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We study the interaction of gold nanoparticles with a graphene film. Graphene is used as a spacer, as thin as

possible, between the gold nanoparticles and the detection dielectric medium, and one of the advantages of

graphene is to protect the structure, which allows to avoid the oxidation of nanoparticles. We focus our study on

the variation of the resonant structure (LSPR) depending on the thickness of the graphene layer (0.34–5 nm). A

stronger resonance behavior of positions in the absorption spectrum shows a strong coupling between the LSP on

gold nanoparticles and the covering film. Numerical simulations indicate a significant shift of the resonance

wavelength structure SiOx/AuNPs/Graphene/SiOx (657.90 nm) compared with experimental results obtained on

SiOx/AuNPs/SiOx (574.71 nm) and optimized for the required parameters proposed LSPR system we achieve the

highest detection sensitivity range, while the location of points of the electric field on the best corners of the

gold-graphene nanoparticles.

1. Introduction

As part of our study, we analyze the evolution of the localized

surface plasmon resonance (LSPR) that has been extensively studied

over the last year [1,2] in a periodic nanostructure 2D metal nano-

particle. We study in this work the influence of a few thin layers of

graphene on the LSPR behavior of gold nanoparticles (AuNPs).

The idea is to highlight the role of a few layers of graphene as one of

the finest collections. The optical properties are significantly dependent

on the chemistry surface [3,4] on which they are deposited, and on the

refractive index of the dielectric environment surrounding these na-

nostructures [5,6]. Namely that apart from low graphene layer thick-

nesses (strong red shift of the resonance), the plasmon oscillation am-

plitude is increasing almost linearly with up to 5 nm, compared to the

case where the gold nanoparticles are directly related to the detection

of dielectric, the surface plasmon resonance of AuNPs deposited on a

glass (SiOx) substrate (n1=1.45) and covered with layers of a dielectric

material [3,7–12].

Numerical simulations of the structure (SiOx/AuNPs/Graphene/

SiOx) show a high sensitivity of 59.81 (nm RIU−1) for the monolayer

graphene 0.34 nm [7,12], and response of plasmonic metal nano-

particles of various geometrical parameters gold nanoparticles, these

findings are consistent with other reports in the literature [13]

demonstrating long row detection of refractive index on plasmonic

nanostructures.

Gold nanoparticles [14] are of great interest for the development of

chemical and biological nanosensors and their use in the detection area

based on the localized surface plasmon resonance (LSPR) [1,2].

Numerical simulations of our structure indicate that the resonance

wavelength of the electric field mode is the surface plasmon, the hot

spots of which (areas of high field intensities) are localized to the lower

corners of the AuNPs, deferens by compared to the structure SiOx/

AuNPs/SiOx, published in literature [13,15] and that on SiO2 substrates

[16,17].

2. Theoretical methods

2.1. Theoretical model

The optical properties of gold nanoparticles are solved numerically,

in the frequency domain, using the scattered field formulation. Field

analysis was performed using a commercially available finite-element-

method. The simulation method has been well documented in [18–20].

A layer of gold nanoparticles of diameter (l), height (h) and inter-

particle distance (a), are coated with a graphene thin-layer-thickness;

and immersed in a homogeneous matrix, a transparent glass substrate
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of SiOx (refractive index n1=1.45). The frequency-dependent complex

permittivity of metal (gold) is described by the Lorentz–Drude model

[21,22].
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where εr,∞ are the relative permittivity at infinite frequency, ωp the

plasma frequency, and ωm, fm and Γm are the resonance frequency,

strength and damping frequency, respectively, of mth oscillator. The

Lorentz–Drude model uses M damped harmonic oscillators to describe

the small resonances observed in the metal's frequency response. The

values of the constants in Eq. (1) are taken from reference [21]. The

value of the dielectric constant of infinite frequencies in reference [21]

is ε
∞
=1. The values of the other L-D parameters are given in Table 1.

