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Abstract

spectroscopy and as a sensor for organic and biological samples.

INTRODUCTION

Plasmonics is an emerging branch of nano photonics that
determines the properties of the collective excitation of free
electrons in the thin films or in the nanoparticles of noble metal
(Au and Ag) [1]. Generally, an interaction of electromagnetic
waves with the thin films and/or nanoparticles (NPs) of Au and
Ag excite localized surface plasmon resonance (LSPR), which
provides strong extinction and scattering spectra that makes
it useful for various important applications in different field of
research [1-7] particularly in the field of biology and medicine.
The LSPR frequency of NPs depends mainly upon the NPs size,
shape, material properties and the surrounding medium [4, 5,
8-10]. The ability of NPs to integrate with biological samples has
great impact in biology and medicine [11, 12]. Particularly, the
gold NPs have attracted intensive interest because they are easily
prepared, have low toxicity and can be readily attached to the
molecules of biological and medicinal interest [13]. Therefore, it
is important to control the optical properties of the composite
medium (having metallic NPs and organic or biological samples)
by careful selection of geometrical parameters of the NPs for
various practical applications. Thus by selecting the distribution
of sizes and shapes of the metallic NPs, it is possible to achieve
enhanced absorption of the electromagnetic radiation in the
specified spectral regions. The enhanced absorptions are the
function of LSPR that produces high electromagnetic field near
the nanoparticles, which forms the basis for surface enhanced

This paper presents the study of optical properties and the morphology of the
nanostructured gold thin films deposited on the glass substrate. The localized surface
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plasmon resonance (LSPR) peaks shift to higher wavelength side and reaches up to near
infrared region with a controlled increase in the film thickness during its deposition. The
shapes and sizes of the nanoparticles change with an increase in the film thickness.
The roughness of the films increases, whereas the refractive index of the surrounding
medium decreases with an increase in the film thickness. A correlation has been found
between the LSPR wavelength, the surface morphology and the refractive index of the
surrounding medium of the film. These thin films act as a substrate for surface enhanced

spectroscopy as a plasmonic sensor for the detection of organic
and biological samples [3,14-20]. The gold nanoparticles (AuNPs)
used for this purpose may be either in colloidal solution or in the
form of nanostructured thin films.

The measurement of the LSPR absorption band in thin
films allows the study of changes in the optical properties of
the nanostructured materials. In fact any change in the optical
properties of the thin film can be correlated with change in the
dielectric properties (€) of the materials, that is, the change in
its refractive index (n) and the extinction coefficient (k) [4-5,
8], which are strongly dependent on the surface coverage of the
films by the NPs. Recently, Chen and Horn [21] have studied the
effective complex refractive index of a layer of AuNP adsorbed on
to a silicon wafer at low surface coverage. They reported that the
real and the imaginary components of the dielectric coefficient are
the function of volume fraction of NPs in the layer. It has also been
observed that the refractive index of the film increases linearly
up to a volume fraction of 0.1. Wang et al., [22] have reported the
dielectric trajectories of ultrathin gold film of thickness < 10 nm
(from cluster to thin film) on silica. They found experimentally
that the real part (n) of the film first increases and then decreases
with an increase in the film thickness. It is an indication that the
optical properties of the thin films are mainly dependent on the
process of its preparation. Here it is important to mention that
the hot cathode vacuum deposition process has been found as
an easy and suitable technique for getting plasmonic thin films
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[23-25]. The nanostructures present in the films play a major role
in deciding the optical properties of the films that are controlled
largely by the process of its preparation. Even annealing of the
thick films also produces different nanostructures in the films
[24]. The effect of surface morphology of different types of films
on its optical properties (LSPR) has been studied earlier and was
found that the sizes of the NPs in x-y plane play an important
role in deciding the optical properties of the thin films [25]. But
still very less is known about the correlation between the LSPR
and the surface structure of the thin films particularly its three
dimensional sizes along with refractive index of the surrounding
medium, which needs to be investigated systematically.

This paper provides a brief overview about the optical and
structural properties of the nanostructured gold thin film to
better understand the correlation between the surface structures
(particularly the aspect ratio) of the NPs with the LSPR and the
refractive index of the surrounding medium. Effect of surface
roughness of the thin films on its optical properties is also
discussed.

