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Abstract:

I nvestigation of Surface Plasmon in Metal Nanoparticles

Matin Saie

Surface plasmons are collective charge oscillations that occur a the interface between
conductors and dielectrics. They can take various forms, ranging from freely propagating electron
density waves along metal surfaces to localized surface plasmon on metal nanoparticles. Surface
plasmon excitations are known to contribute to exceptiona optica properties of metal
nanostructures. In the quasi-static regime, When the size of a metal particle is much smaller than
the wavelength of the incident light, phase shifts or, retardation effects of the electromagnetic
field over the particle dimension are negligible.In this limit ellipsoids nanoparticles with three
different axes have tensor polarizabilities with three different dipole modes. When the size of the
particle increases, the radiation effects become more and more important. The displacement of
the electronic cloud is no longer homogeneous and high multipolar charge distributions are
induced. This fact can be seen from the Mie theory, where the extinction and scattering cross
sections are expressed in series expansion of the involved fields, which are described in terms of
gpherica harmonic functions, such that, the different multipolar excitations and their contribution
can be easily identified. The Mie model is a first approximation to describe surface Plasmon and
the optical response of metallic nanoshells. In this work we used Mie theory to calculate the
optica extinction spectra of metallic spherical nanoparticles and nanoshells. It was demonstrated
that a thin shell of a metal surrounding a spherical dielectric core exhibits two surface plasmon
resonances associated with the outer and inner surfaces of the shell. For ellipsoids nanoparticles,
we used quasistatic approximation to describe surface plasmon. This predicts that the surface
plasmon will split into two modes (longitudina and transverse) as the aspect ratio of the prolate
is increased, with the longitudinal plasmon mode red-shifting significantly and the transverse
surface plasmon blue-shifting slightly.

Key words: Surface Plasmon, Nano particles, Mie theory



FPRV-P)

Sl 00l Joa (onlid Sanny g (owdies (oo «Sugd e 50 9ty sl die; SISy 4 (655l U 2 sle JLo o
3,50 i 4z, Ll gl sla )l e 4y wilie (gl ol 5 Lo JSC5 50 (5318 @l )3k anlllas 5 Sl s 0l
ol g JSo b enlite a5 cnslidl )58 ol sl L3l sl (Shs ny Al 5l (S ol S 18 adllas
Doy aslgd] 853 & yamie (555 ol Jyies  mla (geudl Wi (6518 D3l 53 S e e S35
60 9 A Colem a4l 90 j0 Sl Sl o0 g S S de Jad o b (pre Slleg (Sl (b
0 oo 2l Djge 4 Sthe Jad p dges g ond piiie 4>l 90 S the Jad 0 (ol Ggendly glgel oS xSl
b Ggedy 5y (nl ) st (o0 ST 5 0l 00y Sl 035k mhaw o (s gendly Elsel Dy35L 5o s
3085 BL il s Ganidly S8 L a3l 3l ar (599,845 ealS 3 S (alSin 05 (oo sl Toy ol
2 0hdglh &S e g ojlwil (IS8 a4y (318 Sldgil )0 (oxxlaw (ygendly wats (58wl e ST (xbans Ggendly
&5 55 20 ihaie 10 033l (i Geendl (S5 (L 5 058 Mb) s I3 )3 0 jls (St wjls 13 ]
s 1 50 0,8 5 Mo D35l g2y Cle 4y w0gd oo caalin lawg 98 sle oy ;0 45 oo sle K 058 (o0
S8 ks B3l pe (oxan (gensdly (SEFSSp Sl cozm DS Sldgl o (rhaw el (SRSl g Lo

)l o> sla Jshs 5 b (T8« SeSslse 500 nsal ailioed 5 (S sl S 50 il e
51 e ool sl 1) ofy (il o3ladl 5 oo (JS ) onbas (gansdly (uilS 3 )0 g Jalse 51 plaS,0 (6,55 w)
Oyl (Brre 4 il 4l (LG cnl )0 0jle (o0 Jlgen ol Blaal 4 s sln patedne ojlail g JS2 L 234t
Ol 5 alaly G280 (g2 () Jhad) pislony o0 Sl 53 ol 5o (T gl 5 (308 D09k 5 ol 4 Sl 5 (oxdans
$595 Sl pdy (BGl JSS (65,5 Sly3gl asile eole sla 5B ) LS I3l oIl b os ol (rlaw el
o5 b 5o (xha (pendly Wi e 5 23ln g0 538 SE (55,5 D35l b g uiSen oy 4 Mie
sl JS8 5 (aw Ggendly wals (W58 adal) drulone WIS e drilone (295 1) 3 JSA (65,5 S350
9o ogima Jolis g 51l (o 53 a5 Uty 5 Ll A B ABle o8 o s, 3l 538 39 55,5
3390 Ll s (555 31 oolisial b o, 5 Mo 95 (o gl 43 JSKE 5 Lol 5 el s oISl les 039
5l oolitl b oay Kol (oxbans (ygensdly (uilS 2 g Bl050 glad (s by eizeen (g0 Juad) el o 00l I3 )

pom Jad) w1 (g0 ey (S5 (59,5 @956 50 Mi€ 5555

' Surface Plasmon Resonance (SPR)

" Localized Surface Plasmon
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* Discrete Dipole Approximation(DDA)
° Finite Difference Time Domain(FDTD)
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