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Microfluidic nanoparticle transportation based on fluidic force induced by AC electr
ic field
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Nanoparticles have been strongly attracted in various fields due to their unique p
hysicochemical properties. This study investigated a potential of microfluidic nanoparticle concentration
using fluidic force induced by alternating-current electric field. We have developed three-dimensional mea
surement system for microfluidic velocity field and quantified detailed three-dimensional flow field of th
e electric-field-induced flow. An evaluation technique for three-dimensional concentration distribution of

nanoparticles were established. Consequently, the localized concentration of metal and latex nanoparticle
s in a microchannel with alternating-current electric field was achieved.



# XL C—19, F—19., z—19 (@)

1. BRSO &
(1) F /K F IR B LR MEE %
BT 5720, B4t —, &

R, RJSHBRET SN TN D23,

ZORHIFIKAR L L TIHEET, —icT kL
FHHITIE DMA 70 E O RFRUGEE 2 245 .

(2) T, WHUINTEA 2 v TifEEn S,

MRS E RO T B A RE 72~ A 7 a ik T
N ZNZE, FOR—2 TN, REEOD
&, MWERMNE, SmOKINEEREND,
OO NRFELNTWDED, T3 ZANHES
DA 7P oMEREICEAIND
BB IR D 72 <, HET O & EAL
NED SN TIEW D b DD, HAROK
WZIXRAR S 5.

(3) ~A 7 v fEWNICTEET 2 /IR 1B
%, VBN OFTEENLIE NIRRT S = &
T AT E & 48 © & B BN S EE TS,
BT O A OYBEREZ @D DH I LN T
X, FEOBREER ENRTFREE R, v A7
0 R T N A TOMEYEREANET
DR e A iR 95 Z E N TE D, L
ML, A 7 BN TOF Rk
L7 E NI RS TH 5.

(4) ~A 7 nRKICB T 5 MEBENICITE
K[ Ani=FEn, MEEfFoMmEs B <,
oY —LOHEAILbAIRETHDLZ 0D
BEHLESHWVWLILTVWS. T ERKE)
O BRI DKL 71 & O TR Tl 25 R
NELSAMBNTWED, R+ 35O
BT 570, BN~ A 7 aAr—T
HIVXEAII T AIRETSN, T/ WE A~
FAX IR 8 2 f oD 5

(B) —J7, K+ I Cidre W & A 7=
PEHIE, REH A ROEEEZF 2 W
W, MALCIBRESE D /Rl b
LCORERFRREEEZRFSEBZOND. FF
\Z, kHz UL EORWERILIZ 77
DNA ZDAERREI~DFEN/ NS, EH
WCH@ELTWDEEZLND.

6) LoLiadn, EMEEIZHE I NS5
PR _EEICLYEE# SN RiERE
B, BE O 1~2CREDWUNRY 2 —)L 3
B X DIRE ER AR Ui R BRI,
BGHMTHLEMNRER2TH D E, HFH
BUIZOWVWTIHELHLNIIR>TELT, 2
DOWH DT/ R lgik, R m ko~
DESICET D EZFEMCH S NCT D
VENSHDH EZEZLBND.

2. WHEOHEM

(1) AWFETIE, RWEBRICL - THEIN
LBV B G D 3 Rt & & B H 5 0
TEEMICEHI L CELA 2 Ji ik ) 0 R &
DIEIIL, BT EfAEbE T EAENFIH%Z

REL, 7/ WHEXEE LTHYLT 5 & &
BT, BRI L7256 O VERERTAT 2
TV, FEREERICIVAMAMEEZ RS Z L2
HEd 5.

(2) ARWFFEORERIE, WK ZBRE L=/
B HE, RO ZBRE U 72 R iEE O
METHD. RWER T CTHAET DWENIL,
K7 IXVEORMKET L L TOFEN
Fhi S TWDH A, ARFEIE, Wiz flaE L
THLIE N O R B ~PohL 2 5583 2 Fik
WCEB LTz, W7 LAICLDHE N2 —
DEEHRFA~RFEEBIEDZ LR ATEE
T, B 7 a2 ELTHLIRHTE S,

(38) TERIKE & )T 1/1000 FEE DOKEE
THEACTE, EALOBERE LK. RKIFFED
BATIX, ~A 7 aik1FHICHERE 7256
T2 T, AT, EEST, ~LVAE
=HZ YT, BER LT EIRE R
B RIAEND.