Experimental

The preparation of metallic nanostructured film for
plasmonic application is critical because an enhancement in
optical absorption (due to LSPR) is very much dependent on the
size, shape and the particle density of NPs in the films. In fact, the
deposition parameters of the film mainly affect the properties of
these films such as the rate of film deposition, type of substrate,
the substrate temperature and the required film thickness.
For this experiment many gold films were deposited on the
glass substrate (quartz glass slides) using vacuum evaporation
technique. The vacuum deposition system was evacuated at
chamber pressure of ~ 3x10° mbar using a diffusion pump.
A resistively heated tungsten boat was used for evaporating
the gold for thin film deposition. The thickness and the rate of
deposition of the films were monitored by using a quartz crystal
microbalance (QCM). For this purpose variation in the frequency
of QCM was noted during the film deposition. The film thickness
was estimated based on the shift in the frequency of QCM using
standard formula having density of material deposited. The glass
substrates were thoroughly cleaned before the film deposition in
order to avoid the presence of any impurity on its surfaces. The
substrate temperature, the deposition rate and the film thickness
were the important parameters, which was controlled during
the film deposition. These parameters decide the morphology of
the films as well as its optical properties, particularly the LSPR
frequency [19, 25]. The deposition parameters for the films were
chosen as 25° C, < 0.01 A s and 5-150 A respectively. The LSPR
frequency is very much sensitive to the film deposition rate. This
is the reason, the deposition rate was kept very slow (~ 0.01
A s1) in order to grow individual/separated gold islands. The
tungsten boat was slowly heated for each deposition such that
the vaporized gold got deposited on the glass substrate before
melting of the gold. The system was allowed to cool gradually
near to room temperature after film deposition. It was found that
the variation in the film thickness (measured using QCM) and its
LSPR peak follow the theoretically obtained expression (scaling)
reported earlier [25]. A good agreement between experimental
values and the theoretical expression up to ~10 nm thickness

shows that once the substrate temperature and deposition
rate were kept constant, the deposited films provided similar
characteristics. However, the films having thickness more than
10 nm loses its NP character and becomes percolated films (semi-
continuous/continuous) and does not provide a good LSPR
peak.

The optical absorption spectra of the gold thin films were
recorded in transmission mode using UV-Vis spectrophotometer
(Lambda 20 Perkin Elmer) in order to find information about the
LSPR. The spectra were recorded in the wavelength range from
400 - 1000 nm in the steps of ~ 0.3 nm with a resolution of ~0.1
nm. The shapes and sizes of the nanoislands were determined
by transmission electron microscopy (TEM) and atomic force
microscopy (AFM). The TEM measurements were carried out on
the PHILIPS CM-200 microscope equipped with LaB, filament.
The line resolution of the microscope was ~1.4 A. Finally, surface
morphology of the films was measured using an atomic force
microscope (NT-MDT, SOLVER- PRO) having Si cantilever tips
(resonant frequency-190 KHz, spring constant ~ 5.5 N/m) in
non-contact mode, where radius of curvature of the tip was ~ 20
nm.

RESULTS AND DISCUSSION

Optical Properties of the gold thin films

The absorption spectra of gold nanostructured films of
thickness ranging from ~0.5 - 15 nm were recorded in the
wavelengthrange from 400 -1000 nm (Figure 1) and the localized
surface plasmon resonance (LSPR) wavelengths were assigned to
the absorption maximum in each spectrum. Here the absorption
spectrum of ~15 nm thick film is not shown in Figure (1). These
spectra provided the LSPR peaks ranging from 536 - 962 nm
and shifting towards higher wavelength side with an increasing
bandwidth as the thicknesses of the films were increased from
~0.5 to 15 nm respectively (Figure 2). The amplitude of LSPR
peak also increases with an increase in the thickness of the film.
It was noted during the experiment that the film of thickness ~10
nm deposited slowly provides a lower bandwidth LSPR peak at
~790 nm in comparison to a broad peak at ~981 nm in the case
of fast deposition keeping the other parameters constant. This
indicates that the position and the profile of the LSPR absorption
peaks are not only dependent on the film thickness but also
on the deposition rate of the film. Similar behavior has been
observed by different groups in the case of gold as well as for the
other plasmonic material such as Ag [24-27]. This indicates that
each nanostructured film of the gold provides LSPR absorption
peak with a finite amplitude and bandwidth depending on the
film thickness (Figure 1). The amplitude of LSPR peaks increases
with an increase in the number density of AuNPs, whereas the
location and the broadening in the peaks are due to the shapes
and sizes of the NPs. Normally the LSPR absorption peaks occur
as a result of collective oscillation of free electrons in the NPs of
thin films, whereas the broadening occurs due to the damping of
these collective oscillations. Such observations are explained by
the total extinction coefficient of small NPs that are given by the
Mie’s theory [4-5, 28] as the summation over all the electric and
magnetic multipole oscillations contributing to the absorption
and scattering of the interacting electromagnetic field. In the
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Figure 1 Absorption spectra of the gold thin films of various
thicknesses, (1) 0.5, (2) 1, (3) 2, (4) 3, (5) 3.4, (6) 6 and (7) 10 nm.
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Figure 2 Variation in the localized surface plasmon resonance (LSPR)
peak wavelengths with film thicknesses.

