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Effect of viscosity on rotation of gold nanoparticles in optical trap

Mohsen Samadzadeh, Faegheh Hajizadeh

Department Physics, Institute for advanced studies in basic sciences (IASBS), Zanjan, Iran

Abstract- Optical tweezers are powerful scientific instruments, which use a laser for trapping and controlling the
motion of microscopic particles without any mechanical contact. A circularly polarized laser beam could apply
orbital and spin angular momentums to trapped particles, which causes the particles to rotate. In this report, we
optically trap gold nano spheres with 400 nm in diameter near the surface, and the effect of the numerical aperture
and the viscosity of the surrounding medium on the rotation speed is investigated. The results show that with the
numerical aperture of 1 for objective lens, it is possible to rotate a metallic nanoparticles up to 2.4 kHz, and the
rotation speed is highly viscosity dependent.

Keywords: Optical tweezers, Spin angular momentum, Autocorrelation, Numerical aperture, Viscosity.

NN
AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
http://www.opsi.ir/article-1-1876-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

Olpl Sigisd (6,5ld g (gwiige il 25 el g )l Sigisd g Seinl il J21ST ey g S
WWAY ot 1Y gl 3l il olSdlo

Fooshs Lk g5l o) 5 glwilals b 5,155 ¢l 5o
St g Sl Godad 3l oolial b o] (i3 2 5 2egils
g alize goue o SoguS o1, OIS pl i,
"0 o Bt oy ST L alalare ;5 rioren

& byl g ki colw

zse Jsb b (NA-YAG) 50 51 salesl onl ploaez 5o
(IX71 Olympus) y9,ls 95wy ,Sae cyiagil Y+ #¥
(2Bl 023558 Sy @oe m SARS Too @y SAS
Jio 5,15 S5 5 (DAQ-SCB-68, NI (5 ls yosls 15
oolaiuwl 4ibl) & oleMbl Jlas! ¢l (PCI-6221, NI)
YO Ceyw U 1) gylopenls canl [old oS conl oas
Olesez 9,90 5 oy Dbl g1y 05l @al)3 55 ,05LS
Sl azg koS g, V] ez e lsioe (iales]
oxd 8 &S bl s el s ) (g5 iudad
9 oo A (505 Alol bl gy (g 90 Loy
D9l o0 Sl g5l Giedad gSs S Sl LS Zoec)
by a5 Cwl o3 BB ol Gln zaeps GarS
TAL ol ous oslia] GoSng Sen 5o 40 (55,90 ais]
g 0,0 ¥ s slas b JToay! b (59 pls ionlad
@ode (F0985 5 FIX oleiS )5 b (G8g) (S (omae
(s e )yl Sl VE L Yl s
e JE o a8 (S1aks S hwg goue Sogis
Ol slp Jedo e 4y a5 09h 0 melas )by 8
oS 0de (SO9aS (b cwie 4 LSy (6999
b Led oS e Jlosl aiged 315 o ) 658 g
Y gl Ceons 43 0,5 a5 098 g0 el 0,3 (59, 2 5]
cals Y el Su05 0 (V) US aiilen 0gd ools o

R T

oY#

FRRV-P)

9 Db @58 b 6y 4k s 0 5,9 S
s owde Sl goas  FoguS IV el o TSy
coyo N aS 09l 0 iy, NA=nsingd Ojee 4
GONSS mox saly 0 3 Gyl paal b CllSl
S5r2 9 B pasn S0l (6,9 S il sl 5 555 5
Sod a0 ol 5 o8 Glid ly

IVT el Slge e g (S5 g o oo

Az Sl 68 Sl e sople audad Sl eslinal
P S aile Wl oo a5 o oo 318 SIS 9 @
Wl oo Gz Glygisesl WS Jeo Gl ix e
oleegl (SHlSe 8 > a1 qubliseg 2SIl 655
~pes aloz 5l gkt slao S s a5 anS fas
s DNA (5,8 jo lacl, ¢l 5 (Seilteg xSl b slo
mo L8 eslul 950 SV 9 Seemgil Gl Sy

I w5

S8,k Sl leiee )s als o S Guls > (6l
Rl 0P e S e oy Sople Siadad L gl
Olg5 b 1S b .l 71 slaygly Al g9l basy L
-2 okl L slagly S W g iukd gax 8 0,
G5 il 1o 03 Laugs slagsly GalSs wis [F] s
b Jlw )0 (A5 2 Sy 09d o0 0,0 (i3 2 4 b
GoAlS cure e 5l il else 4 plT ol
Ol o Lol s)ls (Kins 0,8 g5 5 ojlasl (8l bl Laysre
O Gos 0 SwSbgd O3 S > e Al
Sealips L] cl osgr 5,2 OFIY Ll (6 es,Sn

