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Preface

Raman spectroscopy has made a tremendous progress in the last few years. With the
advancement in technology, Raman spectrometers have become small, portable and do not
require a trained person to handle it. Further, many developments have been made in the
technique in order to carry out sensitive detection. The era has seen the discovery of
techniques like Surface Enhanced Raman Scattering (SERS), Tip Enhanced Raman
Scattering (TERS), Shell Isolated nanoparticles Enhanced Raman Scattering (SHINERS) and
lab-on-chip detection technique involving microfluidic devices. This thesis mainly focuses
on Surface Enhanced Raman Scattering. There are two mechanisms that are considered to be
responsible for SERS: electromagnetic enhancement and chemical enhancement.
Electromagnetic enhancement mechanism considers interaction of light with the metal
nanoparticles while the latter comes into picture when a charge transfer complex is formed
between the molecule and the nanoparticles giving rise to new energy states for electron
excitation. Lately, detection by SERS has proved to be a very useful method as one can go up
to single molecule detection. Major application of SERS is in the field of disease detection.
Finding the concentration of contaminants in water, air, detection of toxicity level on food

sample, detecting explosives are its other applications.

Chapter 1 presents an overview of Raman spectroscopy, SERS, SERRS and the theory
behind these techniques. The second half of Chapter 1 gives a basic introduction to the
following chapters. Chapter 2 gives the synthesis, characterization and SERS of

benzotriazole derivatives and also talks about the effect of pH on SERS. Chapter 3 describes
iX



the synthesis of three layer core shell nanostructure Ag@SiO,@Au and its use as a SERS
substrate. In second part of this chapter, importance of capping agent on nanoparticles and its
role in SERS has been shown. Chapter 4 talks about bio detection using SERS, wherein the
synthesis and characterization of magnetic core shell nanoparticles have been discussed and

how DNA detection can be done by adopting a three way detection process.
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Chapter 1

Introduction

The foundation of scattering phenomena of light was laid as early as 1922 when Brillouin
predicted scattering of light by long wavelength elastic sound waves [1]. Later in 1928,
Sir C. V. Raman and K. S. Krishnan discovered the Raman Effect [2], which describes
the inelastic scattering of light by molecules. Soon it was realized that this phenomenon
is an excellent tool to study excitations of molecule and get information about molecular
structure. Raman scattering is a weak process (one part in a million photons get scattered
inelastically) and use of mercury lamps then (not a very good light source) further
disregarded its use as a fundamental tool. The discovery of laser and intense
monochromatic sources in 1960 saw progress in light scattering and the beginning of a
new era. Since then there has been rapid expansion in the versatility of Raman system
that now incorporates microscopes and fiber optic bundles to illuminate and view the
sample. Thus, with the development in technology Raman scattering has emerged out as
very important technique for molecule characterization.

Last few decades have witnessed the growing use of Raman scattering in various fields.
The advantage of using this technique lies in the fact that this technique needs no sample
preparation. Raman scattering measurements can be done in any state of sample like

solid, liquid or gaseous, and is also independent of sample size. But, there is a drawback



associated with Raman scattering, i.e., only one part in a million of total intensity of the
incident light is Raman scattered. This drawback was overcome with Resonance Raman
spectroscopy and with the discovery of Surface Enhanced Raman Scattering (1974),
wherein the signal intensity is enhanced by the use of roughened metal surfaces or metal
nanoparticles. Fleischmann et al. [3] in 1974 observed intense Raman scattering from
pyridine adsorbed onto roughened silver electrode surface from aqueous solution. Later,
Jeanmarie and Van Duyne [4] proposed electric field enhancement mechanism for SERS.
SERS is even more powerful when the laser frequency is resonant with the frequency of
electronic transitions of molecule and this phenomenon is known as Surface Enhanced
Resonant Raman Scattering (SERRS). Both SERS and SERRS are extensively used for
bio detection and ultra trace analysis. In this chapter we briefly discuss Raman scattering
and all phenomena related to it giving an overview of mechanisms happening in different

light scattering processes.

1.1 Raman Scattering

There are several ways in which light can interact with matter: it can be absorbed,
scattered or transmitted. When a light wave (an oscillating dipole) passes through a
molecule, it can polarize the electrons and excite it to a high energy state called virtual
state. In this state, the energy transfer from the light to the molecule can take place
through the formation of very short lived complex between light and electrons. This

complex being unstable releases light in the form of scattered radiation. The actual shape
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of the distorted electronic arrangement will depend on how much energy is transferred to
the molecule and is dependent on the energy of the laser used. Hence laser frequency is
one of the defining factors for the energy of the virtual state and the extent of distortion.

Let us consider an electromagnetic wave with the electric field [5]
E = E, cos(27v,t) D

interacting with the molecule. Then this electric field will induce dipole in the molecule,
given by

P=ca.E .(2)
where & is the polarizability tensor which varies with time and its components can be

represented as elements of matrix

px axx axy axz EX
by |=|ow @, a,|E
| pz | azx azy azz | EZ _

- - . e

a gives the response of electron distribution to the movement of nuclei that oscillate with

the normal mode frequency v,. Thus @& can be expressed as

~

~ ~

a=a,+ (Z—z Qo COS(27v t)+... @
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From Equations (2) and (4), we have

P = aE, cos(27v,t)

= aE, cos(2zv t)+

%{%jo Qo Eolcos{2rm(ve + vy )t} +cos{2z(vo v, )ti]

...(5)
Right side of Eq. (5) has three terms. The first term corresponds to Rayleigh scattering
(elastic scattering) where the scattered frequency is same as the frequency of incident
light, whereas the other two terms correspond to inelastic scattering (frequency shifted)
known as Raman scattering. When the frequency of the scattered light is lower than vy, it
is Stokes scattering while when it is higher it is anti-Stokes scattering as shown in figure

1.1.

P (Vo)

— — — OO

NV VAR Y4
P(vo- Vi)

Vo Vm P /\/\/\/\/\/\

VVVVVYV

P(VO + Vm)

Figure 1.1: Time dependence of linear induced dipoles produced by electromagnetic
radiation of frequency v, [6].



Classical mechanics alone cannot completely explain Raman scattering. It needs
quantum mechanical treatment which describes the interaction of vibrational quantum
states with electromagnetic radiation. These states are defined by a set of quantum

numbers and a corresponding wave function. There are ground and excited electronic

v'=3
vi=2 E=1
A A v’=1
| v’=0
Virtual State ,------- AT-
- u Vfg
~— - - v=-1 E=0
\ 4 v v v=0
S AS S AS
Raman Resonant Fluorescence
Raman

Figure 1.2: Energy level diagram to show the Raman, Resonant Raman and fluorescence
processes.

states each having vibrational energy states. In Rayleigh or Raman scattering, transition
takes place via virtual state (an imaginary state) in which one photon is absorbed and

another photon of same energy (Rayleigh scattering) or of lower energy (stokes lines) or



of higher energy (anti stokes lines) is emitted. Figure 1.2 shows this process. The virtual
state shown here does not correspond to any eigen state of the system and hence is an
unreal state. The time of stay of electrons in these states are very small, that is of the
order of femtoseconds.

The intensity of the emitted radiation, apart from depending on the intensity of incoming
radiation, also depends on the Raman cross section. For the transition from vibrational

state n to m,

In—>m :O-n—>m|o ... (6)

where O, _,, is the Raman scattering cross section, I, is the intensity of the incident

radiation, 1, is the intensity of scattered radiation integrated over all scattering angles

and polarization direction for a non oriented sample. The Raman cross section is related
to Raman polarizability [5] by

‘ 2

4
Ohom &€ (Vo i_Vm) 'pZ‘ap,cr . (7)
(o

taking into consideration that the intensity of electric dipole radiation scales as fourth

power of frequency. The indices p and o denote the molecule fixed co-ordinates.



On the basis of Kramers-Heisenberg-Dirac’s dispersion theory, scattering tensor can be

expressed as

[anm]m :%Z <nG‘Mp‘Rr><rR‘Ma‘Gm> N <RF‘MG‘Gm><nG‘Mp‘Rr>

R,r Var =V — Vo T 175 Var =V TV, H175

...(8)
where M, (M,) is the electronic transition dipole given in terms of molecule fixed co-
ordinate o and p [7,8]. Indices R and r refer to the electronic and vibrational states of the

molecule respectively, tg is damping constant and depends on the lifetime of the vibronic

state Rr. Equation (8) represents the transition between nG to Gm via Rr. The sum
indicates that for any Raman transition, all vibronic states have to be considered and
Raman intensities as well as scattering tensor is controlled by transition probabilities
involving all vibronic states, even though the initial and final states refer to the
vibrational ground and excited states of the electronic ground state.

Another important point to be discussed here is the selection rule for Raman scattering. A
molecule with N number of atoms will have 3N degrees of freedom. Three of these
degrees of freedom describe the translational motion of molecule in space while another
three (two for linear molecule) describe rotational motion. Thus, a non- linear molecule
will have 3N-6 vibrational degrees of freedom or possible vibrations while a linear
molecule will have 3N-5 possible vibrations. But, not all these modes of vibrations are
seen in Raman spectra. For a particular mode of vibration to be observed in Raman or

to be Raman active, there should be a change in polarizability of the molecule. In above
7



equations we saw that both, dipole moment p and polarizability a vary linearly in x, that
is they are said to vary harmonically with x. However, if higher order terms of x are also
included, this will bring in the anharmonicity. This anharmonicity will cause the
vibrational selection rule Av = + 1 to be modified to Av=+ 1, + 2, + 3 and so on. But
these overtone transitions Av = + 2, + 3... are usually weak compared to the transitions
Av = + 1. Few general selection rules for Raman intensity as given by Andreas C.
Albrecht [7] have been summarised below,

1. “ A given pair of pure electronic states cannot contribute to Raman intensity if a dipole
transition to either or both is purely forbidden.”

