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Measurement and Modeling of Ion Diffusion
at Laminar Flow Interface in a Microchannel
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Supervisor: Tatsuo YOSHINOBU, Research Advisor: Ko-ichiro MIYAMOTO

In recent years, microanalysis systems have been actively developed. In such systems, a series of experiments can
be integrated on a microchip using a microchannel structure. In this study, LAPS (Light-Addressable-Potentiometric-
Sensor), a semiconductor chemical sensor with an EIS (Electrolyte-Insulator-Semiconductor) structure is used to
visualize the pH distribution in a flow channel. The developed LAPS-microchannel measurement system has a Y-
shaped microchannel. At the interface of laminar flows in a microchannel, substances are mixed only by molecular
diffusion due to concentration gradient. We used the developed measurement system to measure the diffusion
coefficient with high accuracy and the results were compared with those obtained by simulation.

1. [FCHIZ

VAR, MUNRISHEEZ VT O ERE~ A7
nF 7 FITERSE L~ A 7 a5 2T LOWFSE
K NTAT O TS, ARFFSE CHIm BRI
Bt ThhD LAPS & HHZ & CUINA
WNOREZAT 7=, WUNEENTIXERERY, ¥
BT E AR LD TR Lo T H, IBE
B, PRV BEUI N LR R EIE Y e & DB
B A 5 2 ABCIERICEE THAN, P
IR /) &N o e AR BR R IC Jo TR IZ 2 b
T 570, ERERIENROLIN TS, 2 CTH
FELT2 LAPS-H/ NG I B AT ML > CHEfE
TR AR O R A2 TH L3S, RSN O L AT
=R LD E A EL TAA AR OET b %
HAWTEES 2 — g &2 77,
2. |RE
2.1 LAPS

LAPS |38 RN O B S E Sty
Y O—FTHD. BRFER, i, -8R TRk
SN, BREIRFNC I > TIIRD pH IKTFLIZEE
iRy 4 e [ETH 223 i A W = b [P B A d Lo i
FoTEERTHIENTEDI, WL otk
FHZETpHITISUIALSHEA A= DO BFF)N il HEIC 72
2.
2.2 BiREyhE

JEFEIRBEIZ RO TR T SR L CPAT
E7e0, BT D20 AN T B LV TR AL
AT D, DG Fick OYEHT

(D) THRIZENTE, ZOMUTQ) L7025, CITIEE,
D IIIEEARER, xIZHEECH 5.

oc _ 0% |
9t~ Do M
Q x?
Clx,y) = \/Wexp <_E> 2
3. EE

31 HiEFvd, Ak

MEF>71% LAPS o4, MoING 8 i i kG
HT—7, ITO A7 A% VTR (1K 1). X 2
I E R DB AR,

Outlet
Inl

ITO glass

Double-sided adhesive
tape(86 ym)

“ 1
~ \
\% o)
‘ Laps sensor
(200 pm)

X1 fEFy7
32 pH OME
LAPS JIEICBWTHELID -V R 3 DX
NZARD, TEIRD pH @< 72 bl AT AB RO IE
FENZT 7 b5, LOLHIENMEICL > Ter3k
HORE =ML IZEVEL pH ICH DS T, Eif
NS HRIEN LD, Z 2 TERMEICIEAFL
RWVEMEEEAE 7LV LICEL, hT—~y
TNZRNESEHZETHEIRD pH A OBfF51T-
7.

Byposs copactor

2 JER

© 2020 HALRFEELBIEWFEHT



G248 A FAL AR AT ARE S FLEk

AC photocurrent[pA

Bias Voltage[V]

3 IV frik i

3.3 FRERBRBEDAIE

FEHEND pH DA S IEBARER O R HE1T5. K
FAA L LBAA L DI BAZIE ST DR ISRV T,
IKRFA AL D FBINT OPLARE DD, TN
D IELHENL B DK FBA A PR E N afF 272D MRS
PERBEEE W LE T D LI W12 HG)D

IR LINTES.

W) =2 ,D ln%\/f 3)

34 AFVILBOBESSaL—ay
VRS OELT T U CRE/RA A DL T
BRI ERY 7 O FE L THfEY 2L —
2 EAT o, BT DRI O S A i 3 5 i i
ZINFL, BRI TIRBANTAA > DH
BOMBAER72 a2 — S ar & 7o 7.
4. #ER
41 RIEFVT O
4 & pH OZEALZEIMED LA ELTEBR D
ZEnTE, Bl EEEOE S 53.3 mV/pH D

pH J&JE 2RO HZ LN TET-.
=
r S ] 006 g
20 20 " 004 5
40 40 j 002 S
60 60 60 s
20 40 60 20 40 60 20 40 60 Q
(a) pH4 (b) pH7 (c) pHI10
X 4 % pHIZBIFTAERAA—Y
42 HiEOEHE

0.1 M @ HCl, KCl & AW TA A o8l E351T
-72(¥ 5). FiElX0.1,0.5, I ml/h L7=. FRED/)
SLIRDBIEE 2 IROBEMIFRITERY, J0EHEFIC

P AR T A LN TET-.
() 1 ml/ h

(a) O.Im/h (b) 05ml/h
X5 YEEOER NS

3
S

=
&

0217mm/s
S s

1085mm/s
ST
2170mm/s

EEROBH 1 (August 2020) —203—

43 HEE&%&G)H&H

SRRV TIEEN E A TD, £20va=0.1,
pH ?ﬁ&ﬁfﬂ LI DI IEREAVE SR L T Y g
5. TLTRE) T HZETHREAR S D OFHH
247N, 0.5 ml/h C HCL, KCl O 24T~ =8 A K
AT O RDT OYLHARENT 7.26 X 10 [m?/s]&
RO,

HCl0.1M NaCl 0.1 M
W(t) = 261.861y + 155.67

T20 l 40 1 1.5 2

Reference  W(t) NG
position

6 JLHMREEO T 2 v b
44 BEAFVIZHT B HORNMTOTERE
HCI(0.1 M)ENFATL T 1 D BA A O kK
RIE0.1 MZERLZRAD pH AiaillEL-. B
4’7]“/0)42‘/Jr W RELRDIEEKRFBAL DR,
DT OJEHIRE D NS 72 DT E DR TE =,

Li*

W(t)

z Na*
E
T
2
2 * NHat
z .

Rb*

Cs*

£
5

» 10 0
fon radius[pm]

T HREAAAZKT T H'O BT Ok iaEk
45 3aL—aiER

KFEAF Y, A ENE N ORERFRE IS D
MR F I LT, EBA A OIERUR R LK
FAT L D RNT OISR OBIRE R DT, 9
JVFEBRREIaL —var TRIRE DN ELN,
A A DIENEE I ko TRFEA A DILEHUR IR
N 1&??‘5*3%%%@9%‘5 ENTET.

Wﬁ

8 WFIEEICAED

-9 mi/s]

9 KFEEALD

BEEL RN OPEH SRS vs
B A D YRR
5. £&OH

LAPS- U NG E & AT LA W TR A A &
FHHEAZHERC T DR FBA T D BT OB AR S
SFonlz. FEBE 2L —ar w270, BAA
L DYEBARIL L IR FEA T D AT OIEBSR I DB
RERDDHZENTET.





