig. 2.6 shows the plot related to open aperture Z - scan experiment in
Rhodamine 6G solution at resonance wavelength of 532 nm with typical laser
fluence of 175 MW/cm®. At this wavelength, which is close to peak of the
absorption band, saturable absorption (SA) behavior is observed. Since increase
in transmission with increased intensity is observed at this wavelength. In this
wavelength the linear absorption coefficient is very large, and strong pumping
leads to saturation rather than RSA. Fig. 2.7 shows the open aperture curve of
dye solution doped with 1 wt% of DNA. An important point to be noted is a
small dip at the focal point. As the concentration of DNA increased to 2wt %
(Fig. 2.8) the dip develops into a well defined RSA structure within the SA
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pattern. In other words the sample shows SA behavior away from focus and
RSA behavior near the focus. Similar observations of switching from SA to RSA
have been observed in other studies. For example Rhodamine B dye in methanol
and water, Zinc meso-tetra tetrabenzoporphyrin (ZnmpTBP), polymethine dye
and coordination compound [25-28]. In Rhodamine B the behaviour is due to the
aggregation of dye moleules in higher concentration [25]. In ZNmpTBP the
behavior was attributed to the excitation of population into higher excited state
at higher intensities, giving rise to RSA and the SA behavior was given as due to
the saturation of the triplet state T1[26]. In polymethine dye this behavior was
attributed to irreversible damage induced by the input pulses [27]. For
Ruthenium and Osmium complexes of modified terpydines, the saturation
behavior was explained due to the formation of compounds and the RSA portion
as being due to TPA of the solvent [28]. In the present case, the observed
behavior is due to the effect of DNA.

To estimate saturation intensity and nonlinear absorption coefficient,
experimental data were fitted with numerical simulations. To analyse the flip of
saturable absorption around focus, we combine a saturable absorption coefficient

and the two photon absorption coefficient (TPA) as

a(l) = “OI ny e (2.19)
1+T

S

where the first term describes saturable absorption and the second term describes

reverse saturable absorption resulting from two photon absorption, oy is the low

intensity absorption coefficient, I and I are laser radiation intensity and

saturation intensity, respectively, while 3 is nonlinear absorption coefficient.

The normalized transmittance for open aperture Z-scan is given by the

equation
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. 1+22%2
TZ)= y=—~"°24 (2,20
(2) Z - (2.20)

where | :(l_efaut) /a,Z 18 the longitudinal displacement of the sample from

focus (Z=0), a. is the nonlinear absorption coefficient. |, is the peak intensity at
focus, L. is the effective interaction length, «,is the linear absorption

coefficient, L is the sample length z ;is the Rayleigh length.

Theoretical fit of the experimental data is obtained by the substitution of
Eq.2.19 into Eq.2.20 [29]. In Fig. 2.6 - 2.8 solid line show theoretical fit to the
experimental data. In Fig. 2.6 theoretical fit give saturation intensity,
Is =105 MW/cm” and two photon absorption coefficient, = -0.24 cm/GW. In
Fig. 2.9 saturation intensity, I, =140 MW/cm® and two photon absorption
coefficient, fis 0.54 cm/GW.
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Figure: 2.6. Open aperture Z-scan curve of Rhodamine 6G in Polyvinyl alcohol
solution
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Figure: 2.7. Open aperture Z-scan curve of DNA (1 wt%) doped in Polyvinyl alcohol
solution of Rhodamine 6G (Note a small dip in the transmission peak at
the focal point.)
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Figure: 2.8. Open aperture Z-scan curve of DNA (2 wt %) doped Polyvinyl alcohol
solution of Rhodamine 6G.
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To estimate the role of DNA in Rhodamine 6G, we also carried out open
aperture Z-scan measurements on DNA (2 wt %) in PVA and PVA alone at the
same laser power. As shown in Fig. 2.9 no obvious nonlinear absorption effect
was found for PVA alone. But DNA in PVA shows strong nonlinear absorption
leading to two photon absorption ( £=0.01 cm/GW). This indicates that the

switch over from SA to RSA is due to extra absorption arising due to two photon
absorption in DNA. The absorption saturation of Rhodamine 6G at 532 nm is
represented as the SA behavior in Rhodamine 6G-PVA system. The influence of
DNA on the nonlinear character of the Rhodamine 6G-PVA solution lead to

RSA near the focal point.
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Figure: 2.9. Open aperture Z-scan curve of polyvinyl alcohol solution (PVA) and
DNA —PVA solution

Fig. 2.10 shows the absorption spectra of dye DNA — PVA thin film and
dye —PVA thin film structures. The characteristic absorption peak of the DNA at
260 nm is shifted to 280 nm. This may be due to the change in micro
environment of DNA molecule in the thin film. DNA based films are promising

candidates for optoelectronic applications due to observed amplified
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spontaneous emission ASE enhanced fluorescence, low optical loss and nearly

zero background emission. Fig. 2.11 is the open aperture Z-scan curve of the dye
doped DNA —PVA film. Curve “a” is Z-scan curve of Dye-PVA alone exhibiting
SA behaviour. As we increase the concentration of DNA (0.5 wt% to 2 wt %),

film shows switching over from SA to RSA.
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Figure: 2.10. Absorption spectra of dye doped DNA- PVA thin film

2.0+
/:«\ a a -DNA Owt%
VA b DNA 1wt%
e "-k c-DNA 1.5wt%
— 15 e d-DNA 2wt%
3" % .
E" o.'/; .,
2 / ~ b \
1] e W,
.E _______,.‘./..0 .?;;“_s{f > r‘"v:.:h:“ Ch S
2 e ek
A
WA
«?#d
05 T T T T
-30 0 30
z(mm)
Figure: 2.11. Open aperture Z-scan curve of DNA doped Rhodamine 6G  Polyvinyl
alcohol thin film of thickness 500 zz m
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2.5. CONCLUSIONS

In summary, the absorption spectra and Z-scan studies show DNA-PVA
matrix is very sensitive to temperature and gets denatured as we increase the

temperature. Two photon absorption coefficient of DNA-PVA matrix decreases

from 0.5 cm/GW to 0.02 cm/GW as temperature increases from 30 ’Cto55°C.
Our Z-scan experiments have revealed interesting features of the nonlinear
absorption properties of DNA doped rhodamin6G-PVA solution. At 532 nm
excitation SA behavior was observed for Rhodamine 6G —PVA solution. On
doping DNA at 2 wt% in Rhodamine 6G —PVA solution, we have observed
RSA behavior near focus and SA behavior away from focus. Saturation intensity
and nonlinear absorption coefficients were estimated by performing numerical
fitting to the experimental data. DNA plays good role in the nonlinear behavior
of Rhodamine 6G-PVA solution. The simultaneous occurrence of several
nonlinear processes in dye-DNA- PVA system can be made use of in developing
various photonic devices. In thin film of dye -PVA matrix we observed direct

switch over from SA to RSA by increasing the concentration of DNA.
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Abstract

Studies on amplified spontaneous emission from Dye-PVA-DNA systems
are described in this chapter. The light amplification and optical gain studies in
different dye doped DNA-PVA matrices are carried out by varying the pump
intensity, concentration of dye and DNA etc. Amplified spontaneous emission
(ASE) intensity and lasing threshold are compared in dye doped PVA samples
with and without DNA molecule. Lasing is obtained by pumping with a
frequency doubled Nd:YAG laser at 532 nm with 10 ns pulse width. Enhanced
light amplification and optical gain of the dye —PVA medium are observed. As
the concentration of DNA increases, there is a decrease in the lasing threshold
and enhancement in ASE intensity. Thin solid film of DNA has been fabricated
by treating with polyvinyl alcohol PVA) and used as host for the laser dye
Rhodamine 6G. The edge emitted spectrum clearly indicated the existence of
laser modes and amplified spontaneous emission (ASE). This film produces a
Fabry-Perot optical cavity effect enabling laser emission with FWHM of 0.2 nm.
A solid state laser based on dye doped deoxyribonucleic acid (DNA) matrix is
described.

The results of this chapter are published in
B.Nithyaja et.al., Appl Opt.48 3521-3525(2009)
[“also reprinted in Virtual Journal for Biomedical Optics (VJBO), September 4, 2009”]
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3.1. INTRODUCTION

The continued development of photonics technology is crucially
dependent on the availability of suitable optical materials. Biomaterials are
emerging as an important class of materials for a variety of photonic
applications. The most important and famous biomaterial known to man is DNA,
the polymeric molecule that carries the genetic code in all living organisms. It is
clear that the unique structure of DNA results in many optical and electronic
properties that are extremely interesting for photonic applications. DNA is
reported to be an efficient host for certain luminescent organic and
organometallic molecules in both solution and solid state thin films [1-5]. For
example, Kawabe et al. have reported synthesis and film formation method of
complexes composed of DNA, lipid and Rhodamine 6G and have observed
amplified spontaneous emission (ASE) from relatively highly doped DNA films
under pulsed laser excitation [4]. DNA — CTMA thin-films doped with the
luminescent dye sulforhodamine (SRh) have been reported to exhibit
photoluminescence intensity more than an order of magnitude higher than that of
SRh in (poly methyl methacrylate), which is a popular polymer host. Other
lumophores have also been reported to luminescence very efficiently in DNA
thin films [3].

Qualitative investigations of amplified spontaneous emission of light from
organic dyes have been reported by a number of authors. In most cases nano
second and pico second light pulses are used as a pump source to get ASE [6-
10]. The important features of dye lasers are wide range of their tunability (near
ultraviolet to the near infrared), high gain and the possibility of pulsed and
continuous wave operation. These properties make dye lasers as attractive
sources of coherent tunable radiation. It is showed that most of the dyes lase in

the solid, liquid or gas phases [11].
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The dye lasers in liquid form cause a number of practical difficulties
mainly related to the need of employing large volumes of organic solutions of
dyes that are both toxic and expensive. Also, each dye has a limited range of
tunability (5 nm to 20 nm) so that the dye has to be changed for different
wavelength regions. This, together with the need for complex and bulky cell
designs for the continuous circulation of the solution, has restricted the use of
these laser systems outside the laboratory. A solid-state dye laser avoids the
problems of toxicity and flammability and they are compact, versatile and easy
to operate and maintain. The importance of organic solid-state lasers using
variety of host and lumophore combinations are discussed in various reviews
[12-18]. The first observations of stimulated emission from solid matrices doped
with organic dyes were reported as early as 1967 by Soffer and Mcfarland [16].
The synthesis of high performance dyes and the implementation of new ways of
incorporating the organic molecules into the solid matrix have resulted in
significant advances towards the development of practical tunable solid state
lasers. Organic materials, in particular, offer advantages such as ease of
processing, which permits the fabrication of devices in virtually any shape and
potentially at a very low cost. The combination of the tunability and high
efficiency of laser dyes with the high power density that can be easily achieved
in waveguide structures make devices based on dye-doped organic material
waveguides and fibers very promising [19,20]. There have been numerous
investigations on laser emission from polymer planar micro cavities and polymer
micro ring lasers, as well [21-23]. Recently, a tandem organic light-emitting
diode structure, excited electrically in the pulsed domain and confined within a
double interferometric configuration, was observed to emit a low-divergence
beam with a near-Gaussian spatial distribution. The emission originates from the

laser dye Coumarin 545 T used as dopant [24].
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In the present chapter we report the observation of amplified spontaneous
emission (ASE) and multimode laser emission from DNA -Poly Vinyl Alcohol
solution and PVA -DNA blended film doped with Rhodamine 6G. Polyvinyl
alcohol (PVA) has excellent film forming, emulsifying and adhesive properties.
Since DNA and PVA are water soluble, it is very easy to make thin film of
DNA-PVA mixture by allowing it to get dry. In the DNA-PVA system we
incorporated Rhodamine 6G (Rh 6G) dye, which is usually employed to
characterize solid —state dye lasers in a variety of solid hosts. Spectroscopic and
stimulated emission measurements were performed in liquid and solid samples
of Rh 6G-PVA system and Rh 6G-DNA-PVA matrix.