2. “ A pair of configurations which differ in molecular orbital occupancy by more than
one electron cannot mix (under vibrational perturbation) and as a pair cannot contribute

to Raman intensity .

1.1.1 Resonance Raman scattering

Resonance Raman scattering occurs when the frequency of laser beam, v, happens to be
close to the frequency of electronic transition. Hence, here both the ground state and the

excited states are real states. Eqn (8) for resonance Raman can be simplified to

o], E%Z (nG|M _|Rr)(rR|M_|Gm)

- . (9
- Vg, — U, — U, +i7, ©)

Here the denominator reduces to a small value, and scattering cross section of the



molecule is increased by several folds. Hence, the signal intensity becomes very high
when the resonance Raman condition is satisfied. Again, here one can see several Raman
lines that are shifted from the excitation line by vibrational quanta differing by one. They
correspond to transitions to higher vibrational levels of ground electronic state. Resonant
Raman can be observed in molecules with chromophores like Rhodamine 6G, Cy5

(cyanine dyes) etc.

1.2 Surface Enhanced Raman Scattering (SERS)

Surface enhanced Raman scattering was discovered by Fleischmann et al. [3] in 1974
and later recognized independently by two groups namely; Jeanmarie and Van Duyne [4]
and Albrecht and Creighton [9]. As the name suggests, SERS is the enhancement of
Raman signal due to the presence of roughened metal surface (roughness in the scale of
nanometer, quite easily observed in the case of metal nanoparticles) in the vicinity of
molecules. The Raman signal is enhanced by factor of 10° to 10° times. Due to high
enhancement factor, SERS has been one of the important tools for trace analysis of
molecules and for biodetection. As an example, these have been introduced in the high
denomination Euro notes as security measures. There are two mechanisms considered

responsible for SERS: Electromagnetic Enhancement and Chemical Enhancement [10] .

1.2.1 Electromagnetic Enhancement

Collective oscillations of surface free electrons of a conductor are known as Surface

Plasmons. When the size of the particles or the surface roughness features are smaller
9



than the wavelength of incident light, then the electromagnetic field of light can
effectively couple with these surface plasmons, inducing an electric dipole moment in the
nanoparticles. The incident field excites the surface plasmon causing an additional
electric field component normal to the surface near the sphere. Thus, the field in the
vicinity of the molecule is the sum of the incident field and the induced field.

Let us consider a metal nanoparticle of radius r and complex dielectric constant g(v). Let
there be a molecule at a distance d from this nanoparticle experiencing a field Epm which
is the sum of the incident field and the induced field. The field enhancement factor A(v)

is the ratio of the field felt by the molecule and the incoming field, and is given by

A(v):EM(V): 8—80( r jg

E(v) e&+2¢,\r+d

...(10)

The value of enhancement factor is large when Re (g) = -2¢, and the imaginary part of
dielectric constant is small. Metals like Cu, Ag and Au satisfy this resonance condition at
visible wavelengths and hence exhibit strong SERS. Taking into account, the
enhancement due to laser field and the stokes field, the enhancement factor for stokes
scattering is given by

2

) -z, | | 20 -2, ( r j
e(v,)+2¢, 8(VS)+280‘ r+d

G(v,) = | AW )| |AWS) =

..(11)
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It can be seen from the above equation that the enhancement factor scales as fourth power
of the local field at the vicinity of molecule. Secondly, electromagnetic enhancement
decays with distance as (r/(r+d))'?. Electromagnetic enhancement accounts for

enhancement of about 10* to 10° [11,12].

1.2.2 Chemical Enhancement

Chemical enhancement is basically due to the formation of adsorbate-surface complex
leading to charge transfer phenomena either from metal to molecule or vice versa. It is
attributed to chemisorption interaction, photon driven charge transfer between adsorbate
and substrate, and coupling effect between the electron hole-pair and adsorbed molecules.
Though the process results in weak enhancement, they are responsible for frequency
shifts and relative intensity of spectral bands [13]. Figure 1.3 shows the HOMO and
LUMO of the adsorbate (molecule), the Fermi level of the metal and the charge transfer
directions. Molecules mostly studied by SERS typically have their lowest lying electronic
excitations in the near ultraviolet region which would put the charge transfer excitations
in the visible region of spectrum [10]. Chemical enhancement accounts for enhancement
of about 10-100 in magnitude.

In addition to the above mentioned phenomena, there is another phenomenon which
results in the increase in enhancement factor. This is known as Surface Enhanced
Resonance Raman Scattering (SERRS). It occurs when the laser frequency is tuned to the
excitation frequency of fluorescent molecules adsorbed on roughened metal surfaces or

11



metallic nanoparticles. This leads to large enhancements (10’ to 10'*) in the Raman signal

of molecule.

EVacuum

LUMO

b HomO

Metal Adsorbate

Figure 1.3: Energy level diagram for a molecule adsorbed on metal surface. Possible
charge transfer excitations are shown [10].

1.2.3 Calculation of SERS Enhancement Factor

SERS Enhancement factor can be calculated in the following way [14,15].

1. First the Raman spectra of a molecule of a given concentration Cg, is recorded.
2. Raman integral intensity Ig, of one of the strong bands is calculated.

3. SERS spectra of same molecule at some lower concentration Cs is recorded.
4. SERS integral intensity ls, of the same band is calculated.

Then SERS Enhancement factor G is given by,
12



G=tx .. (11)
R

@) |x(')

S
It should be noted that laser power, accumulation time, scattering geometry etc has to be
same for Raman and SERS measurements. In the following sections it will be discussed
as to how to modify the inherent characteristics of molecule and nanoparticles so as to

achieve high enhancement factor for SERS.

1.3 SERS Markers

SERS markers can be thought of as composite system of metal nanoparticles and
molecules that are Raman active. Metal nanoparticles increase the electric field in its
vicinity and also provide intermediate states for electron transfer from, or to the
molecule. By changing the shape and the size of nanoparticles we can obtain very high
fields at the molecule coupled with charge transfer process discussed in earlier section.
Nanoparticles and their SERS will be discussed in detail in the next section, here the
main attention will be on the molecules and dyes that are Raman active. All molecules
have vibrations associated with them and have some signature in Raman spectrum but all
molecules cannot be used as Raman or SERS markers. This is because the intensity of the
peaks obtained in Raman is very weak due to the selection rules. Moreover, scattering
cross section is also small for small and non-conjugated linear molecules. Raman or
SERS active molecules are molecules mostly with benzene rings and exhibit absorption

in the visible region. These molecules have a signature Raman spectrum. Common

13



Raman active molecules used for SERS are Rhodamine dyes (Rhodamine 6 G,
Rhodamine B), Cyanine dyes (Cy 5, Cy 3.3), cystal violet etc. But these molecules are
highly fluorescent in nature so that their Raman spectrum has a large fluorescence
background and the Raman peaks get masked due to this.

Further, the aim here is to use them for DNA detection process. So, it is required that
these dyes must have end groups that can be easily functionalised to attach to the
oligonucletide, but this is a bit rigorous reaction. Therefore a molecular system should be
designed to overcome these problems. To do this new molecules that act as Raman
markers and are easily attachable to oligonucletides are synthesized. The molecule of
interest is benzotriazole. This molecule and its derivatives are known to act as corrosion
inhibitors for copper and copper based alloys in various corrosive environments [16]. The
corrosive action is due to formation of protective film of copper triazole polymeric
complex at high pH and high potentials whereas it gets adsorbed on copper surface at
low pH and less noble potentials [17] . Hence the molecule shows different behaviour at
different pH. Additionally, this molecule can easily undergo substitution reaction at 1-N

and hence can be modified as per our needs.

AN AN
N N
yd e
N
o
OH
o)

<

A) Ethyl 1H 1,2,3-benzotriazol 1-yl B) 1H 1,2,3-benzotriazol 1-yl
acetate acetic acid
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We have synthesized two different benzotriazole derivatives whose structure have been
shown above, the acetic acid and the ester derivative. These molecules give good Raman
signals. Further, SERS of the acid derivative varies significantly with pH. It binds
through the nitrogen of triazole group at acidic pH and the strong peaks observed in
SERS are mainly of the triazole group. Secondly, the binding is through oxygen of
carboxyl group at basic pH and here again the carboxyl stretching frequency and benzene
ring frequency have stronger signatures while triazole peaks are very weak. So, with the
change in pH conditions, the orientation of the molecule at the surface of the
nanoparticles changes and thus the group which are nearer to the nanoparticle are more
enhanced compared to the others. This property makes it suitable for its application in
DNA detection at variable pH conditions. Benzotriazole can be covalently attached to the
oligonuceotides by a linker molecule mediated by spacer methylene groups. The other
end of the oligonucleotide can be modified to bear a COOH group and the two near ends
sequences can be made such that they are complementary to each other. So in absence of
any complementary oligonucletide sequence, the capture probe forms a stem loop kind
of structure keeping the carboxyl end and the benzotriazole moiety together. It can be
speculated that this structure would facilitate SERS to be observed almost at entire pH
range. Now as the molecule hybridizes with the target sequence the loop opens increasing
the distance between the benzotriazole group and the COOH group. For this

configuration it can be said that SERS signal will be obtained at acidic pH when the

15



molecule orients itself so that the binding takes place through the triazole group. If the
binding happens through COOH group (that is at basic pH), SERS signal would change
confirming that the binding has taken place. So the change can be used to detect the
presence of target oligonucletide.

Another advantage of using benzotriazole derivative molecules is that these molecules
are less fluorescent than the conventionally used Raman active dyes. Chapter 2 describes
the synthesis of these molecules, their characterization and the pH dependent SERS

studies.

1.4 Nanostructures
When a small metal nanoparticle is kept in an oscillating electric field, the conduction

electrons of the nanoparticles also start oscillating coherently as shown in the figure 1.4

[18].

