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The behavior of the diagonal components of the dielectric tensor and the behavior of the absorption cross-

section in the different frequency ranges for the composite cylindrical nanostructures “metallic core – graphene 

shell” have been studied. In order to obtain the calculation formulas one uses the relations for the longitudinal and 

transverse components of the dielectric tensors for metallic core and graphene shell, which are determined by Drude 

model and Cubo model correspondingly. The consideration is carried out in the frameworks of “equivalent” 

elongated spheroid approach, according to which the defining dimensional parameter is effective aspect ratio, 

calculated from the condition of the equality of the corresponding axial inertia moments for two-layer cylinder and 

the “equivalent” elongated spheroid. The numerical results have been obtained for the nanocylinders with the cores 

of different metals, different radius and with the different number of graphene layers. The variation of amplitude and 

the variation of the location of extremes of the real and imaginary parts of the transverse component of the dielectric 

tensor under the increase in radius of the metallic core and the thickness of the graphene shell have been analyzed. It 

has been shown that the variation of the radius of the core has the significantly greater influence on the properties of 

the polarizability resonances and absorption cross-section than the variation of the number of graphene layers. The 

reasons of the presence of two maxima of the absorption cross-section for the metal-graphene cylinders which differ 

in both amplitude and width and located in infrared, violet and near ultraviolet parts of the spectrum and their 

relation with the surface plasmonic resonances in the metallic core and with the terahertz plasmons of graphene 

have been found. The factors which have an effect on amplitude and on the shift of the maxima of the absorption 

cross-section have been found. The reasons of the different width of maxima, which are located in the different 

spectral intervals, have been determined. 

Keywords: metal-graphene nanocylinder, dielectric tensor, relaxation rate, absorption cross-section, 

depolarization factor, equivalent ellipsoid, effective aspect ratio 

 

INTRODUCTION 

An intensive study of the metallic 

nanostructures in the recent two decades is 

associated with their unique electronic, optical 

and magnetic properties which differ from the 

similar properties of bulk substance [1–3]. The 

majority of these differences are conditioned by 

the large ratio of the surface area to volume and 

by the spatial limitations of the electron motion. 

One of the most important factors, which 

determines the optical properties of the 

nanostructures, is their shape. Thus, the non-

spherical metallic nanostructures demonstrate 

anisotropic optical and electronic responses, 

which are determined by their topological 

particularities [4–7]. Among the various 

nonspherical nanostructures nano-cylinders 

receive much attention. This is due to, from one 

hand, improvement in the technologies of their 

synthesis [8–12], and, from the other hand, broad 

prospects of the application in photonics, 

electronics, catalysis and medicine [8, 9, 13–17]. 

It is known that the use of metallic 

nanostructures for the localization of the 

electromagnetic field in the domain, the sizes of 

which are less than the diffraction limit, has 

limitations in the mid-IR range. Moreover, the 

recent studies show that the photothermal 

stability of the metallic nanoparticles, as the 

necessary particularity of the photothermal 

cancer therapy, decreases under the long-term 

laser exposure [18]. In order to solve these 

problems one proposes to use the stable shells, 

for example, polymeric ones [19, 20], to 

preserve the surface structure of the 

nanoparticles. Despite the fact that such coatings 

reduce the unwanted effect on the body, in 
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practice it is rather difficult to control their 

thickness. An alternative approach to this 

problem consists in the use of graphene, which 

poses the suitable for the biomedical applications 

properties [16, 21, 22]. Thus, graphene, along 

with the low toxicity and the large ratio of the 

surface area to volume, has the high 

functionalization rate, which can contribute to 

the strong interaction with the biological tissues 

and high permeability of the nanoparticles into 

the tumor tissues [23]. Apart from this, graphene 

with the adjustable thickness (number of layers) 

is chemically inert and has the perfect chemical 

stability in the physiological solutions [23], and 

the thermal stability of golden nanoparticles, 

covered with graphene layer, increases under the 

long-term laser exposure [24]. Moreover the 

peak of the localized surface plasmonic 

resonance of the metal-graphene nanocylinders 

can be easily adjusted inside the biological 

transparency area, controlling both the 

geometrical sizes of the metallic core and the 

thickness of graphene layers and the aspect ratio 

[25, 26]. Due to this fact the nanocylinders, 

covered with graphene, has the great efficiency 

as the photothermal therapy agents. Most of the 

works (see, for example, [25, 26]) do not take 

into account the influence of the size effects, the 

surface scattering and the radiation attenuation 

on the behavior of plasmons under the study of 

the optical properties of metal-graphene 

nanoparticles. 