3. WOk

(1) FF0E, KRBl E 5 &k 270
R 2 FEICH T 2 EBR Y AT A
DRERELTH . ~A 7 B RENERICIL, K
DEMBT LA DSTET 2 BRI KHE Lz 3k
TN RAET A Z ENTRIND D,
s OV MBS LI Bl ~ A1 7
o PIV %, @O FHBlEE~A 7 1 PIV V&
T DKL AIATe Z & T, 3 WRoTTREhEHEI S A
T LERF L, FEREEE T MR OWEL Sk
N Tk

(2) T, RIESEINRZIT 2R EhE
LA T 5. RiERIRET &
BEGR O EIZOWT, EHIINEESE 7
EDNRNT A= OEFMEZRBEL, 3 KoLt
B AR Tl s~ LT TR OV TRET L,
A=A L EHLZT B,

(3) i EAIR BT L O3 & BT O i
FENEGFT DL RRITBNT, w47 aji
KAEKRORENZSWT, KHikE0EFE %22
Mofi T L, AFBIREBET 2 FIEE
ST AL L BT, Rl A AT 5.

(4) &J& - BHE LM E DRI DT/ kI
LT, IRz ERAICEHE L, ZZiER
WH e F KA ORFTIRME R & & &
HIUZH B2 5.

4. WFFERk R

(1) R TEEBR %25 X 2 3R ENF
D 3 WTeEIEZFHM T D7D DML 72
%, 3WICHHAIAEE OB EITo 72, @
DT HBEC L D~ A 7 v PIV T S7BE S
VAT M, TSR~ A 7 1 PIV OMAIA
HINTIREZR R 27 (¥ 1) ZBEFEL,
] — $E 8 CHAR K7 1) e OB 5 [ D 3 Ik



BN OFHA A2 ATREIC L=, £ LT, AT
ANHEHEER 2 NS —= T LR L
B U a— BRI TR SN D~ A
I AR T N AR BWE LT, T - T8
Bv A7 m PIVILrLELNLIHEELEENE
NAX Y =27 L C3WRTHEMKT D TELY
BHIFE L, 3D3CHHIMAIHETH D Z L 2R LTz,
X 2 12ZF Ol 2. IERE & P RSy
fi (MHPFER DEBOD—ERNR L5, A
VAT LD R LT,

Normal micro-PIV (xy)

Lateral micro-PIV (xz)

Prism | Channel
O e | ] 1 I !
Objective
< > lens
rx
Excitation
L. z
aser or Hg lamp Filter
Dichroic
mirror
Camera Emission
Filter
Mirror

B 1 FEART S L TR - TR EL T [ K 53 D i)
FHHUASFIREZRBASE L7 2R AT A,

Normalized velocity

20
z “m30 40 o 10

X 2 A%y = TEREEEICLD A7 2

TN 3 oG], ER TR .

(2) ZUEESENEE O W ENS; O 3 R tiiE %
FEHNCERAIL, T2 E2EE L. B
TEBEINEL 2D EHICEREERE 1
mS/m LA FICERE L AREE M KSR 2 v
T, kHz A —Z — O EL %= I L T
EBRIZERERESYE, ZOREIE %2 E ik
B BERGM 2 G THRE L TA 4 i,
iEh & OREREERICIH ST L. BEm
VT3 DKL T- O 4| Brown JEEh 2 & 8 L /- fif 4T
(K 3) 12k, BEOENS I PEKR R
Sum &b & ERD, BT — % O
ZREEWC L7z, W CEEXRZ 5 O 100
mS/m) HEL, BR_EBEZ TS TEZ
L TRIMEBRARARESE, Va— LR
PE O WIMES AT L DM DOFZ1TV, 8B
HROBERAFMEICOWTH LN LT

g2 4 z=25 (bulk) a7
= e z=0 (nearwall) e
€ A
g o«
Q A/,A
3 a7
2 A
7] &
5 1 L
= o
c X
3 A
= L2
00 1 2
Time, s

B 3 bR EOER) E T I & 2 EsE ko
SFZhEHE & OFHM.

(3) hiv-EmsBIg - HAFFENES O : B+
SR & FE S 5 7=, EEE ON/OFF (2
D EPEISE A L, IRAEORFES A I D h
L7z, fEW T, RERIRE &L O HE
RN T T 2IRNIBICONT, WBREOF
HEDZEMNAE RO D2, PREOESE
KRB (1~100 mS/m) ZHNT, BEE
AL S HT-BEOWES 25l L, SHisTo
JRPTHEE O BERGFEEZ~ > TeT 52 &
T, WMEDOTHEEENDOREEEIToT. £D
FER, MG ERIRE RS, =5 TIEE
BN THDLZ EEHLEMNI LT,

