[ Downloaded from www.opsi.ir on 2025-12-20 ]

tonics
Q0O S"c,'

. s ) *E B R

% (Q‘»j// Ol Sigigh o Sl Guil ;S (eSS g s % "‘

&.C" ",,,‘/"/,J/ Olnl Sigish (5,58 5 (waige uil 23S (ratin g V\A&\J,
(4

¥ g dad olKails AYAY olo 50 YO b YY

Optic,
)
2,

S8 S > Sz o5 G5 ©lyd e S 2
T Sl 5 gle J ool ol asls

ol el b psle 1o Lok S ans olEiS (S b 00Kl -)

o ygig8 oS > ol JWl o6 595 S il JI5 ulaol .l oals Jiows calirs pale jo aied ;08 )1l G a4 3] (gams iz 0 (6,90 Syl — 0u S
50 28,5 o3lasl 1y (3esSy olul 4o olag s g 8,8 Lrasle 1) Ll wecils a5 glao 1, l)d T a8 b )93 oo a5 el (6 50950 g —,500 &l)d &
Olyd iz S 098 o0 LQJ Oz el o3 Ll @yl 4 e slaely oS e oslal il g glople Giodad aS s oo lis e oyl

st 58 FpeskS iz 4 Sl )b 4 (55,5 DS sl Sl SIS UK 5 5 Gl 4 iy 6595 g4l o

Slagly <8 2 o3lail s, HgliiS (318 Dl 3l (5595 S il —o3ly S

Fast rotation of small metallic particles

Faegheh Hajizadeh"", Lei Shao", Mikael Kall ¥
\- Department of physics, Institute for advanced studies in basic sciences (IASBS), Zanjan, Iran.

Y- Department of Applied Physics, Chalmers University of Technology, Goteborg, Sweden

Abstract- Optical tweezers have become powerful tools in many areas. By transferring light momentum from photons to
micro- and nano-particles, one could immobilize submicron particles, transport them and also measure sub-picoNewton
forces. In this paper we show by utilizing the angular momentum of a circularly polarized light, metallic nano particles rotate.
Rotation speed depends to laser power and particle shape and size. Here, we show that rotation speed for round shape particle
raise up to few kHz.

Keywords: Optical tweezers, Metallic nano particles, Optical torque, Angular momentum

Ve
A3l g yiwd BB WWWLOPSEIE cole o a5 caul jlael slls 5)ge 4o alie oy


http://www.opsi.ir/
http://www.opsi.ir/article-1-659-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

b iy c)ls a5 YL i s 4 g3l ol
2 o5 o9 Glepls s glaygly oS > o3lil Ju!
S golail 4y i Sy B> o6 (5,9 54l
A5 bl o s (i 3 ol s e S
S 638 Sl S Glp S,y G &S s e
FekS wiz g cwl il Gleabegl i
o5 Wl o yegl Whd iz e
il asls Lo JUTg 5o 5 Lo jgaiwgil jo o0k
Palosl losez -

o So el ool 550 alKilejl pledz
ze Jeb L (Ti:Saph, Spectra-Physics Y4::S)
(Nikon TE YV« ) (9,ls oSy ,So <SG g AY-NM
SapaS oyl (as idad ol jo 5 (o) 58 el
5 Soekd S by b gy 3 90 lawg 4l )
2,5 dbml Glopls kel Gl oo imae @y a5 S
DSy S S 0ylg anl g 5l QL 5l am 5 e
J>lo (NA=- Y4 £-X) S gde SO Lawgi g ouls
Oledaz 9590 ;0 yiinn Oledbl el o (S dged
2 Ghdgh . cdl o azye o Gl 1) i)
U Jolis g o oolitul (3lailals ol tolej] ol
L @l sl shb b ooy i 5l JSo slabwe &Iy
aS sws Teonm 85 s L S (69,5 I3 4l
£9 95 o .Wload (gl > Sigma-Aldrich =5 ,%
aS Wl AYeM zge Job o oYL Qi Sl ol
5 ohd 4 gyin slagly o8 moslasl 0ed o el
3 ol SEM pyglas o) JSS 0ed Jiiie 5,8 gals

