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Implementation of paper-based lon concentration polarization phenomenon and Bio-sensor of
commercialization concept
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Abstract - vlo]Z 2 Ux=FA (micro-, nanofluidics)S o] &3 Fo] e EME 2H7] wEo] o] (cation) AEHoZ Fiste A
71k A 42} (paper-based analytical devices, micro-PADs)ell tfj gk AL 2t Fo| AYe A43E AZnEaYy A2Z0= b ]Ji
walel Frksta gk Feol 7|Nke] A &zbe 2A7be] W43 b g Abgstdlom, yRHQ AERe= mtolH (cellulose fiber)E°] ¢
o 3 WyoR ste] A4t 7MY el AME Zguta gl 3 A7l PR wlolaRAdR gt Ed AEZ 0= do|n 9
apA gk o 71‘3’*«1 A &a7E e #HE @A (limit of detection, i AR glo] FAE ANAY F5F 5 A= %Hiﬁ Zherh 291
LOD)%+ ?JQE (sensitivity) 9] Zﬂt’lol Atk &2 Qg $EE o] Al S Aestd HFES Ze dHolZ o Uyed dHdsta g
97 F3% (jon permselective membrane, ie. Nafion)& Fo] 7]4ke] Yy 7jgog Fo] g FHHoR 244 (hydrophobic) EE &
B 2akel Agsle] o] FX = (ion concentration polarization, g gste] mlo]lazAld s Aste] Holxeo HaAHES T Aol
ICP) d4& Fdste] v 7%;5}74]9} UAEE A 4 A A ofgt A2 34 L Fol 7wk 7] BAL ot}

o] 9= oz 4”401] o]l NelF £3&L ey (patterning) vo&& ol xHol e85y 740}0:1 rksk 99" (pipetting)
ste] Fol 7)Wk B4 2zl Agste] wlg- et A ks AlFE ¢ BAE ol 8ete] o] AHA Frse FAsglon, 7]Eg A A7
AATE wEhA Fo] 7lute] A ko] AF HAE AVMPE uf BA WE o] &3 g ZYy WS o]&3te AFA EAHE HE Fo
v ICP ddo=z <ste] FF EA  (fluorescence dye)o] &3 EHd AFAde EAE 2t BE4S ’d&“’ﬂii 43]5] ! U}O]ﬂi
(preconcentration)ﬂt A s 4 o, FAHeE 27| FETt AEe FASAL A FE7]9 onAE 29 20 YERAT
155 M9l 833 B24& o] g3dt9 200 VY IFALE AHS 141 500

Z ol 1000 vl o] FEHE A& F ATk wEA, ¥ A%
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H+ =, U] A B A A 2 E) (micro-TAS), o3
(Lab-on-a—chip)®@ v 44 (microfluidic)®] Fol7]ut £4 Axzie} 7+
2wl AR, Y fA7|ke 2t Fdd digt Ao FE3] Frlsta
olt}. A 719 agA] AlA"e ZREE (prototype)S A @
2 (silicon), 221 (polymer)9} Z& ARE AME8l0, 443} i
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s, 1 ol thue] A AAE, 24 AmMg Le)n Anode
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Fole A zﬂﬂ ghataL XPLIOH** ojy], AErx I Ol‘ﬂ cellulose fiber) [ hydrophilic area

Oﬂ -O/]EH -FJHQ E;qoi "E}A] TTZ‘“E XJA]HL} ?’:']_ T 0101}‘1 & - hydrophobic area

Hek AE o A ol FA AMHEE *‘1010} HS’Jr 2ol Zo|

ke B4 2AE ded 488 AL IR, e A28 (LOD) <A 1> Dl&FAALHe] 0] 7|80 57| HE 2A=
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(colorimetric) & ©] &8 Fo] 7]uke] A Az} 7&% WaE Soto g

e AoER v ntEe AR5 E Yehua gt 1=

S (chemical reaction)o]t} Ele 3 (target

aggregation) &< "W} 7‘% Fke %J—% 7] 2 Aol 7hEsA Rt b
O] s AAS 2 Qi)

kA = Fol 7]‘3}4 A X} (rmcrochannel o o] €A (a)
FE (Naflon nanochannel) & 75“0}01 o]z -v=Afd A A o]

T 25 (ACP) d4& TFEToEA TAME AE4T 5 9t o

< %E = (ICP) #4e Yol EE Fol9 Mu3 Fi 54&

= 27

(a) Nafion patterning on adhesive tape by pipetting,
(b) Wax-patterning on paper by wax-printing method,
(c) Bonding wax-patterned paper and Nafion—patterned adhesive tape.
(d) micro fluidic paper-based preconcentrator
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Fo] 7)o B AAF 93 712 WMAYEL oL FE B

(ICP) #Aoltt. Fo] 7|4k A &AdlA o] F& % = d4e Fo <8 2> OJARHAIAS Z0] 7]4e] =&7| 0|0O|x]

7ke] who]l A Z Ao °]Q A 113 L};%Hﬂ)% gAdstal wlo] (a) Optical images of microfluidic paper-based preconcentrator,
29 o] ﬁ"'—“f* B AF A4S A7MAE w vlo] A=A (b) Photograph showing the device placed on an optical microscope.
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a8 3> Dj&FHAILHL HEA2| F0] 7|8 55712 SEM 0|0[X|

JI)I-

a9 2@)F WafAA LR Fo] ke 715 HoFa glow,
a9 2(b)= AA 33 dvEs T APAA S NS Eoi—*ri
Atk Fol ALY F % Fdel 4E EF (sample volume)e F)
(ln]ectlon)th A9 H ofefell $1xd A9 AW (reservoir)dl
= W3 &9 (buffer solution)s FskATt 1 Fo] Ade] ¢hdl
3] WVW Fo] A °°‘?°ﬂ"1 g A (‘41 -Ad, buffer
reservoir) & 7}af A = Oh] A5 HAS 3¢ MEEe] (power supply,
-V source meter 2400)S 0]%0}04 o) 7}tk v AgA A 2E e Fo
Wt F%7)9] weEE 2 wAne 54 9kE 98 10° M g3y
EF %"—’.*Oﬂ g3 E4& £¢std, %—Xdﬂ 55¥ ICP &4 <fg ut

— 3¢ EE=E

S5 B duA g o]t EAgd AH vIE T2 1 [mm]
X 20 [pm] X 15 [mm] (width X height X length)$1 o™, o] AL
1 [mm] X 180 [pm] X 20 [mm]2 A1=3ld T}
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<CAE 4> 2T Mo mE S0 7|4 57| LHolM 2MSt= ICP
a0l o3t AIZHO W HE = 2
NEE $s d% B4 Frd Fluorescence Intensity =3,
(b) (ﬂ%)Fluorescence images captured at 0, 100, 300, 500 sec),
Z)Fluorescence  Intensity ~ with  time  showing  1000-fold
preconcentration factor within 500 sec.
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aga 95 Htel o) Ao TAstE F E (Joule's heat) 2 Q13
Ade] FT HEoR wEE drylng) dFgor % F919 0”“4
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