E-field Metal

sphere

g

'

Figure 1.4: Plasmon oscillation of a metallic sphere showing the displacement of
conduction electron relative to nuclei .

e cloud
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A restoring force arises due to the coulombic interaction between the electron and nuclei
resulting in oscillation of electron cloud, relative to the nucleus. Four factors govern the
oscillation frequency: the density of electron, the effective electron mass, the shape and
the size of charge distribution. This collective oscillation of conduction electron in the
presence of an oscillating field is called dipole plasmon resonance of the particle. Higher
modes like quadruple mode of plasmon excitation can occur wherein half the electron
cloud moves parallel to field while the other half moves antiparallel. For metals like
silver, plasmon frequency is also affected by the electrons present in the d-orbital. Figure
1.5A shows the real and imaginary part of silver metal dielectric constant as a
function of wavelength. The second and third plot, 1.5B and 1.5C show the extinction
efficiency, i.e., the ratio of extinction cross section to the geometrical area as a function
of wavelengths for silver sphere of 30 nm and 60 nm respectively. The plots show the
results obtained from both quasistatic theory and Mie theory [18].

As discussed before, plasmon resonances of nanoparticles strongly depend on their
composition, shape and size [19-22]. The resonant excitation of plasmons can amplify the
electric field in the near vicinity of nanoparticles and so these nanoparticles play a key
role in SERS. By changing the shape of nanoparticles, its surface plasmon resonance can
be tuned to match the laser frequency as well as the absorption wavelength of the

molecule and hence obtain maximum enhancement.
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It is well known that a thin film of dielectric sandwiched between conducting layers
modulates light intensity due to interference effects. Lian C. T. Shoute et al. [23] have
shown the change in intensity and frequency of extinction spectrum of multilayer
substrate of silver nanostructures sandwiching dielectric layer in between. In chapter 4,
the synthesis of triple layer nanostructures is discussed. The core is made of highly
reflecting silica surface while the outer shell is the gold surface and the two layers are
separated by a dielectric silica layer. The nanostructure property can be changed by
changing the dielectric and the shell thickness. Light incident on the surface of the
nanostructure undergoes multiple reflections due to non planar corrugated outer surface.
The places where they interfere constructively are the places of high intensity field. Any
molecule present at such positions will feel an intense field. Thus these nanostructures are
a potential substrate for SERS giving high enhancement factor. Chapter 4 discusses the
synthesis and characterisation of such nanoparticles.

In the second part of this chapter, we discuss the effect of capping agent on silver
nanoparticles synthesis, stability and SERS. Silver nanoparticles have very high
enhancement factor and are popularly used as SERS substrates. But not all silver
nanoparticles are equally good for SERS. Depending on the nature of capping agent, the
particles stability and efficiency change. Silver nanoparticles capped with three different
capping agents were prepared. The capping agents were chosen such that they are

different in size and chemical nature. The three different capping agents used are sodium
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citrate, polyvinyl pyrrolidone and sodium borohydride and SERS with R6G and Crystal

violet were recorded.

1.5 SERS in Bio molecule Detection

Since past few decades, SERS has emerged out as a powerful technique for biomolecule
detection and various groups round the world are working in this field. Detection of
biomolecules using SERS was done as early as 1980 by Cotton and co workers [24].
Fang et al [25] in 2008 also developed a technique of DNA detection with silicon
nanostructure coated with gold and silver, and detection using peptide nucleic acid (PNA)
that form a PNA-DNA-Zr. In this case, Zr was linked to rhodamine B and then its SERS
was recorded. In the absence of target DNA, the assembly is not formed and hence no
SERS is obtained. Another group from Northwestern University has shown that
nanoparticles functionalized with oligonucleotides and Raman labels coupled with SERS
can be used for multiplex detection of targets oligonucleotides [26].

Several publications with different techniques for DNA detection by SERS method have
come up [27-29]. The basic principle behind biodetection is as follows: capture probe
biomolecule in the form of DNA or protein / enzyme is immobilised on a substrate. The
capture probe being specific to the target goes and binds to the target. The non-bound
biomolecules are removed during the wash cycle so only the bound target remains in the
solution. A third detector probe containing a Raman active dye and the metal
nanoparticles are then added and SERS signal is obtained. The SERS signal is
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conclusive of the fact that the target is present while no SERS signal implies that target
was not present in the solution. Metal nanoparticles of silver and gold are generally
preferred because of their high enhancement factors. Raman active dyes are selected such
that their absorption band is in resonance with the surface plasmon resonance of
nanoparticles. Further, the application of SERS signal to get maximum sensitivity
requires intelligent choice of metal nanoparticles, the Raman active dye and the
excitation source.

A major advantage of doing nanoparticles based SERS detection is that we don’t have to
use radioactive labels as before. But there are some limitations as well. Though numerous
SERS studies of DNA have been done, sensitivity and specificity still remain a challenge.
In our work, we have tried to deal with the problem of sensitivity by capturing the target
oligonucleotide with Fe3O,4 nanoparticles coated with silica which can be linked to the
capture probe oligonucleotide. The size of core shell nanoparticles used is around 200nm
while the each magnetic nanoparticles that make the core are 8 nm in size and are
superparamagnetic in nature i.e. their retentivity is zero. Once separated, they get well
dispersed in the solution after the removal of magnetic field. Using magnetic
nanoparticles also make the washing cycle easier without much of a loss in
oligonucleotides. Further, silica coating facilitates easy functionalization in order to be
linked to the capture probe. This process is a three way detection in which the detector
probe and the capture is complementary to a part of target probe oligonucleotide. The

detector probe is tagged with a cyanine dye (Cy 5) at the 5” terminal and an additional
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NH; at the 3" terminal while the capture probe’s 5” end is modified with amine group so
that it can get attached to the magnetic core silica shell nanoparticle through a linker
molecule. Gold nanoparticles prepared by Lee Meisel method is used here. This
technique is expected to be highly sensitive and more powerful than the other techniques
reported so far.

In coming years, SERS will definitely turn out to be a technique that will be popularly

preferred for ultra trace analysis of biomolecules, disease detection etc.
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Chapter 2

Benzotriazoles: A potential System for SERS

2.1 Introduction

Benzotriazoles are an important class of compounds containing a condensed ring system
of a benzene and a triazole ring. So far they have been well studied as corrosion inhibitor
of copper. The inhibition action happens by forming a protective film of copper triazole
polymeric complex at high pH and potential values, and by their adsorption on copper
surface at low pH and potential values [1-3]. Benzotriazoles are also used as anti-tarnish
agent on silver and are believed to stick by complexing with more than one silver ion to
form polymeric species coated on surface [1, 4-6]. This compound, like many other
organic compounds, has a hetero atom which can donate electrons and hence act as a
base. In addition, it can also undergo electrophilic substitution at the N atom and so
different derivatives of benzotriazoles can be prepared by substituting H by other groups.
The initial two derivatives synthesized by us have been shown below.

Benzotriazoles have a strong signature in Surface Enhanced Raman Scattering (SERS).
The two compounds, the acetate and the acid derivative have been shown to give SERS.
The important point to be noted here is that 1H-1,2,3-benzotriazol 1-yl acetic acid is
protonated (-NH™-) at pH < 1 [7], i.e. it has an overall positive charge, and is

deprotonated (—COOQO") at pH > 5.5 and has an overall negative charge. So depending on

25



the pH of solution, the compound may be positively charged, neutral or negatively
charged. Its interaction with nanoparticle, which is negatively charged, changes as we
change the pH and is reflected in the SERS signal. In this chapter we have shown the
synthesis of two benzotriazole derivatives from benzotriazole, their Raman spectra and

the pH dependent SERS of the acid derivative.

\\N N

N/ >N

N
0

0 0

< OH

A) Ethyl 1-H 1,2,3-benzotriazol 1-yl B) 1H- 1,2,3-benzotriazol 1-yl acetic
acetate (EBTA) acetic acid (BTAA)

2.2 Experimental Details

Chemicals: Benzotriazole, NaOH and pH 4 buffer were purchased from Merck, DMF
was purchased from Qualigens, Ethyl chloroacetate was purchased from Spectrochem,
methanol, HCI, LiOH, pH 7 and pH 9 buffer were bought from s.d.fine-chem Ltd. All the

chemicals were used as received. Distill water was used for all the preparations.

Synthesis of EBTA: Ethyl 1H 1,2,3- Benzotriazol 1-yl acetate (EBTA) was synthesized

by the method given by Alan R. Katritzky and co [8]. Briefly, 4.2mmol of benzotriazole
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and 4.2mmol of NaOH was added to a round bottom flask fitted with a calcium chloride
guard tube. Further, 4.5ml of DMF and 4.2mmol of ethylchloroacetate was added to the
RB and magnetically stirred till the completion of the reaction, which was monitored by
TLC. Then the reaction mixture was poured into water and the oily products were
extracted with ethyl acetate. Column was done to separate the two fractions. The reaction
is shown below.

Reaction 1:

N o NaOH N\\
N —_—

N t CIAU/ ~ DMF N/N

H

(0]
Benzotriazole Ethyl chloroacetate ©

(0]

<

1H 1,2,3-benzotriazol 1-yl
acetic acid

Synthesis of BTAA: 1H-1,2,3-benzotriazol 1-yl acetic acid was synthesized by basic
hydrolysis of ethyl 1H-1,2,3-benzotriazol 1-yl acetate (ester). Briefly, 3.2ml of methanol
was added into the RB containing 200mg of the above synthesized ester and magnetically
stirred for 5 min. Then 61.4mg of LiOH dissolved in 1ml water was added to the RB and
stirred continuously for 1 hr. After the completion of reaction, methanol and water was
evaporated from RB, in rotavapor. Then 1N HCI was poured into the RB and finally the

acid was extracted with ethyl acetate. The reaction has been shown below.
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Reaction 2:

N
N . A
A LiOH N
CE o CHOH —  » CEN/
N
2
D

OH
0]

<

Ethyl 1H 1,2,3-benzotriazol 1-yl 1H 1,2,3-benzotriazol 1-yl
acetate acetic acid

Sample preparation: Silver nanoparticles were prepared by Lee Meisel method [9] and
centrifuged (to concentrate the nanoparticles) before use. 1mM concentration of the
benzotriazole derivatives was made in water. For SERS, the organic compound and the
silver nanoparticle was mixed in an appendorf in the ratio 1:10 and from this 1uL was

withdrawn and dropped on a clean glass slide and allowed to dry before taking spectra.

