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Refractive index sensitivity of Au nanostructures
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Accepted: 12 December 2021 [y this work, we present the synthesis and surface immobilization of Au
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25 December 2021 onance (LSPR)-based refractometric sensing applications. Au nanostructures

exhibiting LSPR peak positions in 500-900 nm spectral range were prepared by
© The Author(s) 2021 seed-mediated synthesis method. The refractive index (RI) sensitivity of all these

nanostructures in the colloidal solution were measured and the sample
exhibiting highest sensitivity in each category were immobilized on the glass
substrate. The surface immobilized nanostructures were investigated for RI
sensing. Au nanostars having LSPR peak position at 767 nm exhibited highest
RI sensitivity of 484 nm/RIU in solution and 318 nm/RIU on the substrate. This
study gives an outline for selecting the Au nanostructures for developing
plasmonic sensing platforms.

1 Introduction property of plasmonic nanostructures is utilized in

the construction of LSPR-based refractometric sen-
Noble metal nanostructures support localized surface sors [3]. The RI sensitivity is expressed as the shift in
plasmon resonance (LSPR), a phenomenon in which LSPR peak position per unit change in RI of the
the conduction electrons present on the surface of the surrounding medium. The RI sensitivity of the plas-

nanostructures exhibit coherent oscillations when monic nanostructures is determined by the material
electromagnetic radiation of suitable frequency composition, shape and size of the nanostructures [4].

interacts with them [1]. One or more extinction bands  Silver and gold are the most popular plasmonic
are observed in near-UV-Vis-NIR region of the  materials and gold being relatively inert and stable,
electromagnetic spectrum due to plasmonic reso- gained popularity in various sensing applications [5].
nance [2]. The plasmonic resonant peaks are sensitive Highly symmetric spherical nanoparticles exhibit
to the surrounding dielectric environment and show single peak in extinction spectrum whereas aniso-
redshift when the refractive index (RI) of the sur-  tropic nanostructures like nanorods show multiple

rounding medium is increased. This RI sensing  peaks due to polarization of free electrons at the
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corners and edges. Thus the optical properties of
plasmonic metal nanostructures can be tuned by
controlling the shape [6]. Shape of the nanocrystals
also play most important role in determining the RI
sensitivity and anisotropic nanostructures exhibit
higher sensitivity compared to spherical nanoparti-
cles [7]. Plasmonic nanostructures with sharp tips
exhibit higher sensitivity compared to nanostructures
with similar aspect ratios [7]. For a metal nanostruc-
ture of given material composition and shape, size is
the most important parameter which determines the
sensitivity. So evaluating the sensitivity of nanopar-
ticles of different sizes for a given shape gives the
guidelines for selecting a nanostructure for specific
applications.

Increased need for label free sensing techniques,
multiplexing and miniaturization are offering great
prospect for substrate-based plasmonic sensing.
Solution phase chemical synthesis gives relatively
low cost convenient method for fabrication of
nanostructures and the chemically synthesized
nanostructures can be effectively surface immobi-
lized. Tremendous developments in the surface
modification techniques of plasmonic nanostructures
are boosting the possibility of development of state of
the art sensing platforms [8, 9]. The response of
plasmonic nanostructures to the small changes in the
RI of the surrounding medium has made them very
attractive for signal transducers in refractometric
detection. Au nanostars, nanocubes and nanorods
having sharp edges exhibit intense electromagnetic
field enhancement which make them very attractive
for sensing applications. Chen et al. investigated the
RI sensitivity of gold nanospheres, nanocubes,
nanobranches, nanorods, and nanobipyramids and
reported that nanobranches exhibited highest sensi-
tivity of 703 nm/RIU [10]. Gold nanostars and
nanocubes exhibited RI sensitivity of 326 and 83 nm/
RIU, respectively [10, 11]. Gold nanorods exhibited
sensitivity of 252 nm/RIU after immobilization on
glass substrate [12]. Several computational studies
have been done on the RI sensitivity of different
anisotropic Au nanostructures [13-15]. Since the
theoretical study gives an upper bound to the sensi-
tivity value, it is desirable to study the RI sensitivity
of Au nanostructures experimentally, while selecting
them for sensor development. The colloidal suspen-
sion of nanoparticles are not thermodynamically
stable, change in pH, ionic strength and temperature
affect the nanoparticles in the solution. The
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nanoparticles can be easily aggregated in solution
phase. Immobilization of nanostructures on the sub-
strate effectively prevents the aggregation and facil-
itates the multiple usage of substrates [16]. The
substrate immobilized nanostructures can be easily
functionalized and can be integrated with microflu-
idic systems. Electromagnetic field around the plas-
monic nanostructures changes considerably after
immobilization and RI sensitivity also changes. So it
is of great importance to study the RI sensing prop-
erties of surface immobilized nanostructures.

