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Abstract- In this study, using a modified Drude model, in the dipole approximation, we have analytically
investigated the optical properties of spherical gold nanoparticle dimer in the interaction with a laser beam whose
polarization is parallel to the orientation of the dimer. Effect of the nanoparticles interaction on the extinction
efficiency is studied and it is shown that the interparticle interaction causes an increase in the extinction efficiency
and the red-shift of the plasmon resonance wavelength area. Complex permittivity of the gold nanoparticle dimer
is presented for different values of nanoparticles separation. Comparing with an individual nanoparticle, it is
noticed that the interaction of nanoparticles leads to the decrease in the absolute value of the real part of the
permittivity and decrease in its imaginary part as well. Finally, it is shown that a cubic or an exponential relation
with respect to the radius separation of nanoparticles can be fitted for the displacement of plasmon resonance
wavelength.


http://www.opsi.ir/article-1-2624-fa.html

[ Downloaded from www.opsi.ir on 2025-07-27 |

Olnl Sgigd (5,0Ld g (g (il S redd il 5 ol Sigigd 5 Sl il ST ey 5 S

Keywords: red-shift, dipole-dipole interaction, plasmon, laser, gold nanoparticle, dimer.

e). k
N —14.];
e &
: @7 E
dl2 dl2
P PR 2)
dr?

: r. .
me?+m97d—t’+me§w§n =—eE,, j=12, ™
Ny woydel olawdly Luails, @ =N Mg, o
el T o 25,35 g wolaa slysg Sl JB>
S Y eIl e my (Jobs Sl Sl gy iSUL
03N ) e 8] Il (Fassly @ bsye ales
(8] a5l T Jlaie a5 cunl 0,5 il gl 5l ol &
Oles 955 (S e wox By g ag e okt

l.:w‘ f‘fdfw‘ bw O)Jyl.’)‘ ‘5...:[.’ ‘;J)..S.”

1 3én(pn'én)_pn
En::' =
' 4re, d®
% ) ) R D)
—ik en(pn(:lezn)_pn +k2 pn _end(pn'en)j|,

Al 5 oslitol b el o1 ] 0,355 35 s oms 45 oIN
L Jﬂ‘ o)éyL: (5'5)"SJ‘)"‘ Lg‘)" uS).‘> aJolso (Yl) 9 (\)
&1 oo 59 p5 Oy

dz —eE
- yd—t1+ cw’z, :—2:; '™ +cc)
e

Ze? (1 ik

2mg,m, d® d?

d?z,
dt?

9]
+

)25,

dew‘bd‘f9w‘o)0ybﬁ,}ov ¢Z=n0V as

dodso

o S V5=V [ KV S B P (e v
6L°°}}> O 6°L.’.} 6L‘°°ﬁ)L§ 6‘)‘° ‘Al.él‘;o éLQ)‘
s g s Sl (Sdg iU SG Slgn | asle g
b e Salns ol ol o [YAV] ws s
Sl ) @ slaghie b Sl e Slgt
ol soled o lo-v] el 03,5 > 09z w0 |y g0l
ojlail a4y aily Lalizee SO oSl (20,05 o o>
L dlie cpl jo ablbige owlal Comnl ghils 0,34
Loy oo &l 4Bl peexi 090 Jow ) eolaill
50 a5 Mb 5y lydgl sl [P] ol e 5 iouil 5
sloools b pllas o S  Sabogame 36
molase (iaS 1 (Lo asdlac 4y el ool 8 )lg 52
lasls 5 M 6,350 i b 5 cunbliseg wSI sl
L ol)dgl S sl 0,8 bld b odadss o ,@ o
J= sleslatul b ol )3gil g mSUl ol &S 1> 0gou « K080

Lol 0als Jol ool i Jundl s SVolae  Jdoo
50 &S Gl oads ooy Hlas s gwain (V) USS o
Ole 5 el @ldgl o alold d g slai a o
D50 & g 0)09k S (6,5 C b sl , 5 (So Sl

1 _ ioat)a
E, :EEe'(kX e, +cc., o)

Sl oy glp e i) 4SO L (S S
S 1o aolan w35l b 5l aboliiag 2SI sl s

Oyge @ 1) oSl sl n


http://www.opsi.ir/article-1-2624-fa.html

[ Downloaded from www.opsi.ir on 2025-07-27 |

Olpl Sgigd (659L3 5 (st WS rend oz 5 Gl SSE558 5 Sl (el el 5 S
VE- e age VY lnl lianiss jlsal olyaz dugd elKils

o o3 1,8 dslie 0550 0,28 LS b 1) el Cawsy
V] a5t o Juolo 5 bl 51 gals plaiio

Cor = 25 3. (2n+)Re(a, +b,) av
o - MmOy~ (s () .
"y (0200, 00w (m0)

5, VOV~ (v () -

v, (M)&, (x) = m&, (X (mx) -

c S “"")"a m:NllN m}‘..b" ).'Z.o‘)l.: x=2Nall 4
oo N=fe, 0 Cwld cuypd Ni=ve (o

GO S
dad L oMb 0,350 cax (S ogoue Slawlxe o
oS oo Sl 58 1) i e euilizs R=4nm
Jolgd slp (Cou/ma%) cigals o35l (V) JSi o
Cawlodls 03,51 o2 3 ,hk0 0,356 Hgels 603L cdunslin
oli8l pogde (Olyd S asl 4 0gd e cmline
JEil 4y onie (ygendly wauis 4l o shgels 0ol

Dgbse o o8 4

= . N
=) 3] =)

