= =1
e (2]

NN DER LRSS 0|8

gt XM MM 7|0 SE

1. M2

ARG §43 DAl et ZetaE dHAEZY X (plastic
electronics) Aol tsl o) ZAH o7 QT glow E3)
4%, TN, 375 2 Al s digt Ble] Xj&Ho R
7B Sitk @A A AA g AT AFE Ba UsRE,
75 9 PEA YAEE F4Ho 2 Es] A=y 9ok g
A e REeE vekst A s B8l 3] A7 I8
ZFolut, gl AzHE7 7184 (chirality) o &2 A7|1d &
4, 818 B9 52 9o Qs 83 Aleks Wy 9t o]
o ¥kl ATA TRA R BAPEA Y toiy, 7kl golid, AFE,
9 T3 22 ok S 2 Sk vl ZE9 g, Eelot
299, Zee| el 9 I AEAE v ookt TR AT 1
TAREC] 5k Hlo] e AIX 8 ERATAC] HEEo] Sl 1).
FHNFAY 25 7R AR AR 71EQ) A 89wt
ol g3l 54 A8 tigh AEx, A, 3, 47 Fo) HslE
el 4= Qa8 2). AR 18R EdARAE 345 9 1)
HEEA)] A5} v wd o 2ol F2 3= AET WA
vEhly, 34 24 4 =HE o] 3o 2L T3 AA 4es
folsA Aol 4= Stk B 1= Ay zEAE o83 ok
g AX (FIAAA, GEAN, A, J94A) ATE eI
ASA TEAE ERATAMZE o]g3le] grYol NO,, oet&d) 2
< BN X5, DNA, Hlojeiis) 2 PalEAe] o]27]
7HA) thekgt EAES gX|sh] Ak At @33 zlgsolgict
Jehh 3 el FES ol8she 7S] AR 18 A Ak wk
5%, s 9 233 Sk Ay sAES 7T A
t}. olejst EAEE SET F ol uRle R dA A 1A
ARE o]&el A A7) Fulie] A 9 AldAl vl
£ 2o Qrk 53] gE - vlo] AN SlEE T AsEh uks-
of 23| dolufz AT E WA T J3E AF 2 utE ARlE
FeFnte] A7 7N7lee|n w|Hy §871s01715% skt ulehA
2 FHANE AR TEA AR A 9 o]E o83t o
kst 318} - o] 4 7t H3el| tiEl] Aliskaat Ft.

2. EHARAME MY 2K} LIS H=E

AT 722 JeAlg e A o 2E ol 33 (soft template)
AzH, 73 F¥(hard template) A2, ARDZE, 715300 9
A7ARE Fol Rasn Qlotk ojefg AR 3RAF YAz A
7L 35 4 57 i=A) Az vls)] AdiEoz nu|g A4
ojct. mebA AA Ropol ARA wiEAF Wialge] A83lE ¢
X A Azl digh X420 A7} Agslefo) & Flojrt,

2.1 F FY A=Y

i water—in—oil) AN AAE/IAE o] 83 ERAFA
& AN R Vi 2 vhe R ARl et A7 A
ATEIOTE WZAY ) AdellA] 2ol AMBAA(AOT) 9 E o]
2 A 74 s EE-E Bl AlsArT 2 ARd o) A
Amicelle) & AlZst F, 71 U A2 38 1l3) S8
ol A5A 22 UsAIRE ARSI AdEdA 55, 4
T, 259 22 P 2288 T veAlse] 215 Aol
T AL P FHoA A3k Fx WsE S Vgl

E:E
1978
1983
1988

Agdgte Fdskea(EAD
Agdigte FHgsketat(AAh

Case Western Reserve University
FEAFEFH (R

1988~ A= EATY, AP
1991

1991~  Madign sEHEgTsy o5
A

s

2002 @guhsti 383t e (b

2004 MEohsta 3-83E-(4A)

2004~ AMEUhEa SEHIE TSR (W)
aH
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Polypyrroie