Even though RI sensitivity studies of different gold
nanostructures are previously reported but there is a
need for systematic study of anisotropic nanostruc-
tures with different sizes [10, 17, 18]. Evaluating the
RI sensitivity of surface immobilized Au nanostruc-
tures is also very important for developing chip-
based sensor systems. In this work, we report the
synthesis of Au nanostars, nanocubes and nanorods
by seed-mediated synthesis method. The size of the
each nanostructure was systematically varied by
changing the precursor concentrations. Rl sensitivity
of all three Au nanostructures with different sizes
exhibiting LSPR peak positions in 500-900 nm spec-
tral range were determined. This gives an idea about
the RI sensitivity of different sizes for a given shape,
which helps to choose the nanoparticle for a partic-
ular sensing platform. Samples exhibiting highest
sensitivity in each category were immobilized on the
glass substrate. The response of immobilized Au
nanostructures to RI changes in the surrounding
medium was studied and RI sensitivity was calcu-
lated. This study gives a broad outline for selecting
Au nanostructures for developing nanoplasmonic
sensing platforms by immobilizing the colloidal sus-
pension of nanoparticles.

2 Materials and methods
2.1 Chemical and reagents

Cetyltrimethylammonium bromide (CTAB), silver
nitrate (AgNO;, 99.5%), sodium borohydride
(NaBH,4), poly(sodium 4-styrenesulfonate) (PSSS,
1000 kDa) and (3-aminopropyltrimethoxysilane
(APTMS, 97%) were procured from Sigma-Aldrich.
Trisodium citrate dihydrate (99%) and ascorbic acid
(99%) were purchased from Merck and Loba Chemie,
respectively. Chloroauric acid and anhydrous
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glucose (99%) were purchased from Alfa Aesar. All
chemicals were used as received without any further
purification. Deionized water from Milli-Q purifica-
tion system was used for all synthesis.

2.2 Synthesis of Au nanostructures
2.2.1 Au nanostars

Au nanostars were synthesized using the previously
reported surfactant free seed-mediated synthesis
method with some modifications [19]. Initially to
prepare seeds, HAuCl, (1 mM, 10 mL) aqueous
solution was boiled under stirring. To this trisodium
citrate (34 mM, 1.5 mL) aqueous solution was added
and the stirring was continued. After 5 min, the
stirring was stopped, seed solution was cooled and
stored at 4 °C for further use.

To prepare nanostars, aqueous solution of HCl
(1 M, 10 pL) was added to HAuCl, (10 mL, 0.25 mM)
solution. Under continuous stirring 100 pL of seed
solution was added to this solution. Quickly, aqueous
solution of AgNO; (1 mM, 100 pL) and ascorbic acid
(100 mM, 50 pL) were added simultaneously and
stirring was continued for a minute. Aqueous acetyl
cysteine (10 mM, 10 pL) solution was immediately
added and stirred for 5 min. The Au nanostars col-
loidal solution was stored at room temperature in
dark place.

2.2.2  Au nanocubes

Previously reported seed-mediated synthesis proce-
dure was followed to prepare Au nanocubes [20]. For
seed preparation, ice cold NaBH, (0.6 mL, 100 mM)
solution was added to aqueous solution of HAuCly
(10 mL, 0.25 mM) and CTAB (75 mM) with stirring.
After 5 min of stirring, the seed solution was kept
undisturbed for 2 h.

