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Theoretical study of effect of immersion oil in aerosol trapping
Ebrahim Madadi' and S. Nader S. Reihani?
Technical university of Buin Zahra, Buin Zahra, Qazvin Province
’Department of Physics, Sharif university of technology, Tehran

Abstract- Trapping of single aerosol by using optical tweezers is very important to investigate its physical and chemical
properties. In this letter, optical trapping of single solid and liquid aerosols are investigated theoretically by using generalized
Lorenz-Mie theory. The effect of immersion oil versus depth of trapping is investigated and it is shown that by 0.02 changes
in refractive index of immersion oil, the optimum depth shifts about 2 micron to the deeper positions. Our results are in
agreement with existed experimental result.
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\ay


http://opsi.ir/article-1-124-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

oY ohey al p o oluwlxe Y
3l see 5l e TEMoo 0o b )50 oSGk (5598 Syl 5o
dges lae (0 JoY (g 9abge (g) (b (owis

L osls axl o Sl

il oo o [A] laugly cals j3g, 51 oolicu

E(F) = 'kl ekl E (jjd91d¢sun91
\Jcos 4) exp(-— ! szgl)

fo sin

Olee dgd oo S5

exp('(’//ﬁl//z))zc e’ @
n=1

5 Ugg=nglsp="g 5  akl,
cwiys fg g Ny aws € =-SiNg,Ccy =COS¢
65,5 Slatke olfiws b g o axly bl
oty gty el wglS Bl o ol o a5 aiies
P g s iuhd glacdl>slp Fyd  ee colpo cus
lop-aind g ddod-(5, Hegyadud (Jlgie jpe au
S8 Jgio 50w Bib calps 0o Jol> 5l 5 aitn
g L;.»..S &> gly o O ...\;_AIGA Csdy 0l
coyo fop=Wo/(fsina) cul b owae bugy
alas ;5 4l JeT Wy (od (pwie Sudy (SOLS
ol Gels Aol f g s swae (69959
J- ERPINC SN U 7Y =—%k1d2A(|1)tan291
5 0 ol (b cwae [A] SO dy) Jsb agns
oie ol amin b als 31 0,5 alols e o |
c@msu&‘swx@ujf)})'lwmlbaf)siﬁ&
Sn (S e S Ayl Jsb 5 (e
5 CanSl gy BB I A6 69,5 2lyml vy
el gl e

vy =—kg[n (ty +t3 +1t4)cos @ —nyt, cOS 6,

— N3tz COS O3 —Nyty COS G, ] 2

oaled cai g 4 ¥ o V.V ) o mwal 358 akal, o
«$y98bge €9, (M =152) 2d (pwae S5-I Larmes
gy preme ) USS oiien lgp 5 (g =1.52) LY
ty 513l wesee Ol ) Syl o 1) SslS
5 oY Culs (gygabse 89, AV Cuwlhs ol
Gl s e ol 1) oY s b pwslS 5l alols

YaA

et g oSl AVAY oo Ve LA

doddio —)

oles g ol s oS cenl ()l DN (5,95 Sl
Sy 9y Srel 5 GregSe Dby 4 SH
IV1 528 50 Jlslh3 sloo S Il cnl 0j9,el 095 o0
695 S il 00,5 o [¥] 659095595 g [¥] o
b ed ooie o by &5 Cul 5] 4t
09y Sl o e N NA=NSING ) o0 (Sogus
sboyFe ooy gy o 0 9 Sl (d pwae Sty
0dls SeilS Dad 4y Vb (g oo 00y gl 3l as el
a8 po &5 (5 gl g (5 ey S D)3 4 e
S g5 5l e Sel S5n e 5L
7o S cays bl ©yu8 0eh e 3)ls (F =—kX)
D sa Lasia (K)