o M

Polythiophene

Polyaniline

Poly(3,4-ethylene

dioxythiophe

8 1. DhENQ! MEy DRSS AEA,

M,

[\

ML

N
\_/

Neutral (undoped) state

ne

Highly oxidized state
8 2. MM R Z2|T S0 ASH- BRI el JI9Hel W

H 1. Clokst E50) MEA 2K MA 37 AR
M| ERRA THE TR WAEE | FTER
| e NH; |4000~10,000ppm| 300 ppm 1
AR EEER NO, 0.8~11 ppm 11 ppm 2
MPcTs/
7Y " 8~11 1 3
1AA Zanz/e NO 0.8~11 ppm ppm
100~250 ppry | 100 ppr/
7R | ERlobdRSn0, (IREOHRE L 0 om | 60pm | ¢
g/ _
P s | TRE | 15-10mgl \7Tmmdl 5
b | Zobd®iGox| ¥5% | 34~408mM | 4~6mM 6
Zijopdgy
A | prussianBlue/ | EER 3~12mM 3mM 7
GOx
Zalopdzl/
ol ~ .
4] goohie oide || DV 34~241 pgfml | 2934 pg/ml | 8
El) R
o] ST | o | gea0P oL | 10 commL | 9
protonic acids
wEE7R WAl e sk 28 4 o 3). w3
Tl Whgold 13 A7) FHES Azt iRl 7}

54 B8 gasgin?

2% 78 A=Y

to rir

kJ

22
geket 5

=S

BRI Jjz A 18 A4 %

20074 84

FRY # - #7) hAEE AZSP] e FHA A
polth, F2 Ul EE 1EAR Y Ty WEe
goz olggich of Wil Florida theke] Martin 151 <)

<21 x 102 S,
(vifv) , Washing >
V4
Adding Nanorods
monomer

i

>2.1x102
{vv,)

Iron cations

adsorbed
AOT cylindrical micelles

Nanotubes

v lv,: the

ratio of aq

T8 3. A2 HEjO| 0|4 EHOIA SIEHE AL £ES 0|8F MEY
DEX LS O LS e JE e P

FeCl, sol -to-h

Vapor deposition Template

polymerization Removal
Monomer
Alumina membrane Conducting polymer
nanotubes
J8 4. o3 gFaiuh - UolM JI4EEEE0 g8t LIRE M

i

1pm
38 5. Ol TR ATFES 2oF

&, 120%00M &), 22|10 HxE
WEREEOA AR

= MX(SHE HA| & 60z, 80
EQ|oldEl Lt R DHEH £

& Aoz MEHLL? AT 1AL B, A T3 )T
el 318k 2= 1714 3 B ads 279 AR
T YeRE FHE Axd vk vheRE AR, RE AES
Wl Fl B 717} ol AT 5 9l B8 2 3ok 1
231 TVEAFRE o188 A%, & LhevlE] FEol Uinine
B 2AE Ald 4 JoHaB 4.4 TEg 2E 7 A o)
Fe F AT, A B G71F ol8S FB A FYo) &7
ke EE 2 ok
23 Hl?j*i"?:l
Ei_‘__ﬂ,} = }\]/\Eiloﬂ}\—] 71] 1'6\-
&= 53 Eglopddd L} ‘IQF"] it 7rsiE AXERICHE

5).1 o] Az ADLIANZ vlFF ofd Dol =] AR
o) VhrAE AXE = ke Helx] wifs- &7)40)3ich él-%ﬂ
£ olg}h T2 vhieAlRe o] 2U-F AWl 3R] dar,
ol AJollx] Zelopdd 28] A5 gt Aoz A1 %l
chE meby $E4E, EHE 9 W) SR 2HE T
Eelopdd Afe) S Aol 5 2l Ro= wskEh et
o9} 7+ uPHE Zejobd gt AlFkH o2 HgE <= Qlths 3
A& zka ok
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24 M7|5E!