To get nanocubes, 25 mL of growth solution was
prepared with HAuCl, (0.2 mM) and CTAB (16 mM).
To this, aqueous ascorbic acid (1.5 mL, 100 mM)
solution was added with stirring. Finally different
volumes (50-5 uL) of 100 times diluted seed solutions
were added. The stirring was stopped and the reac-
tion was completed in 2-3 h.
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2.2.3 Au nanorods

Au nanorods were synthesized with previously
reported seed-mediated synthesis method [21]. To
prepare seed solution, aqueous solution of HAuCl,
(25 pL, 50 mM) was added to CTAB solution (5 mL,
100 mM) with stirring. To this of NaBH, (300 pL,
10 mM) aqueous solution was added quickly. Stirring
was stopped after 5 min.

The growth solution was prepared by combining
following solutions to prepare Au nanorods. HCI (95
puL, 1 M), CTAB (5 mL, 100 mM), HAuCl, (50 pL,
50 mM) solutions were combined and solution was
shaken well. Next, different volumes of AgNO;
solution (10-70 pL, 10 mM), ascorbic acid (50 uL,
100 mM) solution were added and shaken thor-
oughly. Finally 12 pL of seed solution was added and
the solution was kept undisturbed overnight for
growth of nanorods.

Next, the colloidal solution was centrifuged at
5000 rpm for 3 min to separate the spherical
nanoparticles. After this, the supernatant solution
was centrifuged at 7500 rpm for 25 min. The nanor-
ods settled at the bottom were re-dispersed in DI
water.

2.3 Immobilization of Au nanostructures
on glass surface

To immobilize Au nanostars, piranha cleaned glass
coverslips were immersed in 10% ethanolic solution
of (3-aminopropyDtrimethoxysilane for 15 min. Next,
coverslips rinsed with deionized water and dried at
120 °C for 3 h. After this, coverslips were incubated
in gold nanostars solution and UV-Vis spectrum was
recorded after different intervals of time.

To immobilize Au nanocubes and nanorods, pir-
anha cleaned glass coverslips were immersed in 10%
ethanolic solution for 1 h and dried at 120 °C for 1 h.
After this, the coverslips were incubated in poly(-
sodium styrenesulfonate) (PSSS) solution (20 mg/
mL) for one hour and then taken out and rinsed with
water and were incubated in Au nanocubes colloidal
solution. In case of Au nanorods, aqueous NaCl
(0.25 mL, 200 mM) solution was added to 2 mL of Au
nanorods colloidal solution one hour prior to the
incubation with silanized glass cover slips. UV-Vis
spectrum was recorded after different intervals of
incubation time.
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2.4 Spectral and morphological
characterization

The spectral characterization of synthesized silver
nanocubes was performed using lab-built UV-Vis
spectroscopy setup explained in our earlier work
[22, 23]. All the LSPR experiments were also per-
formed with this lab-built experimental setup.

All the FESEM images of surface immobilized Au
nanostructures were recorded with Zeiss Sigma 300.

2.5 Refractive index sensitivity
measurements

To measure the bulk RI sensitivity of Au nanostruc-
tures, various concentrations of aqueous solution of
glucose [0-20% (w/v)] were used. Bulk RI sensitivity
of all the samples were calculated by fitting the LSPR
peak position versus RI of the surrounding medium
plot. The bulk RI sensitivity of Au nanostructures
immobilized on the glass substrate was also obtained
by recoding the UV-Vis spectra of the LSPR chip in
0-40% aqueous glucose solution followed by fitting
the plot of LSPR peak position against RI.

3 Results and discussion
3.1 Synthesis of Au nanostructures

All the Au nanostructures were prepared by seed-
mediated synthesis method. In the first step, seed
nanoparticles were prepared and then small amount
of these seeds were introduced into a growth med-
ium which contains precursors in right proportions
for formation of anisotropic nanostructures. By
varying the concentration of the key precursors,
nanostructures with a range of LSPR peak positions
were obtained.