3.2. MATERIALS AND METHODS

Poly Vinyl alcohol solution of 8 wt% concentration was prepared by
dissolving appropriate amount of PVA into distilled water at 80°C under
continuous stirring for 3 hr. Weighed DNA powder (SRL, extracted from
herring sperm) were added to prepared PVA solution. Rhodamine 6G dye was
then added to PVA -DNA solution in desired concentration. After mixing the
solutions by stirring for 4 hr, thin film waveguides were fabricated on glass
substrates by dip coating technique. These films show best optical transparency
in the visible spectral range. Film thickness can be varied either by changing the

viscosity of solution or by increasing the number of coating layers.

Fig. 3.1 shows the schematic diagram of the experimental set up. The
samples were transversely pumped using 10 ns pulses from a frequency doubled
Nd:YAG laser (Spectra Physics LAB-1760, 532 nm,10Hz). A set of calibrated
neutral density filters were used for varying the pump energy. The laser beam
was focused on to a stripe shape on the samples from normal incident angle
using cylindrical lens. The size of the strip was 1 x 4 mm. Fluorescence emission
from the sample was collected from the edge by a fiber and directed to a 0.5 m

— Photonic Applications of Biomaterials with Special Reference to
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spectrograph (Spectra Pro-500i) coupled with a cooled CCD array. The distance
between collecting fiber and waveguide edge was 1cm. We kept one end of the
excitation strip at the edge of the waveguide. The intensity of fluorescence
emission is measured as a function of pump pulse energy. This helps us to
determine the threshold energies and confirm spectral narrowing of the emission
spectra as excitation intensity is enhanced. The emitted beam from the edge of
the sample is so strong and highly directional that we could collect it even

without any focusing.

Cylindrical lens Weutral
denzity filter
| |. |_| WNdv¥aAG
|_| 533nm
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Collecting Fiber
pectrograph CCD
bssembly

Figure.3.1. Schematic diagram of experimental set up.

3.3. THEORY OF AMPLIFIED SPONTANEOUS EMISSION

Amplified spontaneous emission is a phenomenon readily observed in
organic dye solution when the sample is excited by intense light pulses. The
spontaneously emitted light is amplified through a single pass in the gain
medium by stimulating the emission of more photons as it travels down the

length. It does not require a population inversion but needs a sufficient number
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of excited state molecules along the optical path length. The favourable
condition for strong ASE is a high gain medium combined with a long path
length in the active material. ASE occurs in a gain medium with long path length
either by internal multiple reflections or extended medium. In contrast to
spontaneous emission, ASE possesses certain distinctive features of laser
emission such as directionality, spectral narrowing, limited coherence, reduced
pulse width, low threshold, intense beam and saturation of gain [19]. The gain is
strongest at the wavelength where the cross section for stimulated emission is
highest. This leads to narrowed spectral line width. The ASE threshold
behaviour arises from the saturation. If the travelling wave becomes strong
enough to extract all the stored energy (Isat), the output grows linearly with the
pump power as observed in an ordinary laser. Since the ASE shows features of
laser emission to some extent even in the absence of any external cavity, it is

also known as a mirrorless lasing [25-27].

The measurement of optical gain in terms of the ASE intensity exhibited
by extended length of the gain medium is an efficient way of analyzing the
potential of the material as a laser medium. A single pass gain measurement
proposed by Shaklee et al. is the widely used method to determine the gain of a
medium [27]. In this method, gain medium is excited with a cylindrical lens to
form a stripe like structure. As mentioned above, it does not require a population
inversion but a sufficient number of excited states along the optical path length.
Gain occurs when the amplified spontaneous emission of photons exceeds the
loss due to reabsorption and scattering. ASE gain is the ratio of light intensity
emitted to incident intensity per unit length of the pumped gain material. In
materials with high gain, ASE intensity can be high similar to that of multiple

pass gain build up in a cavity with mirrors. A signature of ASE is the gain
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narrowing of the fluorescence spectrum. As the pump energy increases the

spectrum changes from a normal fluorescence to pure ASE.

According to the theory described by Shaklee et al. the rate of change of

fluorescence intensity with the length of the pumped region in one dimension is

ﬂ:APO + gl (31)
dx

Where 1 is the fluorescence intensity propagating along the x axis.

g =g'—a, is the net optical gain where g’ is the gain due to stimulated

emission and o account for all the optical losses.
AP, — the spontaneous emission proportional to pump intensity.

The solution of this equation with respect to pump length is;

I= AFs
g(1)

where Po— pump intensity

[exp(g(2))) —1] ..(3.2)

A — a constant related to spontaneous emission cross section

[ — length of the pumped stripe.

The relation(3.2) shows the exponential growth of the output emission
intensity from the dye doped films with the excitation length of the gain
medium. For positive values of g (A) the output intensity will exponentially
grow and correspondingly a spectral narrowing will be observed since the
amplification occurs to a greater extent in certain wavelengths. Thus gain
coefficient is wavelength dependent. Shaklee et al. measured the single pass gain

of dye medium by comparing the intensities of ASE for two excited stripes of
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length 7 and //2 for a constant wavelength [27]. The gain equation for a length of

/2 can be written.

FA(A)
g(4)

I(A,112) = [exp(g(A)!12)) -1] .(3.3)

From equations (3.1) and (3.2), the net gain can be obtained as,

_ 200 1O
g_lln{l(l/Z) 1} ...(3.4)

Equation (3.4) applies only for pump powers up to the onset of
saturation.The gain coefficient can also be calculated by fitting the function for

emission intensity of ASE with the experimental data.
3.4. RESULTS AND DISCUSSIONS
3.4.1. Light Amplification from Dye Doped DNA-PVA Solution

To study the nature of emission from the Rhodamine 6G dissolved in
PVA, the emission spectra are recorded for various pump intensities starting
from 0.5 mJ/pulse with the excitation length of 4 mm. Dye concentration is
varied from 0.5x10 “*to 5x10 > M. Fig. 3.2 shows the emission spectra from
Rhodamine 6G (0.5 x10 *M) doped PVA solution under different values of
pump intensity. At low pump intensities fluorescence spectra recorded is highly
broad with a spectral width of 40 nm. At 2.5 mJ there is a tendency for spectral
narrowing and amplification of intensity. The spectral width is reduced to 30nm
in this pump energy. DNA at 1.5 wt% is added to study the effect of DNA on

ASE of Rhodamine 6G in PVA. The result of the amplification measurements in
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the DNA —PVA sample are shown in Fig. 3.3 for the same dye concentration.
With the increase in pump intensity, the fluorescence emission spectra become
narrow and give amplified spontaneous emission and sharp peak appeared when
pump energy increased to 2.5 mJ. This shows DNA plays important role in ASE
of dye in PVA. Fig. 3.4 and 3.5 shows emission spectra of dye — PVA and DNA

added system of dye concentration 1.5x10 *M at different pump intensity. As
we increase the concentration of dye both systems show ASE while increasing
pump intensity. However sharp ASE peak is appeared at DNA added system at
lower pump intensity. This indicates that presence of DNA reduces ASE

threshold value in dye PVA system.
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Figure:3.2. ASE from Rhodamine 6G (0.5x10’4 M) doped PVA for different pump
intensities at excitation lengths of the pump beam 4mm, where a, b, ¢, d, e,
f are ASE spectrum at 1, 1.5, 2, 2.5, 3, 3.5 mJ respectively.
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Figure: 3.3. ASE from Rhodamine 6G (0.5x10’4 M) doped DNA-PVA for different
pump intensities at excitation lengths of the pump beam 4mm, where a, b,
c, d are ASE spectrum at 1, 1.5, 2, 2.5 mJ respectively.

Further investigations are done by changing the concentration of DNA.

Fig. 3.6 contains the plots of amplified emission of Rhodamine 6G (1.5x10 *M)

at different concentration of DNA with increasing pump intensity. It is clear that

as concentration of DNA increases the emission intensity increases and lasing

threshold decreases. The threshold pump power for observing laser oscillation is

significantly less for DNA added system. The most remarkable feature of this

experiment is that the presence of DNA lowers lasing threshold leading to higher

gain characteristics in comparison with pure dye in PVA.
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Fig. 3.7 shows change in Full width half maximum of ASE spectrum of
above mentioned system. Spectral narrowing power of the sample is high for
DNA added system compare to its counterpart Dye —PVVA system. At particular
pump power the FWHM is less for DNA added system. The spectral narrowing
is very prominent at higher pump intensities where the FWHM was reduced to a
value of 0.3 nm.

Our studies show that the DNA plays an important role in laser emission
from dye-PVA-DNA system. Many fluorescent dyes can readily be intercalated
into helices of DNA. These dye molecules can be situated inside the double
helix structure or at some grooves (minor or major) beside the main chains. The
intercalation or groove binding of dyes in the DNA strand make molecules
getting isolated from each other thereby reducing the fluorescence quenching
caused by aggregation. In the case of Rhodamine 6G, there has not been any
evidence of complete intercalation. More studies are required to clarify the
microscopic structure and the effects of intercalation on the spectral properties of
laser dyes. To understand the fluorescence enhancement due to Rhodamine 6G —
DNA intercalation we have measured fluorescence spectra of dye-PVA system
and DNA added system using non coherent source at 532 nm. Significant
enhancement in the fluorescence is not observed in this case even though there is
a slight tendency to enhance intensity. In this context we assume that the reason
for gain enhancement may be due to the nonlinear absorption of DNA molecule
in dye-PVA system. In chapter 2 we have discussed the effect of DNA on
nonlinear absorption of Rhodamine 6G. In the presence of DNA the pump beam
532 nm will excite both dye and DNA molecule by one photon absorption and
two photon absorption respectively. The two photon absorption (TPA) of DNA
induces RSA thereby exciting DNA molecules to a level which matches with
one of the higher state of Rhodamine 6G. The excited DNA molecules will
transfer their energy to Rhodamin6G leading to enhancement in the gain of
Rhodamine 6G-PVA system in the presence of DNA molecules.
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Figure: 3.7. Full width half maximum of ASE spectra vs pump intensity

ASE spectrum of highly concentrated dye solutions are shown in Fig. 3.8.
It is clear from the figures that dual band is appeared by increasing pump energy.
Simultaneous occurrence two distinct peaks are observed when pump energy
reaches 2 mJ. The dual ASE should be attributed to the existence of two distinct
molecular species in the excited state producing gain independent of each other
at different wavelength. The two excited species responsible for the dual ASE
differ only on their vibronic mode. The measurements ASE spectra give
evidence that the system consists of two fluorescent species monomers and
dimers. At high concentrations the dye molecules come near together by random
motion and they interact with one another and forms closely spaced pairs. As the
dye concentration increases, apart from dye monomers also dimmers and
aggregates of higher order may form in a solution [28, 29]. Fig. 3.9 is the ASE
spectra of the same system with DNA at 1.5 wt% with various pump power. In
this system the occurrence of multiple ASE bands is not significant compared to
previous one. This indicates less aggregation of dye molecules in DNA-PVA
solution. This analysis shows that DNA effectively prevents aggregation of dye
molecules at higher concentration. The reason for this phenomena is explained

in chapter 1.
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Figure: 3.9. ASE from Rhodamine 6G (1.5x10’3 M) doped DNA-PVA for different
pump intensities at excitation lengths of the pump beam 4mm, where a, b,
c, d, e are ASE spectrum at 1, 2, 2.5, 3 mJ respectively.