2.2. Refractive index

Covering the nanoparticles with a no-absorbent and no-dispersive is

not the only option to provide them with chemical protection. Thus, a

material as graphene, in addition to protecting the nanoparticles, pro-

vides advantages for their sensitivity. It has indeed been shown to in-

tercalate graphene sheets between the metal film and the medium de-

tection delocalized surface plasmon resonance sensors generates an

increased sensitivity [23,24]. This increase is not only due to the optical

properties of graphene, but also to its excellent adsorption properties of

biomolecules [25].

The layer of our model is monolayer graphene (d=0.34 nm) and its

complex refractive index (ng) in the visible range is an absorbent and

dispersing material, the refractive index of which is given by the fol-

lowing formula (2) [26]:

= +n
C
λ3.0

3
g

1

(2)

where the constant C1=5.446 μm−1 [27], and is λ the wavelength of

the incident light in μm.

3. Results and discussion

3.1. The effect of graphene layers deposited on the gold nanoparticles

Fig. 1 shows schematically the studied system. The network of na-

noparticles is characterized by l=25 nm, h=20 nm and a=70 nm. It

is excited by a plane wave generated in the substrate refractive index

n1=1.45 (SiOx), propagating along the Oy-axis and the electric field is

polarized along the Ox-axis. Calculating is constructed as to simulate a

network infinitely periodic nanoparticles and gold, constituting the

nanoparticles is described by the Lorentz–Drude model [21,22].

These values of nanoparticles parameters chosen following the in-

vestigation described above, on the basis of their experience [13], show

a sectional view of the overall shape of the particles. We can note the

rather random shape of the particles, which made it necessary to de-

termine statistics relating to the dimensions of the nanoparticles in the

plane (inter-particle diameter and distance), l and p= a− l (respec-

tively). The results of such statistics, respectively for l and p, are

Table 1

Gold (Au) Lorentz–Drude model parameters.

Term fm [rad/s] ωp [rad/s] ωm [rad/s] Γm [rad/s]

m=0 0.760 13.72×1015 0.00 0.08052×1015

m=1 0.024 13.72×1015 0.6305×1015 0.3661×1015

m=2 0.010 13.72×1015 1.261× 1015 0.5241×1015

m=3 0.071 13.72×1015 4.538× 1015 1.322× 1015

m=4 0.601 13.72×1015 6.538× 1015 3.789× 1015

m=5 4.384 13.72×1015 20.24× 1015 3.364× 1015

Fig. 1. Typical diagram of the modeled structure, namely gold ribbons apart and characterized by a length l and height h. the tapes are covered with a thin layer of

graphene.

Fig. 2. Computed absorption spectra of AuNPs, in the case where l=25 nm,

a=80 nm, h=20 nm and the thickness of the graphene layer (d=5nm), for

two detection Milieus, SiOx (pink) and air (red). Or without a layer of graphene

(d=0nm) for SiOx (blue) and air (green). (For interpretation of the references

to color in this figure legend, the reader is referred to the web version of the

article.)
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obtained thanks to SEM [13]. We then see that the most probable values

