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Abstract: We report the numerical studies of the properties of surface plasmon polaritons which are generated at
the single interface between metal and dielectric. In this numerical work, we used parameters representing natural
dielectrics. Using Maxwell equations and also the continuity of the fields at the interface between metal and
dielectrics, the dispersion relation of the surface plasmon polaritons were derived. The dispersion relations were
solved by taking parameters for metal appropriate for gold. For natural dielectric, we used parameters which are
correspond to castor oil, coconut oil and sun flower oil with the range of dielectric constants were from tens to
sixties. The results showed that the lower part of dispersion curves of surface plasmon polaritons approach SPP
frequencies. We found that the highest surface plasmon frequency was resulted by using crude palm oil (CPO) as
liquid dielectric. The usage of sunflower oil as dielectric lead to the lowest surface plasmon polaritons frequency.
Keywords: dispersion relation, single interface, surface plasmon, polaritons, vegetable oil dielectrics

I. INTRODUCTION

The electromagnetic waves which propagate at the interface between metal and dielectric materials are called
surface plasmon polaritons. Here, the metallic material act as active medium while the dielectrics work as passive
medium. The term surface plasmon polariton was firstly proposed by Cunningham [1].The SPP phenomena were
noticed for the first time in the observation of reflection in metallic with grating surface [2].There were many
studies regarding surface plasmons and surface plasmons polaritons. Dispersion relation for surface plasmon had
discussed in 1960’s [3-4]. The surface plasmon polaritons was generated optically using attenuated total reflection
method (ATR) [5-6]. The determination of surface plasmon in gold and silver had also performed by Kreibig [7].
The developments of surface plasmon and surface plasmon polaritons studies were nicely reviewed in detail in
Refs.[8-10]. In recent years, the study of surface plasmon polaritons is regarded to the scale of nanometre since they
have high potential applications, such as sensor [11-12], solar cell [13] and data storage [14]. In generating surface
plasmon polaritons, it is required two types of materials. The first material is metallic materials which provide free
charges which in turn guarantee the existence of surface plasmon. The second material is dielectric which is
required to support the normal component of the electric fields to create the surface charges. The surface waves are
generated on the boundary between conductor and dielectrics. Hence, the surface waves are also affected by the
properties of dielectrics, especially to their permittivity. In the previous studies [10], the frequency of surface
plasmon polariton is affected significantly by the permittivity of dielectrics. The frequency is low when the
dielectric’s permittivity is high, and vice versa. The dielectrics which are usually used in generating surface plasmon
polaritons is in the form of solid. The other from of dielectric materials is liquid dielectrics. The liquid dielectrics
were studied recently since it has potential application for the insulation in the transformer [15-16]. In recent
decade, the natural dielectric such as palm oil, sun flower oil and other natural oils have a great attention due to
their potential applications [16-17].These natural oils have also advantages regarding to the impact to the
environment. It is environment-friendly since the mineral oils are renewable and biodegradable.
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However, the studies about bio-oils are mainly focused on the application as transformer insulation. In this paper,
we interest to explore the possibility of using bio-oils as dielectrics in generating surface plasmon polaritons.

Il. RESEARCH METHOD
Consider two semi-infinite media with the interface is located at x — y plane in z = C. The space at z > 0 is filled up
with dielectrics while conductor material fills the space at z < C. In this study, we focus on the transverse magnetic
(TM) modes where the magnetic component (H fields) of electromagnetic waves is perpendicular to the plane of
reflection. In our directed to the y direction. In our configuration, # field is in the v direction. The solution of
surface modes is in the form
g {?Hae(_ﬁdz)e‘:("lx:“’t}, z<0 )
j;Hme(,sz]el(klx c.c.-t]-l 7> 0
where H, and H,,, are amplitudes of magnetic component in dielectric and metal. The variables 5, and g, represent
the attenuation constants for dielectric and conductor. These constants can be derived by solving the Maxwell

equations which results in the form
1/2

Bam = (k% — Eam c;.-_j) : (2)

Here, dielectric permittivity ¢; ~ £, Since transverse resonance frequency is almost similar to longitudinal
resonance frequency, w, = w;. The susceptibility of metal in free electron model is determined as [10]

em=1-22 (3)
where w,, represents the plasma frequency of the metal.
The dispersion relation for surface modes is determined using continuity of the fields at the interface (z = 0). The
continuity of the normal H field result in the equation