Surfactant free synthesis method was chosen to
prepare Au nanostars, because the presence of layers
of surfactants like CTAB on the nanostructures
increases the distance between the surface of
nanoparticles and analyte and hence reduce the RI
sensitivity [24]. The seed particles were prepared by
reducing the Au’' ions with citrate at the water
boiling temperature. The citrate protected seed par-
ticles were cooled to room temperature and further
used in synthesis of Au nanostars. Different growth
solutions were prepared with various amounts of
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AgNO; to get the Au nanostars with different LSPR
peak positions. Ag” ions play crucial role in the for-
mation of Au nanostars. Without Ag™ ions, polydis-
perse nanoparticles were formed [19]. Ag do not form
the branches on the Au nanocrystals but assist the
formation of Au branches on certain crystallographic
facets of multi-twinned Au seeds. Further, the final
concentration of AgNO; in growth solution is in
5-25 uM range which is very less compared to the
concentration of HAuCl, which is 250 pM. Ag may
constitute 2-4.5% of Au branches [19]. Au nanostars
samples with LSPR maxima positioned from 664 to
868 nm were obtained by increasing the concentra-
tion AgNO; from 0.5 to 2.5 mM while preparing the
growth solution (Fig. 1a). In CTAB-assisted synthesis
method of Au nanostars, a bilayer of CTAB formed
on the surface effectively protects the nanostars. Au
nanostars obtained by this surfactant free method
were found to be unstable, 35 nm blue shift in LSPR
peak position was observed after one day. This
indicates the degradation of nanostructures. To pre-
vent this, small amount of acetyl cysteine (10 mM, 10
pL) was added. This effectively stabilized the Au
nanostars and not much considerable shift in LSPR
peak position was observed even after 8 days. It can
be hypothesized acetyl cysteine binds to the surface
of nanoparticles forming the Au-S bond and hence
protect and stabilize the Au nanostars [25].

For the synthesis of Au nanocubes and nanorods,
we followed the surfactant-assisted seed-mediated
synthesis method. For these nanostructures, CTAB
surfactant plays crucial role in inducing the shape
and CATB-assisted method is highly reliable and
gives good yield [26]. To synthesize Au nanocubes,
seed particles were prepared by reducing the Au®**
ions with NaBH, in the presence of CTAB. Aqueous
growth solution containing CTAB, HAuCl,, and
ascorbic acid was prepared and different volumes of
seed solutions were introduced. Within 2-3 h the
growth solution showed stable color (pink to blue,
depending on the seed solution volume). This indi-
cated the completion of the formation of nanocubes.
CTAB and Au™ ions were initially mixed in growth
solution to form AuBr,~ complex. Next the complex
was reduced to Au” by ascorbic acid. Ascorbic acid is
a mild reducing agent and cannot reduce Au®" into
AU’ in the presence of CTAB micelle without the
presence of seed [27]. Next, different volumes of seed
solutions were introduced into this growth medium.
The seeds increase the growth rate of particles and in
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Fig. 1 UV—Vis absorption spectra of a Au nanostars synthesized with 0.5, 1, 1.5, 2, 2.5 mM AgNOs; solution. b Au nanocubes
synthesized with 50, 20, 10, 6.5, 5 pL of seed solution. ¢ Au nanorods prepared with 25, 30, 40, 50 uL of AgNOj3 solution

the absence of seeds, no color change can be
observed. No other reagents were used to induce the
shape. The amount of seeds added to the growth
medium determines the size of the Au nanocubes, the
seed solution was 100 times diluted with deionized
water before adding to the growth solution [20].
Addition of 50, 20, 10, 6.5 and 5 pL of diluted seed
solutions to the growth solution resulted in the for-
mation of Au nanocubes with LSPR peak positions at
536, 575, 595, 625 and 647 nm (Fig. 1b). This shows
that, decrease in the number of seed particles avail-
able in the growth medium resulted in formation of
larger nanocubes. With increase in number of seed
particles the number of Au atoms available per seed
particle decreases and hence the final size of the
nanocubes is smaller. This observation is consistent
with the previous reports pertaining to other plas-
monic nanostructures [22, 23].