A AZRES S8 58 AR 78R eAlgE AA A
L& 93] YurE oz Lol FZ(solution casting) = A% FES
E3M A= el ZRHE, vbd A7) Tl vlelaE A
= Aol A/ETS Fa AT 1BA UYLAIEE SREHos
Ao 2N WA 718e AFsRe 7109 8 e—beam =
< XE gAY 34 8 28 T Flift-off 3L F
3 A= Alolof] Ua-n|E] 4259 feature sizeE RAd AEA n¥A}
2 HEEE 5 Ytk o)) e W7IEEHL B el Heizlo
2 AR 322 W ARE dHEE 5 vk e 2 ol

2.5 T719AKY

Cornell th8}2] Craighead W82 scanned—tip electrospinn—
ing deposition ¥H& olgaA AN 71¥he BP0 WY
< A el Aoz % WEko T wigkd Feje] 1RA e
AE FRE F Ak webA 7137141 B4 Aol wile- <5
3 A A F A= 7S ANk ok e shRo g
AR fla EjdddSAlo|=e) 22 A RApele] &
& 9§ ¢9la, ol AZF Wt A4 BAE Al
=3 F23 29l0) ©rk

3. MTY NEX Lzl 248 HAHUS

AT 1A YeAlgs dikg o X2 edo)d/tiX e Evjo]
d(protonation/deprotonation), AFsl/EHd, H&-(swelling), AT
% 7§49 (conformational alignment) 529 HAYESS 58 54 &
Aol gt A3 e Pk e B ¢ Qo e M3
3719 A%A TRl v)E] heAlge] A9, o e 5535
EA =3 YER A Ak

31 =2 ®#HEY LAl 37)12| X5

AN BEIAFA 2412 Ay nEA A7) R Fo3
B3 T e w2 wdzolrh H3 A vlE| #7307 F
7¥ek BHAL R8T F7ME A Ae-S 7 3l ol &
=g YR & A SR 6). 5 VienlE] 2719 2
e B4 A - AF-EY wE kg SR8k o) A4
F 2% A2 Hold AS 71994 9 A 9] o] Ak vt
AR WelHE Ag 7] & AKX A5 2ol ofn] A%
2 3tk Cornell thete] Craighead aES thrAlf+ol A 7o) &
242 MG ghol Zvlstm e uhet vkg& o) Wkl
BRIk

32 37| ¥ Feloll 2/=XQ1 24

A3 gee] AT pEAke] 271 &

MooN

N

P

Nanomaterial

Bulk film

J8 6. ¥3 BN LR EMS(EHE)0 et H3d 10|
20F= R

i

308

Highly ordered surface layer
i N

Hollow
interior

’

Disordered core layer

Bl 7. St= HEJ0IE J|3 HolM HEE URE=9 HFof w2
EA MY nEYe AOIE 2EHFE B

B

2D film 1D nanomterials

J8 8. TX 2| (SHMH)S £F Ei 2440 A0 OIXN BE
HENO| M=o Hs 5T YRR LA RS FHE 2UFE =T

2, A WiE 5o &3t TE vhenlE] 32719 AR 1R
AL B F1oz 7] U Hejlo] oEshe 553 EA4S Ve
Witk o2 E9), Florida thele] Martin 58S sh= ®lZao)E W

& o]83iN FEHE vnAl Y FEE AXFS o, 27o] F
oM E HIZo|Er} AL AR vk vi)E i) Sl
A A og Arwrt Frlsitn Basigchal 7).* AsA
IR AESE 7 AR AFA01A (conjugation) Zolgl &
Hog AnE ¢ Qo) dukzog ATA 1EA} Ul AFARIA
Adol7} F71ErE AEEE AT o= A7) & E¥
g eRHe A7l Aolg AR A, Aol AE5E
AFrAleld o7t F71slRnh ol AAo] Ao e
SRR B EhAn g gdEUol JkA e HelAd B o)
g ¥ ZAEEE vERlE shte] 583 gRlo] HYIoh et &
dE%E, poly(3,4—ethylenedioxythiophene), WhrAlge] 79,
vheettjolld Ui H 2 F3H] (aspect ratio) 7} F7VETE AF
Aol dole TR, HEAFY T4 AFART A A<
SRS AR 2 4= FESnh

33 HISYY HI1= 4

thegt], Vil vheRR e 22 9 AsAd e v
AR B, vTHA st olF AEE Ztw ik ulebA EF
HhS-Bte) A5 AE-S o) ATA] 1EAL W) Al 29k (AA) &=
= A3 ol Wt gls Al B Fe2 sk gy, SXF
%2 (lateral current shunting) ) 2J&+ A2 24 A= W3t 3=
AHIH 8).