3.4.2. Light Amplification from Dye Doped DNA-PVA Film

Thin film based studies are important in device fabrication point of view.
To study the nature of emission from the dye doped (1x10™* M) DNA-PVA
blended film; the emission spectra are recorded for various pump intensities
starting from 3 mJ/pulse. Fig. 3.10 shows the emission spectra film thickness
530 pum for different values of pump energy. At lower pump intensities
fluorescence spectra are broad with a spectral width of 25 nm.Amplification of
the light emission and spectral narrowing are observed when the pump intensity
is gradually increased. To understand the nature of amplified spontaneous

emission (ASE) in detail, the dependence of peak emission intensity on incident
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pump intensity is studied (Fig.3.11).As is evident from the plots, threshold pump
energy of around 6 mJ/pulse is observed for the occurrence of ASE. Similar
observations were made by previous workers also. However, in contrast to the
reports available in the literature we observed mode structure at higher pump
power (Fig.3.12). It is observed that at higher pump power one mode selectively
gets excited to high intensity with narrow width about 0.2 nm.
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Figure: 3.10. ASE from dye doped PVA-DNA thin film for different pump intensities.
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Laser emission requires an external feed back. In the present structure,
there are no external mirrors to provide the feedback. Lasing studies are
performed in the film along with the substrate. With this arrangement the film

acts as an asymmetric waveguide with air and glass on both sides of the film.

The Fabry-Perot like behavior of an asymmetric thin-film waveguide was
explained to be quite similar to that of thin film micro cavities [30-33]
.Considering the sample geometry and pumping scheme, the modes of this
cavity are analogous to the transverse modes of Fabry-Perot type cavity. Thin
film structure can be modeled as a serially connected Fabry-Perot etalon. In this
case stimulated emission occurs in the direction along the stripe. Both the
stimulated emission along with the propagation in the guiding gain medium and
the feedback at the lateral faces induces high gain for laser action. The system
can also be thought of as the distributed feed back (DFB) device [34]. The mode
spacing at A can be calculated using equation for mode spacing in Fabry—Perot

cavity, namely,

12
B 2nlL

AL ...(4.1)
Where 1 is the wavelength of the strongest emission line, » is the refractive
index and L is the length of the resonator cavity. In the present case, the length
of the Fabry—Perot cavity corresponds to the thickness of the polymer film with
the values for 4, » and thickness as 566 nm, 1.5 and 530 x«m respectively, we get
the mode spacing as 0.201 nm, which is same as the observed value 0.2 nm. To
confirm this observation, dye doped films with different thicknesses were
studied. With the film of thickness 213 um, the spacing observed was 0.48 nm

against the theoretical value of 0.50 nm.
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The spectral width of the emission (FWHM) is summarized in Fig. 3.13 as
a function of pump energy. It is clear from the figure that the line width is
converged to 0.2 nm in strong pumping region. This value is also found to be

very small when compared with other dye doped DNA matrix.
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Figure: 3.13. Line width of emission spectra at different pump energy levels

In order to study the effect of DNA as a host material for thin film lasers,
we performed same experiment on dye doped PVA film under the same
experimental conditions. Although the film showed strong fluorescence under
the same pumping condition, mode structure is absent (Fig.3.14) even though
there is a tendency to reduce line width in fluorescence emission spectra. By
comparing the figures 3.10 and 3.11 it is clear that DNA plays important role in
laser emission. The ASE not only depends on the type of host material, but on
the quality and morphology of the films. In our case morphology of the PVA
film may be modified by adding DNA, which may favour the ASE.
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3.5. CONCLUSIONS

DNA-PVA matrix has been found to be an excellent host material for the
laser dye Rhodamine 6G. The intensity of amplified spontaneous emission is
enhanced with the addition of DNA is observed. The threshold value of ASE is
found to be less compared to system without DNA. We have observed
multimode laser emission from transversely pumped dye-doped DNA-PVA
blended film. Reflections from the lateral faces of the film provided optical
feedback. This together with the guidance through the gain medium gave rise to
intense narrow emission lines. For pump energy of 6 mJ/pulse an intense line
with FWHM was observed at 0.2 nm due to energy transfer from other modes.
This value is found to be very small when compared with other dye doped DNA
matrix. These results establish the occurrence of lasing action in dye doped
DNA-PVA system could be of considerable application in the design of different

optical elements.
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Abstract

Highly fluorescent colloidal silver nanoparticles are prepared in agueous
solution of DNA at room temperature by standard reduction method. The
absorption spectrum of silver nanoparticles showed the appearance of a broad
surface plasmon resonance peak centered at 410 nm at higher concentration of
DNA. The nonlinear optical properties of above nanoparticles are investigated
using Z-scan technique at 532 nm. The nonlinear absorption coefficient of Ag

nanoparticles depend on the concentration of DNA at low pump power of

50MW/cm? . It is observed that at high pump power of 175 MW/cm? , nonlinear
absorption coefficient has less dependence on the concentration of the DNA. The
photoluminescence study shows emission of silver nanoparticles is getting
enhanced as concentration of DNA increases. At higher concentration of DNA
the fluorescence maximum of silver nanoparticles shifts towards red as the

excitation wavelength is increased.

The results of this chapter are published in
B.Nithyaja et.al.”Proceedings of SPIE 8173, 81731K (2010)



Chapter 4

4.1. INTRODUCTION

In recent years, there has been growing interest in developing photonic
devices based on organic materials. Biomaterials often show unusual properties
which are not replicated in conventional organic or inorganic materials. Among
biological molecules deoxyribonucleic acid (DNA) has been used extensively as
a biotemplate to grow inorganic quantum confined structures because of its well
defined sequence of DNA base and a variety of super helix structures [1-5].
DNA template has also been described as smart glue for assembling nano
particles. In general, synthesis of nano particles based on DNA template has
been done by incubating metal ion coated DNA in a reducing agent solution.
The ion DNA complexes control the release of metal ions, slow down their
reduction and effectively inhibit metal ions from growing into big clusters.
Nano-structures of metals such as silver, gold, palladium, platinum, copper, and
nickel have been successfully synthesized by using DNA network templates [1-
5].

Nonlinear optical and electronic properties of colloidal suspensions of
metal nanoparticles have drawn special attention because of their strong and
size-dependent plasmon resonance absorption and their applications as nonlinear
materials for optical switching, optical limiting, beam flattening and computing
because of their relatively large third-order nonlinearity and ultra fast response
time [6-8]. Silver nanoparticles have received increased attention in the past few
years due to its large third order nonlinearity. A large number of investigations
have been carried out to study nonlinear optical properties of metal nano
particles dispersed in different optically transparent solid matrices and liquids
[9-14]. However, not much work has been done on nonlinear optical property of
the metal nanoparticles in aqueous solution of DNA. An advantage of colloidal
suspensions compared with fabrication of structures in solid matrix is that the

nanoparticles in suspension are easily reconfigurable. The nanoparticle
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environment in colloidal system is composed of the solvent and stabilizing
agents adsorbed on the nanoparticles surface to avoid aggregation. The solvent
and the stabilizing agent may change the optical properties of the nanoparticles
in different ways [14, 15]. In this chapter we report the results obtained from
investigation of nonlinear optical properties of silver nanoparticles prepared in

aqueous solution of DNA.

A large number of reports are available in literature dealing with study of
photo luminescence properties of silver nanoparticles dispersed in different
optically transparent solid matrices and liquids [16-19]. Fluorescent dyes can be
easily intercalated into the helices of the DNA biopolymer whereby the intensity
of the fluorescence is greatly enhanced. In this chapter we also discuss photo
luminescence (PL) properties of silver nanoparticles at different concentrations

of DNA and at different excitation wavelength.
4.2. SYNTHESIS

Silver nano particles are synthesized in aqueous solution of DNA (SRL,
extracted from Calf thymus) by standard reduction technique. A 20mL solution
with a concentration of 0.25 mM AgNO3 (Alfa Aesar) and DNA with different
concentration (0.05 wt%, 0.1 wt%, 0.15 wt %,) in water is prepared. While
stirring vigorously 0.6 ml of 10 mM NaBH4 (Merck) was added at once. Stirring
was stopped after 30 s when the silver nano colloid is formed. The addition of
DNA results in stable solutions of silver nano particles at room temperature and
found to be stable for several months. Two major challenges often faced in the
preparation of nano crystals in solution are Ostwald ripening and agglomeration.
Use of capping agents prevent these by effectively shielding the surface of the
nuclei as soon as they are formed and thus preventing them from coming into
direct contact with solution. Often molecules with longer chains are used as

capping agents [12]. In our case DNA acts as a capping agents as well as
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template for nano particles using the double helix nature of DNA. Per helix turn
of the DNA can produce one major groove and one minor groove. Based on this
structural mode, major groove of the DNA is the suitable place for the
nanoparticles growth where the space is big enough to accommodate
nanoparticles. The nucleation may occur first starting from the Ag+ bound on
the DNA base or the phosphate groups, and then the silver ions are slowly
reduced to the metallic silver on the nucleation site. The growth of the silver

nanoparticles are finally blocked by the major groove of DNA [13].
4.3. ABSORPTION SPECTROSCOPY

Before carrying out the characterization of the optical nonlinearities, the
linear absorption spectra of silver nanosol in different concentrations of DNA is
obtained. Optical absorption measurement is an initial step to observe the nano
sol behavior. For silver nano colloid, the surface plasmon absorption band lies in
the 410 nm region. Metal nanoclusters have close-lying bands and electrons
move quite freely. The free electrons give rise to surface plasmon absorption
band in metal clusters, which depends on both the cluster size and chemical
surroundings. Absorption spectra of silver nanosol in three concentrations of
DNA (0.05 wt%, 0.1 wt%, and 0.15 wt% respectively) are shown in Fig. 4.1. It
is clear from the figure that, the Ag plasmon resonance lies around 410 nm and
absorption is less for higher concentration of DNA. This indicates that silver
nanoparticles are formed in all concentrations of DNA even though the number
of silver nano-particles formed at higher concentrations is less. The surface
plasmon resonance (SPR) peak of silver nanoparticles mentioned in many other
previous reports is around 410 nm [4, 5] which is consistent with our

observation.
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Figure: 4.1. Absorption spectra of silver nanoparticles in aqueous solution of DNA,
(where C1, C2, C3 represent 0.05 wt%, 0.1 wt%, 0.15 wt% of DNA
respectively).

4.4, SCANNING ELECTRON MICROSCOPY (SEM)
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Figure: 4.2. SEM images of the silver nanoparticles synthesized at different
concentrations of DNA (A, B, C represent 0. 05 wt%, 0. 1 wt%, 0.15 wt%
of DNA respectively).