For SERS at different pH, the organic compound was dissolved in the different buffer
solutions obtained commercially. This was then mixed with centrifuged and concentrated
silver nanoparticles in the same ratio as discussed before. Spectra were taken with red
laser 633nm, unless otherwise specified. For recording Raman spectra, powder sample of

both the organic compounds were used.
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2.3 Results and Discussions

Ethyl 1H 1,2,3-benzotriazol 1-yl acetate(ester) and 1H 1,2,3-benzotriazol 1-yl acetic acid
(acid) were synthesized. The synthesis was confirmed by NMR and TOF-MS. For Ethyl
1H 1,2,3-benzotriazol 1-yl acetate, ‘H NMR (400MHz, CDCl3) &: 1.26 (t, J=7.14, 3H,
CHs), 4.25 (g, J=7.13, 2H, CH,), 5.40 (s, 1H, CH,) and medium intensity peaks
corresponding for aromatic protons at 6: 7.39 (t, J=7.49, 1H, Ar-H), 7.50 (m, J=9.97, 2H,
Ar-H), 8.08(d, J=8.32, 1H, Ar-H) and the molecular ion peak in TOF-MS occurred at
205. For 1H 1,2,3-benzotriazol 1-yl acetic acid, *H NMR (400MHz, DMSO-dg) &: 5.25
(s, 2H, CH,), 7.23 (m, J=6.64, 1H, Ar-H), 7.36 (m, J=7.63, 2H, Ar-H), 7.88(d, J=8.35,
1H, Ar-H) corresponding to the aromatic protons of benzene ring. The reference
compound was tetramethylsilane for NMR measurements. TOF-MS gave the molecular

ion peak at 177 confirming the presence of acid.

2.3.1 Raman of EBTA and BTAA

Raman spectra of the powder (solid) sample of EBTA and BTAA were taken using a
laser light of incident wavelength 633nm. The accumulation time for each spectra were
60s. Figure 2.1 and Figure 2.2 shows the Raman spectra of solid ethyl 1H-benzotriazol 1-
yl acetate and 1H benzotriazole 1-yl acetic acid respectively, in the frequency range 800-
1800cm™. These spectra were smoothed with 10% cut off FFT filter. Baseline correction
was done using 10 point Positive Peak Algorithm in origin. For the recorded spectra,

important peaks have been assigned and shown in the Table 1. The data is consistent with
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the previous reported works on other benzotriazole derivatives[8, 10-13]. We can clearly

see that apart from the signature peaks of benzotriazole which are due to the
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Figure 2.1: Raman spectra of ethyl 1H 1,2,3-benzotriazol 1-yl acetate with 60s

accumulation time.

benzene ring stretching (1499, 1596 cm™), bending (1002 cm™), breathing modes and

triazole modes (1166, 1236 cm™); there are peaks corresponding to C=0 stretch (1701

cm™), C-O stretch (1324 cm™), CH, wag and twist (1139 cm™) of the benzotriazole

acetate (EBTA) and the acid (BTAA). For the acid, BTAA there is very strong peak at

1172 cm™ for the C-OH stretch. Some peaks in the acid were observed to have shifted by
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5 - 6 cm™ with respect to the ester peaks. This may be due to the change in polarizability

of the molecule as the acid is more polar than the ester. The 1405 cm™ peak corresponds

to symmetric COO"™ stretching of the acid. One can also see that this peak is missing in

the ester.
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Figure 2.2: Raman spectra of 1H 1,2,3-benzotriazol 1-yl acetic acid with 60s

accumulation time.
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Table 1: Peak assignment for the Raman of solid sample EBTA and BTAA.

Ethyl 1H 1,2,3-benzotriazol 1H 1,2,3-benzotriazol 1-yl Peak

1-yl acetate (EBTA) (cm™) acetic acid (BTAA) (cm™) Assignment
876 -

- 893

915 -

938 932 v-CH,C-OH bend
966 969

997 1002 5-Bz skeletal
1022 - Ring str

1106 1119 Tz mode

1135 1139 CH, wag & twist
1166 - Vas N-N-N

- 1172 C-OH str

1240 1236 Tz ring breathing
1269 1281 5-CH

1292 - 5-CH

1313 1316

1324 1324 vC-O

1365 - v-Bz ring

1382 1374 v-Bz ring

- 1390 v-Tz ring

- 1405 vs-COO

1413 1417

1425 - d Me

1456 - 3 Me, v-Ph

1495 1499 v-Bz ring str
1591 1596 v-Bz ring str
1699 1701 C=0 str

Bz: benzene, Tz: triazole, str: stretching, vs:symmetric vibration,

vibration, y:out of plane bending, d: in plane bending.
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2.3.2 Variation in SERS of BTAA with pH

BTAA can behave differently in different pH environment. 1H 1,2,3-benzotriazol 1-yl
acetic acid molecule is both an electron donor (though N) and proton donor from the
acetic acid end and so behaves differently at different pH. The 3-N in the triazole ring has
a pKa <1, while the acetic acid has pKa ~ 5. According to Henderson Hasselbalch

equation we have,

pH = pK, + logm

2.1

which shows the behavior of acid with different pH. For pH < pKa, the molecule is
protonated while for pH > pKa, the molecule is deprotonated and for pH = pKa, the
protonated and the deprotonated form are in equilibrium with each other. So the molecule
can either be negatively charged, neutral or positively charged depending on its pH.
Further, its interaction with the nanoparticle, which is negatively charged, will change as
the net charge on the molecule changes. This change is reflected in SERS spectra of
BTAA molecule at different pH. Three different pH buffer solutions, pH 4, pH 7 and pH
9 were used for this study. ImM concentration of compound was prepared in the buffer
solutions and used for SERS. To confirm that the signal is not of buffer, blank test with
buffer solutions were performed. Silver nanoparticles prepared by citrate reduction of

silver nitrate were used for all the studies. The pH of the silver nanoparticles was also
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brought to the pH under consideration by addition of HCI or NaOH. To increase the
concentration of silver nanoparticles per ml, 1 ml of silver nanoparticles were centrifuged
and the supernatant was thrown so that the final volume is reduced to 100pL. These
nanoparticles were then sonicated to make a uniform solution. For blank test, SERS of
buffer solution was taken and the experimental conditions were kept same as that while
taking the SERS spectra of the molecule. Figure 2.3 shows the SERS spectra of the buffer
and that of the BTAA molecule in pH 4 buffer at a concentration of ImM. It can be seen
that the peaks at 1125, 1384, 1460, 1601 cm™ of the molecule is overlapping with the
buffer peak at 1128, 1381, 1463, 1605 cm™ repectively. The nanoparticle to buffer ratio
has been kept constant in both the cases. So these peaks can be ignored to some extent as
their intensity is low as compared to the peaks of the molecule, though they both contain
same volume of buffer. It can be said that buffer is also binding to the nanoparticle quite
effectively. But in the presence of molecule there is competition between the molecule
and the buffer towards binding to the nanoparticle.

It is evident from the Fig 2.3 that the molecule is binding more efficiently to the
nanoparticle and its Raman signal is enhanced. Comparison of the solid Raman spectra
and SERS shows some differences in the peak positions and the intensity. Characteristics
triazole modes in the solid at 1119, 1236, 1390 cm™ are enhanced but shifted to 1102,
1232, 1384 cm™ respectively. So triazole moiety of the molecule BTAA must be closer to
the nanoparticle and the vibrational modes are perpendicular to the surface of the silver

nanoparticle. The decrease in relative intensities of some of the vibrational modes of
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Figure 2.3: SERS spectra of 1H 1,2,3-Benzotriazol 1-yl (BTAA) in pH 4 buffer solution at
1mM conc and of pH 4 buffer (blank).
benzene (1498, 994 cm™) and the disappearance of 1374 cm™ benzene ring stretching
frequency augments the above observation. The strong peak at 1190 cm ™ suggests that N
is protonated. So the molecule at acidic pH has the tendency to get protonated at N of the
triazole group and this group is nearer to the nanoparticle. All the bands observed in the
SERS spectrum of BTAA molecule at different pH have been assigned and given in
Table 2.

Figure 2.4 shows the SERS spectra of the pH 7 buffer and the molecule BTAA at this pH.

Here there is least or almost no overlap between the two spectra and many modes can be

seen in the figure. The molecule at this pH is expected to be neutral. All the triazole

modes at 1122, 1238, 1388 cm™, the benzene modes at 994, 1362, 1605 cm™ and the v-
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CO modes at 1197, 1327 cm™ are seen but they have much lesser intensity as compared
to the Raman or SERS intensity of BTAA at other pH conditions. This suggests that the
molecule does not have any preferable binding site and its orientation on the nanoparticle
is also random. The absence of buffer peaks in the BTAA spectra shows the molecule

binds better to the nanoparticles compared to the buffer molecules.

pH7

BTAA

Intensity (a.u.)

Buffer

T T T T T T T T T
800 1000 1200 1400 1600 1800

Raman Shift / cm™

Figure 2.4: SERS spectra of 1H 1,2,3-Benzotriazol 1-yl (BTAA) in pH 7 buffer solution and
of pH 7 buffer (blank).