RCR PP e

g Yl a5 ol Ojse ol 4 dged (5le oole!
g s TLY Joloeo 5l oolatul b1y 5Ls 0,50 sl JoY

9JU (U”J‘ .aJlie QJI 0O W) r Oy C)|)S )| SEM ﬁ}La.'( 2\ JS.M;
el Fee osi ks LML slao,S 5l (o e, alie

woinlesl ol jo lbdind (050 jued pmled oo jued

\ -

\ -

g S olBzsls YAV olass YO LYY

doddio —

boyd @aSol o ol o ) Syl b ()9 sals
SeS L VYT el oals Jgil5 YU goue ([ Sogus
L GoSee LS @ Gl oy Sl )
oS o Shbl bume 5l 55 CeSicg o
Sbml ez 4y A JUKI L g5 cnl 05 )l
Sl g9 Syl AidS gams aw Job j 0gd e
pole At ladie; ;o g lp oot sl
Gaxg b L5._>L..~.; Gy Olallas (o cwl oo oS
s_i...\.i: )‘ oolaziw! sd....uo) kJ"“ ).b &9 L_SLEMSJ.M.U.:
090 e Glagrs myn ln )9 S
W8S 5 axgi 9jse e () slosNsesSle
O S Slss oo ,Sg S wlddlas ol jo el
solazul ) LSLQ’}Q-:J-; 6‘)—.’ 6|cﬂ.i'}..m> Q‘}.l.c
3755 5555 sl el 4 o0 55, Kn S5 | 5 igd o
S pbeidin aarg b K Bkl osd e o)l
odal Caws @ 538 Sl3gL (6,95 (sylslals gaie; ,o
LTy yesill Ve (Sos5 4 G5 Glsiies o350l e
IV] cils a5 Glee (5,98 sali o (5,90 Syl S5
pole 5o Slslp sl gl Dl g8 sllals
0351 S5z Sig 2SIl 5 (T psle ws5leS sl
36l Glgs oo o )5 g9 ol 51 e laie 4y el
Ly s ey ol S5 w1y 3l
wdy  Jolw Bl 0 Syl usladl
Szl a9y Jlesl wiile calizee lags Sy Se
4l o 638 Gldgil Byl sl ol plel Jele (Sl
chw 555 2 O] Glagg Sl 0g2g 4 4z L sy
G ogd glos B o LeyS adg il (VL e il
6ok oo 1,5 «y9,500 5l (S (sojlailay Hlad (o
@ [Flowl 00,8 ol (Sap ,0 638 ©l)del sl
Sldgl oSl sladob paiis o Jle b
Sy sladshe & (G slooamsnisy dbewse
3 b sladshs i il & 5 Mg Jate
Sloslatwl b B,k sl aisds oo (aseis B WJle cél
Olgise i35l (g9 (Sl 5l (A6 ok b S

[8]s,5 o5 1y Slb w28
ojlail Jasl s 511y (6,90 gali jo ol dgil allie oyl 4o

02O By p Sj90 )8 4y lagly oS >


http://www.opsi.ir/article-1-659-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

o i3z sl 0z e (b e L olen
et 33 |y Zae o GaRS S &S eSS 5 e
Ol e 1 eo9Sug See 4 o)l ) 5
L 6o @ali o alegl g5z sl oo o
il 290 gy 45 Ko 1 T o S e
i 5 ol A wlen,S sloul slople iodad S S
by WiSo0 (5,2 4 E9p0 0,0 &5 (i o0 onaline
e G5 Aagls i 3 ol
de gl S BEz Gl S S e
23 Ol b Al 90 7 ogam jo mles ;S (6 S0l
pead VO SS cwl diges Sl o TemW
Sl b So A5z 5l b plaee (55w S
e Gl o oo Gl 1) 6 Al yo ) o)l
ol Cels lgyie &S > O 0,0 i > Sy
el 2 a0 A oiluil 4 ) zee ay axs ST aS