Iv] o)l Sy 5 olgs

AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
http://www.opsi.ir/article-1-1876-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

Ol ! Sgis8 (6,9L8 5 qwiige (il 1S o3l g |l Soggd g Syl il Ja1ST e g s
WAV Goge V) el ol s olRsls

C(@) = Iy +5 exp[— I cos@Nfpr) S

ol frop 5 (Simronsys JUSw los <3l Tg
5| laiges (GIRY) UK 55 i e ol |y 009 i >
ilp (@ V) 5 i Sloj 4558 (V) g adgl JUSns
&b aS e o plis |y gy slaosls (g5, (V) dloles
SRR ORI TR JEPRE SO
S S Sy 598 ) Jol> sald vl S o0
&9,y dolee (i3l 5l Jols delus b (55,2 YYY/F) ous
V) JSS ol cdllas (5,0 VYY/Y) &L@}T swosls
Slagdas (So5i5 e p |) 25 2 Ze w18, (G
g PS8 pl 4 azg b oS weooe plas calise
S by Sl e ) saae S35iS 5 552
sl b Jlw sbml gl il ke 252
Gz a0y b ol g GrpedS Jolone 51 il
Ol ol &l 3gil jis o e g g ol oolaiul Dglae

w35 s e 1) bl

—Experimental data

Voltage [v]

0.1 . . . . .

0.5 1 1.5 2 25 3
Time [s]

10 I Power = 112.06 [mW)]

= FP=173.4 [Hz] «~—p A e

g Numerical aperture = 1.1

2 10°

£ iy,

£ T N,

0’ i iy,

=

= < M

= y

Lw-lof ,,,,,,,,,,, i . . Vil o1
10! 10? 10° 10*

Frequency (Hz)

05l [ Expertmental duta]
- ; —Fit C(o) fanction |
=3
=
£ o
=4
S
b1
=
<

-0.5}

Lag time [s]
0,0 Sy sy sl oad (6 So3lasl gosls I slaiged Y JSs
bwgs oads cod 5y (@l s )98 oy jo yegli Fev LS LML
L) 698 @ali )0 03 €8, 505 5 8l (Gloy iy 05209568
&b (z 9 b8 cod o ools g b (o s o lis
el T oMb )3 o 455,5 JUK s (Kiransy

oYy

4 o

Yb C‘L"‘“' é.io).; BN IS 0)5 yl.\ RLIEN 6)lm1413 2 JS...:

o0 lp Sob lase (55w e 1 talejl ol 5o
3,90 Olyd el oad oolawl Wb &l )3 $L Sausly,
Jsb 0 stzg JB (FosSly g od ghie mhaw (o)
Dol 0 085S Ty 0,3 31aS 5 a3 .5,l0 yiegili Vo FY zge
45355 o0 )18 osliiul 8590 A5z C e oy S
JiSew &d sl 2k dmo5558 <SG LI cal sl
i pagish JiSm 51 o8By 3yon olinud 3
Al S oS oy o0 5)I0geS A 950 18 S e (g4 558
Olis 1y iz deley all Gl (86 09h o0 lles
MlS (305 0,8 9L S 5l ooty oaiSTy sbagi oo o
S 3l 25958 b 55, 0ite 2, . w5,
o] (63l IS8T (s Sgr05358 31 eolial e ol 4,
90 S8 3 gl s sy Gl 2y 4 28
Jdo e s cdind (59,5 Sl inabesT ol yo eolaul
S o (53l ) 5T (612 95295568 51 Bl g (gmay 0 50
moy3 gl oo 0aiSTy g 0,5 solinl B3 il i >
galoles @b il 232 J 07 jeme Jo> o5
A oo ydS @ sgly L I(T) = Iy + I cos(NoT)
‘Lg).:}is ey T codds 0auSTp o saugly @ ol jo a8
a0 N g oud leg gals [ (nSlee ool I
Ol @lp &S wS oo Ol 1) 5,5 S L5z

el Vol iolesT cpl 50 oo eoliiwl 890

-0 Al 55 Oy 4 DAl gl p (Sepdg> A
I¥] oo 5

AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
http://www.opsi.ir/article-1-1876-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

Olpl Sigisd (6,5ld g (gwiige il 25 el g )l Sigisd g Seinl il J21ST ey g S
WWAY ot 1Y gl 3l il olSdlo

sl 00,3 il i > oy aS pla as g beeols
Sy 5l lgiee sl Lanzme 59515 4 aaly )98
3,5 odliial (59515 Fas G plye 4 A5 2

5135wl

sndlae Gigls 559 g aomal seahac a5
pmled oo Sis lioaijle 5 duie slo oleinal; ol

b wo

[1] Ashkin, A., Dziedzic, J. M., Bjorkholm, J. E., &
Chu, S. (1986). Observation of a single-beam
gradient force optical trap for dielectric
particles. Optics letters, 11.5 (1986): 288-290.