S5 ol 8l oy ot Isp 4o lee o3 bajyslsa
Noy55 0 Slgld el 5L ld )y s g DT o
3 Lo Galizes bl jo (goasine slrog S 039l .ol
5 md Pl o s WA ln )8 S
[0]aiss o osliiul apglgn ol oleond

cars B 6 58 sl 297y
5 P AL e o ilSe glalione CuSS
gle buze b aalie ;o SIS cpl wad (Gggln &8 >
ol Il el et s gl (o5lail als
b ooz Sl 5l Cilpe a jiin slages jo OIS
Bl (0l b Y mhaw alold) e 4 oS >
Sly oleiioy slaghy, 5l (S 09 (o0 Sl 6955
CRss b i slages )0 lajglse ange (gslailals
[Pl el (2o i iy (5,90b5¢ 0,
b8 pSeslil sl @25 sk 4 esd
Ivlcid 8,5 )15 soliiul 5,90 ajglgn

aly prend (g0 —380 hg, 5l eolitul b allie (pl o
ol ahhd g al> sais jlaslals LS 5 8ly (g9,
or D5 gkt 9y ydS Sl g oad aulon
PRl sbosls L odel Caway guls 9 9,5 o0 )8
Sy90 ,0 a5 s oo HLis s (W00 ,5 s Auolis 35250
Sy gy ;50.02 i b Agm 051l b T ol e
42-3um ojlul & I3 cpl gilul Al dige Ges
sleosls b as wigh o Jaiie iy sbGes o
Ivlocn B33lg3 40 D9 g0 Gmlii;iLoﬂ


http://opsi.ir/article-1-124-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Ol Sgigs (5,58 g (cwiige el JiS (el ol o &y

g ol oaSTy slaglas bus cole AP us
Al oo oy Al 315 0,3 (55, » 550 Lulpd Jloe!

Dy Teasl Jloel 558 ez Jolis 325 'é".ﬁﬁ '
@ ol Y

$r970 (S i p (et & by gl i (pl o
sk 0yd 5 Lum ylad oy Ol o kb (gjlailals (gl (s,90 s
alides 5 9abss €, aw sl 0.8um Hlad 4y (L]
el 00 4Ll VOV 5 V.00 N OY ceSs culys b
S aliolesT slaosls b ol cowas s asiy! sl
et e Sl Ayl o 08 ayli
SO 5 oY Calied ¢ b s Sy S
5 170um 1 160mMmM o5 Sh owde (goae
2 S slobsl 5l L el sl ad 3 ka5 > 0.98
ERPSTRENCE SN SR S N NN

A3 o i Bes e | 1um ol

0.8+

0.6 1

0.4+

Kz(fN/nm.mW)

0.24

Depth(um)

flumﬁbuio#d)wﬁwwﬁ)lawvﬁ
S G)BA'bﬁ'é sl 6‘)’.’&""‘%""‘"”

5 dden ahts SO Gyl Al Soe oo VOIS (o
09y e b 035 oo Jiie faee bl 4 (594bge
Bl Wl cadle b 55,5 (ol S )eabse
A e oS Sl 0030 )8 5 )ly o j0 adgl 04290
2 5002 50 Gl 4 angy Bos ¥ SS 4 axy
Jols 4 2um Lo yE g 9abes (185, CeSh cupo

Olnl Shgi9d g Sl il jiST atinns

S Slate olKiws lowe ol o 3,50 by, Jlee!

e 9 0D 03ls JUSH (69,5 0,3 35 0 4y (oS S
oslo Ja.w_v 6)|\>).v 65; le.(b;.i..{bto.(b > LQQ‘M

g o0

ty

Air, ny
Coverslip,n;
ty
Immersion oil,n, 2\~
t
/ Objective, glass, n, \
0N\ -

(=Y TP k)P R) ()

plm
S oS 4 Cond (5555 03 S0 oS R sy
aiz JEPVEK) Jop g amsioe lis |, (et owos
P8 e bl 5 (SpSIl slaolas
IS calye ofP(R) wsloas yme [VV) -]l e

e (6398 (loge
EN eiklf 1 @27 .
0P (R) = ik, fE - \/n:Zj jdeldqﬁsmal
Yoo
.2
x,/coselexp(—izsngl)
fg sin“a

0

xelVekeRe t WP (g, k) (4)

slaghise by calis WG, K) gp e, o
I Jaca glsy 5,5 cSinlen s 5 e
95 2 DV guSlo G5 550l (595 2 5.5 IS L
0,0 2 3l S9 5 Sy sl glad 50,3 5 0 4y (Slo S