are 25 ± 8 nm for the diameter l, and 16 ± 8 nm for the inter-particle

distance p. For the third dimension which is the height h of the values

obtained is 13.6 ± 3 nm [13]. To do this, the thickness of the layer of

the dielectric (graphene) deposited on the particles at d=5nm was

fixed on the one hand; and on the other hand the length l (Fig. 9), the

grating period of the particles a, and then the height of the pads h have

been varied. These variations were made with the experimental con-

straints, a one-dimensional filling ratio for the theoretical structure l/

a=0.37; and the choice of the values of l, a (a= l+ p) and h in the

same orders of quantities provided by the experiment [13,15]. The ef-

fect of the nanoparticles length in the plane of the substrate supporting

them l, on the nanostructure plasmonic response was looked at keeping

the other geometrical parameters constant, that is to say a=70 nm,

h=20 nm and d=5nm. In Fig. 9, there is a fairly large displacement

of the wavelength corresponding to the plasmonic response of the na-

noparticles to the long wavelengths (low frequencies). This is done by

increasing progressively from 15 nm to 55 nm. There is also a higher

absorption of the pads with the increase of l. This can be related, from

one side, to more confined energy with the increase of the particle–-

dielectric interfaces at resonance, from the other side, the increase of

the nanoparticles. Also, we have seen previously that in high inter-

AuNPs coupling regime [15,28,29]. There is also a sharp decrease in the

width of the resonances when the nanoparticles are distant from each

other. The widening of the resonances results from the fact that the

studied system becomes more and more close to a system composed of a

metallic film when the width of the nanoparticles is increased while

keeping the period of the constant network.

Metallic gold nanoparticles characterized by the geometrical para-

meters, (l) to the diameter (h) to the height, and (a) the grating period

of the nanoparticles, the nanoparticles are coated with a layer of gra-

phene to thin thickness (d) in the context of this study, the refractive

index graphene ng, and the whole is immersed in a homogeneous matrix

of SiOx (refractive index n1=1.45).

Comparing the results of the absorption spectrum calculated with

the L-D model (d=5nm thick graphene layer) with the absorption

spectrum of graphene results without (d=0) that you had already

published [13] to the same structure.

We recall that in the frequency range of this study, we get the more

given graphene layer that gives without graphene.

Fig. 2 shows the theoretical calculation results of the normalized

absorption of the metal pins (structure SiOx/AuNPs/Graphene/SiOx) as

Fig. 3. Maps of the electric field for monochromatic incident radiation at the wavelength of maximum absorption as calculated by numerical analysis of metal studs,

on (a) SiOx/AuNPs/SiOx at λmax=574.71 nm, (b) SiOx/AuNPs/Graphene/SiOx at λmax=657.90 nm, (c) SiOx/AuNPs/Air at λmax=537.63 nm, and (d) SiOx/AuNPs/

Graphene/Air at λmax=636.94 nm, where l=25 nm, a=80 nm and h=20 nm, and that for the thickness value graphene d=5nm.
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a function of frequency, and the result of the interaction of the studs

with a light pulse incident [400–1000 nm] the values of the structural

parameters are chosen: l=30 nm, a=80 nm and h=15 nm.

In order to compare the results calculated with the layer of graphene

and graphene-free, we can see a pretty good increase between the

theoretical spectra with and without graphene layer, there has been a

dramatic decrease in the resonance wavelength of the plasmon studs

passing from 636.94 nm observed on SiOx/AuNPs/Graphene (red line)

to 537.63 nm observed on SiOx/AuNPs (green line) (with an energy

decay absorbed 0.62 to 0.37), for a thickness of the air detection

medium. In the case where the pads (metal particles) are covered with 5

nm of graphene (pink line), as in the case of pads uncovered graphene

(blue lines) with thickness SiOx detection medium. There has been a

dramatic decrease in the resonance wavelength of the plasmon studs

passing from 657.90 nm on SiOx/AuNPs/Graphene to 574.71 nm on

SiOx/AuNPs (with a decrease of energy absorb from 0.64 to 0.57).

Furthermore, beyond the comparison results, with and without a

layer of graphene, it is noted that in both there is cases a strong ab-

sorption of the studs to the 574.71 nm wavelength (without the gra-

phene layer) and 657.90 nm when those are covered (d=5nm) to

(h=15 nm, a=80 nm, and l=30 nm). These wavelengths correspond

to the excitation of the plasmon-polariton mode particle surface, con-

fined at the interface between the particles and the surrounding di-

electric.

