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Abstract
In this paper, we discuss the performances of gold 
nanosensors based on Localized Surface Plasmon 
Resonance (LSPR) designed by Electron Beam 
Lithography (EBL) in the context of biological and 
chemical sensing. We demonstrate the sensitivity of 
our gold nanosensors by studying the influence of 
the concentration of 11-mercaptoundecanoic acid 
(MUA) on the shift of LSPR wavelength. Additionally, 
to study the selectivity of our nanosensors, the 
system Biotin/Streptavidin was used to detect very 
weak concentration of biomolecules. These results 
represent new steps for applications in chemical 
research and medical diagnostics. 
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1 Introduction

Advancements in nanotechnology due to a better knowledge 
of chemical and physical properties of materials enable new 
developments of biological and chemical nanosensors. 
The improved chemosensors (1-6) and biosensors (7-11) 
are based on the extraordinary optical properties of noble 
metal nanoparticles. Indeed, the LSPR nanosensors induce 
the small local refractive index changes at the surface of 
metallic nanoparticles (5,12). The nanosensors based on 
LSPR spectroscopy operate in a manner totally analogous to 
propagating surface plasmon resonance (SPR) sensors. That is 
by transducing small changes in the refractive index near the 
metallic surface into a measurable wavelength shift response. 
Variations of the reflectivity as a function of the angle of 
incidence in SPR and extinction peaks in LSPR are related to the 
same physical phenomena, collective oscillation of electrons 
in the metal. The minimum of reflection corresponds to a 
maximum of absorption. The response of LSPR and SPR 
sensors can be described by the following formula (12,13):

 Δλ
max

 = mΔn[1-exp(        )] (1)

where Δλ
max

 is the wavelength shift, m is the refractive index 
sensitivity, Δn is the change in refractive index induced by an 
adsorbate, d is the effective adsorbate layer thickness and l

d
 

is the characteristic evanescent electromagnetic field decay 
length. This equation can be applied for both SPR and LSPR, 
because they are intrinsically related to the same physical 
phenomena, the only differences are the propagating length 
of the surface Plasmon, which is of 10 µm order for the SPR 
and only about 10 nm order for LSPR, and the decay length 
which is much smaller for LSPR than for SPR. This model 
assumes a single exponential decay of the electromagnetic 
field normal to the planar surface, which is a simplification 
for the electromagnetic fields associated with metallic 
nanoparticles. This simplified model enables us to optimize 
the response of our LSPR nanosensors. The m factor for SPR 
sensors is about 2x106 nm/RIU (13) (Refractive Index Units) and 
is about 2x102 nm/RIU (14) for LSPR sensors, this difference is 
largely compensated by the very low decay length offered by 
LSPR gold nanoparticle. Indeed this decay length is around 
200-300 nm (14) for SPR sensors whereas is few nanometers 
(14) for LSPR nanosensors (for our Au nanoparticles l

d
 = 15 

nm). This decay length depends on the size, shape, and 
composition of the nanoparticles and gives rise to the large 
sensitivity of the LSPR nanosensor. This low decay length 
permits to detect a very thin layer of adsorbate molecules. 
Even if the sensitivity of the SPR sensors is slightly better than 
that of LSPR nanosensors, a direct comparison is not evident 
because of the different mechanisms that give rise to their 
respective sensitivity gains. Nevertheless some advantages of 
LSPR nanosensors could be mentioned. The LSPR nanosensors 
do not require a temperature control compared to SPR 
since the large refractive index sensitivity of SPR induces a 
strong dependence on the environmental temperature. No 
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Visible extinction spectra were measured using a Jobin Yvon 
micro-Raman Spectrometer (Labram) in standard transmission 
geometry with unpolarized white light. The transmitted light 
is collected by an objective (x10; N.A = 0.25) on a real area 
of 30x30µm2. The extinction spectra were used to determine 
the position of the localized surface plasmon resonance and 
its shift after adsorption of molecules. All measurements were 
collected in air and to prevent atmospheric contamination, 
they have been performed on freshly prepared samples.

Materials
11-Mercaptoundecanoic acid (MUA), Streptavidin (SA), 
Biotin ethylenediamine, 1-Ethyl-(3-dimethylaminopropyl) 
Carbodiimide hydrochloride (EDC), 10mM and 20mM 
phosphate buffered saline (PBS) were purchased from Sigma-
Aldrich.

3 Results and discussion

The Au/MUA and Biotin/SA systems which we used will illustrate 
the properties of our LSPR nanosensors. We can simply model 
the systems curves by the following formula (12)

 Δλ = Δλ
max

 (2)

where Δλ is the nanosensor response for a given MUA or  
SA concentration, Δλ

max
 (in our case 32.8 nm for MUA and  

28 nm for SA) is the maximum response of studied system 
and K

a,surf
 is the surface confined binding constant of the same 

system and [Analyte] is the concentration of MUA or SA.

The binding between MUA and Au
The samples were prepared by immersion in a given 
concentration of MUA in ethanol at room temperature for 24 
hours. The LSPR λ

max
 shift, Δλ, versus the [MUA] concentration 

specific angular conditions of excitation are required for 
LSPR, no needs of prism coupler-based, grating coupler-
based or optical waveguide. In practice SPR sensors require 
at least 10x10 µm2 area for sensing experiment, whereas 
for LSPR sensing the probed zone can be minimized to a 
large number of individual sensing elements up to a single 
nanoparticle using confocal or near-field measurement 
techniques. Finally the extinction spectroscopy does not 
need a complex device; a UV-visible microspectrometer can 
be efficient enough to get the spectra.

In this paper, the sensitivity of Au nanoparticles to their 
dielectric environment will be studied for the detection 
of MUA and Streptavidin. Additionally, the selectivity of 
our system is studied while varying the concentration of 
Streptavidin in the system Biotin/Streptavidin.