4. Mz DX LI E MM HEAR

ALA A AR E o83 A Ak 4B TR
o) Wt A stakiir gl vlol e MME 24 5 Qlrk

4.1 BN

AEA 122 UASE 0183 SISt A7 T2 gdEo},
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Aalrael 22 54 7R €XE A8t A=A dEYols oF
20 ppm ©)%, 183 F3leAE F 5 ppm oPde] FEolA Q1A
NS 7 Ao geix Qv AT ATelE 9 odd 23
oA AzY EEE Yx2olE 43w (interdigitated) 1]
AZRAT ol) FHI T, AARE A wse] el e g8 d3)
F4 9 gRyo} ke EAE AEE 4 YA 9. AgE
o) ARATE V)& 3ol ulsl vl A% MERIOR HAES
283 = Qla, A o)F £59) F7) §8 Aol IR drop] 4
9} 2o FEG gk e Zhw ok Flrasl gRuje} 7k
3 A, ZE9E Uegdtls 230 A% ZeddEd Al
A3l 9 ke WAYUESS Skl 2t AR a9 37 Ve
Wick Al 1RS> 103 o] BREANCIR $& AEPdS v
Ak B3k 5 pp¥ YEUo} 10 ppZtAl BAIE 4= U3ict A
Z3toll o) AlzE Z2lobdd WARE olgd] AXY AISHH
Hk2) X9 79+= 9314 (100 ppm) ¥ ¥FUoH100 ppm) 7+
2ol 2% A, Z47F =39 O whsol s Age] 14} T
VERIZCHOR 10).15 7 dlels Zej9E Vel 2 A7apy
o os) AxP Exjopdd WAls So* dryol A&
AHEE AT

ATA 282 WeAge tokst 572 3 gehE] dieiA
5 2 7Fsd A5E AZE) A8 B0 ZEx a3
%, Egjodoly), opMEUED, SR 22X E 9 AlASIRHC disiA
Ao Z7VE VERIQE WigkE, oleke 2 tojle ofjE| = tis)

A A S Vel Sy sz B, 39 B

AR/IR=(R-R\)/R,
R: real-time resistance
R,: initial resistance

oog

ooo
oon
aoo

a

Analytes
. . . oo oo oo oo
e CeRet e oo oo oo an

) 2. . yoo’es o o 0O O
Caold clacirotis PEDOT U @
‘\J . T T

Glass substrate

!

38 9. Ty IEA LI FEE OjETH MEMAM T B SoimX
LicStilor oo|223=2 o DEEUD HAZE MeHsot Fnst A
B3 normalized resistance change, AR/R) HEIZ DL EiCh

HoasVegol

Emeraldine base

NHs ﬂ Hel

BereVer ol

Emeraldine salt

I8 10. Fshea Y AZLO kA LEA|, E2|OIHRIQ| JIHAOI Y/

DEXHEN ol& A 18 A 4 & 2007d 84

FAE Fholl vl EHE o239 A3} 24 (Y RIEAY A

) Aol F3 43ag] GFgS viRA Hi oo wE MR
o] Wzl JehA gk o2 ART WdlE 3 # 49
EA FRE AT F Aok HT BEE ER s 9 Y st
£ 3210 35 el £3hd A SIE B4g Bo A 7L
o), FE gt AFAlE Fo shhs EFEME B9 A
W (cirrhosis) 2 52 ZAlelch e B¢ 3F U oHE
AHacetic acid) 2 55 thk 322 ppm<! BFE, 273 B2k 2730
ppme]l o]&t}k wWehA FF O Ak BUERE A3ty v)R5
# (noninvasive) Q! AHAGE: 7FsA] gt 0]} 2 BAeM &
A ol171E A Z2juE e FH ERAFTAY) digt A B
ok sle ©iZdolegl rPEEAERY 23 T sl2A
718 Ad Z9E eRBE AZSIRY, F7HQ ZRAEE F
3 tlokdt TR/ Zgjopi7|E Edo) FASIIC R 11). B9
o7& ofMEANH} A5 ag-E 4 QL o] Wi =R FY
HE peFEe] vE] of) 2 E v FEIL ofHEAL dis) 4
23] 71 ZeEE Vehglth =3 Eedolul AFo] X (spacer)
2] Zlo]7} AoJAFE oM EAM digt ZEEe ks A4S
vepe) 9REAIZES 1~220 B33 HA ©A] BEE 285
ppm®| 31Tt