Besides, in Fig. 2 are the absorption spectra of the system studied for

different cases without graphene layer and with the graphene layer

(5 nm). It is observed that the addition of graphene generates a loss of

symmetry of the resonance bands due to their widening for the large

wavelengths (λ > λmax). This enlargement arises from the fact that the

absorption of graphene increases with the wavelength ( = +n
C
λ3.0

3
g

1 ,

C1=5.446 μm−1) [26]. This is important for finding plasmon sensors

with optimum properties. Indeed, sensitivity performance is not only

correlated with a strong spectral shift in resonance due to a refractive

index variation. They are also dependent on the spectral width of the

resonance bands, since it is easier to spot the movement of the latter

when they are fine.

The excited electrical field distributions on resonance, at a normal

incidence structures, are represented by cards of electric field in

Fig. 3(a–d), which indicate that this mode is a dipolar localized surface

plasmon, whose hot spots (areas of high field strengths) are pushed to

the top and lower corners of the AuNPs of the structure lacking the

Graphene layer, and to lower corners of higher AuNPs graphene layer of

the structure with graphene (Fig. 3a). The confined fields within the

corners of the structure AuNPs of SiOx/AuNPs/SiOx with a strong lo-

calization on the lower surface of the AuNPs, compared to the structure

AuNPs/SiOx/Air in (Fig. 3c) in which a strong location is observed on

the upper and lower corners of the AuNPs [30,31].

For the structure SiOx/AuNPs/Graphene/SiOx in Fig. 3b the fields

are, basically, limited to the space between the graphene layer and the

dielectric of detection which are lower than the AuNPs. It can be seen

by comparing Fig. 3(a and b) that when the nanoparticles covered by 5

nm of graphene have hot spots at each of their corners and that the two

hot spots in contact with the substrate have spread spatially. Moreover,

the addition of graphene has resulted in an increase in the amplitude of

the electric field in the interparticle space followed by a decrease in

peak value intensity. This observed decrease in field strength is due to

the coupling between the plasmon mode and the Fabry–Perot cavity

modes connected to the presence of the graphene and SiOx layer pre-

sented above the gold nanoparticles [28,31–33].

In the structure (Fig. 3d) SiOx/AuNPs/Graphene/Air fields are

supposed to have a change in the lower refractive index. On the one

hand, the fields are partially confined to the dielectric detection and

inside the AuNPs. On the other hand, this structure shows a lack of field

distribution at the place where the top corners of the graphene bound in

the middle of detection, and therefore, at the interface layer with air.

Fig. 4. (a) Change of absorption spectra versus the wavelength of SiOx/AuNPs/

Graphene/SiOx. The absorption is calculated for AuNPs of different thickness of

a graphene d. The period of AuNPs is fixed at a=70 nm, the height of AuNPs is

fixed at h=20 nm and the length of AuNPs at l=25 nm. (b) Evolution of LSPR

peak with change in graphene film thickness d. a=70 nm, l=25 nm and

h=20 nm.

Fig. 5. Shifting the LSPR peak wavelength depending on the refractive index of

the surrounding medium, air (blue square), water (green circle) and SiOx (red

triangle). (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of the article.)
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The lowest optical index of air (n2=1) compared to higher graphene

(ng) explains why this mode shows a lower location of the electric field

in comparison with similar manufactured networks in mid-detection

SiOx (n1=1.45) [33–36].

In this study, the effect of the graphene layer, registered on gold

nanoparticles was studied by gradually increasing the thickness of the

graphene layers of d=0.34 nm at 5 nm.

Fig. 4a shows the range of absorption of the plots in function. The

gold nanoparticles of the values of d=0.34, 0.68, 1, 1.34, 2, 3, 4, and

5 nm, keeping all other parameters constant (a=70 nm, h=20 nm

and l=25 nm). There is an absorption 0.38 (d=0.34 nm) to 0.56

(d=5nm).

To better understand this oscillation observed in Fig. 4a, the wa-

velength plotted plasmon response as a function of thickness (d) of

graphene layer, which has been calculated theoretically with the Dru-

de–Lorentz model [20] (Fig. 4b), Shows a significant linear increase in

the resonant wavelength plasmon LSPR with the thickness of layer of

Table 2

Simulated wavelength and sensitivity to gold nanoparticles for different gra-

phene layer thicknesses of structure SiOx/AuNPs/Graphene/SiOx, other para-

meters are kept constant l=25 nm, h=20 nm and a=70 nm.