SERS of BTAA at pH 9 and the buffer is shown in figure 2.5. Here too we can see lot of
overlap between the buffer bands and the molecule bands but we can avoid them for

reasons mentioned above. Modes corresponding to benzene and triazole ring are seen
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here but with reduced intensity as compared to its Raman spectra and SERS at pH 4 and
pH 7. On the other hand one can see very intense peak at 1270 cm™ corresponding to C-O
stretching. This band was absent at pH 4 and pH 7, and had very weak intensity in
Raman. In addition, the CH, wag and twist also had its signature in the spectrum at 1148
cm , this peak also had very low intensity in the Raman signal of the molecule. Hence,
we can say that at pH 9 the molecular interaction to the nanoparticle is happening through
the carboxyl portion of the molecule. Thus the benzotriazole group is standing away from

the nanoparticle surface.

pH9

BTAA

Intensity (a.u.)

Buffer

T T T T T T T T T
800 1000 1200 1400 1600 1800

Raman shift / cm™

Figure 2.5: SERS spectra of 1H 1,2,3-Benzotriazol 1-yl (BTAA) in pH 9 buffer solution and
of pH 9 buffer (blank).
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The BTAA molecule behaves differently in different pH environment in the sense that

some bands appear in one pH while it disappears in other pH. The peak intensity also

changes drastically at different pH and is dependent on the orientation of the molecule on

the nanoparticle. The groups of the molecule which is nearer and whose orientations

Table 2: SERS peak (in cm™ ) and peak assignments of BTAA at different pH.

pH 4 pH 7 pH 9 Peak assignment
994 w 994 w 999 w bz ring str

1102 w - - tz mode

1125s 1122 m 1127 hump tz mode

- - 1148 m CH,wag & twist
1190 s 1196 m - C-OH str

1232's 1238 vw - tz mode

- - 1270 vs COstr

- 1297 s - 3-CH

- 1327 vw - v-CO

- - 1348 m

- 1362 s 1376 m bz ring str

1384 vs 1388 vw 1390 m tz mode

- 1401 w - sym COO str
1426 w 1440 s 1448 m v-skeletal

1460 s 1462 hump - bz ring str

1498 w - 1505 s bz ring str

- 1583 s - v-skeletal

1601 vs 1605 s - bz ring str

Bz: benzene, Tz: triazole, str: stretching, vs:symmetric vibration, v,: asymmetric

vibration, y:out of plane bending, é: in plane bending.
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are perpendicular to the nanoparticle are enhanced more compared to the other modes.
This was clearly seen in the pH dependent SERS studies done above. The CH, wag and
twist mode at 1148 cm™ and C-O stretching mode at 1270 cm™ present in pH 9 are absent
in pH 4. The triazole modes at 1232 and 1384 cm™ present in pH 4 are either reduced in
intensity or absent in the pH 9. Also, the benzene modes that are present in pH 4 are
absent in pH 9 and vice versa, like benzene ring stretching frequency at 1601 cm™ has a
very strong peak in pH 4 whereas it is absent in pH 9, the 1505 cm™ benzene stretching
frequency present in pH 9 has a very low intensity in pH 4 . So, this molecule can act as a
pH sensor molecule exhibiting Raman scattering characteristics to pH. Put in an unknown
environment it can tell us the pH of the system. It can also be conjectured that going from
one pH environment to other would change the spectra and again coming back to the
same environment would give the same spectra of that pH. This cycle should be
repeatable and it is possible to predict the change in pH environment as we are moving
from one point to another in any biological system depending on the change in SERS

spectra.

2.4 Conclusions

We have shown the preparation and characterization of two organic molecule which are
derivatives of benzotriazole, namely ethyl 1H 1,2,3-benzotriazol 1-yl acetate and 1H
1,2,3-benzotriazol 1-yl acetic acid. Here, for the first time we have shown the Raman

spectra of these two molecules. Both the synthesized molecules have very good signature
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peaks of the benzene ring, triazole moiety and the acetic acid/ acetate group. The SERS
spectra of the 1H 1,2,3-benzotriazol 1-yl acetic acid at different pH is shown. It is clear

from the SERS spectra that the molecule has different charge at different pH. Depending

pH 9 r \
pH 4

/\m /A’g_r&

Figure 2.6: Conformation of BTAA at the silver surface at different pH.

3
J

on this charge, the orientation of the molecule on the nanoparticles surface also changes
as shown in figure 2.6. This change in orientation is reflected in the SERS spectra. At
acidic pH the molecular interaction with the silver nanoparticle takes place via the N of
the triazole group in vertical or tilted orientation. So the triazole modes are more
enhanced whilst rest other modes are suppressed. At basic pH, the interaction takes place
through carboxyl group, so carboxyl modes and CH, modes can be seen whereas these
modes are not present at other pH. At neutral pH, it is difficult to say the interaction site
in the molecule as almost all the modes with weak or moderate intensity are seen. This

molecule can be used as pH sensor molecule for basic, acidic as well as neutral pH. By
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looking at the spectra, the pH environment in the near vicinity of the molecule can be

predicted. So benzotriazole acetic acid can be very useful in studying a biological system.

Future Scope

As discussed before, 1H 1,2,3-benzotriazol 1-yl acetic acid SERS depends on the pH of
the environment in which it is present. So, oligonucleotides can be tagged with the
benzotriazol 1-yl acetic acid derivative so that one end has benzotrizole group while the
other end has acetic acid. Both the end groups can be separated from the oligonucletide
sequence by spacer methylene groups. The oligonucleotide sequence is such that the two
end sequences are complementary to each other. Now it is speculated that in absence of
any complementary sequence, the capture probe forms a stem loop kind of configuration
keeping —COOH and BTA groups together. In acidic pH, this configuration will orient
itself on the nanoparticles such that binding happen through the triazole moiety and peaks
corresponding to triazole groups are more enhanced. After hybridisation happens, the
loop opens up. Now the —COOH and Tz group are far apart but still Tz peaks would be
seen. At basic pH, the binding happens through COOH group. So before hybridisation
only benzene, methylene and carboxyl peaks would be predominantly seen whilst after
hybridization when the loop opens, the double stranded oligonucletide being a long chain
may curl up in a manner so as to bring the Tz moiety nearer to the nanoparticles, so in

addition to peaks seen earlier one would also see Tz modes indicating the presence of
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target in the sample. This technique can be efficiently used for DNA detection process by

utilizing the switching behaviour of benzotriazole molecule and observing the change

occurring in the SERS spectrum.
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Chapter 3

Nanostructures

3.1 Introduction

Nanoparticles have become the core of today’s research. Metal or metal-
organic/inorganic composite nanoparticles are class of materials widely used in the fields
of colloid and materials science due to their unique and tailored properties for various
applications as catalysts, sensors, surface enhanced Raman or resonance Raman
scattering substrates etc [1-4]. In the last few decades, there have been many efforts in
developing various synthesis procedures for producing nanoparticles. Recently, the
attention has shifted to core shell nanoparticles due to ease of manipulation of
morphologies, compositions and surface functionalisations, which facilitate its use for
different purposes. The shell can alter the charge, surface reactivity, functionality and
stability of the core. Moreover, desired functionalities like optical, magnetic or catalytic
can be imparted to nanoparticles by the suitable choice of core and the shell.

Nanoparticles have very high surface to volume ratio and due to this, its properties
change as we go from bulk to nano. These properties become very interesting at
nanoscale and can be harnessed for various applications. Among the various
nanopaticles, metal nanoparticles are gaining popularity due to their important optical and

electronic properties. These nanoparticles support surface plasmons (collective excitation
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of conduction electrons as induced by electromagnetic field) [5]. For metal nanoparticles
like gold and silver, the surface plasmon resonance (SPR) occurs in the visible region.
This SPR frequency of nanoparticles is different from bulk and can be changed,
depending on our requirement, by changing the size [6], shape [7], aggregation [8],
structure [9] and dielectric properties of the surrounding medium [10]. Figure 3.1 shows

the SPR range for silver and gold nanoparticles having different morphologies,

400 nm light color 750 nm

. silver rods
silver spheres

gold spheres gold rods

gold/silver alloyed spheres gold shells with hollow interiors

, silver plates
silver cubes

Figure 3.1: SPR band of different nanoparticles [11].

compositions and structures [11]. The tuning of SPR of nanoparticles by changing
morphology find extensive application as medium for electron transport and charging
[12], as probes for scanning near field optical microscopy [13], as substrates for surface
enhanced Raman scattering (SERS) [14] or fluorescence scattering [15], and for chemical

and biological sensing [16].
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Core shell nanoparticles, especially metal core silica shell nanoparticles have attracted a
deal of attention due to the ease of functionalization of the shell. The shell can be easily
modified to be linked to a biomolecule or, a marker molecule can be incorporated within
the silica shell to make a composite structure. The shell also protects the core by
preventing its interaction with the surrounding environment, while retaining its inherent
property. Moreover, silica shell itself is quite stable to different acidic or basic
environments. Due to these advantages, there have been lots of efforts into developing
silica coated metal nanoparticles. Liz-Marzan and Ung gave a three step synthesis
procedure to make metal (gold or silver) core silica shell nanoparticles [17,18]. Lu et al
[19] demonstrated a modified Stober process [20] to prepare iron oxide core silica shell
nanoparticles that show a combination of magnetic and optical properties. Wang et al

reported an easy fabrication method for hollow Ag/ SiO, double shelled spheres [21].

The growth of silica shell on metal/metal oxide nanoparticles involves base-catalyzed
hydrolysis of tetraethyl orthosilicate (TEOS) and subsequent condensation onto the
surface of metal nanoparticles. The maximum shell thickness and growth rate are
influenced by the amount of TEOS added and the ratio of water to alcohol (ethanol or
propanol) used.

In this chapter, | have discussed the synthesis and characterization of core shell

nanoparticles with different metallic core and silica shell. The main aim behind this
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synthesis is to obtain a nanoparticle system that would give a better SERS enhancement

factor than the existing nanoparticles.

