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Measurement of Interaction Potential between Colloidal Particles
Using Dual Optical Tweezers

Ren Hongliang Zhuang Lihui Li Yinmei
(Hefei National Laboratory for Physical Science at Micro-scale, Department of Physics,
University of Science and Technology of China, Hefei, Anhui 230026, China)

Abstract Based on the analyses of the Brownian motion of two interactive colloidal particles, the experimental
method for measuring the interaction potential between two micro-scale colloidal particles was studied by making a
micro observation of Brownian motion of particles. The measuring system was constructed by dual optical tweezers
and a synchronized chopper. This method was used to measure the interaction potential of a pair of 1ym diameter
polystyrene spheres. The consistency between the measured result and the DLVO (Derjagin-Landau-Verwey-
Overbeek) theory provides direct microscopic experimental evidence to the theory. Some parameters deciding the
experimetal precision and efficiency, such as the switching time, the duration of the on and the off state of the
optical tweezers, the distance between the sample particles and the bottom of the sample cell, and the precision of
experimental measuring interval, were discussed. The apparatus and method provide an effective technique for
measuring the interaction potential between particles of different colloid system and getting an insight into the
microscopic foundation for the macroscopic properties of colloids.
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Fig.1 Schematic diagram of the measuring system of

pairwise interaction potential



1 EHETE 5. OGS B A ROk ) A B 1 2 153

MG IR 43 5 R i 632. 8 nm Ay He-Ne
Jt 5 (35 mW, Polarized, Coherent, USA) F#1 Ik K N
810 nmiEot B (LD) . LA B 5 LRy W
JG MG SRBEBL Lo L, FOSUE 55 A F
& BBt (Olympus 1X70, Japan) , £33 100 {2
Wi B E LR (NA)=1. 35, Olympus) & BB 4 5
o, TR MO PR S RER
L, # L, ATRZEENMOB LS. FETRELE
1 i B, 55 4% (S-330. 30, PI, German) , i 2 R 0%
# I B G 8% AY B A 727K O T B R ) B 3l , U
ACEBAHXT IR RS . WE R S E T EE T
£ (P-517. 3CL, PI, German) I, 28 3@ CCD
(CoolSnap-Pro cf Roper Scientific, USA )i %A
[7] B 220 SORE 9 B, I X 4R Bk A7 A8 2 43 A7 45 2]
PR BR00 18] B AR X BEES

PR 't A5 b 45 2% 4] AR e AL RN D' B 4 A
POt AR LI FF MR A REZ MBI
e, & AR T IF 68 » T & Ok /Y A1 BRI Bl 56
MG, STt E T EMEY T E L8 m L,
AP R IERBOC R T 708 XA OB B T R U
it [ 3 o

AW R R BEAREROGE S CCD B
R 5. CCD 78 FF th 41 8% B4 B R 19 B 2] & 1 —
AR 25 Bk v A5 5 ok 2 8 11 A% o 95 ] A% AR 48 BE AR
SR RGOSR AR L. LA BT R BB e KR R
FERDER AT FF B Fr 2 i (8] T 03¢ AT A9 5 £ 1 [A)
Ty, FFRIUE CCD B AEJe 8 58 & XM 3 23 R E K
Bt () J5 SR SR AR o KX B b ) S ok YR U 228 3R B[]
o HrOCERRYTT I i [E] /N TF0. 2 ms, BB ER M 58
2T R RS BB O AR 58 2 RO BT T RO I [ N 8
110. 2 ms; CCD &4 R 4 i [6] 5 S64% IF 56 B A] Y [e]
2% B T70. 5 ms.
3.2 XWAHE

HaXHABETEEF KM BRERT
0.083 ps/cm) H [ B 2K Z M /NER (H 42 0. 993 £
0.021 um,Duke Scientific,4009A, USA), /MER &
TR R /0N (5 4 I 2 9 A 1 O i O S 77 7 H
hiohr, HEBR T 2R T . LRAE22 CHEIRET
BT