Hy = Hy. (i)
This result is similar to the continuity of normal D field. Since B field does not have any normal component, then
there is no continuity of normal B field. The continuity of tangential E component led to the equation

BH,=-tH,, ®)
Using Eq.(4) and (5), we obtained the dispersion relation for single surface as [9-10]
_ w ( EgEm 172
k=2 (52) ©)

I1l. RESULTS AND DISCUSSION
In numerical calculation, we used plasma frequency w, = 5.8V, appropriate for gold. The dielectric constant was
taken as g; = 2.1 for crude palm oil [17], £, = 14.7& for castor oil, £; = 36.4C for coconut oil and ¢, = 63.4 for
sunflower oil [15]. The result for dispersion relation for surface plasmon polariton at the interface between gold
and CPO is presented in figure 1.
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Figure 1. The Dispersion relation of the Eq.(6). There two branches. The upper branch which starts from w,, above
represents the dispersion of light in metal. The lower branch which starts from zero to w. is surface plasmon
polaritons.
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We obtain numerically, that the dispersion relation of surface modes at the interface of gold and crude palm oil (CPO)

consist of two parts as it is illustrated in Fig.1. The upper part starts from the plasma frequency w, and the curve

approach w =ck(1+g;332}as frequency is increased. This upper part represents the dispersion of light in

conductor [8]. The lower part which illustrates surface plasmon polaritons starts from a dispersion curve of light in
CPO at zero and then approach surface frequency w, as vector of propagation k is increased. This result of
dispersion relation curve has the similar trend of the dispersion relation which is discussed previously for solid
dielectrics [8]. It means that the liquid form of dielectrics is possible to use in generating surface plasmon polaritons.
However, since the permittivity of liquid form is very sensitive to pressure and temperature, further studies are
required to explain those parameters to the surface modes. The surface plasmon polaritons cannot exist in the
frequency range between w, to plasma frequency w,, since the value of attenuation constant is imaginary. Next, we
want to study the dispersion relations for other vegetable oils. We variate the liquid dielectrics with castor oil,
coconut oil and sunflower oil. The dielectric constant is ranging from 14 to 64. We found that the upper part of
dispersion relations which are generated at the interface between gold and those vegetable oils are basically similar
for the various vegetable oils. The very little difference appears near plasma frequency, however the overall
differences for the upper part of the dispersion relations do not significant.
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Figure 2. The lower part of dispersion relations of the surface plasmon which are generated at the interfaces

between gold and various vegetable oils. The red curve is obtained using sunflower oils, the blue line is resulted
from coconut oils. The green and black curvatures are acquired from castor oil and CPO.

In figure 2, the curves of dispersion relation of surface plasmon polaritons which is generated at the interface
between gold as a conductor and various vegetable oils as a dielectric are presented. It is shown that using
sunflower oils as dielectric leads to the dispersion relation with the lowest surface plasmons frequency
(ws; = 0.58 x 10* cm1). The curve with the highest frequency (w; = 2.34 x 10* cm1) is obtained when we used
crude palm oil (CPO) as dielectric. The complete values of frequency from the lowest to highest are: sunflower
(ws = 058 x 10* cm?), Coconut oil (w; = 0.76 x 10* cm?), castor oil (w,=1,18 x 10* cm?1) and CPO
(we = 2,34 x 10* cmt). If we compare the frequency with the permittivity, it shows that vegetable oil with the low
permittivity such as CPO (g, = 2.1) has high frequency (w, = 2.34 x 10*cm-t). On the other hand, organic oil with
high permittivity such as sunflower oil (e, = 63.4) leads to low frequency (w; = 0.58 x 10*cm-1). We argue that
materials with low dielectric constant (permittivity) requires high energy (in the form of high electric field) to
polarise the charges. Since high energy is equivalent with high frequency, then it is clear that surface plasmon
polaritons which is generated using low value permittivity of dielectrics lead to the high value of frequency w..

IV. CONCLUSIONS
In this study, we showed that it is possible to generate surface plasmon polariton numerically by using vegetable oils. We
found that the usage of crude palm oil leads to the highest frequency of surface plasmon polaritons (w;) while using
sunflower oil results in the lowest frequency of w;.
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