Seed-mediated growth method is the most reliable
and effective method of preparation of Au nanorods.
CTAB capped seeds were introduced to the growth
solution containing HCI, CTAB, HAuCl,, AgNO; and
ascorbic acid. Figure 1c shows the UV-Vis spectra of
Au nanorods synthesized with different amounts of
AgNO; solution to the growth medium. As in case of
Au nanocubes, initially CTAB and HAuCl, solutions
were combined to form AuBr;~ complex. By adding
ascorbic acid, complex was reduced to Au. Before
introducing the seed solution, AgNOj; solution was
added to the growth medium. For formation and
controlling of aspect ratio of Au nanorods, presence
of Ag™ ions is essential [27]. It is previously reported
that, the aspect ratio of nanorods could not be con-
trolled by varying the seed to metal ion ratio in the
absence of Ag' ions [27]. When the seeds were
introduced to the growth medium, the rod formation
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was started and the growth rate was reduced by
lower pH, which was achieved by adding HCl while
preparing the growth solution [21]. Slow growth
helps the formation of good quality nanorods.
Nanorods show two plasmonic bands due to trans-
verse and longitudinal plasmon resonance. The
transverse resonance band appears around 520 nm
and longitudinal resonance band varies from 600 nm
to NIR region depending on the aspect ratio [28].
With increase in the aspect ratio, longitudinal reso-
nance band moves towards higher wavelength
region. In our case, longitudinal plasmon resonance
band moved from 631 to 774 nm with increase in the
volume of AgNO; solution from 25 to 50 pL and the
transverse plasmon resonance band almost remained
in the ~ 515 nm. This indicates the formation of
higher aspect ratio nanorods with increase in the
concentration of AgNQO; in the growth medium [29].
Au nanorods were purified by two times centrifu-
gation. This helped to remove maximum amount of
spherical and other small nanoparticles and
improved the quality of Au nanorods [30].

3.2 Refractive index sensitivity of Au
nanostructures

When natural oscillation frequency of free electrons
confined to the metal nanostructures matches with
the frequency of incident electromagnetic radiation
the LSPR phenomenon is observed. Resonance con-
ditions can be deduced for small spherical nanopar-
ticles using discrete dipole approximation and
frequency-dependent dielectric function from Drude
model. The resonance condition is expressed as &;.
(w) = — 2¢4, where ¢ is the real part of dielectric
function of metal, w is the frequency of incident light
and &g is the dielectric function of surrounding
medium [31]. By taking the resonance condition into
account, the LSPR peak position (imax) can be
expressed as Amax = 4p (ng? + 1)'2, where /p is the
plasma wavelength of the metal and 74> = 4. This
relationship can be approximately written as Apax =
V2/, * nq in visible region of electromagnetic spec-
trum [31, 32]. This indicates that within a sufficiently
narrow range of ng, a plot of Ayax versus nq must be
linear. This forms the basis for calculating RI sensi-
tivity of plasmonic nanostructures. In case of aniso-
tropic nanostructures it is not possible to use discrete
approximation but numerical computational meth-
ods can be used.
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Experimental assessment of RI sensitivity of the
plasmonic nanostructures is the first step in the
selection of nanostructures for fabrication of LSPR-
based refractometric sensors. Here we gradually
increased the RI by increasing the glucose concen-
tration from 0 to 20% in steps of 5%. After each step,
UV-Vis spectrum was recorded and the process was
repeated with different batches of all the three Au
nanostructures. In Fig. 2, response to the RI change of
Au nanostructures with highest RI sensitivity are
shown. Successive redshift in LSPR peak position can
be seen in Fig. 2a, ¢, e with increase in RI of the
surrounding medium. The slope of the plot of LSPR
peak position vs. RI gives the RI sensitivity of a
particular nanostructure. Figure 2b, d, f show the
linearly fitted plot of LSPR peak position vs. RI of the
surrounding medium. The LSPR peak positions were
obtained by finding the zero crossing position of
linearly fitted derivative of small spectral region close
to the absorption maximum. RI sensitivity of all the
samples in the solution were calculated and the val-
ues are tabulated in Table 1. Figure 3a—c graphically
show the variation of RI sensitivity with increasing
LSPR peak position for Au nanostars, nanocubes and
nanorods. It can be observed that RI sensitivities of
Au nanostructures increase with redshift in LSPR
peak position to certain extent and then decrease. Au
nanostars, nanocubes and nanorods with LSPR peak
positions at 767, 596 and 732 nm exhibited highest RI
sensitivity of 484, 184 and 317, respectively. Similar
trend was observed in our previous reports in case of
Ag triangular nanoplates [22, 23]. For Au nanocubes
with LSPR peak position at 647 nm showed increased
sensitivity but it is still less compared to RI sensitivity
of Au nanocubes with LSPR maxima at 596 nm.
Further experiments were carried out to prepare Au
nanocubes with longer LSPR maximum wavelength
but well-defined UV-Vis spectrum was not observed.
All these Au nanostructures with highest RI sensi-