Beder S p D3 i3 ez

o8 Sakogll S5l UL Gl (5ws S gl T SO
)‘l )MS o bl ﬁjLa.T O @La) salold STy Y 5O oA >

LS5 Eeenm e85 s gl |y LiuleT ol caslsl o
I Ll loals ol asile 5 00,5 ool (laigas ol 51 ¢ laie
SEM jpslas a5 jshiles meosn )18 5558 ol o
Syge 4 S ol () JSKD) s oo lis SISyl
ol b ils Blol b 5 ot JS5 59,5 o lie
Foiwy e SOl eolaiul b Sl el Blol ez
Sy $5 ol sl g S 3loped LB )8

oS oolitul (6,503 slahs) 5l )lab i 2
0,5 ngal dxio )3 45 (59 ;b S S cnl Gl

\ -

AR

i O 5 oolKesle AYAY oLo..{o YO LYY

097 218 ook Comnl bralagil i3 2 (ol Logas
S5 0 5 Sl samgs sali S oad sbml gals
S oY Gogai ead iyt ol oY o
r)d g Al (59 2 99790 (Sogll 45 05 s
b i s o3 oS s 9o b gho il
On e DS Ojee gl mhw (S0 e eale
Gog ad,bgs glacwuz I oolaiul L oY 4 oY
Verum gl g lopls slul 4 (oldd ((g9Sg S
oty @l Jsbme S35l Gupms mays]s0 25752
arg BB oS o0 By Sges BHb 0 0,5 5.8,
zoo Jsb o @b @iz il ez Dlyd cnl a5
2 el s 4w o Ll (6,95 (glalals was,ls AYenm
a5 9o G Glesl Cal o s oo 4 e
5how ol IS cpl lp cslail a4 amgs o 1, Ll
(w23, 1oy dges 1o 50 1) Sl 5590 (salis U aS)
oo 1 1y 0)3 1 S 500 00l Lratl> g4z je S L
Sz 50 Sl (595 )5 oS oo Salaa 5 glS
bz L cnl S e o)y 0y cal a5 jLas]
a eyt YU oY s 45 0,8 a1 b oS e 1SS
Wb il Ol g ated mlae G oe)d G
ame bis ) S ol bl ey ¥ S bl e
oY gl 4 ol Seop 5l S ale $U S e
28 65 sl o Jy il i lasl sl e WY
o 8 L5 51 aghigm sl ¥ LY s (S0

S5 o0 )8 e p elee )50

vy

VY

O
23
(S8 Dldgl samgs sillal (o oz b Y S

ooliiwl 3 s gadad 5l ol rolesl lanl o
S5 S )0 o)k sabe g S a8 b oS (o0
.\b)‘é 6&5..\.790 )l—MM) 6‘0)9.'[5 ).._‘> 9 g,é‘ MS)} Ja.aﬁ

hoogls &5 i oo ol 20 1y ) (S ialad S


http://www.opsi.ir/article-1-659-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

Gyt oy 5 b e Sas! cylply s )5 lans
Cod Y5 51 Sy a5 sl 5550 U glals 3
0,5 alyd 4 Cad (508 ey b glabe &S a8
it

ooliinl (A3 )z S (035 lp &5 600 Uy,
S Sy b by, 5o el Sy hib By, mdges
shecwsl 68 o (o s Sl sl () )
e Sy oS amio 0 bk dpogsd SO
Gy ey ol gl [F]eesS oo ooliul suiiS pax
D18 (Ko g3 Jlogei losliiul (g, b 29>