26KV X20,000 fpm 0000 1045 SEI

Photonic Applications of Biomaterials with Special Referenceto
Biopolymers and Microbes



Chapter 4

Fig. 4.2 illustrates the SEM images of silver nanoparticles at different
concentrations of DNA template. Number of silver nanoparticles formed is less
at higher concentration of DNA. It is clear from pictures that the particle

separation is high as concentration of DNA increases implying less aggregation.
4.5. OPEN APERTURE Z-SCAN

One of the important applications of silver nano colloid is in the field of
photonic materials due to its large third order nonlinearity. Fig. 4.3 is the plot of
open aperture Z-scan measurement which shows the nonlinear absorption of

silver nano colloid in three different concentrations of DNA template at a typical

fluence of 50 MW/cm? for an irradiation wavelength of 532 nm. The data are
analyzed by using the procedure described by Bahae et al [20], which is
described in chapter 2. Z-scan results can be analyzed using two photon

absorption processes. The obtained values of the nonlinear absorption coefficient
and imaginary part of the susceptibility (Im y 3) at an intensity of 50 MWi/cm®

are shown in Table 4.1. In this fluence these values are found to be useful for
practical applications [14-17]. Also we have observed that as concentration of
DNA is increased the nonlinear absorption decreases. This is due to the effect of
DNA on silver nano sol. As concentration of DNA increases the number of
silver nanoparticles formed is less, which is clear from absorption spectra and
SEM images. In effect the nonlinear optical property of the silver nanosol

decreases.

Nonlinear optical properties of nanoparticles are strongly influenced by
the surface plasmon resonance (SPR) absorption. It is observed that a laser pulse
can cause inter band or intra band electron transition in the metal nanoparticle
system depending on the excitation wavelength and intensity. The excited
electrons are free carriers and lead to transient absorption. This also leads to
strong nonlinear absorption. Nonlinear scattering of nanoparticle also contribute
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to nonlinear absorption. From table 4.1.and absorption spectra, it is clear that
the nonlinear absorption decreases by approximately 30% when going from C1
to C3 while the height of surface plasmon absorption changes by 10% only. This
discrepancy may be attributed to nonlinear scattering. As concentration of DNA
increases number of silver nanoparticle in solution is decreased so that nonlinear
scattering is also decreased. Here enhanced absorption of the silver nanoparticles
may be due to the interaction between the nanoparticles with DNA matrix which
support them. The surface plasmon resonance associated with collective
oscillations of electrons in the nanoparticles is strongly influenced by the host
dielectric function. Optical response of the nanoparticles may vary when
dielectric function of the surface layer of the nanoparticles changes with
stabilizing agent [14]. Here DNA acts as a good stabilizing agent for the

nanoparticles.

Fig. 4.4 shows the open aperture Z-scan curves of the same sample at
higher fluence of 175 MW/cm®*. The obtained values of the nonlinear absorption

coefficient # and Im % at an intensity of 175 MW/cm® are given in Table 4.2.

At high pump power the value of the £ is found to be decreased compared to low

pump power even though it shows high optical nonlinearity. The increase in the
laser intensity induces bleaching in the ground state absorption, which results in
a transmittance increase (SA process). This may be the reason for the decreased
nonlinearity at high pump power. 1t is clear from the Fig. 4.4 and table 4.2 that
at high pump power the nonlinearity of the prepared samples do not depend on
the concentration of the DNA. This is due to the effect of DNA on nonlinear
optical properties of silver nano particles. At high pump power DNA shows third
order optical nonlinearity [21-23]. So at high pump power as concentration of
the DNA increases, the number of silver nanoparticles formed are less, at the

same time nonlinearity of the DNA increases with concentration. These two
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effects compensate each other. In effect at high pump power the concentration of
DNA does not effect the nonlinearity of silver nano sol.
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Figure: 4.3. Open aperture Z-scan curves of silver nanoparticles in aqueous solution

at different concentration of DNA at a typical fluence of 50 MW/cm? .

(where C1, C2 ,C3 represents 0.05 wt%, 0.1 wt%, 0.15 wt% of DNA
respectively)

Table: 4.1.  Measured value of nonlinear absorption coefficient £ and imaginary part

of third order susceptibility Im[x“)] for silver nanoparticles in
aqueous solution at different concentration of DNA at a typical fluence
of 50 MW/cm®

Concentration of DNA S cmGW Im[ ¥ ®1x10 7" esu
0.05wt% 295.634 5.048
0.1wt% 265.467 4.537
0.15wt% 212.173 3.626
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Figure: 4.4. Open aperture Z-scan curves of siver nanoparticles in aqueous solution at
different concentration of DNA at a typical fluence of 175 MW/cm?
(where C1, C2, C3 represents 0.05 wt%, 0.1 wi%, 0.15 wt% of DNA
respectively)

Table: 4.2. Measured value of nonlinear absorption coefficient / and imaginary

part of third order susceptibility Im[y®] for silver nanoparticles in
aqueous solution at different concentration of DNA at a typical fluence

of 175 MW/cm?

Concentration of DNA S cmGW Im[ ¥ ¥1x10 7" esu
0.05wt% 91.619 1.448
0.1wt% 92.09 1.456
0.15wt% 89.058 1.418

To estimate the role of DNA on nonlinear optical property of silver
nanoparticles we also performed open aperture Z-scan measurements on DNA
(0. 05wt %) in water at laser intensity of 50 MW/cm® and 175 MW/cm?. As
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shown in Fig. 4.5 no obvious nonlinear absorption effect was found at 50
MW/cm? but DNA shows strong nonlinear absorption at 175 MW/cm?
(= 12 cm/GW). Marek Samoc et al. reported that DNA shows moderate
nonlinear absoption at 532 nm [23]. Nonlinear optical property of the DNA

depends on the polymerisation of DNA, molecular weight, host material etc.
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Figure: 4.5. Open aperture Z-scan curves of agueous solution of DNA (0.05 wt%) at a
typical fluence of 50 MW/cm?and 175 MW/cm?

To examine the optical limiting property of the silver nanopartcles in
DNA matrix the nonlinear transmission of the silver nano sol is studied as a

function of input fluence (Fig. 4.6). The fluence level for optical limiting at 532 nm

for different concentration of DNA is found to be 88 MW/cm?. An important
term in the optical limiting measurement is the limiting threshold. It is obvious
that the lower the optical limiting threshold, the better the optical limiting
material. Optical limiters are devices that transmit light at low input fluences or
intensities, but become opaque at high inputs. The optical limiting property
occurs mostly due to mechanisms like excited state absorption, two-photon

absorption and nonlinear scattering as well. [24].
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Figure: 4.6. Optical limiting performance of siver nanoparticles in aqueous solution
with different concentration of DNA. (Where C1, C2, C3 represents
0.05wt%, 0.1wt%, 0.15wt% of DNA respectively)

4.6. FLUORESCENCE EMISSION

Fluorescence spectra of silver nanoparticles are recorded using
spectrofluorimeter (Cary Eclipse). Figure 4.7 shows the fluorescence emission
spectra for silver nanoparticles at different concentrations of DNA(C1- 0.05
wit%, C2-0.1 wt%, C3-0.15 wt% of DNA). The excitation wavelength was fixed
at 250nm and emission spectra were recorded. Silver nano particle showed
fluorescence peak at 530 nm at less concentration of DNA and fluorescence
peak get blue shifted by 100 nm by increasing the concentration of DNA from
0.05 wt% to 0.15 wt%. The emission in the region 400-600 nm is in good
agreement with the previous report [16-19]. The luminescence of silver metal is
generally attributed to electronic transitions between the upper d band and
conduction sp band [16-19]. It is clear from the Fig. 4.7 that fluorescence signal
has been enhanced seven times as concentration of DNA changes from 0.05wt%
to 0.15 wt%.
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Reduction in aggregation will show fluorescence emission related to
lower concentration which will cause, apart from fluorescence enhancement,
blue shift in fluorescence peak with enhanced DNA concentration.
Nanoparticles, as described above, can be situated inside the double helix
structure or at some grooves beside the main chains. Because of the intercalation
or groove binding of nanoparticles in the DNA strand, particles get isolated from
each other, thereby reducing the fluorescence quenching caused by aggregation.
This may be one of the reasons for fluorescence enhancement in the case of
silver nanoparticles also. Similar enhancement in fluorescent emission is
observed in the case of dyes in DNA matrix [25-28]. The SEM image shows that
silver nano particles stay apart as concentration of DNA increases. At higher
concentration of DNA, the longer polymer chain introduces large spatial block
for the aggregation of the nano particles. It decreases quenching of the
fluorescence of silver nanoparticles. This may lead to enhancement in the
fluorescence intensity at higher concentration of DNA.
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Figure: 4.7. Photoluminescence spectra of the silver nanoparticles stabilised by DNA
excited at 250nm(c1, c2, c3 represents 0.05 wt%, 0.1 wt%, 0.15 wt% of
DNA respectively)
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Fig. 4.8 shows the fluorescence emission spectra for silver nanoparticles
at different concentration of DNA (C1-0.05wt%, C2-0.1wt%, C3-0.15 wt% of
DNA) at excitation wavelength 350 nm. Here also silver nanoparticles show
fluorescence peak at 530 nm at less concentration of DNA and fluorescence
peak get blue shifted by 100nm by increasing the concentration of DNA from
0.05 wt% to 0.15 wt%. This figure clearly shows fluorescence enhancement as
concentration of DNA changes from 0.05 wt% to 0.15 wt%.
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Figure: 4.8. Photoluminescence spectra of the silver nanoparticles stabilised by DNA
excited at 350nm (c1, c2, c3 represents 0.05 wt%, 0.1 wt%, 0.15 wt% of
DNA respectively

Fig. 4.9 shows the emission spectra of silver nanoparticles with different
concentration of DNA at excitation wavelength of 420 nm (SPR peak). Here also
we observed the same nature of fluorescence enhancement as concentration of

DNA increases.
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Figure: 4.9. Photoluminescence spectra of the silver nano particles stabilised by DNA
excited at 420nm (c1, c2, c3 represents 0.05 wt%, 0.1 wt%, 0.15 wt% of
DNA respectively
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Photoluminescence spectra of the silver nano particles stabilized by
DNA (0. 15 wt %) excited at different wavelength

The excitation wavelength dependence on the fluorescence emission of

silver nanoparticles is studied. Significant excitation wavelength dependence

oo [
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on emission spectra of silver nano particles is observed at higher concentration
of DNA. Excitation wavelength dependence of silver nano particles prepared in
DNA of concentration 0.15 wt% is displayed in Fig. 4.10. The fluorescence
maximum shifts towards red as the excitation wavelength is increased. The red
shift in fluorescence emission as a function of excitation wavelength may be due

to size distribution of the silver nano particles in medium.
4.7. CONCLUSIONS

In conclusion, we synthesized highly stable silver nano particles in
aqueous solution at room temperature by standard reduction method using DNA.
The linear and nonlinear optical properties of silver nanoparticles at three
concentration (0.05 wt%, 0.1 wt%, 0.15 wt %) of DNA is studied. Absorption
spectra shows the Ag plasmon resonance lies around 410nm and silver nano-
particles formed at higher concentration are less. The nonlinear absorption

coefficient S and imaginary part of third order susceptibility depend on the

concentration of DNA at low pump power of 50MW/cm? It is observed that at
high pump power of 175 MW/cm? the nonlinear absorption coefficient (5) and
imaginary part of third order susceptibility do not depend on the concentration of
the DNA. The imaginary parts of third order nonlinear optical susceptibility
measured by Z-scan technique revealed that silver nano particle synthesized in
aqueous solution of DNA have good nonlinear optical response and could be
chosen as ideal candidate with potential applications for nonlinear optics. We
have studied photo luminescence of silver nanoparticles at different
concentration of DNA. It is observed that the emission of silver nanoparticles is
getting enhanced as concentration of DNA increases. The fluorescence
maximum shifts towards red as the excitation wavelength is increased for silver
nanoparticles prepared at higher concentration of DNA, which can be attributed

to the size distribution of particles in the media.
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Linear and nonlinear optical properties of

silver nanoparticles stabilized by
bovine serum albumin
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Abstract

We have synthesized highly stable silver nanoparticles in aqueous
solution at room temperature by standard reduction method using bovine serum
albumin (BSA) as a stabilizing agent. The nonlinear optical properties of
nanoparticles are investigated using Z-scan technique at 532 nm. The obtained

nonlinear absorption coefficient and negative nonlinear refractive index are
found to be 88.36 cm/GW and -5.1x10 "esu respectively. The real and
imaginary part of third order susceptibility of silver nanoparticles are found to
be 1.553x10 "esu and 0.7x10 "esu respectively. The silver nanoparticles in

BSA template show good optical limiting property.