3.2 Ag@SiO2@Au nanostrucutres

A thin film of dielectric sandwiched between two reflecting layers can modulate the light
intensity by interference effects. The frequency as well as intensity of extinction
spectrum varies enormously with the change in the intermediate layer thickness. Thus,
one can modulate the absorption frequency by changing the interlayer spacing, the metal
of which the reflecting layer is composed and the thickness of reflecting layers. As
mentioned before, our aim is to synthesize a nanostructure that would give better SERS
enhancement factor. Figure 3.2 shows the schematic for a planar three layer nanostructure

that can lead to increased Raman intensity [22].

\/
U/ /1Ly e V111

Figure 3.2: Schematic for interference in three layer structure leading to increased
Raman intensity [22].
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3.2.1 Experimental Details

Chemicals: Silver Nitrate, 3-aminopropyl triethoxysilane (APTES) and tetrakis
hydroxymethylphosphonium chloride (THPC) were purchased from Sigma Aldrich; poly
N-vinyl pyrrolidone, PVP was purchased from Loba Chemie; absolute ethanol from
Commercial Alcohols; sodium hydroxide, tetraethyl ortho silicate (TEOS) and ammonia
solution (28-33%) were purchased from Merck, K,CO3; from s.d.fine-chem Ltd and
hydroxylamine hydrochloride from Qualigens were purchased. For all the preparations,

milli Q water was used.

Preparation of Ag@SiO,@Au nanoparticles

The core Ag@SiO, was prepared by the method given by Chaorong Li et al [23]. Briefly,
100 ml of absolute ethanol and 50 ml of milli Q water was vigorously stirred at 75°C. To
this, 10 ml of 0.05 M aqueous solution of silver nitrate was added and stirred for 5 min
and heating was continued. Then 20 ml of 2.5 mM PVP was added in aliquots of 1 ml, in
5 min. After the mixture was stirred for 20 min at 80° C, 5 ml of 0.1 M NaOH was added
to the solution. The solution was cooled while stirring was continued for 2 hrs after which
silver nanoparticles were obtained.

For silica coating, 50 ml of absolute ethanol, 5 ml of ammonia solution, and 1 ml of
TEOS were added to the PVP capped silver nanoparticles. This solution was stirred
overnight (12 hrs) at room temperature. The Ag@SiO, nanoparticles formed were washed
with 1:1 solution of ethanol and water. To get different thickness of silica coating, the

amount of TEOS was varied.
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Gold coating over Ag@SiO, nanoparticles were done by using a modified approach given
by Christina Graf et al [24]. 50 mg of the above synthesized Ag@SiO, nanoparticles
were suspended in 2 % solution of 3- aminopropyl triethoxysilane in ethanol. This was
then washed with ethanol and resuspended in 50 ml fresh ethanol. For the gold coating,
first 1-2 nm gold nanoparticles were deposited on the Ag@SiO, nanoparticles. The gold
nanoclusters were prepared by the adopting the method given by Duff. et al [25]. Briefly,
45.5 ml of water was put in 100 ml RB. To this, 1.5 ml of 0.2 M NaOH was added while
stirring. 1.2 ml of 80 % aqueous solution of THPC was diluted to make 100 ml. 1 ml of
this diluted THPC solution was added to the RB. Then 2 ml of 25 mM dark aged solution
of HAuCl, was added to the above mixture resulting in the formation of orange brown
hydrosols of gold. 2 min interval was allowed between the addition of HAuCI, and
THPC.

The APTES modified Ag@SiO; nanoparticles (50 ml) were added drop wise to the gold
nano particle solution in 10 min. The solution was stirred for 12 hrs. Non attached gold
nanoparticles were removed by centrifugation at 4000 rpm. Washed nanoparticles were
redispersed in 100 ml water, stirred for 1 hr to form a uniform colloidal solution and kept
for ageing in fridge at 4° C for a week.

A 3.48 ml of 25 mM HAuCI, was diluted with water to 200 ml and to this 49.8 mg of
potassium carbonate was added and aged for 1 day. The precursor Ag@SiO,
nanoparticles decorated with gold nanoparticles were added to the aged solution of

HAuUCIl,; / K,CO3 and stirred for 10 min. Then, a freshly prepared solution of
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hydroxylamine hydrochloride (0.013g in 100 ml water) was added drop wise to the above

solution in 45 min. The color of nanoparticles changed from black to brown.

Characterizations: Transmission electron microscopy (TEM) measurements were
performed using JEOL 3010 with an operating voltage of 300 keV. UV-Vis
measurements were done using Perkin-Elmer Lambda 900 UV / Vis / NIR spectrometer.
SERS measurements were performed by a custom-built Raman microscope. In the
present experiment red laser with 633nm wavelength was used. The laser power near

sample was around 10 m\W.

3.2.2 Results and Discussions

Ag@SiO,@Au nanostructure was prepared and characterized. TEM of the core shell
nanoparticles at the different stages of formation has been shown in the figures below.
Figure 3.3 shows uniform coating of silica over silver nanoparticles with particle size
between 90-100 nm. There are four steps for the synthesis of Ag@SiO2@Au
nanostructure as mentioned before and for each step mechanism has been discussed in the
following paragraphs. First, PVP capped silver nanoparticles are prepared. These
nanoparticles are quite stable over a long period of time, in comparison to those prepared
by other methods. Second step is the silica coating over silver nanoparticles and its
mechanism goes like this. TEOS in presence of ethanol and ammonia solution is

hydrolyzed to form Si(OH), , which condenses over time and forms silica. Silica film
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thickness depends on the amount of TEOS added and pH of the solution [26]. To remove
small silica nanoparticles formed in the process, the nanoparticles solution is centrifuged
at 4000 rpm so that only core shell nanoparticles settle down whereas silica nanoparticles
remain in the supernatant and can be removed. Here it must be made clear that only
polymer capped silver nanoparticles can be used to get a uniform silica coating. The
coating could not be done on citrate capped nanoparticles as they are not very stable.
Though coating did happen on some of the citrate capped nanoparticles, it was not
uniform and many silica nanoparticles without core were seen to be formed. Figure 3.3

shows the TEM image of silver core silica shell nanoparticles.

Figure 3.3: TEM image of silver core silica shell nanoparticles.

Third step is the creation of nucleation sites for growth of gold shell. Gold has very little
affinity for silica. So, silane coupling agent 3-aminopropyl triethoxysilane (APTES) is

used to modify the surface of silica. Hydrolysis of this material produces methanols and
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trisilanols while the Si-C bond is still intact. This bond is hydrolytically stable and the
aminopropyl group will not be cleaved. The transient silanol groups will condense with
other silanols and as a result aminopropyl functions on silica surface are generated. The
strong chemical affinity of primary amines for gold causes the chemisorption of gold
colloid on silica surface through the amino group. Thus, Ag@SiO, nanoparticles studded
with gold nanoparticles (1-2 nm) are formed. TEM picture of the nanoparticles has been

shown in the figure 3.4.

Figure 3.4: TEM image of Ag@SiO, studded with gold nanoparticles.

Next step is the growth of gold shell on the above nanoparticles. This was brought about
by adding the precursor Ag@SiO, nanoparticles covered with gold cluster to the aged
solution of aurochloric acid and potassium carbonate. Since there are gold sites already

present on the silica shell, so the newly added gold ions would get reduced at those sites
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only. Besides, the new nucleation of gold nuclei should also be prevented. This requires a
reducing agent which reduces gold salts only on already existing gold surface. This job is
done by using hydroxylamine as a reducing agent. Figure 3.5 shows the TEM image of
the Ag@SiO,@Au nanostructure. Here also, for those core shell nanoparticles where
small gold nanoparticles were not attached, growth of gold shell did not take place. So in
TEM image one can also see the Ag@SiO, nanoparticles with no gold shell. The non-
coated silica shell can be removed by centrifugation to get pure Ag@SiO,@Au

nanoparticles.

Figure 3.5: TEM image Ag@SiO,@Au nanostructure.

These nanoparticles were used as substrates for SERS. He-Ne laser (633nm) was used as
the excitation beam and the accumulation time was 30 sec. Rhodamine 6G was used as
test molecule. SERS spectrum was obtained for 10° M R6G and is shown in figure 3.6.

The peaks at 1360, 1504, 1570 and 1648 cm™ correspond to aromatic C-C str. Peaks at
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1126 and 1269 cm™, which are quite weak in intensity and can be assigned to C-H in
plane bend and C-O-C stretching frequencies respectively [27, 28]. Peak at 613 cm™ is

due to C-C-C ring in plane bend. SERS of 10°® M R6G were very weak in intensity.

1360 1504

613 773

1570

1648

Intensity (a.u.)

I 1 1 1 ] 1
600 800 1000 1200 1400 1600 1800
Raman shift / cm™

Figure 3.6: SERS spectra of 10° M Rhodamine 6G with Ag@SiO,@Au nanoparticles.

3.2.3 Conclusions
Ag@SiO,@Au core shell metal nanostructures with dielectric silica in between were

successfully prepared. These nanostructures have been shown to give SERS of rhodamine
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6G. The nanostructure size and dielectric thickness can be further optimized to get better
SERS signal and good enhancement factor so that they can be used for ultra trace

detection of molecules.