Graphene thickness (d)

(nm)

λmax (nm) Normalised

absorption ⎜ ⎟= ⎛
⎝

⎞
⎠

S nm RIU/
λ

n

∆ max

∆ 2

0 537.63 0.38 32.93

0.34 537.63 0.38 59.81

0.68 537.63 0.38 26.47

1 540.54 0.39 39.92

1.34 543.48 0.40 8.92

2 549.45 0.41 41.60

3 558.66 0.43 36.31

4 568.18 0.44 15.10

5 578.03 0.45 23.76

Fig. 6. Evolution of the sensitivity and absorp-

tion spectrum of the system studied according

to the thickness of graphene covering the na-

noparticles of gold. (a) Nanowires are char-

acterized by l=25 nm, h=20 nm and

a=70 nm, the refractive index of the substrate

on which they are deposited is n1=1.45. The

sensitivity was approximated by n2 is the re-

fractive index of the detection medium. The two

media used to determine the sensitivity were

indices n2=1.000 and 1.45. (b and c) The na-

nowires are characterized by l=100 nm,

h=15 nm and a=125 nm, the refractive index

of the substrate on which they are deposited is

n1=2.00 (ITO), the two media used to de-

termine the sensitivity have n2=1.000 and

1.333.
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graphene of 537.63 nm at d=0.68 nm to 578 nm at d=5nm.

Indeed, the wavelength remains constant at 537.63 nm for the

starting value of the resonance wavelength on the curve representing

LSPR does not depend on the graphene layer (d=0nm), and for

d=0.34 nm (single layer) and d=0.68 nm (bi-layer). The increase of

(0.68 nm⩽ d⩽ 5 nm) is solely due to the red shift of LSPR when keeping

the other parameters constant nanoparticles.

The effect of the refractive index of the interface SiOx/AuNPs/

Graphene was studied by recording the wavelength shift when it is

changed, in different proportions giving the refractive indices

(n2=1.00 square symbols for air, n2=1.333 round symbols for water,

and SiOx n2=1.45 triangular symbols), the response of LSPR spectrum

is usually described by Fig. 5 shows that the position of λmax moves to

higher wavelengths with an increase in the refractive index. The var-

iation of the position of λmax, shows a linear dependence in accordance

with the refractive index of the surrounding medium. Sensitivity, de-

fined as the ratio of the variation of the Plasmon's position band in the

variation of the refractive index [28,37].

= −S
λ

n

∆

∆
(nmRIU )max

2

1

(3)

(Nanometer change unit by refractive index) is determined from the

slope of Fig. 5 and increases if the thickness of the graphene layer in-

terface decreases plasmonic (Table 2).

Fixing the length of particles l=25 nm, the grating period

a=70 nm and height h=20 nm particles and then varying the re-

fractive index n2 of the dielectric layers deposited on the thinnest layer

of the graphene.

Fig. 5 shows the change in resonance wavelength as a function of

the thickness of graphene for different detection media n2=1.00 (air),

n2=1.333 (water), and n2=1.45 (SiOx). There is the offset of the

resonance wavelength LSPR (λmax) for a same variation of n2 is different

according to the value of d. For d=0.34 nm is noted that the resonance

wavelength plasmon particles as a function of refractive index is

526 nm (air), 539 nm (water) and 546 nm (SiOx). It is observed in

Table 2, the sensitivity changes when going from d=0nm to d=5nm.

Fig. 7. (a) the absorption spectrum corresponding to the structure SiOx/AuNPs/Graphene/SiOx, for values of h=15, 18, 20, 25 and 27 nm (height of the studs),

other parameters are kept constant l=25 nm a=70 nm and d=5 nm (graphene thickness deposited on the pads). (b) Change in the resonant wavelength corre-

sponding to the absorption observed in (a), according to the height h of the metal pads on a wider range of values.