The results of this chapter are published in
Nithyaja B et.al., Journal of Nonlinear Optical Physics and Materials VVol.20 No.1(2011)



Chapter 5

5.1. INTRODUCTION

There is a keen interest in the different preparation technique for obtaining
materials at the nanometer level, and today it constitute a major area of research
due to its potential application in biology, catalysis, optical, magnetic and
electronic devices [1-4]. One of the challenges in nanomaterial synthesis is
developing methodologies with biological molecules as templates for nano
material synthesis. Nano scale biocompatible materials are currently receiving
considerable attention in biological applications [5-8]. Many preparation
techniques have already been reported to produce Ag nanoparticles however,
relatively few methods produce silver nanoparticles stabilized with

biomolecules.

Bovine serum albumin (also known as BSA) is a serum albumin protein
that has numerous biochemical applications can be used as good stabilising
agent in nanoparticle synthesis. Biological macromolecules are capable of
controlling nucleation and growth to a remarkable degree through
biomineralization. A simple and convenient method for the synthesis of gold,
silver and their alloy nanoparticles in a foam matrix using the protein bovine
serum albumin (BSA\) is reported [8]. There are many reports in literature where
polypeptides/ proteins have been used to assemble nanoparticles or the
nanoparticle surfaces have been modified by protein/polymer coatings. Studies
on nanoparticle synthesis using DNA were the subject matter of chapter 4. In
this chapter we describe the work related to the synthesis of silver nano particles

using BSA biopolymer.
5.2. EXPERIMENTAL METHODS

Silver nano particle is synthesized in aqueous solution of BSA (SRL) by

standard reduction techniqgue. A 20 mL solution with a concentration of
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0.25 mM AgNO; and bovine serum albumin at preferred concentration in water
are prepared. While stirring vigorously 0.6 ml of 10 mM NaBH4 was added at
once. Stirring was stopped after 30 seconds. The solution became deep yellow in
colour and is stable for several weeks. The silver nanoparticles are characterized
by UV-VIS absorption spectroscopy and scanning electron microscopy method.
The photoluminescence of silver nanosol in BSA is studied using spectro

fluorimrter. Z-scan study is performed at 532 nm on Ag nano sol.

5.3. RESULTS AND DISCUSSIONS
5.3.1. Characterization of Nanoparticles

Silver nanosol is synthesized successfully in aqueous solution of BSA by

standard reduction technique using AgNO , and NaBH4. Before carrying out the

characterization of the optical nonlinearities, the linear absorption spectra of
silver nano sol in BSA matrix was obtained. Optical absorption measurement is
an initial step to observe the nanosol behaviour. Absorption spectra of silver
nanosol at different concentration of BSA is shown in Fig. 5.1. A strong
absorption peak at approximately 410 nm originating from the surface plasmon
resonance (SPR) is observed at all concentration of of BSA. BSA possesses a
zwitterionic character at the iso electric point with exposed ionic groups (C and
N terminus) at the side chains of the globular protein, which are present in
solution and are promising sites for binding cationic and anionic groups.
Molecular interactions between the functional groups on the protein surface and
the Ag+ ions in solution determines particle formation and arrangement. The
affinity of the Ag+ ion to proteins generally depends on the interaction of Ag+
with the amino acid side chains [8]. The good symmetric absorption peak

implies that the size distribution of the nanoparticles is narrow.
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Fig. 5.2 shows SEM picture of the silver nanoparticles formed on BSA
template. SEM image shows aggregation of small particles into big size, which
may be due to the evaporation of solvent during film formation.
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Figure: 5.1. Absorption spectra of silver nanoparticles in aqueous solution of BSA

(where cl, c2, c3 represents BSA concentration 0.05, 0.1, 0.15wit%
respectively)

0000 11 45 SEI

Figure: 5.2. SEM image of of silver nanoparticles in BSA template.
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5.3.2. Optical Properties of silver nanoparticles stabilized by the

protein bovine serum albumin

The luminescence spectrum of the silver particles stabilized by the BSA in
aqueous solutions shows an emission peak at 340 nm and 538 nm upon
photo excitation at 250 nm (Fig. 5.3). To estimate the role of BSA on
photoluminescence of silver nanoparticles, we have taken photoluminescence of
aqueous solution of BSA alone. BSA shows strong fluorescence at 348 nm
(Fig. 5.4). This indicates that the peak at 340 nm is the fluorescence peak of the
BSA. The peak at 538 nm shows the presence of silver nanoparticles. The
luminescence of silver metal and that of noble metals is generally attributed to
electronic transitions between the upper d band and conduction sp band. The

emission in the region 400 — 600 nm is in good agreement with the previous report

[9-12].

200 +

n
5 |
S 150 . i
=
£ . \
o I
z ]
£ 1004 i H
3 ] =
c [ ] L]
s |
Q
7]
2 50 w
(=]
3
S

. Ea

T T T T T T T T
300 400 500 600 700

wavelength(nm)

Figure: 5.3. Photoluminescence from silver nanoparticles in BSA template
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Figure: 5.4. Photoluminescence from aqueous solution of BSA

Fig. 5.5 is the plot of open aperture Z-scan measurement which shows
(curve b) the nonlinear absorption of silver nano sol in BSA matrix at a typical
light intensity of 175 MW/cm? for an irradiation wavelength of 532 nm. The
data are analyzed by using the procedure described by Bahae et. al [13]. The
obtained values of the nonlinear absorption coefficient £ and imaginary part of
the susceptibility (Imy®) at an intensity of 175 MW/cm? are 88.36 cm/GW, 1.448
x 107 respectively. In this intensity level these values are found to be good while
comparing the results of other investigations reported in literature [14-19]. In
Fig. 5.5 Z-scan curve ‘a’ corresponds to aqueous solution of BSA alone,
exhibiting low value of nonlinear optical coefficient (£ is 73.6 cm/GW). Here
the presence of silver nanoparticles enhances the NLO effect by excitation of

SPR of silver nanoparticles through energy transfer between BSA molecules and

silver nanoparticles.
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Figure: 5.5. Open aperture Z-scan curve at 175 MW/cm * of (solid line shows
theoretical fit)

a. BSA alone
b. silver nanoparticles in aqueous solution of BSA

To examine the optical limiting property of the silver nanopartcles in BSA
matrix the nonlinear transmission of the silver nano sol is studied as a function
of input intensity (Fig. 5.6). The light intensity level for optical limiting at
532nm is found to be 34 MWj/cm?. The mechanism producing nonlinear
absorption is the reverse saturable absorption (RSA) or excited state absorption

or two photon absorption [19].
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Figure: 5.6. Optical limiting performance of silver nanoparticles in aqueous solution
BSA
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Figure: 5.7. Experimental result for closed aperture Z-scan of silver nanoparticles in
aqueous solution of BSA.

Typical closed-aperture z scan traces of silver nano sol in BSA template is
shown in Fig. 5.7 at an intensity of 175 MW/cm?. The closed-aperture curve
exhibits a peak-valley shape, indicating a negative value of the nonlinear
refractive index n,. For samples with sizable refractive and absorptive
nonlinearities, closed-aperture measurements contain contributions from both
the intensity - dependent changes in the transmission and in the refractive index.
By dividing the normalized closed-aperture transmittance by the corresponding
normalized open-aperture data, we can retrieve the phase distortion created due
to the change in the refractive index. The value of the difference between the
normalized peak and valley transmittance Tp-v can be calculated from the closed
aperture Z-scan plot. The nonlinear refractive index n, and the real part of the

nonlinear susceptibility [Rey’] are given, respectively, by Eq 5.1 and 5.2.
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n,(esu) = Cn, AT, ...(5.1)
407% 812(1-S)® L4 1,

nyN, (esu)

Re y@ (esu) =
3z

...(5.2)

The negative nonlinear refractive index n, and the real part of y’evaluated
using the above equations are -5.1 x 10" esu and 0.7 x 10”esu respectively. The
observed peak-valley structure is the sign of negative nonlinearity which is
either electronic or thermal in origin. Therefore the value of nonlinear refraction

coefficient is due to the combined effect of these two mechanisms.
5.4. CONCLUSIONS

Highly stable silver nanoparticles in agueous solution at room temperature
is synthesized by standard reduction method using bovine serum albumin (BSA)
as a stabilizing agent. Prepared solution shows strong absorption peak at 416 nm
originating from the surface plasmon absorption of nanosized silver particles in
aqueous solution of BSA. The photo luminescence spectra shows emission peak
at 538nm at excitation wavelength of 250 nm.The nonlinear optical properties
were investigated by a single beam Z-scan setup. The nanosol show an excellent
nonlinear optical property. The obtained nonlinear absorption coefficient and
negative nonlinear refractive index are found to be 88.36 cm/GW and -5.1x107 esu
respectively. The real and imaginary part of third order susceptibility of silver
nanoparticles is found to be 1.553x10” esu and 0.7x107esu. The silver
nanoparticles in BSA template show good optical limiting property with a
threshold of 34 MW/cm? Silver nanoparticles in BSA template are potential

candidate for optoelctronic device application.
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Abstract

This chapter discusses band gap tunability of CdS nanoparticles in
biotemplates deoxyribonucleic acid (DNA) and bovine serum albumin (BSA).
DNA is more efficient in controlling the size of the nanoparticles compared to
BSA. Since nanoparticles are capped with biomaterials, they are very useful for
biolabeling. The photo luminescence spectrum of CdS nanoparticles in DNA
template shows sharp emission peak at 490 nm with shoulders at 430 nm and
530 nm while that of CdS in BSA template has emission peak at 530 nm with
shoulders at 477 nm and 410 nm. We also studied excitation wavelength
dependence on fluorescence emission of CdS nanoparticles stabilized with DNA
and BSA. The excitation wavelength dependent shift of PL peak is found to be
between 40 and 50 nm for a change in excitation wavelength from 260 to 420 nm.