2 Experimental methods

Metallic nanoparticles preparation
We use the Electron Beam Lithography (EBL) for the fabrication 
of these nanosensors. The EBL system permits to control 
with high precision the shape, the size, but also the distance 
between the nanoparticles and consequently to tune LSP 
resonance of metallic nanoparticles arrays (15-17) on the 
whole visible range. Thus we can choose the spectral band 
which appears to be the most sensitive to the adsorption of 
chemical and biological molecules. The obtained metallic 
nanocylinders have in plane diameters of 100 nm and a 200 
nm fixed interparticle distance as determined by SEM, see 
figure (1(a)) and out of plane mean heights of 50 nm as 
checked by Atomic Force Microscopy (AFM). The interparticle 
distance is large enough to avoid an electromagnetic coupling 
between the particle and each particle can be considered as 
individual (16).
Optical characterisation

Figure 1
(a) SEM image of Au nanoparticles and (b) example of obtained extinction spectra after each functionalization step (Au +MUA+biotin+SA) 
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response curve was measured over the range 10-6 M < [MUA] 
< 10-1 M (figure (2)). Each data point is an average resulting 
from the analysis of eight identical samples under the same 
conditions. According to figure 2, the limit of detection (LOD) 
is 10µM for MUA. From the binding curve, we can calculate 
the surface-confined binding constant K

a,surf
 and we obtained 

(1.1±0.2)103 M-1 for 11-mercaptoundecanoic acid. This value 
is directly correlated to an important characteristic of the 
system: the limit of detection (LOD). It means that the larger 
the binding constant K

a,surf
 is the weaker the LOD becomes and 

inversely. From equation (1), we can obtain the total number 
of molecules of MUA on real probed zone (30x30µm2). At 
the LOD, it corresponds to 1.13x108 molecules (1.88x10-16 
mol) corresponding to a density of 11300 MUA molecules per 
nanoparticle. We have then a very sensitive system of detection, 
even if the MUA is a small molecule (218 AMU: Atomic Mass 
Units). Consequently we can get a much better LOD for larger 
molecules as it will be shown in the next section.

Monitoring the specific binding of Streptavidin  
to Biotin
This Biotin/SA system was selected for its high binding affinity 
(K

a~1013 M-1) and will serve as a very good model for the LSPR 
nanosensor. The Streptavidin is a tetrameric protein and can 
bind to four biotinylated molecules (antibodies, nucleic acids, 
etc.) by modifying very little their biological activity. The 
LSPR nanosensors are prepared for biosensing events in the 
following way. The Au nanocylinders are first functionalized 
with MUA (1mM) in ethanol during 24 hours. Next, biotin was 
covalently attached to the carboxylate groups via incubation 
in a 1:1 ratio of EDC:biotin (concentration of biotin: 1 mM) 
in 10 mM PBS during 3 hours. To finish, the samples were 
incubated in a given concentration of SA in PBS for 3 hours. 
We rinsed with much attention our samples with 10 mM and 
20 mM PBS after biotinylation and detection of SA to remove 
the non-specifically bound materials.

For the monitoring of the specific binding between the 

biotin and the SA, we varied the concentration of SA between 
10-13 M and 10-6 M and we measured respectively the shift of 
LSPR wavelength after adsorption of SA (figure 3). We found 
the LOD of this system which is 7 pM. As previously we also 
calculated the K

a,surf
 value and we obtained (6.1 ± 0.3) 109 M-1 

for the Biotin/SA system.
We can calculate the number of molecules of SA. From 

equation (1), we first deduced by a simple calculation (18) 
the number of molecules of MUA per nanoparticle and we 
found 30000 molecules (for 1mM of MUA concentration). 
Then the effectiveness (19) of the binding Biotin/MUA is about 
1-5% that gives us 300-1500 biotin sites per nanoparticle, 
this number is determined by the yield of the EDC coupling 
reaction. Thus we can estimate at the LOD the smallest 
number of molecules of SA per nanoparticle which is 75 (1 
SA for 4 Biotin) corresponding to 1.25x10-22 mol. Moreover 
we can estimate the total number of probed molecules of SA 
to be 7.5x105 (probed zone: 30x30µm2). 

4 Conclusions

Our results suggest that Au nanocylinder sensors could be 
used, in the near future, for the detection of a wide variety of 
chemical and biological molecules. 

In this study, we report the use of Au nanoparticles, fabricated 
using EBL, as nanosensors to probe the interaction between 
Au and MUA in solution, and the binding between Biotin and 
Streptavidin. The maximum LSPR wavelength shifts observed 
for MUA and SA were respectively Δλ

max
 = 32.8 nm and 28 nm. 

We noted that the surface binding affinity is (1.1±0.2)103 M-1 
for the binding of MUA to Au nanoparticles and (6.1±0.3) 109 
M-1 for the binding between Biotin and Streptavidin. Also, the 
limit of detection for the nanosensor was determined to be  
1.88x10-16 mol for MUA and 1.25x10-18 mol for SA, 
corresponding to a density of respectively 11300 MUA and 75 
SA per nanoparticle. The total number of probed molecules is 
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Figure 2
The specific binding of MUA to an Au nanosensor is shown in the response 

curve. The solid line is the calculated value of the nanosensor response 

from equation (2)
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Figure 3
The specific binding of SA to biotin is shown in the response curve. 

The solid line is the calculated value of the nanosensor response from 

equation (2)
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1.13x108 for MUA and 7.5x105 for SA, with a probed zone of 
30x30 µm2. 

Although the results presented in this work are far 
from conclusive, the advantages of LSPR-based sensors 
discussed in the introduction open the possibilities of further 
developments in a wide range of chemical and medical 
applications. 
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