4) BHRERRRL DR — VT T RE
RMBFHET D s & 7=k 7ok o s
Bl LT, T /RTOBBENTEICESEY
T, VEENHIENC X D R Sy BT~ i R
iz 5506 L7z, BRI SE & k425 X
INCRAEEYE, FO X EDNIThF I &
N3 xo7BEWEREZZL, ZORPHEN
hR %, 3 WOTE N /34T 0> DR~ L
B, BEE OV REICHT 2 RHRE
D) EHWCIHMEI L (X4). £/, B
MBI~ AL R T 5720, @R 7T /KL
FEHANT, TORETT AECHBIZLD
B FLH SR IR A TV TR BE oD 22 8] 45 A &
KO CTREMEREZFM L (X 5), IN#E72HE D
F R A- D JRFTIENE N A RE /2 2 & B R LT

(56) AWFIEIZ & - T, ERAFBERIALSI DT/
KA HAE~DATREME AR T Z LA TE 2. 4
%1%, LV ZELEBIEOTREMZER LS,
FERDICHIZ 272 M D F B~ L T <.

w

2

Normalized Intensity

1

-250 I|
0 |

50
Heightwise
Spanwise Position [um]

Position [um]

2500
X 4 50nm OFEY A F L i D 3 IRILIEEHE
E~ 7.



Elow e e
c :
3
o 0L 00
(=]
© | SSACRRE

£Y ' = -~ —77." S
CEE ON
= Normalized intensity 38 ] 40
1.00 = Concentration factor
> 1 0.96 )
z g
€09 S
v g
s £
© 0.8
:
2 8]
0.7

Base

2Vpp  4Vpp  6Vpp

X 5 &7/ ki+ (E£ 100 nm) OFEMERhE

DAt

(L) BESfmOARIFER (F)

FFEIINE N 31T D i EE

5. FREERmILE
(WFFEIRFRAE . WFFE A M ONEEERFE# (1
=)

(MEstam ) (Gt 3 fF)

@

Masahiro Motosuke, Keichi Yamasaki,
Akihiko Ishida, Hikaru Toki, Shinji
Honami, Improved particle
concentration by cascade AC
electroosmotic flow, Microfluidics
and Nanofluidics, #r&if, Vol. 14,
No. 6, pp. 1021-1030, 2013

DOI: 10.1007/s510404-012-1109-1

Akihiko Ishida, Hikaru Toki, Masahiro
Motosuke, Shinji Honami, Particle
accumulation by AC electroosmosis in
microfluidic device with co—planar
electrodes, Journal of Thermal
Science and Technology, #&@ef, Vol.
7, No. 3, pp. 475-486, 2012

DOI: 10.1299/jtst. 7.475

Masahiro Motosuke, Jun Shimakawa, Dai
Akutsu, Shinji Honami, Particle
migration by optical scattering force
in microfluidic system with
light—absorbing liquid, Journal of
Heat Transfer, #mifi, Vol. 134, No. 5,
051025, 2012

DOI: 10.1115/1.4005714

(Fz¥ER] Gt 7 1)

@

Keichi Yamasaki, Masahiro Motosuke,
Continuous concentrator for
nanoparticle based on cascade AC
electroosmotic flow, 17th
International Conference on
Miniaturized Systems for Chemistry

and Life Science
(2013.10. 29, Freiberg, Germany)

@ Akihiko Ishida,

Masahiro Motosuke, 3D  velocity
measurement by  orthogonal-plane
micro PIV for electrokinetic
enhancement of surface reaction, ASME
12th International Conference
Nanochannels, Microchannels
Minichannels (ICNMM), (2013.6. 19,

Sapporo, Japan)

® Hideharu Kotari,

(micro—-TAS),

Daisuke Ichimura,

Masahiro Motosuke,

Shinji Honami,

energy density, 3rd
Conference of

(2012.12.4, Heidelberg, Germany)

@ MR, LB, ARFIREIR,

— PRI X DOEH S & 52 1 2 kL
THBOBIEE, 40 BRI LFHR S

AN (2012.7.24, HR)

® B, Tt B, ARFIREIR,

MEBERIFBERE AW~ A 7 akifo
AT A UIRME, F 25 EkE <A
a e F AT AFFES (2012.5. 18,

REA)

® w#H#Z, TthEE, ARFREIR,

MERCEREARICIVEL AHNE
FIR U= m SO e, & 48 [al B R
IREN VRY 7 A (2012.5.31, FIL)

(E) Gt 0 )
(PE € M PEAE )
OmiiRd Gt 0 1)

OfsiRdt Gt 0 1)

(£ Dfih)
AR Bt
iz L

6. WAL
(D) Biefe s

ABTYR IR (HONAMI, Shinji)
FURERR RS - LA - %
WFe 3 5 : 30089312

(2) #F5E sy 3
7t BE (MOTOSUKE, Masahiro)
SORBLAE - T -
FIeEHH © 80434033

(3) EHHEET I

L

Particle sorting by
optical radiation pressure with low
European
Microfluidics