The results of this chapter are communicated to Journal of Applied physics
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6.1. INTRODUCTION

Synthesis of semiconductor nanoparticles having a controlled size
distribution has attracted significant interest in research because of their
luminescent properties, quantum size effects and other important physical and
chemical properties. The broad area of applications include solar energy
conversion, optoelectronic devices, molecular and cellular imaging and trace
detection. A major feature of semiconductor nano particles is the quantum
confinement effect, which leads to spatial enclosure of the electronic charge
carriers within the nanocrystal. The spectral properties of these semiconductor
nanocrystals can be controlled effectively by tuning the size, composition,
surface properties and crystal structure of the nanocrystals. Because of this effect
we can tune the light emission from these media throughout the ultraviolet,
visible, near-infrared, and mid-infrared spectral ranges. For instance, the band
gap emission is tunable over wide wavelengths by adjusting an appropriate size
of the particle. The particles prepared from such application viewpoint will be
useful as a fluorescent agent for optical and biotechnological applications. In
comparison with organic dyes and fluorescent proteins, semiconductor quantum
dots represent a new class of fluorescent labels with unique advantages and
applications. For example, the fluorescence emission spectra of quantum dots
can be continuously tuned by changing the particle size, and a single wavelength

can be used for simultaneous excitation of all different sized quantum dots [1-10].

CdS is one of the most important II-VI semiconductor compound having
excellent optical properties. It is a direct band gap material of energy band gap
2.42 eV at 300 K. Considerable amount of effort has been devoted to the
synthesis and study of optical property of CdS related nanoparticles and quantum
dots. Biological applications of CdS quantum dots has increased dramatically
because of its unique spectral properties, which enable simultaneous multiplex

labelling and detection [11, 12]. Most importantly, highly monodispersed CdS

mi Photonic Applications of Biomaterials with Special Reference to
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nanocrystals can be synthesized via size restricting growth modes. Adding
surface capping organic materials to the solution is one of the ways to achieve
growth restriction. This simple preparation method has opened the way towards
tunable light emitting devices and low voltage display devices. One of the highly
cited methods for making CdS or CdSe quantum dots is organometallic
precursor [13]. Lee and Chang have reported an efficient and non-corrosive
polysulphide electrolyte for CdS quantum dot sensitized solar cell application.
The efficiency of the CdS-sensitized solar cell was 1.15% [14]. Bulk CdS shows
an absorption onset of 2.42 eV and absorbs radiation in the visible region.
Semiconductor nanoparticles are known to exhibit unique size dependent optical
properties, which make them attractive from the viewpoint of integrated
photonic devices. There is significant change in the properties when the
dimensions of the nanocrystallites become comparable or less than the Bohr
radius of the excitons corresponding to the widening of the energy gap as size
decreases. In CdS, quantum size effect is observed for crystallite dimensions
below 5 nm which is approximately the Bohr exciton diameter in CdS [15].
Because of the quantum confinement effect, semiconductor nanocrystals exhibit
size dependent, molecular like discrete electronic and optical transitions.
Nanocrystalline CdS has been prepared by different workers using various
techniques such as pulsed laser deposition, chemical bath deposition, spray
pyrolysis, successive ionic layer adsorption and reaction, screen printing and
sol—gel spin coating method [16-20]. Chemical method is a simple and really

cost efeective method.

Among biological molecules deoxyribo nucleic acid (DNA) and bovine
serum albumin (BSA) have been used extensively as a biotemplate to grow
inorganic quantum confined structure and to organize non biological building
blocks into extended hybrid materials because of their physicochemical stability

and unique structure [21-24]. The integration of nanotechnology with biology

Photonic Applications of Biomaterials with Special Referenceto  _— JE§IY
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and medicine is expected to produce major advances in molecular biology, and
bioengineering. The development of functional nanoparticles that are covalently
linked to biological molecules such as peptides, proteins, and nucleic acids are the
recent advances in biotechnonolgy. For example nickel has been successfully
synthesized by using DNA network templates [22]. Using biomolecule as a template
to synthesis inorganic nano particles is an effective method to fabricate functional
materials with well defined structure and controllable dimensions. We adopted the
preparation technique reported by Yong Yao et.al. [23] to synthesize CdS nano
particles in both DNA and BSA templates. The size and assembly of nano
particles can be controlled by changing the amount of biological molecules in
medium. In the present chapter we compare the band gap tunability and
photoluminescence properties of CdS nano particles in two biological template,

DNA and BSA.

6.2. SYNTHESIS

All chemicals and biopolymers used in this work were obtained from
commercial sources (SRL, Merck). DNA and BSA capped CdS nanoparticles
were synthesized according to published procedures [23]. The concentration of
BSA and DNA were varied from 0.05 wt% to 0.2 wt%. Cadmium acetate at
50mM solution and DNA solutions were mixed completely. Thiourea solution
was added to the prepared mixture and heated at 70 % C for 100 min. The yellow
reaction product was filtered and dried in a desicater to obtain yellow coloured
CdS nano particles. We used aqueous solution of BSA to prepare BSA coated
CdS nanoparticles. Concentrations of the both stabilizers needed for effective

capping of CdS particle was found to be in the same range.

6.3. CHARACTERIZATIONS

Optical absorption of the samples prepared with various concentrations of

capping agent (DNA and BSA) were studied. The UV-visible absorption

mi Photonic Applications of Biomaterials with Special Reference to
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spectroscopy has been used to monitor the optical absorption properties of
quantum-sized nano particles. The absorption spectra of the nanoparticles of
CdS in DNA template are shown in Fig. 6.1, where C1, C2, C3, C4 represent
DNA concentration of 0.06, 0.128, 0.16, 0.2 wt% respectively. The spectra
exhibit a well - defined absorption edge in the 400-500 region. Blue-shifted
absorption edge indicating quantum size effect is clearly seen [25]. Fig. 6.2
shows the absorption spectra of CdS nanoparticles in BSA template. In this case
exciton peak appeared around 470 nm which is blue shifted indicating quantum
size effect, where C1, C2, C3, C4 represents BSA concentration of 0.06, 0.128,
0.16, 0.2 wt% respectively. Blue shift in the absorption edge increases with
increase in stabilizer concentrations for both capping agents. Fig. 6.3 shows
absoption spectra of CdS nanoparticles without using DNA and BSA. Here
thiourea is used as a sulphur source and capping agent. In this case the
absorption edge is found to be around 480 nm. In all cases the absorption band is

found to be broad which indicates particle size distribution in samples.

244
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200 b 400 l 600 l 800
Wavelength(nm)
Figure: 6.1. Absorption spectra of CdS nanoparticles at different concentration of DNA
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Figure: 6.2. Absorption spectra of CdS nano particles at different concentration of BSA.
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Figure: 6.3. Absorption spectra of CdS nano particles without adding biopolymers
DNA and BSA
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Optical properties of semiconductor nanocrystals depend on the electronic
structure of valence and conduction bands. As indicated above one of the most
interesting effects of low dimensional semiconductor quantum structures is the
size dependent band gap. There are two cases, called the weak confinement and
the strong confinement regime depending on the particle size is larger than or

smaller than the radius of the electron-hole pair.

A simple model was initially adapted by Efros in 1982 to spherical
clusters with infinite potential wells as boundary conditions [26]. These authors
assumed an energy dispersion close to the valence band maximum (VBM) and
the conduction band minimum (CBM) with effective masses of CBM electron
and VBM hole. This model is called the “effective mass approximation” (EMA).
A further development of the EMA model has been made by Brus [27, 3]. The

latter has introduced the Coloumb interaction. The grain size of CdS
nanoparticles can be determined using Brus equation

E=Eg+h /8K [1/m, +1/m, |~1.8¢" / 4nz,e, R—0.124¢" / (h/ 27r)
(4rg,e,) [l/m: +1/m, T

where E is the onset of absorption of the sample. Eg is the bulk band gap, R is
the radius of the particle, and m, ,m;, are the reduced masses of the conduction
band electron and valence band hole in units of the electron mass, &,is the

vacuum permittivity and &,is the high-frequency dielectric constant. In

semiconductors, the relation connecting the absorption coefficient a, the incident

photon energy hv and optical band gap Eg takes the form
ahv = A(hv - Eg)” ....(6.2)

where A is constant related to the effective masses associated with the bands and

p=1/2 for a direct band gap material, 2 for an indirect band gap material and 3/2
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for a forbidden direct energy gap. Since better linearity was obtained in the

(ahv)® vs hv plot, which is shown in Fig.6.4 (CdS in DNA template), the direct
band gap values were determined by extrapolating the linear portion of these

plots to the energy axis.

24 ]
22 ]
20
18
16 4
14

(ahv)

ENERGY (ev)

Figure: 6.4. The (ahv)’ vs hv plot of CdS nanoparticles in DNA template

Value of the band gap obtained from the absorption spectra are given in
table 6.1. On increasing the concentration of DNA, the optical band gap was
found to increase from 2.58 to 2.92 eV. The reduction in the particle size gives a
shift in the optical band gap of the sample since bandgap increases the particle
size is reduced. Particles capped with BSA at concentration range 0.06 wt% to
0.2 wt% show band gap tunability from 2.58 eV to 2.73 eV. The wide tunability
of band gap is obtained in the case of DNA capped nanoparticles compared to

BSA capped.
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Table: 6.1. Band gap of semiconductor nanoparticles in DNA and BSA

template

ool csaans | S B Capof e G o of
DNA(ev) BSA (ev)
0(Fig. 6.3) 2.58+0.01 2.58+0.01
0.06(C1 in figure) 2.65+0.02 2.64+0.01
0.128(C2 in figure) 2.85+0.01 2.67+£0.02
0.16(C3 in figure) 2.89+0.03 2.70+0.02
0.2(C4 in figure) 2.924+0.02 2.73+£0.03

X-ray diffraction studies were carried out for DNA and BSA capped CdS
samples and a typical pattern for sample C2 is presented in Figs. 6.5 and 6.6.The
XRD pattern exhibits prominent, broad peak at value 27°. The average grain size

of the sample is determined using Scherrer’s equation [28].

D=0.89 1/ S cos & ...(6.3)

where D is the average diameter of the nano particles, A is the wavelength of the
CuKa line (1.54 A®), S is the full width half maximum of the diffraction peak in
radian and @ is the diffraction angle. The average nano particle diameter

calculated from Brus equation and Scherrer formula is shown in table 6.2.