S5 azai Y

Bz oS il plis 25 Sjge a4 Al (nl o
D3 g3l Wl a5 slagly oS > ejlail Jla]
G Sz d9b e Ll i3 2 g (655 Ca el
Gty g el Hgi (glagsly cSymoslail Cp 4 s
Ol g o) UK 0,8 sojlasl ar aaly ISl is >
wr ol A e Cepu i Sl 3
9 balaogil (gly 30wz dg0> 0 Al (55 ojlul

Lol 59,5 3 9 sl 30 ohS wix

&l Sl
5 ke glacon lpy Sbu, b o S
ol b Sl (lisl (gouijle (slaslpiiny

&=y

[Y1 A. Ashkin, J. m. Dziedzic, J. E. Bjorkholm, S. Chu,
Observation of the single-beam gradient force optical trap
for dielectric particles. Opt. Lett, ), (Y3AT) YAA.
Yau,

[Y] F. Hajizadeh and S. N. S. Reihani, Optimized Optical
Trapping of gold nanoparticles, Opt. Exp. YA (Y+)+)
o0 \_ooﬁl

[

(¢
[°]

]

P. M.Hansen, V. K. Bhatia, N. Harrit, and L. Oddershede,
Expanding the optical trapping range of gold
nanoparticles anoparticles, Nano Lett. © (Y++9)

F. Hajizadeh and S. N. S. Reihani, Gold Nano-Smolder
for Biological Tissue Manipulation, IJOP, v (Y+ 1Y) eo-1¥
P. K. Jain, I. H. El-Sayed, and M. A. El-sayed, Au
nanoparticles target cancer, Nano Today, ¥ (Y*+V) YA-
Y9,

A. Lehmuskero, R. Ogier, T. Gschneidtner, P. Johansson,
and M. Ka&ll, Ultrafast spinning of gold nanoparticles in

water using circularly polarized light, Nano Lett. ¥
(YY) ¥aYarave

(s et oSS A YAY olays YO b VY
STy Gud 58 ped oS o ooliiul Wyl )3
sl 35195358 Ky SaS L 1, 0,3 3l Sl e
Sy Ayl 4 azgi b i o Jiiie igeslS 4y g 00,5
Sy ol (SaiST il i el SlS b 4y
Ale Ggla pal (Sl we i dgee gliul) g0 o
a5 it ) 5 ek S 3] oozl
Oly ) 6y ol JB1s 50 058 (625 Cqx &5 WS (o0
593 loged mule b Colys o 0l Gl oo
So3k S )0 w6y b &S Sy Db (Ko
plg oo O] oS o 5 pSoslul sl ws b
o 0aiSTy 455 S | Sarad 355 logad cuns
L (Blo bz S5) jho 4 18en gl jloged S o)
oolil (glopls ik 5l By s b e olid
VOUS aile s Slug (Saendgs loged uuiS 0
Sl ai )5 (50,3 s > goaims plis oSl e o
e Glee 225 sbedls cnl n B5ln L [F]
3y50 30 s oMbl oS g uFoslal | 6,3 i >
Sics |y Siamsansgs a3l oolicul L laasls oo

f~1.12 kHz

0.06 T :

o5 _...........,____-‘- Il <33

Autocorrelation

-0.04 |- Yo’

laq time fms1 '

Autocorrelation

lag time [ms]

Autocorrelation

L L
0.1 1
lag time [ms)

Sy Syl Hg Dad Gl (Sendgs Jaged ¥ S
@ OlP o8 sl o gl T S G SOE Glaee
el $5 MW(G 5« YF MW(e ) F MW (o 5

Ol b aS s s Lid F S 0,5 oy £ a0
Ce pus diged S0 0 TEMW B AEFMW 51 550 e
P gk NV a4 mmslS AN Gy Gl Az
S0P 5 (6,98 gali ol aS Cldly A Wl o) oo


http://www.opsi.ir/article-1-659-en.html
http://www.tcpdf.org