3.3 Effect of capping agent on metal nanoparticles synthesis

3.3.1 Introduction

Metal nanoparticles synthesis requires three starting materials: metal precursor, reducing
agent that reduces the metal precursor to metal and capping agent that caps the
nanoparticles formed to prevent the aggregation and hence increase stability. Sometimes,
capping agent also plays the role of reducing agent. So, here what are the determining
factors that govern particle size? Is it reducing agent concentration or volume ratio of
reducing to capping agent or is it their chemical nature. In fact, all these factors play
important role in the synthesis of nanoparticles. In addition to this, temperature, solvent,
surfactant also play important role. One can get nanoparticles of different shapes, sizes
and morphologies by varying each of these parameters. Depending on their use, we need
to choose reagents that should be used for synthesis. The main motive behind synthesis of
different nanoparticles that we are dealing with in this chapter is to get good surface

enhanced Raman scattering signal.
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So here we are looking at how capping agent determines properties of nanoparticles and
further, its implication on SERS. Since the main application of these nanoparticles is in
SERS, hence we have shown how SERS changes with the change in properties of silver
nanoparticles. Three different silver nanoparticles were used for this study. First synthesis
involves nanoparticles formed by citrate reduction of silver as given by Lee et al [29].
Trisodium citrate is a small molecule which acts both as reducing agent and capping
agent. In second method, polyvinyl pyrrolidone (PVP), a polymer, capped nanoparticles
were synthesized and here too PVP does both the jobs. The third nanoparticles were
synthesized by using a strong reducing agent sodium borohydride. No other capping

agent was used here.

O OH O gNg' M

OOO'O- kgjn

A) Trisodium citrate B) Polyvinyl pyrrolidone, PVP

3.3.2 Experimental Details

Chemicals: Silver nitrate and sodium citrate was purchased from Sigma, sodium

borohydride was purchased from Merck, PVP was purchased from Loba Chemie and
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absolute ethanol was purchased from Commercial Alcohols. For all the synthesis, milli Q

water was used.

Preparation of citrate capped nanoparticles: Citrate capped nanoparticles were
synthesized by adopting the method given by Lee et al. [29]. Briefly, 18 mg of silver
nitrate was added to 100 ml milli Q water and brought to boiling. Then, 2 ml of 1%

sodium citrate was added and further boiled for 1 hr.

Preparation of PVP capped nanoparticles: PVP capped silver nanoparticles were
prepared by the method given by Chaorong Li et al [23]. Briefly, 100 ml of absolute
ethanol and 50 ml of milli Q water was vigorously stirred at 75° C. To this, 10 ml of 0.05
M aqueous solution of silver nitrate was added and stirred for 5 min and heating was
continued. Then 20 ml of 2.5 mM PVP was added in aliquots of 1 ml in 5 min. After the
mixture was stirred for 20 min at 80° C, 5 ml of 0.1 M NaOH was added to it. The
solution was cooled while stirring was continued for 2 hrs after which silver

nanoparticles were obtained.

Preparation of silver nanoparticles by borohydride reduction method: This synthesis
was done by the method given by Jun Hu et al [30]. Briefly, 100 ml of 5 mM silver
nitrate was added drop wise to vigorously stirred and chilled 300 ml, 6mM solution of

sodium borohydride. This solution was kept at 40-50° C for 20 min. Then the colloidal
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solution was diluted with milli Q water to make a final volume of 500 ml. Change in

color of solution to grayish indicates the formation of silver nanoparticles.

CHa_ JNr/ CH,
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A) Rhodamine 6G (R6G) B) Crystal voilet (CV)

Characterization: UV-Vis measurements were done using Perkin-Elmer Lambda 900
UV / Vis / NIR spectrometer. Mie scattering plot was used to calculate particle size.
SERS measurements were performed by a custom-built Raman microscope. In the
present experiment only red laser with 63nm wavelength was used with laser power of

around 10 m\W.

3.3.3 Results and Discussions

Silver nanoparticles with different capping agent was synthesized and characterized by
UV-Vis measurements. Figure 3.7 shows the extinction spectrum of nanoparticles with
different capping agents. It is clear from the graphs that the PVP capped particles
are monodisperse with particle size 32 nm. The size distribution is huge when there is no

capping agent as the peak is very broad giving average particle size of 30 nm. Broad peak
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signifies heterodispersity in particle size. For citrate capped nanoparticles, the particles
are more or less monodisperse with mean size of 26 nm as calculated by Mie scattering

plot. Scheme 1 shows the silver nanoparticles protected by different capping agents.

citrate capped
= PVP capped
no capping

Absorbance

\ﬁ
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Figure 3.7: Extinction spectrum of silver nanoparticles prepared with citrate capped, PVP
capped and no capping.

The synthesized nanoparticles were used as SERS substrate. To look at the activity of
these nanoparticles, Crystal Voilet (CV) and Rhodamine 6G (R6G) were chosen as test
molecules, as they are known to give good Raman as well as SERS signal. The

accumulation time was 10 sec. The graphs were smoothed and baseline corrected. The
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molecule to nanoparticle ratio was 1:10 (v/v). Figure 3.8 shows the SERS signal of 10™

M R6G with different silver nanoparticles. It can be seen from the graph that both citrate

Scheme 1:
BH, -
BH, -
BH4 - BH4 -
BH, BH, -
BH, -
Borohydride capped

Citrate capped

PVP capped

reduced and borohydride reduced silver nanoparticles gave characteristic SERS spectra of
R6G. The peak at 1360, 1504, 1570, 1648 cm™ can be assigned to aromatic C-C
stretching frequency, a weak peak at 1269 cm ™ is due to C-O-C stretch, 1126 cm ™ peak
can be assigned to C-H in plane bend and C-C stretching frequency. It can be seen that
the spectra with PVP capped nanoparticles is completely different. This is because PVP,
being a polymer forms a thick shell like coverage over the silver and prevents any other
molecule from coming in the close vicinity of the silver core. Thus the signal obtained is

of PVP itself. This was also clear when we took the spectra of PVP capped nanoparticles
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only. We found that the spectra exactly matched with the above spectra. Similar results
were obtained with crystal violet (CV). Figure 3.9 shows the spectra of CV with
differently capped nanoparticles. Citrate capped and borohydride capped nanoparticles
gave characteristic spectra of CV while PVP capped particle didn’t, which was in
consistent with the above obtained results. So, for SERS, nanoparticles capped with small
molecules should be preferred. Polymer capped nanoparticles must be avoided but if it
desired by some specific system then lower concentration of smaller molecular weight

polymer should be used.
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Figure 3.8: SERS spectra of R6G with silver having different capping agents.
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Figure 3.9: SERS spectra of CV with silver nanoparticles having different capping agents.

3.4 Conclusions

Silver nanoparticles with three different types of capping molecules were synthesized.
The capping agents were chosen such that the difference between their sizes is high. The
use of different capping agents on nanoparticles has been shown to change its properties
like size, stability, charge, monodispersity etc. Here we have shown that silver
nanoparticles capped with sodium citrate is best for SERS, whereas PVP capped
nanoparticles are good for silica coating (discussed previously) but not good as SERS
substrate. Silver nanoparticles formed by borohydride reduction are also good for SERS

but non-uniformity in size is an issue that must be looked into detail.
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Chapter 4

Nucleic acid capture and detection by
SERRS

4.1 Introduction

There has been immense progress in the area of DNA detection in the last two decades
with the increase in interest in DNA based sensing. The growing interest in the field is
driven by its large application in DNA diagnostics, gene analysis, fast detection of
biological warfare agents, forensic research etc [1-4]. The efficient separation and
detection of DNA has become essential for recent advancements in biomedical and
pharmaceutical research. Numerous publications have come up illustrating use of
different techniques for DNA detection with increased sensitivity, improved selectivity,
and possibility of cheaper and faster diagnostics. PCR based amplification techniques [5]
are popularly used due to its sensitivity but high cost, sensitive to contamination and not
capable in multiplex detection (simultaneous detection of many targets in a single assay)
limits its use. Fluorescent spectroscopy based detection techniques [6] are also largely
used but have many drawbacks like susceptibility of molecular fluorophore towards
bleaching, broad absorption and emission spectrum and cost limitation. Radioactivity

[7,8], chemiluminescence are other widely used techniques in biodetection. One of the
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major drawbacks in all these techniques is their inability to detect viral DNA at early
stage of disease without using amplification techniques like Polymerase Chain Reaction
(PCR), where the concentration of pathogen DNA/RNA in the blood serum is very low.
So, we must look into ways in order to overcome these drawbacks hence making disease
detection possible at preliminary stage.

Surface Enhanced Raman Scattering (SERS) technique has grown extensively in recent
years. Recent advancement in SERS and its ability to detect single molecule has turned it
into an extremely sensitive technique for ultra low detection [9]. DNA detection
techniques are generally based on hybridisation of target DNA and complementary DNA
either in solution or on solid support. The solid support can either be planar glass
substrate or nanoparticles that have been functionalised with complementary DNA
strand. DNA biosensors and DNA microarrays are also being used largely. Recently
nanoparticles based detection techniques are explored immensely due to various
advantages like ease of synthesis of nanoparticles, size and shape dependent absorption
properties, robustness etc. Nanoparticle surface can easily be modified or functionalised
in order to bind to the target. Different types of nanoparticles can be used for bio
detection. The basic criterion is that they should not interfere with the biological system
and must be robust enough to withstand different pH environments. Metal nanoparticles,
for instance silver and gold colloids are being extensively used for SERS based DNA
detection. Silver has the highest enhancement factor amongst metal known so far while

gold is biocompatible. The problem with silver is that it is toxic and cannot be used for
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in-vivo applications. This problem was overcome by developing core shell nanoparticles
having silver core and gold shell [10-12]. The core size and shell thickness can be
optimised to get maximum SERS enhancement. Second type of detection method
basically involves DNA capture by functionalised superparamagnetic nanoparticles of
haematite or magnetite [13]. Using magnetic nanoparticles facilitates easy washing cycle
without losing DNA. This increases the sensitivity. Magnetic nanoparticles can be coated
with gold or silver. The coating increases the stability of magnetic nanoparticles and also
reduces the toxicity. Further since silver or gold nanoparticles support surface plasmon
they can be used for DNA detection technique based on SPR and SERS. Magnetic
nanoparticles can be coated with silica. The advantage of silica surface is that it can
easily be functionalised to bind to amino modified DNA through diisothiocyanate linker
molecule. Thus DNA remains completely locked up with the silica surface by strong
chemical bonds. Several other combinations of core shell nanoparticles that utilize the
advantage of each of them can also be used to serve the necessary purpose.