Photonic Applications of Biomaterials with Special Reference to
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Table: 6.2. Particle size of nanoparticles in DNA and BSA template obtained
from X- ray diffraction and optical absorption studies

Wit % of Particle size of  Particle size of  Particle size of  Particle size of CdS in
DNA and CdS in DNA CdS in BSA CdS in DNA BSA template
BSA template template template from from XRD

(nm) (nm) XRD (nm) (nm)
0 4.71£0.01 4.71£0.01 4.69 4.71
0.06 4.19+0.03 4.23+0.03 4.09 4.11
0.128 3.14+£0.02 4.02+0.04 3.28 3.30
0.16 3.03+0.04 3.99+0.05 3.13 3.98
0.2 2.92+0.03 3.68+0.04 2.86 3.58
250
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Figure: 6.5. XRD pattern of CdS nanoparticles in DNA(C3) matrix

As the particle size obtained from X- ray diffraction and optical

absorption studies is smaller than Bohr radius of CdS, the strong confinement
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effect can be assumed to be present in the CdS nanoparticles.
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Figure: 6.6. X RD pattern of CdS nanoparticles in BSA(C3) matrix

6.4. PHOTOLUMINESCENCE STUDIES

Figure 6.7 shows the photoluminescence (PL) spectra of CdS
nanoparticles in DNA template at different concentrations of DNA at excitation
wavelength 260 nm. The PL spectrum shows sharp emission peak at 490 nm
with shoulders at 430 nm and 530 nm. Luminescence spectra is very broad. As
concentration of the DNA increases, PL peak is shifted to blue region indicating
quantum confinement effect. PL behaviour of semiconductor nanoparticles gives
information on the energies and dynamics of photogenerated charge carriers as
well as on the nature of the emitting states. PL occurs when an electron,
undergoes radiative recombination either at valence band (band edge

luminescence) or at traps/surface states within the forbidden gap [28-30]. Here

Photonic Applications of Biomaterials with Special Referenceto  _— JHIE
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emission at 490 nm is the band edge emission due to recombination of the
exciton in the mostly delocalized states in nanoparticles and it determines
crystalline nature of nanoparticles. Prepared samples shows strong PL which
indicates that the surface states remain very shallow, as it is reported that
quantum yields of band edge will decrease exponentially with increasing depth
of surface state energy levels. PL spectrum at 535 nm is usually attributed to trap
state emission arising from surface defect sites. In CdS, defects consist of
cadmium vacancies, sulphur vacancies, interstitial sulphur and cadmium atoms
adsorbed on the surface. Side lobes in the higher energy side of PL spectra is due
to the recombination of charge carriers in deep traps of surface localized states
[28, 31-33]. Fig. 6.8 shows the photoluminescence spectra of CdS nanoparticles
in BSA template at different concentration of DNA at excitation wavelength
260nm. The PL spectrum shows sharp emission peak at 530 nm with shoulders
at 477 nm and 410 nm.The emission band present at 530 nm is known as green

emission band of CdS. Emission at 477 nm comes from band edge emission.

CdS nanoparticles with PL peaks at 509, 535, 569 and 585 nm correspond
to particle size of 1.6, 2.2, 3.1 and 3.4 nm respectively as reported in literature
[28]. In both case, (CdS in DNA and BSA templates) PL spectra consist of many
emission peaks indicating particle size distribution in samples. In this case an
appropriate excitation energy can excite several nanocrystals simultaneously
producing a PL spectrum which contains more than one peak. The present
sample may not be strictly mono dispersed and the structure on the high energy
side of the green emission may be attributed to selectively excited

photoluminescence.
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Figure: 6.7. PL spectrum of DNA capped CdS nanoparticles (where C1,C2,C3,C4
represent DNA concentrations 0.06, 0.128, 0.16, 0.2 wt% respectively)
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Figure: 6.8. PL spectrum of BSA capped CdS nanoparticles (where C1,C2,C3,C4
represent BSA concentrations 0.06, 0.128, 0.16, 0.2 wt% respectively)
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Figs. 6.9 and 6.10 show the excitation wavelength dependence of CdS
nanoparticle in DNA and BSA templates respectively. In both cases when
excitation wavelength changes from 260 nm to 420 nm peak fluorescence shifts
towards red side. The shift in the fluorescence maximum is approximately 50 nm
in the case of CdS in DNA matrix. A 40 nm shift in fluorescence peak is
observed when excitation wavelength changes from 260 nm to 420 nm for CdS
in BSA template. The emission maxima is different for both case. Excitation
wavelength dependence may be due to the broad particle size distribution in the
samples. Different particles may get excited for different excitation wavelength.
The emission maxima is different for nanoparticles prepared in DNA and BSA
templates. The absorption and emission band positions are dependent on the

interaction between the capping agent and nanoparticles.
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Figure: 6.9. Normalized fluorescence spectra of DNA capped CdS nanoparticles as a
function of excitation wavelength.
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Figure: 6.10. Normalized fluorescence spectra of BSA capped CdS nanoparticles as a
function of excitation wavelength.

6.5. CONCLUSIONS

The band gap tunability of CdS nanoparticles in biotemplates de-
oxyribonucleic acid (DNA) and bovine serum albumin (BSA) is studied. The
band gap of these semiconductor nano particles can be controlled effectively by
changing the concentration of biopolymers DNA and BSA. DNA is more
efficient in controlling the size of the nanoparticles compared to BSA. Since
nanoparticles are capped with biomaterials, they are found to be useful for
biolabeling. The PL spectrum of CdS nanoparticles in DNA template shows
sharp emission peak at 490 nm with shoulders at 430 nm and 530 nm. The PL
spectra of CdS in BSA template shows sharp emission peak at 530nm with
shoulders at 477 nm and 410 nm. The emission band present at 530 nm is known
as green emission band of CdS. Emission at 477 nm and 490 nm come from
band edge emission. Studies on excitation wavelength dependence of PL spectra

shows, shift of peak emission towards red side when excitation wavelength

Photonic Applications of Biomaterials with Special Referenceto  _— Jioly)
Biopolymers and Microbes



Chapter 6

changes from 260 nm to 420 nm. The fluorescence emission spectra of

nanoparticles can be continuously tuned by changing the concentration of BSA

or DNA and excitation wavelength. The particles prepared from such viewpoint

should be useful as a fluorescence agent for optical and biotechnological

applications
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Abstract

The growth kinetics of an aerial bacterial colony on solid agar media is
studied using laser induced fluorescence technique. Fluorescence quenching of
Rhodamine B by the bacterial colony is utilized for the study. The lag phase, log
phase, and stationary phase of growth curve of bacterial colony are identified by

measuring peak fluorescence intensity of dye doped bacterial colony.
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Chapter 7

7.1. INTRODUCTION

Microbial growth can be defined as an increase in cellular components. It
leads to an increase in cell number when microorganisms reproduce by
processes like budding or binary fission. Growth also results when cells simply
become longer or larger [1]. Investigating colonial growth of micro organism is
of considerable importance both in theoretical as well as applied research. There
are many ways to measure microbial growth. The most obvious way to
determine microbial number is through direct counting using different
techniques such as microscopic counts, membrane filter technique, plate count
etc. Microbial growth can also be determined by measuring cell mass. The most
direct approach for measuring cell mass is the determination of microbial dry
weight. However, no single technique is always the best; the most appropriate

approach will depend on the experimental situation [1].

The present chapter deals with Laser induced fluorescence (LIF)
technique to study the growth Kinetics of an aerial bacterial colony in a closed
system. Laser Induced Fluorescence has proven to be a versatile tool for a
myriad of applications [2-9]. It is a powerful technique for studying molecular
interactions in analytical chemistry, biochemistry, cell biology, physiology,
nephrology, cardiology, photochemistry, and environmental science. The first
gastrointestinal laser-Induced fluorescence spectroscopy (LIFS) study was
performed by Kapadia et al. in 1990 [2]. In an ex vivo study the authors were
able to discriminate 16 colon adenomas from hyper plastic polyps with a
sensitivity and specificity of 100% and 94% respectively [3]. Rex et al. [4]
utilized laser induced fluorescence to determine NADH in experimental
neuroscience using an optical fiber probe. Giorgadze et al. [5] measured degree
of abnormality of tissue with the help of LIF. Shomacker [6] confirmed the
ability of LIFS to differentiate between neoplastic and non-neoplastic tissue with

a sensitivity and specificity of 80 and 92%. There are many examples in

mﬁ Photonic Applications of Biomaterials with Special Reference to
Biopolymers and Microbes



Studies on Bacterial Colony Growth Dynamics by Laser Induced Fluorescence

biological applications where LIF technique is applied. In bacteriological studies,
the LIF has been shown to be a very sensitive analytical tool to distinguish

between the two species of bacteria [7].

Study on growth kinetics of bacterial colony using LIF was carried out by
doping Rhodamine B dye in culture medium. Rhodamine B is an appropriate dye
for doping because of its high fluorescence quantum efficiency [10, 11]. It was
found that the concentration of Rhodamine B at 0.3x10™ M was appropriate to
give sufficient fluorescence intensity. Higher concentration of the dye effects
bacterial growth negatively.

7.2. EXPERIMENTAL DETAILS

Nutrient agar medium containing 0.3x10* M Rhodamine B dye was used
for the study. The nutrient agar was exposed to air for a short duration and then
incubated at 25°C at room temperature. In general terms, bacterial colonies
grown from single cells on nutrient-poor media show ramified structures, whilst
on nutrient-rich media the compact colonies have an overall circular shape with
a rough edge. The colonies developed on the surface were observed and a
circular colony with regular margin was selected for studying the growth
kinetics. Fig.7.1 shows digital photographic images of the dye doped aerial
bacterial colony formed on agar plate.

Figure: 7.1. Aerial bacterial colony formed on dye doped nutrient agar medium
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The selected pure culture was streaked on to fresh nutrient agar plate
containing Rhodamine B and the intensity of fluorescent emission was measured.
Diode pumped solid state laser of 532 nm (5 mW) with a spot size of 3 mm was
used as an excitation source. The power of the laser source was reduced using
neutral density filters. The laser was irradiated on to the colony in such a way
that it excites the entire colony. A multimode plastic fiber having a core
diameter of 980 um was used to collect the fluorescent emission, which was
placed at an angle of 42 °with excitation source. The other end of the fiber was
coupled to the slit of 0.25 m monochromator-PMT (Mc Pherson) assembly
[Fig.7.2]. The size variation of the growing colonies were measured with the

help of an eyepiece micrometer of a binocular magnifier.

Laser
Nd:YVO4 532 nm

—

Collection fiber Monochromator
PMT-Assembly

Figure: 7.2. Experimental setup to study the growth kinetics of bacterial colony by
using Laser Induced Fluorescence technique
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7.3. RESULTS AND DISCUSSIONS
7.3.1. Effect of Growth of Bacterial Colony on Fluorescence.

The fluorescence spectra of bacterial colony sample marked by
Rhodamine B was studied at different days (Fig.7.3). As seen in this figure the
intensity of emission was reduced with number of days due to fluorescence
quenching by bacterial colony. So it is clear that fluorescence of dye is strongly
quenched by bacterial colony. This indicates that the cultured bacterium was a
gram positive bacterium and it was confirmed with gram staining method. The
quenching effect of dye by gram positive bacterium is due to its thick cell wall.
It consists of a thick layer of peptidoglycan embedded with techoic acids. The
peptidoglycan is the binding site of dye and the thick layer blocks the dye from
further penetrating into the cell. The quenching effect of the dye is due to the

effect of techoic acid [7, 12-14].
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Figure: 7.3. Fluorescence spectra of bacterial colony marked by RhodaminB showing
Quenching Effect. (a,b,c represent fluorescence spectra corresponding
4th,5th ,6th day)
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7.3.2. Growth Kinetics of bacterial colony as inferred from

fluorescent emission intensity
7.3.2.1. Radial growth of bacterial colony as a function of time.