tivity were selected for immobilization for fabrication
of the LSPR chip.

3.3 Immobilization of Au nanostructures

To immobilize Au nanostars, glass coverslips were
cleaned with piranha solution (H;SO4:H,0,, 3:1 v/v)
to remove all the organic impurities present on the
substrate. APTMS molecular layer was formed on the
substrate by incubating the cleaned cover slip in 15%
ethanolic solution of APTMS. After 15 min of
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Table 1 RI sensitivities of Au nanostructures obtained with glucose refractive index sensitivity analysis

Au nanostars Au nanocubes

Au nanorods

LSPR peak position  RI sensitivity (nm/  LSPR peak position

RI sensitivity (nm/

LSPR peak position  RI sensitivity (nm/

(nm) RIU) (nm) RIU) (nm) RIU)
664 289 £+ 12 536 47 £ 8 631 164 £ 8
734 419 £ 14 575 106 + 6 661 170 + 6
767 484 £ 12 596 184 £ 8 732 317 £ 8
847 419 £ 10 625 121 &+ 10 774 280 £ 5
868 401 + 14 647 158 £ 8 - -
220 - - PR .
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Fig. 3 Variation of refractive index sensitivity with LSPR peak position for a Au nanostars, b Au nanocubes and ¢ Au nanorods

incubation, the coverslips were washed and dried at
120 °C for 3 h to minimize the multilayer formation.
These coverslips were incubated in Au nanostars
colloidal solution and UV-Vis spectrum was recor-
ded after different intervals of time. The amount of
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nanostars immobilization on the substrate was con-
trolled by incubation time. After 40 h of incubation,
the absorbance was almost remained same as shown
in Fig. 4a. To immobilize Au nanocubes and nanor-
ods the procedure was modified due to the presence
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CTAB surfactant on the surface of these nanostruc-
tures [33]. APTMS modified glass coverslips were
incubated with PSSS solution in order to form the
negatively charged layer on the surface. Positively
charged CTAB capped gold nanostructures can
electrostatically adhere to the surface modified glass
coverslip. In case of gold nanocubes, the UV-Vis
spectra recorded after different incubation time per-
iod is shown in Fig. 4b. For immobilization of Au
nanorods, NaCl was introduced into the nanorods
colloidal solution which helps to form the electro-
static-based dense surface assembly of Au nanorods
on the APTMS-PSSS modified glass coverslip [34].
Figure 4c shows the UV-Vis spectra of surface
immobilized Au nanorods recorded after different
intervals of incubation time and both transverse and
longitudinal plasmon resonance band can be clearly

observed. Red shift is observed after immobilization
of Au nanostars and nanorods and a small blue shift
in case of Au nanocubes (Table 2). The mode of
coupling between the nanoparticles induce a redshift
or blue shift in the LSPR band [35]. The surface
immobilized Au nanostructures also show all the
plasmonic bands which are observed in the colloidal
solution and no additional bands can be observed.
This indicates that all the nanostructures are immo-
bilized on the substrate without sacrificing their
characteristic features. Figure 5 shows FESEM ima-
ges of all surface immobilized nanostructures which
indicates the successful immobilization of Au
nanostructures on the silanized glass substrate. The
average sizes of Au nanostars and Au nanocubes are
found to be 73 and 85 nm. The average aspect ratio of
Au nanorods is 2.7.