Fig. 8. (a) The absorption spectrum corresponding to the structure SiOx/AuNPs/Graphene/SiOx, for the values of a=50, 55, 60, 70 and 80 nm (grating period),

other parameters are kept constant l=25 nm, h=20 nm and d=5nm (graphene thickness deposited on the pads). (b) Change in the resonant wavelength cor-

responding to the absorption observed in (a), depending on the period of the array of metal contacts a, over a wider range of values.
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Indeed, S=32.93 nm/RIU for d=0nm and S=59.81 nm/RIU for

d=0.34 nm.

Adding that in the case of depositing thinner thickness of graphene,

there is a strong shift towards the red resonance, plasmon oscillation's

amplitude increases almost linearly with d. Furthermore, it was ex-

plained that the sensitivity of nano-sensors based on this phenomenon

is related to the displacement of the resonance wavelength of the

plasmon response of the particles with d, that is to say in the regions of

d where the variation of the oscillation amplitude is large, the sensi-

tivity is optimal. This indicates a greater effectiveness of bio-detection

with these structures.

The objective of this part is to study quantitatively using the FEM

method, the influence of refractive indices n1 and n2 on the oscillation

of the sensitivity of nanostructure to the plasmon resonance when d

(graphene) varies. To do this, we start from the same system as before.

The curve representing the evolution of the sensitivity (Eq. (3)) Ac-

cording to the thickness (d) can be characterized by the two nanos-

tructures defined in Fig. 6:

In a second phase, several numerical simulations were carried out to

determine how the sensitivity evolves according to the thickness of

graphene deposited on the nanoparticles. The results obtained appear in

Fig. 6. First, an increase in sensitivity is observed for graphene thick-

nesses between 0 and 2 nm for both nanostructures.

In fact, (Fig. 6a) S=32.92 nm/RIU for d=0nm and S=41.6 nm/

RIU for d=2nm, corresponding to an increase of about 26.37%.

Fig. 6b, S=199.76 nm/RIU for d=0nm and S=376.85 nm/RIU for

d=2nm, corresponding to an increase of about 88.65%. Then the

sensitivity decreases from d=2nm, to reach 15.1 nm/RIU (Fig. 6a) and

287.96 nm/RIU (Fig. 6b) When d=4nm.

Fig. 6c represents the absorption spectra of the system studied for

different thicknesses of graphene. It is observed that the addition of

graphene generates a loss of symmetry of the resonance bands due to

their widening for large wavelengths (λ > λmax). This enlargement

arises from the fact that the absorption of the graphene increases with

the wavelength. This is important for finding a plasmon sensor with

optimum properties. Indeed, sensitivity performance is not only corre-

lated with a strong spectral shift in resonance due to a refractive index

variation. They are also dependent on the geometric parameters of the

gold nanoparticles (h, l and a) and the refractive index (n1 and n2).

3.2. Study of plasmonic response of metal particles as a function of

geometric parameters of the gold ribbons, a, l and h

The behavior of the optical response of the particles, in particular,

the plasmon resonance according to the parameters l, a, and h. The

procedure was as follows: we first fixed the particle length l=25 nm,

and the grating period a=70 nm, then varied the height h of the

particles between 15 and 27 nm.

Fig. 7a gives the absorption spectrum calculated for several values

of h=15, 18, 20, 25 and 27 nm, a thickness of 5 nm deposited gra-

phene. Fig. 7b shows the change in the resonance wavelength of the

plasmon of the particles in terms of h, in a wider range of possible

values between 5 and 40 nm.

This is a spectacular non-linear decay of the dabs plasmon re-

sonance wavelength that goes from 876.71 nm to 535.56 nm (for a

displacement of 341.15 nm), where h varies only from 5 nm to 40 nm.

This corresponds with the frequency at which the incident wave is

strongly couples the free electrons of the particles, at the interface be-

tween the surface of the nanoparticles covering dielectric (graphene).