case of NPs much smaller than the wavelength of absorbing light
only the dipole approximation is considered to be contributing
towards the LSPR [5]. However, in the case of larger particles
multipole oscillations also play an important role. In the light
of Mie’s theory the optical absorption spectrum of metallic NPs
has been successfully explained after introducing a dielectric
function of the material. Considering the free conduction electron
in the NPs, the Drude approximation provides an expression for
the frequency dependent dielectric function for the material as
[26-27].

2
Dp

M —1—m 1)

Where wpz = [ne’/g;m ] is the bulk Plasmon frequency,
which is dependent on the free electron density n, the charge on
electron e, the vacuum permittivity ¢ and the electron effective
mass m .. Here y represents the damping constant, which equals
the plasmon bandwidth for the case of a perfect free electron gas
in the limit of y << w.

The spectroscopic characterization of such films provides
information about the collective response of the NPs, which has a

certain distribution of sizes and the shapes of the NPs in the thin
films. In this case the absorption maximum of the LSPR depends
mainly on the number density of the NPs present in the film.
Normally, all the thin films have large number of NPs of different
sizes and shapes depending on the thickness of thin films. These
small and the large size NPs present in the films act as dipoles
and multipoles respectively under the effect of electromagnetic
radiation. In the case of large size of NPs the LSPR peak position
shifts to longer wavelength side as a result of dominant multipole
oscillation. This seems to be the reason behind the shift in LSPR
peak towards higher wavelength side with an increase in the
film thickness (Figure 1). Similar shift in the LSPR peaks has
been reported by many researchers experimentally as well as
theoretically [29-31]. However, an interesting behavior of NPs in
thin films has been reported by Kundu [32]. He found that the
AuNPs in the Langmuir-Blodgett film reorganize its position with
time, so that the films become more compact with a decrease in
its thickness. Even the coupling between the AuNPs increases due
to decrease in the inter-particle distance after its reorganization,
which results a red shift in the plasmon peak wavelength. In the
present experiment also inter-particle distance decreases with
an increase in the film thickness either due to an increase in the
number density or due to an increase in the size of the NPs. This
is also contributing towards shift in LSPR to higher wavelength
side. This indicates that not only the shapes but the sizes of the
NPs also play an important role in deciding the location of the
LSPR peak, which is in agreement with the reported results [29].
In case the AuNPs are having the shape of nanorods, the LSPR
absorption shows two peaks corresponding to the oscillation of
the free electrons along (longitudinal mode) and perpendicular
(transverse mode) to the long axis of the nanorods. Normally, the
AuNPs show transverse mode resonance peak at ~520 nm, which
is coincident with the LSPR peak observed due to the spherical
AuNPs. In this case the resonance peak due to the longitudinal
mode is observed red shifted and is found strongly dependent on
the aspectratio (AR) R (Length of the rod divided by the diameter
of the rod) of the nanorod [33].

After above discussion about the relation between the
parameters of AuNPs with amplitude and the location of LSPR
peaks. It is important to discuss about the broadening in the
LSPR peaks and its dependence on the parameters of AuNPs. The
bandwidth of the LSPR peak is defined by the damping parameter
Y as given in eq. 1. Normally y is found dependent on the NPs
radius r [34, 35] and can be written as

Ve

r(r)=ro+ )