4.2 HIO|2MIM

A 38 WA EE o] 83t vlo] 24X stehAlA 9} vl
&, Aigoz 2rAEQ WAle] A7 I8 Fojtk nlo] LA
2] AS FAE] SR i 8 ol AeE7] el A=
71zke] Hakgo] plekst HEA DEAF AR &4 4 A5
ol FHE JER A0l ofgo] At mEkA diF-Ee]
Hlol 2 A E W715EE B8l nlelaz AF Aol e FH
o} AEA TR eAg S ANV 27173 wio] ohd 38k
2R uhS ARk Qo) AR 2EAF e AIEE o] 43 vt
oAl F 7 B At JIHI Qe Boks FFILA
(glucose) AIA1¢} DNA AlMolt WA SF7A AX9 A, A
A gl 2FFA FEE 9F 3.5~6.1 mM Hd ¥hE, v
gl | SFFA FEE 20 mMoll |8tk ulky | 2%
Fere] % WslE FUEY sk A2 9 ol 2 Jde] 9
oA dll¢ FQ3}). Arizona State University2] Tao 58
20~60 nm 7FZ9] nlo|a 2 H=lold| ZejuE/Zgjoladely
FFFMBEAT T TS I, UFe A

o

Amine-functionalized
polypyrrole nanotube

Carboxylated polypyrrole
nanotube

JE 1. 71224 E2NE LeFEo| BREASIS S8 o B2/NE U

L /HO HZE.
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Detection
at 620 nm

Antibody

FITC-DNA

NH,-DNA

Polydipyrrole-/Polydicarbazole-
Nanofiber
a8 12, E2ciolnlE LR ZRZES &
B8 ABH hybridization) EHAl HFHLE.

rot

b & DNA £% O

a7 EWXAE HlES B3 SFIAE BXehs A8EYE B
TR FRIMBEAE FRAATS AYH R Aksi
713 1 ZANRSe] FAER RG4S uiEdc) o] Tilslra
= 4F] ABHAZ FgeiM ATA wiate] AREE st AlZivh
olg} 22 7% fAUESS v o 1 mM FE9) EFFes
7R gXE = A, A U FUE >l A3t Ak 283} of
3 7bsA B3 AXBISITE 2R2e2 BAE 4% E99x i
F1 duyQle o] g3 AFEAI] A =3 AP o
) Rz Wr el Weld EuE YieFHEE Axsla 39 pH
A Loles HI Y SRIFLAANFTAT ZejF T T
Ath o] AMAR = SFHAeAe} HE Al ARF] TV R
Ak AA HAEE Hakd B9 o)A JE)7] Wizl e}
ATA} 1At 7k} 2 Q) Hx; A g 748 dAUESE A
) DNA 4142] 73-¢, o]kl Bar—Ilan University 2] Lellouche
ey S d7Ee] Eejriolu)E(polydipyrrole) F Egtio]
7}2u8l& (polydicarbazole) W5 A|HAZ ]8435 DNA hy—
bridization?} 0% ¥ o2 @A% AAE nustt? =8
2718 A0 7124 e U Sl FEAS DRAE AR
USRS Al 29 71254719 ofl wae] DNA Afole]
£33 %9 DNAS THE02 Edo) TAAT, ol ol
3] AR Q) DNAS Fah4 whalg- o84 &3 5= JUSIHAR 12).

5. 48

318} - v AME 719 B, BHTER HE, AHE
P HI2E, 81 ARk omd 544 229 A% o2
7] 7HA] Rt wolell A8 4 Qlok 53] ITAde] 233} 3
e 4 AN AX LS do R PR fUIFES AHE
AT Foz opddrt ulby A J- 7led R, 87,
T 9 TAF 2ok Axkell ZA e 2 dFEAE AT Aok @
A ATA 122 VRS S ol g3 AKX 88 A7 A AAIF L

o] ol FitdAl) siFEa vt T2 2 A 7)eo]

it
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i3t sl A, 53] A9 BhE dVles R Ay =

e werg Az ledte) HES T3 AANR] 7 AREe

e
T

10.

11.
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