S A Tt 1B E TR R B T B B, RO
AR RAEZH /PR, B RRERYER
R ER, AT S RBER Lo M L, K% A&
VLR W58 i R AR SR VR 19 o Ay 3 S e o Yt R T Xof /N B
BRSO E AR KR, A RSN

I A2 A B A B A i YU IR T R BE 24 15 &b BT AR A
B BB = P L B G 1l (S B AR /A o L 1 B G T 4 ¢
ARG , R 5 i Tt RS TR [ 1) 30 4% 30 0 22 4 B AR
A EINYELY 7 N

HRAER (2D, K5 BT BT 5 9 6L 8] B 9 [l 2 B N
A~ DX 18] o i s f e B2 9 T 2 R OB i 1 AL
56 i o 220 V9 1 A 2R B /N BRER o (B B D R — W0 0
1B r» PIRRANEAEESR j A/NX . 3R R i
FE PR BOEIT » BB 7 7] kR, HoAH X A B iz
B HU 323X B BE T 18] B AR B4R A B 52 0 . 328 S UL 3
SEREFE] o, H CCD REFN/NIREIEMR . LHK
ER MBI EBNE 2 Fra. B 2@, (b RPWAHK
L3 551 B A~ 1 5% 4 2R e N (7] B B T A 't B R
30 ms/R B SL B R, — IR R R G A, bR E
BATIT %A R T OB R B VI IR L & ) RS
TEVIIRIEIEE r; BIZ&AFET . BE RGEE LR L REF
B WSRO F1E « B R NS B B H AL B
B R B R B AR RIS Bk e T B R S B R
TR BB T[] B A X BE S 7 % i 2 N AR
7] IX 8] ) o A AT 23, 1 — AL R B iR B # A 4
PSR FITLRP, A r, HER EIRLE,
BRI TR AL R M, BT 2K (2) SRR AR
G35 pCr)s, B 5 I AR (3) THEAS Bk 8] B9 4H &
FER# UMD,

Cinirinen

A2 wmFRRBEES, () BAEHIEEREFH
WL 55 (b) &AL 30 ms J5 6 T Ay S B F 5
Fig. 2 Typical photos of particles. (a) capturing by

optical tweezers; (b) released for 30 ms

S HOLEATIT 5 R E S B BRCRE U KX
r AR ENMER LR EEH RE B 3z
T EARRERE, XA KR4S AR 55X 25 6 4
P03 (8] Y R 1 B SRR B E
3.3 Eit#Hl&

THTAMBRCHE/DRREF B, ER
DLV O (Derjagin-Landau-Verwey-Overbeek) B it ,
WOBLZ (8] FF FE YR T8 FL /R B A B A K d v R e 4R
M. BTk [A BE R 8, 7] DL A LR



154 G H

o * 35 %

RIS B, 9F HoT R A5 52 B (Debye-
HiickeD) 3 ™, AHBE » A9 PR A %0 6 BE R
Sy 010)

U(T) — (Z* 6)2 eXp[_KJ(T'_Z(l)], (4)

&g (1 4+ wa)? r

Kfa AP FHE,Z° HEBRMEA e HEARH
TiF BT s eveo ATV VR BT B 400 80w RO 18R AR
HEFRRKE A EREUBERGLE , BATERL
B/NEREI MM EEAR UG, TRERME 3 PR
BEFRN, BEEBRE (O RHAXEA-D TR
(Levenberg-Marquardt) 38 2 #l & 52 35 0 85 15 B 1Y
B2, & H Z° = 7.676X10°e,x! =
0. 8326 pm, [&] Hr 8 Ak 45 38 78 B9 AN B F 8] 0 BE B
H/NRAERZ W, YA bR RN BT A BAE S 5
R KeT, HEF RELRIREBE AP G LS
I $HE RAT B BT, U SE I BF Y A K R T AR 4T
A DLVO #ig R #A , X EMUWEZE I E& DLVO
H RS T HENTEARYE.

14

5 L - exp.data |
e fit DLVO
10F%

U(r)

8
6
4
2
0

4.5 5.5 6.5 7.5 8.5

rla

B 3 /NBRIE] A A B AR A B

Fig. 3 Interaction potential between two particles
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