Extinction Efficiency (-)

o
o

0.0 —
450 500 550 600 650
Wavelength (nm)

Sragl B as L b o 3956 s ogels ool cib Y S
Gap=d —R cl3gb m lise Jolsh sl

Yol o 2, =(1/2)7, expi(kx—at)]+cC. 3

9dss Jol> p) Sjgpe 4 plraly asls (S >

_ .1
21:ZZ=EZO )
eE
= , *)
% m, (& +iwy — Eaf)
a= 2 [i—KJ v
278m, (& +ioy—éd)\d° d2) o

Ol P=gaB Sjpe 4 bl aw b

gy g |y (S Sl

—( : j o W
= 12a o’ +igy — ¢’

Ded ooy JND 4y gdaS JRY o)ésslsj.msmo)df9

1-a) '’
L on?=1ty=1— 2( ) e _,
& o° +iwy —Sw,

QY]

Joe 4 >y Lol @lydgl el cupe N oS
Y slaoys Sl Al 18,5 5l )0 (gl (50950
S al ) Syge 4l (1) dkaly b eod)b

1 w?
i:gw—[ j — ()
& l-a) o +iwy —Sw,

Dl oo Candy puz bme o205 sleesls 5l g, aS
039655 (e Sl S g psbaie @y sl o
5 oSl (20,35 ol pales plol goue Slawle
Sl @ g 098 cod (6,503l ke O yge0 s oK o]
S (529,35 a4y a5 0,550 dgels ghaiie glaws o
S8 Ll 0pS o 518 e pSoslal 050 Casl atinls 5
29,9 Cawds (V) abal) jo a5 SO Sl 20,38 ol
@S il o0 (shsels phatie a4y by ye alail) o


http://www.opsi.ir/article-1-2624-fa.html

[ Downloaded from www.opsi.ir on 2025-07-27 |

Olpl Sgigd (659L3 5 (st WS rend oz 5 Gl SSE558 5 Sl (el el 5 S
VE- e age VY lnl lianiss jlsal olyaz dugd elKils

& S Ao

O ygear 39,0 A8l o Joo SO L g (dadgs oy yo
Pl 2 Mo 0,356 Chzr G (Sl 3 el
50 aS alb ooy plas .cd S 18 aslllas 5,90 o] (SO
ST ¥ PR VR WA S UES EPI L S| ROV G | E P oo -5
Syl oS ol alas e (rizres 3,00 5038 4 ol
5 ki Ceond e 08 Jlie L2l o ol
slp ol 5o dgdoe (SISl (20,05 (egge
pom 42 abuly SO Geendl ulS goe Jsb olml>

D Gl ales alaly S

0.08| AAIAg =0 omsExp[ﬂ

0069

| |- B =3864(5)

0.10 ’ 015 ’ 0.20 ’ 0.25
Radius/d
S o 3515 e sandly s T3 Jsbo alrale F S
@ldy o e
e

[Y] M. Ohtsu, Progressin Nano-Electro-Optics IlI:
Industrial Applications and Dynamics of the Nano-
Optical System, Springer, Berlin, Y+ +©,

[Y] Q.Wang, J. Xu, and R. H. Xie, Nonlinear Optics of
Nanoparticles and Nanocomposites, Encyclopedia
of Nanoscience and Nanotechnology , Vol. A, Y+« £,

[¥]1 K.-H.Su, Q.-H. WEei, Interparticle Coupling Effects
on Plasmon Resonances of Nanogold Particles,
NANO LETTERS, Vol. ¥, No. A, Y« .Y

[¢] W. Rechberger, A. Hohenau, Optical properties of
two interacting gold nanoparticles, Optics
Communications YY« (YY)

[¢] E.Hao. G. C. Schatz, Electromagnetic fields around
silver nanoparticles and dimers, J. Chem. Phys. 1Y«

("9)

['\] A. Kheirandish, N. S. Javan, and H.
Mohammadzadeh, Scientific Reports (Nature
Publisher Group) Y-, 1oV (Y« Y4),

[V] C. F. Bohren, D. R. Huffman, “Absorption and
Scattering of Light by Small Particles”, Wiley,
Va4A.

29,35 Dl psi egge 5 (Shid> Cund (V) JSG po
ey Sh3gl (e alise Jolss 6l mae Job 4 s
3 ,aine 0,396 (2,35 anlio gl p pizmen (Cawl ouls
G b dslie )0 (oiS oo 0adlive .Cowl 00l sy o2
30 S s D350y 2S5l (g9 50 IS >

Real [e,(w,R)]

&9)
Wavelength (nm)

70
65
F60 1
2
55
z — Single ]
£50
> Gap=6R
£ 5 |- cap=3r
— Gap=2R
40| Gap=15R
35 Gap=1R J . : .
450 500 550 600 650

Wavelength (nm)
A Comd (P,35 (agRge g (o> Ceond ek Y S
S35 s il Jolsh sl g0 Job

Oyl JaiS zae Jsb olral> laged (F) JS& o

a5 Sgd oo aa>de g Conl oad 00,9l A/A w cois

il o3l BB aliBie w0l g0 by o3 L
AL ald

=2 =0.0015 exp(———), VE
7l p(0_069) 0%
A a3

=2 =3.864(2)°, V0
2 (d) )

u.a.>- LS’W)L’ «.\JM zT9o Jsja lmax 9 b).m o)OyL:
el oS 51 (M 0,340


http://www.opsi.ir/article-1-2624-fa.html
http://www.tcpdf.org