:QD; <* duw.:l?w
S ‘90 *
i = 2o ReX S A A B
0 pim p'I'm'
Ext *
FRéi(d,g” — Rez zw(p) Al(r?ﬁ)lé’p%) -
0 plm p'lI'm'
Frad,c = ~FRss ot Frad Ve ®)

144


http://opsi.ir/article-1-124-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Gloazil b oS Wl o92g il sloges 4 ang
el JolS 38lg5 jo o2

&=y

[1] A. Ashkin, J. M. Dziedzic, J. E. Bjorkholm, and S. Chu,
Opt. Lett. 11, 288 (1986).

[2] M. E.J. Friese, T. A. Nieminen, N. R. Heckenberg, and H.
Rubinsztein-Dunlop, Opt. Lett., 23, 1 (1998).

[3] Laura Mitchem and Jonathan P. Reid, Chem. Soc. Rev.,
37, 756 (2008).

[4] F.Hajizadeh, and S. N. S. Reihani, Opt. Express, 18,
551, (2010).

[5] Ryota Omori, Tamiki Kobayashi, and Atsuyuki Suzuki,
Opt. Lett., 22, 816 (1997).

[6] S. N. S. Reihani and L. B. Oddershede, Opt. Lett., 32,
1998 (2007).

(S a0k a5 (5 50lb Lo jueme v ¢ Bolo oo [v]
Sl s Olnl S 5 Sl GRS eens oz

AV 0 oRasls )l Ssgied (cwdigee (il yaiS

[8] B. Richards and E. Wolf, Proc. R. Soc. London Ser. A
253, 358 (1959).

[9] S.Nader.S. Reihani , H.R. Khalesifard, R. Golestanian,
Opt. Comm., 259, 204 (2006).

[10] F. Borghese, P. Denti, R. Saija, M. A. lati, Optics
Express, 15, 19, 11894 (2007).

[11] F. Borghese, P. Denti, R. Saija, Scattering from Model
Nonspherical Particles, Springer-Verlag Berlin
Heidelberg, 2007.

[12] J. D. Jackson, Classical Electrodynamics, John Weily &
Sons, 1999.

et g oSl AVAY oo Ve LA

ke [Vlam s mls b o el o Jiie aiges

R
b (el jaglen) cnplinl (Jy ol g5lal als ¥ JSs
A5 amse Gl Al Bes e, 1,08zm i3
e ys B Loy (N=157) oy bl L g3l
S lese e (I92) lase a4 s ol cnS
5 S e e ) eolinl b el ST s
Syl s 55 Sgame SeilSe aly) Jsb 3 ooliciul
aS diged Jamo glogl o s |y wele Ol cpl led o
solitul b .o ,S (g3lailals col ol o1 o (69,5 (ool
> OlFee SR CeSh capo b s y5abs (1)
odls plas wmli)s S ilwlal s slges o
O Glp Al s wes o las VO USS (loants
dngp Bos sl iz slages; sly ol
Slp Sl (59,5 (Blrl o9 aeS 5l GLAS &S el
09y SenS o pd 50 oS 0.02 58 sl 500 ()
ounlive diged Feas 4 digy o Jlul 1-2um L &

O (50
0.8 i
S 06 -
E
£
£
S 044 .
€
N
v
0.2 _
T T T T T
0 2 4 6 8 10 12

Depth(um)

b onbl (55,5 )3 (yamme ali (o o loged oSS
wilize (6,9abgé slalaixe glp Bos o> 5 0.8um lad

G5 a5 -F
Sygar mle 5 el sbojpglse glal ali dlie cpl o
addllae 9,50 a8l rand (oom 35580 by, Jlesl b g,k
g Lm b b Ol ol gl el a5 )
sllhow gl 0.8um s L bl L ol
Lawl 0dl )y b Bos e iS5 5abge

crd GlBl L ojge je 50 &5 wed e GliS i
o Jlsl 2um Lo,a 0.02 ojlail 4 ohéq, Cunslls


http://opsi.ir/article-1-124-fa.html
http://www.tcpdf.org