To study the growth dynamics of bacterial colony, radius of the colony vs
time is plotted (Fig.7.4). Radius measurement started after 12 hrs of incubation.
From Fig.7.4, it is clear that after 25 hrs of growth, the colony radius R appeared

to increase linearly with time. Radial growth rate of the colony ( x /) is found to
be 0.083 mm/hr. The value of x . remains constant as long as the growth
condition in the peripheral zone do not change. A plot of area of bacterial colony
against time is shown in Fig. 7.5. Here area increases exponentially after 25hrs
of growth. Rate of exponential growth is calculated to be 0.039 mm? /hr by
theoretical fit. This indicates the exponential growth of bacterial population

associated during this period to exponential phase of colony growth. After 85 hrs,

the growth was terminated. At initial stage also the value of « is found to be

very small. The shape of the bacterial growth curves depends on medium

composition and inoculums density [15].
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Figure: 7.4. Radial growth of Bacterial Colony Vs Time
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Figure: 7.5. Area of the Bacterial Colony Vs Time

Fig. 7.6 shows the typical growth curve of microbes grown in a batch
culture or closed system. Here the growth of microorganism is plotted as the
logarithm of the number of viable cells versus the incubation time. Since the
area of the bacterial colony is proportional to the number of cells in colony it is
possible to compare Fig.7.6 and Fig.7.5. By comparing these two plots it is clear
that the lag phase represents initial points in Fig. 7.5. During the period of 25 to
85 hrs of growth, the area increases exponentially representing exponential or
log phase of growth curve. It is clear from Figs. 7.5 and 7.6 that bacterial colony

enters into stationary phase after 85 hrs of growth.
7.3.2.2. Peak fluorescence intensity vs time plot

Fig. 7.7 shows peak fluorescence intensity vs time plot of growth of
growing bacterial colony. From the figure it is clear that the fluorescence
intensity decreases as bacteria grows. The rate of reduction in fluorescence

intensity was negligible at initial stage (up to 25hr). By comparing with Figs. 7.5
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and 7.6 it is clear that, this stage represents lag phase of bacterial growth curve.
Although cell division does not take place right away and there is no net increase
in mass, the cell is synthesizing new components. The lag phase varies
considerably in length with the condition of the micro organism and the nature
of the medium. After 25 hrs of growth the fluorescence intensity decreases
exponentially. The rate of decay of fluorescence is found to be 0.034 V/hr by

theoretical fit. During this period area of the colony increases exponentially with

a rate of 0.039 mm?/ hr. It is clear that quenching of the fluorescence of dye by
bacterial colony is proportional to the increase in growth rate of the bacterial
colony. This can be identified as the log phase or exponential phase of growth
curve. In this phase micro organisms are growing and dividing at the maximal
rate. That is microorganism are dividing and doubling in number at regular
intervals and their rate of growth is constant. The intensity of the fluorescence is
constant after 85 hrs of growth. This stage represents the stationary phase of
growth curve. Bacterial cells enter into stationary phase mainly because of
nutrient depletion and accumulation of toxic waste products. The reason for
quenching of fluorescence is due to thick layer of bacterial cell wall as
mentioned earlier. Quenching effect of dye is a measure of growth of gram

positive bacterial cells.

Stationary phase

»

Exponential (log)
phase

phase

Log number of viable cells

Time —»

Figure: 7.6. Microbial growth curve in a closed system
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Figure: 7.7. Peak fluorescence intensity vs time plot of growth of growing bacterial
colony.

7.4. THEORY OF GROWTH KINETICS OF BACTERIAL
COLONY

The cultivation of bacteria on the surface of a solid nutrient agar medium
is a general experimental technique. But no satisfactory quantitative theory was
so far proposed to describe the development of bacterial colonies. The growth of
bacterial colonies on the surface of a solid medium is a common process and by
appropriate variation of the environmental conditions a wide variety of colony
morphologies can be observed. To study the growth dynamics of bacteria, it is
necessary to know the rate of development of microbial growth and size of the
colony. A few workers have described simplified model profiles for particular
bacterial species [16-20]. Pirt (1975) developed a model that describes the
growth of a bacterial colony on solid homogeneous surface [16,21] In a
pioneering study of the growth kinetics of surface colonies of bacteria, a virtual

constant rate of radial growth for colonies of Escherichia coli, Klebsiella
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aerogenes and Streptococcus faecalis is observed [17]. Julian W et. al described

simple method for measuring the profile of bacterial colonies[18].

In the present study, the growth dynamics of the bacterial colony was
determined by analyzing fluorescence intensity of dye which is doped in culture
medium. From the study it is found that quenching of the fluorescence is in

exponential manner in log phase.

Let I be the intensity of fluorescence of dye doped bacterial colony at time
t. By assuming that the specific growth rate p remains constant, growth equation

can be written as
dl B
dt

which gives fluorescence intensity at given time t, which describes growth

—ul . (7.2)

dynamics of bacterial colony during exponential phase.
7.5. CONCLUSIONS

Growth dynamics of an aerial gram positive bacterial colony on nutrient
agar medium was studied using laser induced fluorescence technique. This
technique has been shown to be a useful technique for obtaining information
about the different growth phase of the bacterial colony. Quenching effect of dye
by bacterial colony can be effectively used to analyze growth kinetics of
bacterial colony. Quenching effect of fluorescence indicates that cultured
bacteria were gram positive. The rate of quenching of fluorescence of dye from
bacterial colony was proportional to the rate of increase in area of the bacterial
colony which in turn indicates that the rate of quenching of the fluorescence was

proportional to rate of growth of bacteria.
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Conclusions and Future Prospects

8.1 General Conclusions
8.2 Future Prospects
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8.1. GENERAL CONCLUSIONS

Photonics will continue to evolve and play an increasingly significant role
in the technological revolution. The next frontier in organic and photonic
devices is the use of biomaterials, either naturally occurring or artificially
produced based on biological methods. The unique properties of these
biomaterials are not easily replicated in conventional organic or inorganic
materials, which provide another degree of freedom in terms of device design

and produce enhancement in device performance.

In the present investigations, various types of biomaterials suitable for
photonics applications have been described. The results which have emerged out
of these studies are also presented. We used Poly vinyl alcohol (PVA) for
dissolving DNA and dye for carrying out some of the experiments. Since DNA
and PVA are water soluble, it is very easy to make thin film of DNA-PVA
system by allowing it to get dry. Polyvinyl alcohol (PVA) has excellent film
forming, emulsifying and adhesive properties.The absorption spectra and Z-scan
studies in solution showed that DNA-PVA matrix is very sensitive to
temperature and gets denatured with increase in temperature. It was found that

the two photon absorption coefficient of DNA-PVA matrix decreases from

0.5 cm/GW to 0.02 cm/GW as temperature increases from 30 °Cto55°C.
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DNA plays good role in modifying optical behaviour of Rhodamine 6G-
PVA system. Our Z-scan experiments have revealed interesting features of the
nonlinear absorption properties of DNA doped rhodamine 6G-PVA solution. At
532nm excitation saturable absorption behaviour was observed for Rhodamine
6G —PVA solution. On doping DNA at 2 wt%  in Rhodamine 6G -PVA
solution we got RSA behavior near focus and SA behavior away from focus. In
thin film of dye —PVA matrix we observed direct switch over from SA to RSA
as the concentration of DNA is increased. The simultaneous occurrence of
several nonlinear processes in dye-DNA- PVA system can be made use of in

developing various photonic devices.

DNA-PVA matrix has been found to be an excellent host material for the
laser dye Rhodamine 6G. The intensity of amplified spontaneous emission was
found to get enhanced with the addition of DNA. The threshold value of ASE
and full width half maxima of ASE spectrum is found to be less while
comparing with the system without DNA. We also observed multimode laser
emission from transversely pumped dye-doped DNA-PVA thin film. For pump
energy of 6 mJ/pulse an intense line with FWHM of 0.2 nm was observed due to
energy transfer from other modes. This value was found to be very small when
compared with other dye doped DNA matrix. These results establish the
occurrence of lasing action in dye doped DNA-PVA system and could be of

considerable application in the design of different optical elements.

We have discussed optical properties of silver nanoparticles in DNA and
BSA matrix. Both biopolymers act as a good stabilising agent for nanoparticle
synthesis. The nonlinear absorption coefficient £ measured by Z-scan
technique revealed that silver nano particles synthesized in aqueous solution of
DNA and BSA show good nonlinear optical response and could be chosen as

ideal candidate with potential applications for nonlinear optics. The observed £
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value is higher for the silver nanoparticles in DNA matrix compared to those in
BSA matrix. However optical limiting response of silver nanoparticles in BSA

matrix is found to be greater than that of nanoparticles in DNA matrix.

Enhancement in photo luminescence of silver nanoparticles was observed
while increasing the concentration of DNA. The fluorescence maximum got
shifted towards red as the excitation wavelength was increased in the case of
silver nanoparticles prepared at higher concentration of DNA, which can be
attributed to the size distribution of particles in the media. Nanoparticles in BSA
matrix do not show such enhancement in PL intensity while increasing

concentration of BSA.

The band gap tunability of CdS nanoparticles in biotemplates de-
oxyribonucleic acid (DNA) and bovine serum albumin ( BSA) were studied. The
band gap of these semiconductor nano particles can be controlled effectively by
changing the concentration of bio polymers DNA and BSA. DNA is more
efficient in controlling the size of the nanoparticles compared to BSA. Since
nanoparticles are capped with biomaterials, they are very useful for biolabeling.
The PL spectrum of CdS nanoparticles in DNA template shows sharp emission
peak at 490 nm with shoulders at 430 nm and 530 nm. The PL spectrum of CdS
in BSA template has sharp emission peak at 530 nm with shoulders at 477 nm
and 410 nm. The fluorescence emission spectra of nanoparticles can be
continuously tuned by changing the concentration of biopolymers and excitation
wavelength. The particles prepared from such angle will be useful as a

fluorescence agent for optical and biotechnological applications

Growth dynamics of an aerial gram positive bacterial colony on nutrient
Agar medium was investigated using laser induced fluorescence technique. This
technique has been shown to be a useful for obtaining information about the

different growth phase of the bacterial colony. Quenching effect of fluorescence

Photonic Applications of Biomaterials with Special Referenceto gy
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indicates that cultured bacteria belonged to the class of gram positive. The rate
of quenching of fluorescence of dye from bacterial colony was found to be
proportional to rate of increase in area of the bacterial colony indicating that the
rate of quenching of the fluorescence was proportional to rate of growth of

bacteria.
8.2. FUTUTRE PROSPECTS

From results of the studies reported in the present thesis, it is clear that the
unique structure of DNA has optical properties which are interesting with
respect to photonic applications. It requires further research to understand the
mechanism of DNA based photonic devices completely. The significant
enhancement in optical gain and nonlinear optical properties observed in
Rhodamine6G doped DNA-PVA matrix can be explored in detail. This could be
of considerable application in the design of active optical integrated circuits.
Different dye mixtures can be used instead of single dye in DNA-PVA matrix.
This may lead to wide range of tunability in emission and excitation wavelength.
Much research on the basic electroluminescence properties of dye doped DNA-
PVA matrix and demonstrating their full potential in display devices will be a

potential field of future research.

Use of a biological template in nanoparticle synthesis provides a true
opportunity for making different nano structures like nano rods and wires etc.
The optical properties of such nano particles can be investigated with respect to
device applications. Another useful advantage is that biomaterials can lend
themselves for incorporating both inorganic and organic blocks to produce
hybrid structures. In the case of DNA, one can intercalate or incorporate
different active nano blocks within its duplex structure or attach them on the
outer perimeter, which will lead to the development of new multi domain

nanocomposites. The structural properties and specificity of interactions
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exhibited by biopolymers helps to incorporate a different photonic active group
in the bulk of a biomaterial where each domain performs a specific photonic

function.

Laser induced fluorescence (LIF) is one of the best techniques for
analysing microbial activity in different media. LIF technique can be extended to
study mutual interaction of the different microbes in the medium. Fluorescence
techniques coupled with rigorous mathematical treatment may be required for

analysing growth kinetics of different microbes.
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