[2] Zhao, C. (2017). Practical guide to the realization of
a convertible optical trapping system. Optics
express, 25(3), 2496-2510.

[3] Shao, L., Yang, Z. J., Andren, D., Johansson, P., &
Kall, M. (2015). Gold nanorod rotary motors driven
by resonant light scattering. ACS nano, 9(12),
12542-12551.

[4] Nieminen, T. A., Asavei, T. Loke, V. L,
Heckenberg, N. R., & Rubinsztein-Dunlop, H.
(2009). Symmetry and the generation and
measurement of optical torque. Journal of
Quantitative ~ Spectroscopy and  Radiative
Transfer, 110(14-16), 1472-1482.

[5] Alignment, Rotation. "Spinning of Single
Plasmonic Nanoparticles and Nanowires using
Polarization Dependent Optical Forces Tong,
Lianming; Miljkovic, Vladimir D.; Kaell,
Mikael." Nano Letters 10.1 (2010): 268-273

[6] Zhong, M. C., Zhou, J. H.,Ren, Y. X,, Li, Y. M., &
Wang, Z. Q. (2009). Rotation of birefringent
particles in optical tweezers with spherical
aberration. Applied optics, 48(22), 4397-4402.

[71 Samadi, A., & Reihani, N. S. (2010). Optimal beam
diameter for optical tweezers. Optics letters, 35(10),
1494-1496.

[8] Chou, Chen-Kuan, et al. "Polarization ellipticity
compensation in polarization second-harmonic
generation microscopy without specimen rotation."
Journal of biomedical optics 13.1 (2008): 014005.

[9] Cheng, N. S. (2008). Formula for the viscosity of a
glycerol— water mixture. Industrial & engineering
chemistry research, 47(9), 3285-3288.

OYA

3

z

= { Experimental data
: i

=

c 4

£ .

f

e 2r P ° -
=

2 la

= 0 . . .
E 0.7 0.8 0.9 1 1.1 1.2
z

Numerical Aperture

} Experimntal data

~
=)
= 500 {
g
=
]
g 400 }
=

300+

o i
200 - - -
0.9 1 L1 L2 1.3 14 1.5 L6
Dynamie viscosity |Nslm2| %1072

oS Sglaie lagoas (FosiS yo s e Ol s (@Y S
Ol (@ g Wloads 03dle 5 diged J3Is olg5 a4 LSS g 50
SopiS o glite (Sealys GlogsplS s n i3z
4w 90,0V glp Lid e o (2Sle alads o aS 4/ go0e
6915 0 Sz (9 e oS Sl 0)3 1 (sl s pSesls L

Oyl 5 (Jolowe LM 213530 51 (oglies sl sl
Ol o Jole (syegl Feo oMb &l 36l ol g
o ble ;o T g Syl 51 Jsloro 5 wias 5oi 51l
oy [A] g yo G 05,5 Sloml 100 ¢ Vo BT oo,
g GrreelS Jslmo Sl lacdile cpl (Soaliys 59,31,5
VOV /0 g YYASIA N -ARID QYO0 oS a4
2 G 8, (o) S el ceny ([uPas)
b i Sy &5 a3 o0 (L |) Sglitie slagsg SIS
S N
boe (nd5e 59515 STl ln Ol Cools
S lalaz 08 oolitul (st diged So L Jlw o
$U S8 50 et | 3L 958 o0 cnmlive a s nSools ;o
Sl S S g ojlil b @3 51 5T a8 cal I3

b oo ol lallas ol g oolaiul

Sy lydame 69515 9 soae (SogiS 3l o055 ol yo

I8 oo 0590 6509l Tooe M S 6l s > sl

AL gy BB WWW.OPSILIT ol jo a8 canl jlzel slls 5,00 0 allie oyl


http://www.opsi.ir/
http://www.opsi.ir/article-1-1876-en.html
http://www.tcpdf.org