Let us point out that the strict theory of the 

size effects and their influence on the 

characteristics of plasmons in the metallic 

spheroidal nanoparticles has been developed in 

the works [27–31] adapted for the case of the 

metallic nanodiscs and nanorods, two-layer 

spherical and cylindrical nanostructures in the 

works [32–37]. Hence, the aim of this work is 

the study of the optical properties of metal-

graphene nanocylinders in the frameworks of the 

kinetic approach to the calculation of the surface 

scattering and the radiation attenuation rates. 

BASIC RELATIONS 

Let us consider metal-graphene 1D-structure 

with the thickness of graphene shell t 

(t = NtG = b–a, where N is the number of 

graphene layers; tG = 0.335 nm is the thickness 

of monoatomic graphene layer; a is the radius of 

metallic core; b is total radius of the 

nanocylinder), placed into the medium with the 

dielectric permittivity m (Fig. 1). Due to 

anisotropy of the considered composite 

nanostructure its dielectric permittivity is the 

diagonal second rank tensor 
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where the expressions for the components 
 

@


 

in the frameworks of the “equivalent” spheroid 

approach, proposed by the authors, coincide with 

the relations for two-layer elongated ellipsoid of 

revolution [38]  
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Here 
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 are transverse 

(longitudinal) components of dielectric 

permittivity of core and shell materials, 

correspondingly;  
 1

L  and  

 2


L  are transverse 

(longitudinal) depolarization coefficients of the 

internal and external layers; 
c c /V V  , 

cV  is the 

volume of the internal ellipsoid, V  is the total 

volume of ellipsoids. 

Let us determine the depolarization factors 
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L  from the corresponding relations 

for the prolate spheroids 
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where  1,2

eff
 is effective aspect ratios  
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and l – the length of the cylinder,  1
r a  and 

 2
r b  – the radius of the metallic core and of 

the entire 1D-particle correspondingly. 

Let us point out that the expression for the 

effective aspect ratio can be obtained from the 

condition of the equality of the corresponding 
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axial moments of inertia for the cylinder and the 

“equivalent” elongated spheroid [39]. 
 

 

Fig. 1. Geometry of the problem 

According to Drude theory the components 

of the dielectric tensor of metallic core are 

determined by the following expressions 
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where   is the contribution of ion core into the 

dielectric function of metal; 2 *

0/p ee n m   is 

the frequency of bulk plasmons, e, ne and m* are 

charge, concentration and the effective mass of 

electron ( 1 34 /3e sn r   , rs is mean distance 

between conductivity electrons), the effective 

relaxation rate [28] 
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In formula (7) 
bulk  is bulk relaxation rate, 

 
s


  and 

 
rad


  are transverse (longitudinal) 

relaxation rates, associated with the scattering on 

the surface and with the radiation attenuation and 

determined by the relations [27–31] 
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where c – light velocity, and the diagonal 

components of the conductivity tensor have the 

form 
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vF – Fermi electron velocity, and the expressions 

for 
 

  1
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F  have the form similar to: 
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One can write down the following for the 

real and imaginary parts of the components of 

the dielectric permittivity tensor for the graphene 

layer [40] 
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where the permittivity of graphene is determined 

by the sum of contributions from intraband and 

interband transitions according to Cubo theory 

[40] 
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or, separating the real part from the imaginary 

part, 
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In formulas (14)–(16): μc – the chemical 

potential (Fermi energy) in graphene, γG – 

electron relaxation rate in graphene. 

Knowing the dielectric function of metal-

graphene cylinder, one can calculate such 

observable value as the absorption cross-section 
abs

@C . Thus, according to Gans [41, 42], one can 

wright down 
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The formulas (2) and (17) taking into 

account the relations (3)–(16) are used further in 

order to obtain the numerical results. 

THE RESULTS OF CALCULATIONS 

AND DISCUSSION 

The calculations have been performed for 

the composite cylinders with the core of different 

metals. The parameters of metals, graphene and 

the matrix are given in Tables 1 and 2, 

respectively. 

The Fig. 2 shows the frequency dependences 

for the real and imaginary parts of the transverse 

component of the dielectric tensor for the 

nanocylinders Ag@G  of the different sizes. 