@ Springer



4020

J] Mater Sci: Mater Electron (2022) 33:4011-4024

Table 2 LSPR peak positions of Au nanostructures in solution and on the substrate

Nanostructure Solution Substrate
LSPR peak position (nm) RI sensitivity (nm/RIU) LSPR peak position (nm) RI sensitivity (nm/RIU)
Au nanostars 767 484 + 12 773 318 + 10
Au nanocubes 596 184 + 8 593 95 £ 8
Au nanorods 732 317 £ 8 753 108 £ 10

Q Q&
)

e S a

EHT = 500 kV SignalA=lInlens Mag= 9000KX WD= $7mm

ZEISS

WD = 38mm ZEISS

Fig. 5 FESEM images of a Au nanostars (average size 73 nm), b Au nanocubes (average size 85 nm), and ¢ Au nanorods (average aspect

ratio 2.7) immobilized on the silanized glass substrate

To check the response of surface immobilized Au
nanostructures to the RI modulation, UV-Vis spectra
of those coverslips were recorded in air and in water.
When the coverslips are transferred from air to water,
the RI of the surrounding medium changes from 1 to
1.33. Large redshift in LSPR peak position can be
expected due to the drastic change in RI of the sur-
rounding medium. The UV-Vis spectra of all surface

@ Springer

immobilized nanostructures show clear redshift in
LSPR peak position when the medium changes from
air to water (Fig. 6a—c). The spectra were recorded
several times to check the reversibility of the plasmon
band position. Every time the LSPR bands of all the
nanostructures restored their positions, which indi-
cates that the surface immobilized Au nanostructures
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(a) Response of surface immobilized Au nanostars to the
change in surrounding refractive index
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(b) Response of surface immobilized Au nanocubes to the
change in surrounding refractive index
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(c) Response of surface immobilized Au nanorods to the
1 change in surrounding refractive index
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Fig. 6 UV-Vis spectra of surface immobilized a Au nanostars, b Au nanocubes, and ¢ Au nanorods in air and in water

are highly reliable for refractometric

applications.

sensing

3.4 Refractive index sensitivity
of immobilized Au nanostructures

After immobilization, RI sensitivities of all the Au
nanostructures were determined with different con-
centrations of glucose solution. Glass coverslips with
Au nanostructures were immersed in 0-40% glucose
solutions and UV-Vis spectra were recorded with
each solution. Figure 7a, c, e show the response of
plasmonic band of Au nanostructures to the changing
glucose concentration. As in case of colloidal solu-
tions, LSPR band maxima were determined for all the
nanostructures. The slope of the linear fit of LSPR
peak position vs. RI gives the RI sensitivity of corre-
sponding surface immobilized Au nanostructure

(Fig. 7b, d, f). Table 2 lists the RI sensitivity of Au
nanostars, nanocubes and nanorods in solution and
on the substrate. RI sensitivity of Au nanostars is
decreased by 34%, Au nanocubes is decreased by 48%
and Au nanorods is decreased by 66% after immo-
bilization on the glass substrate. Strong correlation is
reported between the RI sensitivity and fraction of
the surface which is in direct contact with the sub-
strate [16]. The effective RI around the nanostructures
changes after immobilization. Here the decrease in
the RI sensitivity can be attributed to the interaction
between substrate and nanostructures. From this
study we can infer that Au nanostars show higher
sensitivity compared to Au nanocubes and nanorods
both in solution and on the substrate.
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Fig. 7 UV-Vis spectra showing redshift in LSPR peak position of
surface immobilized a Au nanostars, ¢ Au nanocubes, and e Au
nanorods with increase in glucose concentration from 0 to 20%.
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4 Conclusions

We have synthesized Au nanostars, nanocubes and
nanorods by seed-mediated synthesis method with
LSPR peak positions varying in the range of
500-900 nm. RI sensitivity of all these nanostructures
were determined in the solution and the sample with
highest RI sensitivity in each category were immo-
bilized on the glass substrate. Response of surface
immobilized Au nanostructures to the RI modulation
was checked and RI sensitivity measurements were
performed. Au nanostars with 73 nm average size
and LSPR peak position at 767 nm exhibited highest
RI sensitivity of 484 nm/RIU in solution and
318 nm/RIU on the substrate. This RI sensitivity
investigation of Au nanostructures gives an outline
for selecting nanostructures for development of the
nanoplasmonic sensing platforms.
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