Where v, is the bulk damping constant, v, is the velocity of
the electrons at the Fermi energy, and A is a theory dependent
parameter that includes details of scattering process. Lot of
theoretical work has been performed earlier to define these
relations [30]. It has been found that the LSPR bandwidth shows
two types of behavior [4-5, 30]. In the case of intrinsic size region
(small nanoparticles < 25 nm of radius) the resonance damping
shows 1/r dependence and the bandwidth decreases with an
increase in the particle size (r). In other case the bandwidth of the
collection of NPs increases with an increase in the size (r) of the
collection of NPs. This leads to an inhomogeneous polarization
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of the NPs by the electromagnetic field, where the broadening
of the plasmon band is found due to retardation effect [5]. Even
the excitation of multipole modes that peaks at different energies
also contributes to the broadening in the LSPR peak. The present
experiment shows that the bandwidth of LSPR increases with
an increase in the film thickness from 0.5 to 10 nm (Figure 1),
which falls under the second category. It is well known that an
increase in the film thickness increases the density as well as
sizes of the NPs along with certain changes in its shapes, which
increases the particle-particle interaction in the films due to
decrease in the inter-particle separation. This will also contribute
to the broadening in the LSPR peaks. All these factors contribute
towardsanincrease in the bandwidth ofthe LSPR of thin films. This
indicates that an increase in the bandwidth of LSPR peak with the
film thickness in the present experiment seems to be occurring as
a result of change (increase) in the shapes, sizes and the number
density of the NPs [29]. Serrano et al. [24] and Cesario et al., [31]
have also demonstrated that in the case of comparatively thick
film (high particle density), interaction between the localized
and the extended surface plasmons also induce similar changes
in the optical absorption spectra (increase in the bandwidth) of
the AuNPs due to close proximity of nanoislands with each other.

The above discussions indicate that the shapes and the sizes
of the NPs as well as its density in each film play an important
role during the collective oscillations of free conduction electrons
in providing the specific LSPR peaks in the absorption spectra of
the thin films. However, any change in the local environment
particularly the refractive index of the surrounding medium also
affects the position of LSPR peak, which makes these films a good
plasmonic sensor for organic and biological samples. It has been
reported that a film having narrow bandwidth in its LSPR peak
provides higher sensitivity and large near field enhancement
useful for the sensors and the surface enhanced spectroscopy.
Normally, the nanorods with high AR value show the narrowest
bandwidth in comparison to the nanosphere [20]. It shows that
optimization of thin films parameters that decides the size,
shape and the number density of NPs in films will increase the
sensitivity of such sensors [20, 29]. Finally, this indicates that the
study of surface morphology of the films and its correlation with
LSPR can provide better understanding in order to optimize its
sensitivity as plasmonic sensor.

Morphological Characterization of gold thin films

It has been discussed above that the LSPR peak not only
depends on the film thickness but also on the other film
deposition parameters, which decides the morphological features
of the film such as the shapes and the sizes of the NPs in the
film. This indicates that the AuNPs present in the gold thin films
obtained by vacuum evaporation method may also be having
different shapes and sizes. Here Figures (3-5) show the TEM
images of the gold films as well as distribution of ellipticity (the
ratio of major to minor axis) of the NPs for 1, 3 and 6 nm thick
films respectively. It shows that the 1 nm thick film has mostly
spherical NPs with ellipticity one. As the film thickness increases
to 3 nm, the shapes of nanoparticles start changing (ellipticity >
1) but still more number of particles are in spherical shape with
ellipticity one (Figure 4). The 6 nm thick film (Figure 5) contains
NPs of various other shapes with maximum number of particles

having ellipticity 1.4. The radius distribution shows that the 1
nm thin films has maximum numbers of particles having radius
ranging from ~1.75 to 2.75 nm, whereas it is ~4-5 and ~5-7 nm
for 3 and 6 nm thick films respectively. This indicates that the
film with less thickness (< 6 nm) has NPs of nearly spherical
shape, which got distorted as the film thickness increases. Here
Figure (3-5) shows that each film has different distribution
of ellipticity of the NPs, which changes with an increase in the
film thickness. In fact, the average ellipticity increases with an
increase in the film thickness. Particularly, Figure (5b) shows
the distribution of ellipticity for the film of thickness ~6 nm,
which has average ellipticity of ~1.7. Figure (6) shows 2 and 3
D AFM pictures of the ~3 nm thick film. No clear base structure
is seen in two dimensional AFM pictures of the films. However
3D picture shows an increase in the height of the nanoparticles.
Figure (7) shows 2 and 3 dimensional AFM pictures of the ~6 nm
gold film. Here 2 D picture clearly shows the presence of some
triangular shaped NPs, whereas 3 D picture shows clear vertical
structure of the NPs in the form of nanorods. This indicates that
the sufficient numbers of nanorods are present in ~6 nm thick
film. The coverage of the surface area by the NPs increases with
an increase in the film thickness (Figure 3-5), which is measured
in the term of volume fraction. The measured roughness
parameters for the ~3 and ~6 nm films using AFM are shown
in Table (1). This shows that the average heights as well as the
average and rms roughness of the films increase with an increase
in the film thickness from ~3 to ~6 nm. The above results show
that the LSPR peak wavelength shifts to longer wavelength with
an increase in the size of nanoparticles and the surface roughness
of the thin films. Similar observations have been reported earlier,
where different island size and roughness in the films were
created by annealing the thick films [21]. These results confirm
that all the parameters of the thin film preparation such as
deposition rate, deposition process, annealing temperature of the
films and its atmosphere play an important role in deciding the
surface roughness and /or the size of NPs present in the thin film
and consequently its LSPR wavelength [23-25].