The results of the calculations show the 

qualitative similarity of the curves  @Re    

(Fig. 2 a) for the considered structures with 

metallic core of the different radius, which 

consist in the presence of maximum and 

minimum on the curves, the sign-variability of 

the frequency dependences for the real part of 

the transverse component of the dielectric tensor. 

It should be pointed out that the greater the 

radius of the metallic core is, under the same 

thickness of the graphene shell, the less 

expressed the maxima  @max Re     is with 

the simultaneous shift of the maxima into the 

lower frequency range. The maxima  @Im    

behave in the similar way (Fig. 2 b), and, apart 

from this, the increase in their width due to the 

increase in the radiation attenuation rate with the 

increase in the radius of the metallic core takes 

place. 

 

Table 1. Parameters of metals (for example, [7] and the references there) 

Metal 
Parameter 

Z rs / a0 m*/me ∞ 
14 1

bulk , 10 s  

Al 3 2.11 1.06 0.7 1.25 

Cu 
1 2.67 

1.49 12.03 0.37 
2 2.11 

Au 
1 3.01 

0.99 9.84 0.35 
3 2.09 

Ag 1 3.02 0.96 3.7 0.25 
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Table 2. Parameters of the shell and matrix (for example, [6] and references there in) 

Shell Matrix 

graphene  teflon 

, eVc  12 1

G , 10 s  m 

0.1 6.67 2.3 

 

 

Fig. 3 shows the frequency dependences for 

the absorption cross-sections of the cylinders 

Ag@G  with the different sizes of the core and 

with the different number of graphene layers. It 

should be pointed out that the increase in the 

radius of the metallic core (under the constant 

number of graphene layers) results in the 

increase in amplitude of the maxima and in their 

“blue” shift. At the same time, if the increase in 

amplitude and the frequency shift of the first 

maximum are significant, then, as for the second 

maximum, these values are significantly less. 

Apart from this, the width of the first resonances 

is significantly less than the width of the second 

ones. Such behavior of the dependences  abs

@C   

can be explained as follows: the strongly 

expressed maxima of the small width are the 

manifestation of the optical properties of 

graphene layers and the longitudinal plasmonic 

resonance of silver core in the red and infrared 

parts of the spectrum, and the weakly expressed 

maxima of the large width in the near ultraviolet 

range correspond to the transverse plasmonic 

resonance of the metallic core. This explanation 

is confirmed by the curves of the frequency 

dependence for the absorption cross-section with 

the different number of graphene layers with the 

fixed radius of the core (Fig. 3 b). One can see 

that the increase in the number of the layers 

results in only the slight decrease in amplitude of 

the resonances, and moreover, their spectral 

location remains the same. The different width 

of the resonances is explained by the fact that 

eff eff

   and by the small value of the electron 

relaxation rate in graphene. 

Fig. 4 shows the frequency dependences for 

the absorption cross-sections for Me@G  

cylinders with the core of different metals. Let us 

point out that the variation of metal of the core 

results in the significant shift of the second 

maximum, while the shift of the first maximum 

is insignificant. It is also indicates that the 

properties of the second maximum are 

determined exceptionally by the characteristics 

of metal, while the plasmons of graphene layers 

have an effect on the properties of the first 

maximum. 

The frequency dependences for the 

absorption cross-section of the nanocylinders 

Au@G  and Cu@G  in the cases of different 

valence of metal atoms (Fig 4 b) indicate that the 

valence variation also has the significant effect 

on the location of the second maximum and has 

the insignificant effect on the location of the first 

maximum. The similar effect also takes place in 

the case of the different effective masses of 

electrons, illustrated by the example of the 

nanocylinders Al@G  (Fig. 4 c). 

 

 

Fig. 2. The frequency dependences for the real (a) 

and imaginary (b) parts of the transverse 

component of the dielectric tensor for the 

nanocylinders Ag@G  with the different 

radius of the metallic core and the number of 

graphene layers N = 15: 1 – Rc = 10 nm; 2 – 

Rc = 25 nm; 3 – Rc = 50 nm; 4 – Rc = 100 nm 
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Fig. 3. The frequency dependences for the 

absorption cross-sections for the 

nanocylinders Ag@G  under the fixed 

number of graphene layers (N = 15) and the 

same values of the core radiuses as in Fig 2 a 

and with the fixed core radius (Rc = 25 nm) 

under the different number of graphene 

layers (b): 1 – N = 1; 2 – N = 10; 3 – N = 15; 

4 – N = 30 

CONCLUSIONS 

The relations for the frequency dependences 

for the diagonal components of the dielectric 

tensor and the relations for the frequency 

dependences for the absorption cross-section of 

metal-graphene nanocylinders of the finite length 

have been obtained using the “equivalent” 

spheroid approach. 

