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Distinguishing the Number of Nanometer-Sized Particles in
Single Optical Trap by Measuring the Back Scattering of Light
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Abstract Optical tweezers have increasingly widespread application in a large variety of scientific disciplines
because they can trap a micro-particle losslessly. They can also trap multiple particles in single optical trap due to the
characteristic of the potential energy of the trap. How to distinguish the number of particles in single optical trap is
the key work in the experiment. A novel method based on laser scattering method to distinguish the numbers of
nanometer-particles in single trap was presented in this paper. The number of particles in single trap was
distinguished by measuring the intensity of light backscattering with corresponding situation. The number of particles
with diameters of 1 ym, 0.5 pm, 0.2 pm, 100 nm, 73 nm was distinguished successfully, and the state of optical
trap was discussed. This method may find the application of optical tweezers in nanometer dimension.

Key words laser optics; optical tweezers; light backscattering; number of nano-particles

1 8 = B LA PR 5 B )l 1 S B £
JESE T LA BB i AL oy AT BRI R T A S RO 2 A
K H L HOR B BORL 7T L FE R R A g BEHESE T S BRI SUR R 7O B A

U I ER SO MO0 T APRE T PR B S T sy RS IORAR
SR B0 5 R G B 9 R T

%8 B #7:2008-12-22; W B &% %5 H 81 : 2009-05-08
BEEWHE . P EB B ARADE LA (KICX2-YW-H-10) fl [E % 863 %1 (2007 AA021811,2007AA021809) % W1 H .
YEZ BN PR (1983—) , B W oE A, FEMN B B HE AR BRR AN A5 . E-mail:zmc@mail. uste. edu. cn
S0 18 7 B AR UK (1953—) Lo FUB L T A R, T2 B NG AR B R K A 56 R I BIF T

E-mail: liyinmei@ ustc. edu. en(H [E g2 2% 22> 57 5. 38565)

“EfEBE & N . E-mail: wjzhang@nwu. edu. cn



2 3 PSS -

HHOG S 23 06 PF P 9 44 Kok 5%k 399

R0 — A S PIA EE RE 2  X AE L Bl Ol oA A
[e] By 2T o 81 A 0 3 3 1k 0 S B O g B
H L S BR A AR BN RE L AR AR /N BR AL FS B 2 A L
LA A EDCHE A WIRE . LR ROUL I o B R AR
PESCEG T b 5 2O BIF AR 62 4l SR T
KT I AR LT o R R R E . it
WA 6 B AP AR T A B 2 O R A O OO R SR
KW FE R R

A SEBEA F B4 08 5 09 [ i iy o6
JC T ) BB R 1 LA BORE - DA B iz sl 2 BE LI A
BFrp X AP AR H PSR T 0 AT T TSR X
TOGBE b B OR KL 5 AT RUIE A 2 GOUL I ok 23 B L 24
RLF 1Y AR T OK B 2 BB AR /D T 200 nm
P T S BB KAV 80 0 0 3R ) B b P 2 TG
0 o S A T WA AR S B AR OB T A A B B
H B B Al 2 TR A KL I R 2 BRI S — K
To AR HARKL TS A LR SRR AT 5T R 1 IR AR
2= AL » G fag 3 530 5 BIF #4813 09 R B (8 AR
IR A S5 B 0T 9 114 O e T 4

JEBF A T A HORRL T I B RS
JEBE T FUA — AR I A S SR AR A E R
ARG AT LA 3 AT o 3 e 552 500 D' B v 40 K
F RSO I XU T UK 1 PO % i R Y AR
A 4507 s RERE 43 BEOLBIE Hh B 4 KR TN .
T ik B PSSR BUR S RPNl
JEE AR AL AT LA B B e R A

AR SO BT BRI S o AR BRI
(QD) R WAl 48 HRL T~ B 75 B SR B 25 FEOL B i
A AR A [ A HORE 1 I 77 180 58 5 0 A X0 9 Ptk
AT RUAR s B Ol 0l 58 14 728 A R 25 Bt BF 2
ANRL T I S 22 A KL+ IV S 0 B O
JEE SR 73 B G BIE N A RL A KL

2 R H
—HP KR A EHE R L OGRS o 1Y
ANERISE TR TR R N BR G AL T AR BR LS OL TR P
SR /NER 1 U SR
IzﬁrKK*FF*, (D

K e BE K S E B CS B R 8 ) F
U S A R - RR R

F=V(ay —a)®WU), (2)
A VO R ER AR R BR A B R (U)o

a
incident beam :_;C

/i

B 1 ORE Y S A T
Fig.1 Model of light scattering

o) :%uinU—Ucos U, (3)
U = ix sin % )

BRI R P B R ECE R R R T & B
K@) || e O 1 ) | B e e Rl B A I N O
PO vA: il

I=1+1I +iKK* F,F; cos[k(R, + s)],(5)

A s MEEW R, AR FERODEEE . (5) L
AL L) B R . R OESR TR

N
I= >+ iKK “ 2020 FiF) coslk(R; + )],
i=1

(6)

OGBE T B — AN KL R X O Y S

e i A RO BOK RO S 27 19 RO (S 5 # A

Zo AR GO 6 A, P KL RO A AL

Pt s HET O Y 5 B 06 SR 22 20 TR e e o 480
RO 5 B2 1 728 £ AT LRI G B R T S R

3 %L I
3.1 IWEHEEEM

SLHG VAR AN 2 TR i b e e BT L kR
J& U5 & He-Ne 8¢ #% (35 mW, Polarized, Coherent,
USA) it 06 632, 8 nm, i 4 19306 IR
YW AR OGRS G I B B B B (1X70,
OLYMPUS.JAPAN) . f1 il IR 55 (100 X, da =
1. 35,OLYMPUS, JAPAND 4% 2> B J5 J& U0 6 B
s g v Bl CCD(Coolsnap CF monocamera, USA)
KR BB R . QD FRIN R 4R 56 B ok 1
9 F B 3 . QD B0 2 B AL 2 Rl (S1557,
Hamamatsu, JAPAN) [ P4 43 S HLA L S it R A5
0.57 A/W. it A QD WG 2 LR =M, X
i )R B GE L R 4 4% 2 A8 B IR L 1 A & PZT
(piezoelectricity , P-517. 3CL, PI, GERMAN) 3 4%



400 i =

i e 3T’

BE: beam expander; L1, L2: lens; M1, M2: mirror;

DM: dichroic mirror; BS: beam splitters; QD: quadrant detector;
CCD: charge coupled devices; PZT: piezoelectric scanner;

MO: microscope objective; PC: personal computer
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Fig. 2 Schematic of the experimental setup
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Table 1 Intensity of backscattering light and corresponding

standard deviation AI (trapped depth of 10 pm)

Particle Particle Intensity Al Al/1
diameter /pm  numbers /V /V /%
1. 000 1 4.210 0. 060 1.4
1. 000 2 8.100 0. 100 1.2
0. 500 1 1. 320 0. 050 3.8
0. 500 2 5.200 0. 100 1.9
0. 200 1 0.910 0.070 7.7
0. 200 2 1. 800 0. 500 27.7
0. 100 1 0.042 0. 006 14. 3
0. 100 2 0.070 0.020 28.6
0.073 1 0.019 0. 005 26.3
0.073 2 0. 040 0.010 25.0
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