It has been observed in the last section that the LSPR peak
wavelength red shifts with an increase in the film thickness.
Therefore, a correlation between the LSPR peak wavelength
of the films and its surface morphology can provide important
information. Figure (8) shows variation in the LSPR peak
wavelength of the films with an increase in the average
ellipticity, volume fraction and the aspect ratio (AR) of the NPs
in the films. The nanorods present in the films are in the form
of non-cylindrical shape with an elliptical (triangular) base [18].
Therefore, AR of the NPs has been defined here as the ratio of the
film thickness and the average ellipticity of the nanoparticles in
that film. A comparison shows that the LSPR peak wavelengths
have bestlinear fit with the AR of the NPs in the thin films, whereas
ellipticity and the volume fraction deviates from linearity near
~10 nm film thickness. This indicates that the redshift in the LSPR
peak wavelength is mainly dependent on the surface coverage by
the NPs as well as on the AR of the NPs in films. However, the
best linear fit with the AR indicates that the height of NPs also
play an important role in deciding the LSPR peak along with its
size in X-Y plane as reported earlier [25]. The AFM images of the
~6 nm film show that the sufficient numbers of NPs are present
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Figure 3 Variation in the size and the shape of nanoparticles in the
gold film of 1 nm thickness, (a) TEM micrograph, (b) Histogram of Figure 5 Variation in the size and the shape of nanoparticles in the
variation in the ellipticity of the nanoparticles on substrate. gold film of 6 nm thickness, (a) TEM micrograph, (b) Histogram of
variation in the ellipticity of the nanoparticles on substrate.

(@ Table 1: Data of surface roughness measurement of gold thin film using
AFM.
Gold Film  Pk-Pk Roughness Average RMS
Thickness (t) (i) Roughness Roughness
(nm) (nm)
3 nm (1x1 pm) 3.05 0.26 +0.02 0.34+0.02
6 nm (1x1 pm) 6.10 0.51+0.02 0.69 +0.02

in the form of nanorods. In fact the formation of nanorods
becomes dominant for the film thickness of > 3 nm. This is in
agreement with the earlier reported results that the formation
of nanorod structure during vapor deposition process is possible
after crossing the percolation transition [25, 36]. The growth of

(b) o0 §§ Au3nm the nanorods seems to be possible due to the slow deposition
140 §§ ﬁz- mg; m:% : 02-2nfr:]m rate, where evaporated material got stacked one over the other
w2 §§ ' o without any diffusion. This indicates that the NPs present on the
% 100 §§ ] film of different thicknesses may be having nanorods of different
E %0 §§ aspect ratio with a certain possible distribution.
5 N\
§ 60 §§ Refractive Index of the surrounding medium
20
§§ The optical property of thin film is mostly decided by its
2 %\ dielectric permittivity € (as discussed in section 3.1) which
%% 1 15 20 25 30 a5 a0 consists of two important parameters as coefficient of refraction
Ellipticity of Particles (n) and the extinction coefficient (k). In the case of thin films
having NPs, the effective dielectric permittivity can be defined
Figure 4 Variation in the size and the shape of nanoparticles in the in terms of volume fraction and the polarizability of the metallic

gold Slm 'Oft}31 nrﬁ.t}tl.icknesfs;h(a) el m;c;ograph, b(bt) l'iiStOgram ot NPs [37-38]. The polarizability of any film is proportional to the
variation in the e7ipticity of the nanoparticies on substrate. number of NPs times volume of each NP present on the film, that
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Figure 6 AFM micrograph of the surface structures in 3 nm thick gold
film, (a) 2 D picture, (b) 3 D picture.