It has been shown that the increase in the 

radius of the metallic core under the same 

thickness of graphene shell results in the 

decrease in amplitude of the extremes of the real 

and imaginary parts of the transverse component 

of the dielectric tensor, and also in the “red” shift 

of the extremes for the nanocylinders Ag@G . 

It has been found that the frequency 

dependences for the absorption cross-section 

have two maxima. At the same time, the strongly 

expressed maxima of the small width are situated 

in the infrared and red parts of the spectrum (in 

the biological window of transparency) and 

associated with the excitation of plasmons in 

graphene layers and with the excitation of the 

surface plasmonic resonances in silver core. The 

weakly expressed wide maxima in the near 

ultraviolet domain are caused by the excitation 

of the transverse surface plasmonic resonance. 

 

 

 
 
Fig. 4. The frequency dependences for the 

absorption cross-section for the 

nanocylinders Me@G under Rc = 25 nm, 

N = 10 for the cases: cores, produced of 

different metals (a); cores, produced of gold 

and copper with atoms of different valence 

(b); cores, produced of aluminum under the 

different values of effective mass of 

electrons (c) 
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The presence of the maxima of the 

absorption cross-section in the biological 

window of transparency indicates the 

appropriateness of the use of metal-graphene 

nanocylinders as the cancer phototherapy agents. 

The different width of the maxima of the 

absorption cross-section is explained by the low 

electron relaxation rate in graphene and by the 

fact that the longitudinal components of the 

tensor of the effective electron relaxation rate in 

metal are significantly less than transverse 

components. 

It has been demonstrated that the variation of 

metal of the core, the valence of atoms of core 

metal, and also the variation of the value of the 

effective mass of electron result in the significant 

shift of the weakly expressed maxima. At the 

same time, the mentioned factors have the 

insignificant effect on the shift of the maxima, 

caused by the transverse surface plasmonic 

resonance. 
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В роботі досліджено поведінку діагональних компонентів діелектричного тензора і перерізу поглинання 

у різних частотних діапазонах для композитних циліндричних наноструктур «металева серцевина – 

графенова оболонка». З метою отримання розрахункових формул використовуються співвідношення для 

поздовжних та поперечних компонентів діелектричних тензорів металевого осердя і графенової оболонки, 

що визначаються моделями Друде і Кубо, відповідно. Розгляд проводиться у рамках підходу 

«еквівалентного» витягнутого сфероїда, згідно з яким визначальним розмірним параметром є ефективне 

аспектне відношення, що обчислюється з умови рівності відповідних осьових моментів інерції двошарового 

циліндра та «еквівалентного» витягнутого сфероїда. Чисельні результати отримані для наноциліндрів із 

сердечниками різних металів, різного радіуса та з різним числом графенових шарів. Проаналізовано зміни 

амплітуд і положень екстремумів дійсної та уявної частин поперечної компоненти діелектричного тензора 

зі збільшенням радіуса металевого осердя і товщини графенової оболонки. Показано, що на властивості 

резонансів поляризовності і перерізу поглинання зміна радіуса осердя впливає більш істотно, ніж зміна 

кількості графенових шарів. Встановлено причини наявності двох максимумів перерізів поглинання метал-

графенових циліндрів, що відрізняються як амплітудою, так і шириною, і розташовуються в інфрачервоній, 

фіолетовій та ближній ультрафіолетовій областях спектра, а також їхній зв’язок із поверхневими 

плазмонними резонансами у металевому осерді і терагерцевими плазмонами. Визначено фактори, що 

впливають на амплітуду та зміщення максимумів перерізу поглинання. З’ясовано причини різної ширини 

максимумів, що знаходяться у різних спектральних інтервалах. 

Ключові слова: метал-графеновий наноциліндр, діелектричний тензор, швидкість релаксації, переріз 

поглинання, фактор деполяризації, еквівалентний еліпсоїд, ефективне аспектне відношення 
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