That is to say, gold particle surface plasmon-polariton mode. The wa-

velength corresponding to this resonance is greatly shifted to the low

lengths (toward the blue) wavelength with increasing h.

Second, plasmon mode behavior was studied according to the par-

ticle network period, and by setting all other parameters (l=25 nm,

h=20 nm and d=5nm). Fig. 8a shows the study of the plasmonic

response of the pads according to a. In this figure, the absorption

spectrum is calculated a=50, 55, 60, 70 and 80 nm.

In Fig. 8b, is carried changing the resonant wavelength of the

plasmon pads, depending a. The lattice parameter was varied between

35 nm and 120 nm. There has been a dramatic non-linear decrease in

the resonant wavelength plasmon studs passing from 988.41 nm to

575.28 nm (for a displacement of 413.13 nm), where a is only 35 nm to

120 nm.

For a < 50 nm, the resonance wavelength increases greatly due to

the coupling of the nanoparticles by their evanescent fields (increased

confinement of the electromagnetic field in the space inter-ribbons). On

the other hand, for a > 110 nm resonance wavelength hardly varies.

Ribbons are far enough apart so that their evanescent fields will almost

cover more and tends to the plasmonic response of a single tape.

Third, plasmon mode behavior was studied according to the length

of the tape, keeping constant the other geometric parameters, that is to

Fig. 9. (a) The absorption spectrum corresponding to the structure SiOx/AuNPs/Graphene/SiOx, for values of l=25, 30, 35, 40 and 45 nm (length studs), other

parameters are kept constant have a=70 nm, h=20 nm and d=5nm (graphene thickness deposited on the pads). (b) Change in the resonance wavelength for the

absorption observed in (a), depending on the length of the metal pads l on a wider range of values.
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say a=70 nm, h=20 nm and d=5nm. In Fig. 9a, it gives the ab-

sorption spectrum for l=25, 30, 35, 40, and 45 nm.

This is a significant displacement of the wavelength of absorption

corresponding to reply Plasmon of the studs to the long wavelength

(low frequencies) from 545.84 to 977 nm.

In Fig. 9b, it is reported the development of the frequency of the

absorption zeros, observed in Fig. 9a (plasmon response), according to

the l. in a wider range of possible values between l=15 nm and

l=55 nm. This figure shows more precise information on the behavior

of the plasmon l. It can be seen that between l=15 nm and l=45 nm,

that is to say between a situation where the inter-distance blocks is

55 nm and 25 nm respectively; the resonance wavelength increases al-

most linearly with l. Starting, of l=45 nm, there is an abrupt nonlinear

growth very important to the resonance wavelength plasmonic, up from

760 nm to 977 nm (near infrared), an increase of 10 nm only. These two

points may be explained in part by the fact that between l=15 nm and

l=45 nm. When the nanoparticles are weakly coupled, it results in a

linear variation with LSPR. While that from l=45 nm, when the na-

noparticles are strongly coupled, and therefore, a non-linear variation

of LSPR depending on l.

4. Conclusion

We have theoretically demonstrated the structural effect of gold

nanoparticles covered with thin layers of graphene [0.34 nm, 5 nm] on

the optical properties. The Lorentz–Drude model was used to calculate

the optical signal plasmon resonances localized surface (LSPR), gold

nanostructures (AuNPs) on the glass and covered with a thin dielectric

layer of graphene and SiOx, indicates that this study provides a better

understanding of systems based on resonant metal nanoparticles cou-

pled with graphene layers. To validate the model, we compared the

spectrum obtained through numerical simulations of LSPR to those

previously released without a layer of graphene. From a practical

standpoint, it opens the door to nanotechnology in a controlled and

predictable manner. The spectral properties of systems based on metal-

graphene nanoparticles to enhance their particular applicability for

sensing applications. This study paves the way to highly sensitive sen-

sors and improved biosensors.
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