In this chapter, the synthesis of magnetic core silica shell nanoparticles and the possibility
of DNA detection using them through a three way capture and then detection by SERS,
has been discussed. The scheme for capture of DNA by nanoparticles and detection has

been shown below (scheme 1).
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Scheme 1:

Target ssDNA

lDetector Probe

o e
oo

4.2 Experimental Details

Chemicals: Iron(l1) chloride, iron(I1l) chloride, sodium borohydride and 3-aminopropyl
triethoxysilane (APTES) and phenylene diisothiocyanate (PDC) were purchased from
Sigma-Aldrich; N,N,N,N-cetyl trimethyl ammonium bromide (CTAB) was bought from
Himedia; n-butanol was purchased from Loba Chemie; N,N- dimethyl formamide
(DMF), dichloromethane (DCM), iso-octane and methanol were bought from Qualigens.
Ammonia solution and tetraethyl orthosilicate (TEOS) from Merck; HCI and toluene
from s.d.fine-chem Ltd, ethanol from Commercial Alcohols; and pyridine from Rankem

were purchased. Milli Q water was used for all the preparations.
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Synthesis of Fe3O, nanoparticles: Magnetic nanoparticles were prepared by the
adopting the method given by Lin et al [14]. Briefly, in test tube A, 0.1294g of
FeCl;6H,0, 0.0472g of FeCl,.4H,0, 0.6g of CTAB, 0.6174 ml of butanol and 2.19 ml of
octane were added and mixed by sonication for 10 min. Then 0.474 ml of water was also
added to maintain the molar ratio of water to CTAB equal to 8. In test tube B, 0.1021g of
NaBH., 0.6g of CTAB, 0.6174 ml of butanol and 2.19 ml of octane were added and
sonicated for 10 min. Contents of both the test tubes were simultaneously poured in a
beaker and stirred with mechanical stirrer at 60 °C for 20 min. Magnetic nanoparticles

formed were washed four times in water and four times in methanol.

Scheme 2:
NH,
NH, NH,
. — — > NH, NH,
NH, NH,
NH,

Silica coating: For silica coating, modified Stober process [15] as given by Shao et al
[16] was used. Briefly, 10mg of above prepared magnetic nanoparticles were treated with
10 mL of 2 M solution of HCI under ultrasonic vibration for 5 min. This was then

thoroughly washed with milli Q water and redispersed in a mixture containing 40 ml of
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ethanol, 10 ml milli Q water and 2 ml of 25 wt% ammonia solution. The mixture was
sonicated for 10 min. Then, aliquots of TEOS (10,20,40,80,160, 200uL) was added at
fixed intervals and the reaction was allowed to proceed for 1 hr. Silica coated magnetic
nanoparticles were separated with magnet and washed in a 1:1 v/v mixture of ethanol and
water, dried and kept for further use. Scheme 2 and 3 show the different steps involved

in the process.

Scheme 3:
NH,
NH, + PDC + NH, ™~
Capture Probe
NH, NH,
NH,
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Functionalisation of silica surface: Magnetic core silica shell nanoparticles were
cleaned by rinsing in 2ml of 6 M HCI solution with gentle shaking at room temperature
for 12 hrs. They were then extensively washed with water until the pH becomes neutral.
The nanoparticles were then baked in oven at 110 °C for 2% hrs. The cleaned
nanoparticles (30mg) were dispersed in 5 ml of 2% solution of APTES in anhydrous
toluene, sonicated for 10 min and shaken for 10 hrs. Then it was washed with dry toluene
(in argon atmosphere) four times and dried. Silanised nanoparticles were derivatised with
phenylene diisothiocyanate solution. Briefly, silanised particles were rinsed in 2 ml
solution of DMF containing 10% pyridine and 0.2% phenylene diisthiocyanate and shook
for 2 hrs at room temperature. The nanoparticles were then washed five times with DMF,
three times with absolute ethanol and three times with methylene chloride, dried and kept

for further use.

The oligonucleotides sequences used are as following:
1. Target:
SCCCATTAACATTTGGATGGTGCTGTCCGTCTGTTGTGTGACTCTGGTAACT 3
2. Capture Probe:

NH,- 5'AGCACCATCCAAATGTTAATGGG 3
3. Detector probe:

Cy5-5 AGTTACCAGAGTCACACAACAGACGG 3'-NH;
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Characterizations
The magnetic core silica shell nanoparticles were characterised by TEM and UV-Vis
measurements. The charge on particles was found by Zeta potential measurements. SERS

spectra were recorded with 633nm He-Ne laser.

4.3 Results and Discussions

Figure 4.1 shows the TEM image of magnetic core silica shell nanoparticles. We can see
that the coating took place on a cluster of particles giving a total particle size of about
500 nm. Here the large particle size is not a problem because their only role is to capture

the oligonucleotides thus making the washing cycle easier through magnetic separation.

Figure 4.1: TEM image of Fe30,@SiO, nanoparticles.

Figure 4.2 and 4.3 show the extinction spectra of Fe3O4 and Fe30,@SiO, nanoparticles

respectively. It can be seen that the absorption peak of bare magnetic nanoparticles is
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Figure 4.2: Extinction spectrum of Fe304 nanoparticles.
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Figure 4.3: Extinction spectrum of Fe30,@SiO, nanoparticles.
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around 385 nm and the particles are predominantly monodisperse with the mean size
around 8 nm. The silica coating further broadens the absorbance peak by absorbing most
of the light passing through it, and the adsorption peak shifts to 390 nm. The particles
were superparamagnetic in nature. After magnetically separating them from the solution,

they get redispersed again with slight shaking.
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Figure 4.4: SERS spectra of 10”7 M Cy5 tagged oligonucleotide with gold nanoparticles.

SERS spectra of Cy 5 tagged oligonucleotide with gold nanoparticles were recorded and

shown in figure 4.4. The spectra show characteristic peaks of Cy 5 as reported in the
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earlier literatures [2]. The accumulation time was 10 sec, recorded with He-Ne laser

(633nm). Amax for Cy 5 is around 640 nm.
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Figure 4.5: Intensity vs concentration plot for 1125 nm peak observed in oligo tagged
Cy 5.

SERS spectra at three different concentrations i.e. 10° 107, 10® M Cy5 tagged
oligonucleotides were recorded. Change in intensity of 1125 nm peak plotted as change
in concentration has been shown in figure 4.5. It was observed that there is an

exponential decrease in intensity with decrease in concentration of oligos. For 10° M
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concentration peaks with very less intensity were observed. Currently, we are working on
introducing looped structures and charge repulsion species to increase the Signal to Noise

Ratio and the sensitivity.

4.4 Conclusions

Magnetic core silica shell nanoparticles were synthesized and characterised. The
nanoparticles were superparamagnetic in nature. The silica shell was chemically modified
by APTES in order to bind to amino group at the 3 end of the oligonucleotide through the
linker molecule phenylene diisothiocyanate. It was noted that mass of magnetic
nanoparticles before and after 10 wash cycles were same, thus there is no loss of
nanoparticles during washing. Hence DNA bound to the nanoparticles cannot be lost
during the wash cycles. SERS spectra of oligonucleotide modified with Cy 5 were shown
at different concentrations of oligonucletide. We could obtain signal till 10° M
concentration of oligonucletotide but the signal strength was very weak. The signal

intensity was shown to fall exponentially with decrease in concentration.

Future Scope

These nanoparticles can be used for DNA extraction and detection by SERS. One of the
major challenges in bio-diagnostics is the loss of analyte during the wash cycles. DNA
detection by capturing it with silica coated magnetic nanoparticles is probable way of

extracting DNA, further preventing its loss during washing cycles. Charge, steric
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repulsion etc are few other deciding factors that either prevent or aid binding. These

conditions once optimized would develop this technique into a potential and highly

reliable technique for DNA detection.
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Future Outlook

Surface Enhanced Raman Scattering is a very versatile technique with a potential to carry
out ultra low detection. Different applications of SERS include single molecule detection,
simultaneous detection of multiple contaminant present in the sample, Raman or SERS
mapping/imaging of cell etc. TERS, a combination of SERS with atomic force
microscopy has opened new research possibilities with spatial resolution in nanometer
regime. Because of its sensitivity to detect even slight changes in molecular
configuration, SERS is used for environmental analysis to find toxicity in ground water
and concentration of pollutants in the air. In addition to this, detection of explosive
chemicals has also been made possible through SERS. It has an edge over many other
traditional techniques like fluorescence and chemiluminescence. The advantages include
high sensitivity, multiplex detection, robustness etc. There are still loop holes in the
SERS technique that need to be tackled. It is not uncommon to get different spectra
within the same sample spot while recording SERS. Trivial changes in the SERS
substrate like nanoparticles shape, size, and extent of aggregation, substrate surface
chemistry, analyte orientation or analysis conditions can manipulate SERS spectra.
Sometimes, we also see unstable SERS spectra produced when signals from SERS
hotspots govern the spectra or when longer exposure to laser light degrades the analyte or
SERS substrate. To circumvent above problems, few modifications in recording SERS

spectra have been done like use of low laser power. Further, use of micro fluidic cells that
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create turbulent flow conditions which causes the mixing of analyte, activator and colloid
and also allows an average measurement to be taken is advantageous in many respects. In
order to minimize the effect of fluctuations in SERS substrate, isotopically labeled
internal standards have also been used.

Despite many hurdles, SERS is rapidly growing into practical tool for detection. Its
applications are not only confined to laboratory research but applications like
microfluidic cells, lab on chip method with portable Raman systems have facilitated
qualitative and quantitative field analysis. Thus, SERS has great potential to be used as an

analysis tool.
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