Figure 7 AFM micrograph of the surface structures in 6 nm thick gold
film, (a) 2 D picture, (b) 3D picture.

is, fractional volume (F) of the film. Normally, this is considered
as the coverage area of the film by NPs It has been proved to be
more important parameter in expressing the optical properties
of the films having different sizes of the NPs. Based on the
free electron model of the metal, it has been reported that the

LSPR peak wavelength A and the wavelength of the plasmon
resonance peak of the bulk metal A_ (for gold 131 nm) is related
with the volume fraction (F) as well as the refractive index n_of
the effective medium surrounding the films. This relation can be
written as [38].

1
2+F)\ , |2
n; 3)

An =4, 1+

This is a simple analytical approximation for the LSPR
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Figure 8 Variation in the localized surface plasmon resonance peak
wavelength with, (a) Volume fraction of the nanoparticles in the films,
(b) Average ellipticity of the nanoparticles in the films, (c) Aspect ratio
of the nanoparticles in the films.
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peak shift within the frame work of Maxwell Garnet theory
[37]. This clearly indicates that not only the fractional volume
(number density of NPs in the film) but the refractive index of
the surrounding media around the NPs also affects the LSPR
wavelength and has been found as an important parameter. For a
fixed F of a thin film any change in n_ will provide corresponding
change in the LSPR wavelength. This property of the thin film
can be used as a sensor for the detection of any organic or
biological sample. It has been reported earlier that eq.-3 fits the
experimental data very well in the case of indium, silver and the
gold nanostructured thin films [18, 35]. In fact the surrounding
medium around the gold NPs are air, glass and gold itself in the
present experiment. In this case, the coverage of films by NPs (F)
and the corresponding LSPR peak wavelength A change with
change in the thickness of films, which is affecting the value of
n. Based on this idea the values of n_have been obtained for
each thickness of the gold thin films using eq.-3 in order to find
its correlation with the parameters of the film such as volume
fraction, ellipticity and aspect ratio of the NPs. Figure 9a indicates
that values of n_ decreases with an increase in the film thickness
except for the value of higher film thickness (~10nm). This
variation is in close agreement with the results reported earlier
[22]. However, the deviation in the data for = 10 nm thick film may
be because this film becomes semi-continuous and subsequently
loses its NP character. The variation in refractive index of the
surrounding medium n_with the AR values of the NPs in the film
is shown in Figure (9b). Similar variations in the values of n_
are noted with the change in ellipticity and the volume fraction.
Figure (10) shows that the values of n_ decrease linearly with an
increase in the LSPR peak wavelength. Another observation is
that the value of n_ decreases with an increase in the roughness
of the film surface (Table 1), that is, with an increase in the size /
AR of the nanorods. Here one can say that the values of refractive
index of surrounding medium (n_) for a particular film will change
once we fill the inter-particle spacing (over coating the thin film)
with a material of different refractive index (organic or biological
samples), which is air in the present case [39]. In such a situation
the optical properties of the composite film as well as the value
of n_ can provide information about the materials over coated
on the film. This indicates that such films can act as a sensor for
the over coated materials. The refractive index sensitivities of
these films have been studied for the over coating of Rh6G and
is found that the LSPR peaks show a change of ~300 nm per unit
change in the refractive index [40]. However, it is important to
increase the change in the values of A per unit change in the
refractive index of the surrounding medium that is the refractive
index sensitivity of sensor for the samples. This may be possible
by changing the surface morphology of the films either by
changing its preparation technique or by changing the material
of the film. Recently, a silver nanoparticle plasmonic grating
has been developed as a substrate for surface enhanced Raman
spectroscopy (SERS), which provided an enhancement in Raman
signal from Rh6G dye sample by two orders of magnitude [41].
However, further increasing the sensitivity of such plasmonic
sensors is a matter of further investigation.

CONCLUSIONS

The nanostructured gold thin films show LSPR in its
absorption spectra at the wavelengths ranging from visible to
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near infrared wavelength depending on the thickness of films.
Each parameter of the film such as the volume fraction, the sizes
and the shapes of the NPs as well as the surface roughness have
an important role in deciding the optical properties of the thin
films. A good correlation has been found between the optical
properties of the thin films such as LSPR and the refractive index
of the surrounding medium with the surface morphology of films.
The above results further indicate that the Mie [4-5] and the
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Maxwell Garnet theory [31] explains the observations mainly for
the gold thin films having NPs of nearly spherical shape having
ellipticity close to one. Such thin films can be useful as a substrate
either for the study of surface enhanced spectroscopy or as a
good refractive index sensor for organic or biological samples.
However, further investigation is required in this direction to
obtain a plasmonic film with better surface morphology and
optical properties in order to have a sensor with better sensitivity
for various applications.
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