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Abstract

When two particles close to each other are in electrophoretic motion, each particle is under the influence of the
non-uniform electric field generated by the other particie. Two particles may attract or repel each other due to the
dielectric force depending on their positions in the non-uniform electric field. It is shown analytically that two
adjusting rigid particles can form an aggregate due to the dielectric interaction. To verify the validity of the
theoretical prediction, an experiment is carried out by using a microchannel. In the experiment, AC electric field
is used to eliminate cumbersome electroosmotic flow. The experimental result shows that the particles form a
chain-like structure, which is typically observed in electro-rheological fluid, due to the dielectric interaction.
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Fig. 1 A pair of identical spherical particles submerged in
an electrolyte medium under an externally applied uniform
electric field E_.
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Fig. 2 Computed distribution of E* around two spherical
particles in a uniform electric field: (a) 8 = 0°% (b) 8 =
45% (¢) 8 = 90°. The electric field is directed from left to
right for all the cases. The darkness level is proportional to
the magnitude of £’ (i.e., the darker, the stronger), and the
arrows schematically indicate the direction of the dielectric
force.
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Fig. 3 Trajectory of a pair of particles in which (Xy/a, Yo/a)
= (0.1, 2). The dotted and solid circles represent the initial
and the final location of the particles. The electric field is
from left to right.
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Fig. 4 Schematic diagram for region of attractive and
repulsive force.

3mm2} g o™ AFvFos s &9
=9 #v) 4 (inverted microscope, ZEISS Axiovert200)<
o] &3t Qate] AEL #=FP L olwiAE CCD
7hll 2H(Axiocam HSM)E AFL-3te peoll A&H )
N@“’ﬂ}" A% 10 pme] JAIE ARREAT G =pe)
9 E(number density)S 2@ Yot YApsp @
AZ A ANG ZFF(de-ionized water)d U=k
150 BEE AojA g g Az

%Jaw, L8 ArloleFe FA 1 pm BTk v
e A (® Ad AL sl Aoz
ofFoA A e AFHee MRS S
Ad A do) wepa] o] gt FO nE
ACE 7tsltel® DC %9 npzabzbx g obx) A9
g del g2 Aol AgstA @k uepa] 2
AgAME ANEF 5L A 258 94

of A% z2Evkg #Asr] 9t DC A 1 kHz

Fore] AC A4S <UbeRith A7 Aok A

31 100V7EA] Gor old wE A A A= H
i 50kv/im At}

]

De-ionized

17188 7tat7] Ao Q4RSS Fig. 6adlA] BF
"E stet ol randomdtA EEF vk 1y
7lol A7 JtetAl HE YAELS FA 43
& A sHA Aok 2elHA AJA 3] Fig. 6b3H
& AA Fig. 6colA B Ae A} 2L chain F
HE FAsHA "o U:?} A #k2} chaingE2 199
A ' AT ukek Zol A L distd
3 “ﬁf{'} ‘?}@FO? AdatA Ak o)g§ chaing ¥
UAES Al A713E off AlFo e}
andom oLEﬂﬁ— ZojH e ByH.

]9} Zo] chain®l FAAHE AL suspensionol] T
o wlgd #AARE ARE W e
dielectrophoresisﬁ’f] e ¥ wfg fARSHch
ool Hold AL H dAFdgae Fde AAAS
AsIAT BT Y HE AEE & At 98t
of Ak A7)l oste} BAEGUTHE Holth
o] 2] gt chain A& E3 electrorheological (ER) Al
of deir EHH o vefrbE Aot trk ER
Aol BAe Arewrt g gk AriRe) A7)y
A Ade zolzt dvh. As ERFA 4 ChainO]
HEE ol B ATolA e 2ol AR FA
9] chain A== A2 dielectrophoretic forceol]
Zolgh EHlolx FF o] Ut

olelgk A9 A SHAe olE A i
S g BT o ol F3l Tﬂ% |

rSLO*

_L o of

é
(oL %, off it o

Lo

A% ool = AAB0l WA B AR o)
o $HAE AT & dues AL 7HEH0s H
2%+ o

FFo dgeldes F A9 (E}% AAED= 2
) FeA8s H“ akel #A /;,vzgjzgg_r—,—s_ 28
of oA olBHow FeA H }ké—, Wl A
AFs Rz fir‘:} obg#] Bt e 3A 9]

2}
2 oojg) Al QYA (yeast cells, blood cells, DNA)YY

- 173 -



sto] @ A Fasta sk

(ayt

= (0 min

(b)t

(c)t=2min

Fig. 6 Behavior of particles when AC electric field is
applied. Particle diameter = 10 um, AC frequency = 1 kHz.
(a) particles are distributed randomly in channel. (b), (¢)
When an electric field(10kV/m) is applied, particles form
aggregates and align parallel to the externally applied
electric field and often form long chains.
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