Polymer (Korea), Vol. 33, No. 5, pp 452—457, 2009

WreAlgs 7 AR AN RE o8 Hopr) sPHSslo] A
Pl 88531 9lom B35k A3 do] Holukar A g7t zk
JAF Aol At slo]B s WY AlEE smart nano—

device 7fgel §lojd=

Poly(3,4-ethylenedioxythiophene)2 0|28} Core/Shell LI=2IX}I2}
XS ciCigdEel 30| ejst ClEH ElALIERE LS8 M=

EN* - DMO|* - Qg
SR FFolA et n kA A Y| Ed T A

20094 5¢ 18 4%, 20094 54 27 A=)

F =
QA e g
(20099 49 134

o
A4

Preparation of Core/Shell Nanoparticles Using
Poly(3,4-ethylenedioxythiophene) and Multi-Walled Carbon Nanotube
Nanocomposites via an Atom Transfer Radical Polymerization

Young Tae Joo*, Seon Mi Jin*, and Yangsoo Kim#++'
*School of Nano Engineering, Inje University, Gimhae 621—749, Korea
** igh Safety Vehicle Core Technology Research Center, Inje University, Gimhae 621—749, Korea
(Received April 13, 2009; Revised May 18, 2009, Accepted May 27, 2009)

EE: U5 ShheRy 9 Ay
ArheRn, JEvlel AeikgS FYTOZA —Br 59715 20 o v
o] JWAIALE ARgSISICE olsh 7 MMAS AMgsto] Sulo} R ) sl Aols ehlazs

[}
o=y thEe vy EWe] PMMAYL 3-4a3E 5%

TEAIQ] PEDOTOR 01507l slolua|= YAl AZsliv)h vy

wRNE AZSGON, 0% SIS
_]

aLx

e EdAE Aok yeldd S8
A PS 84 ollddel] EDOTH ABE T8t Alslsdhe a85he =M core—shell 725 28 PEDOT/PS
WheSIRRE Alassisiny, Aesiitas w2 223 silica 17Hs PEDOT:poly (styrene sulfonate) (PSS) 5873 i
Aol Foleh & sl nhg s AT O EA silica 2¥ell PEDOT:PSS7F IR WhedAks Alzsisich
slolBE|= YA 252 TEM, FE-SEM, TGA, EDX, UV 1283 FT-IR 55 AH-3lo] 2459k

=

=
(¢}

Abstract: Hybrid nanomaterials consisting of multi—walled carbon nanotube MWNT) and/or PEDOT
of conductive polymer were prepared in this study. In the presence of catalyst and ligand, the MWNT—Br
compound prepared by the successive surface treatment reaction was mixed with MMA to initiate
the atom transfer radical polymerization process. PMMA was covalently linked to the surface of MWNT for
the formation of MWNT/PMMA nanocomposites. The EDOT and oxidant were added in the aqueous
emulsion of PS produced via a miniemulsion polymerization process and then it proceeded to carry out
the oxidative chemical polymerization of EDOT for the preparation of PEDOT/PS nanoparticles with the
core—shell structure. The aqueous dispersion of PEDOT:poly (styrene sulfonate) (PSS) was mixed with the
silica particles treated with a silane compound and thus PEDOT:PSS—clad silica nanoparticles were
prepared by the surface chemistry reaction. The hybrid nanomaterials were analyzed by using TEM,

FE-SEM, TGA, EDX, UV, and FT—-IR.

Keywords: hybrid nanomaterials, multi—walled carbon nanotube, poly (3,4 —ethylenedioxythiophene),

nanocomposites, nanoparticles.
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A7 wiell 7hARd @eleld Frgstar Akskd AdeielA vk =
2 PP Hof a1 §lo] tAEde], A, A7 AR} Sl
SEEIL Q= spolre|E YeAlEe] A MY Ao EA S8 T}
27} & Agolet?
S B/ H (multi—walled carbon nanotube; MWNT)

£ ARGEE slolHHE YheAlg ol AR Srads 34
AlA @ojxl MWNT/polymer WA= EApAE9e] E31%
5 SN ZH MWNTZE 2HL Sl B4 A48 dldskie &
#2491 Hilo|tt Kong 5! SA1%8H(in situ polymerization) %
o= dRolE Bd=53(atom transfer radical polymerization;
ATRP) 374& §-83to=y miAsE 3-F-28A1A MWNT &
2 71573E golsiAl 2% = glrkar Ruslgick oS MWNT
7Ts3 WRo R ATRP 3788 2880 2M styrener, acrylateZ]
= acrylamide] SEAE MWNT 3EHo]| grafting A2 4= Q=
7Fs/3E& AXSITE

Smart nanodevice®l| AFE-EE SloBE| = YinAlE 24 PEDOT
S A ECRE AR B2 AFEo] BuEy §ltk HanZ}
Foulger=" WA Z|AEA(PS) Al AHFSAS S2A7] &
3,4—ethylenedioxythiophene (EDOT) o} ABIA1E £1lsl] PS
2L el AkslEdks ek 24 core—shell 7328 A8 FE
ol QRE A 4= 9SS W oM, B8k Norton 5-2° silica
Zof| EDOTS -£3l1417] methanol &3S 2715k 5 ALBlA| <=8
< FYste] AkskEshs 313 oM PEDOTe| IR silica YA}
(3t 274 147 nm) & kL Barsgick

Aoz MWNTS} PEDOTS 3] /0= 21= Al 7}
] E79] slolHA = YeAlRE Alxshs TR AEHS A
SIStk AR, MWNTel A2 vE3-& 3335l —COOH 5/371&
Fel =31A121 MWNT-COOHZHE] A12kslo MWNT-COC],
MWNT—-OH Z78]a1 MWNT-Br 5-°%2 A 02 MWNTS] 3%
W EA71E W3 S92 MWNT-Brs 7IAAR AREsie]
Al methyl methacrylate MMA) & ATRP 378& 3]
O 7M HEAOF poly (methyl methacrylate) PMMA) 7F MWNT
Fol| grafting® MWNT/PMMA WeE3HAIE AlzsiSich EA4),
ayolidd F3hs g3le] dojxl PS 4877 oddS HE e A
g o] offdA AelR AMESkaL EDOTH AlsAE $ 371k
AElEdke Fske®4 PEDOTO] 21¥E 7-d8K= core—shell 7+
22| PEDOT/PS WedAbS AZsIich A, silica Aol 222
e AHHhg-S 3lsle] el —OH SA71E EUAIA dojxl
silica—OH JAR =9} A7 SIS A7lete] &5 Aevke-& &+
712 o 3 R A|2E Ao, PEDOT:poly (styrene sul—
fonate) (PSS) 4873 FAtNY} 137 AEE T E5et & =33}
] 2 Ag whe-S gho 24 PEDOT:PSS/silica® o] 7o)zl
core—shell 2] Wi=IAE A|Zs15ck

T

4 g

ATRP 332 S85F MWNT/PMMA Li-=8H| ®IZE. MWNT/
PMMA e @AlE Alzsl] flste] 1A MWNTE AAfesto]
F9ell ~COOH SA71E = 5 d=de] Ay w85 s3st

o] dojxl MWNT—-Br X85 ATRP 349 7|XAZ o]&s}o]
MMAE MWNT #red Fgr7 024 MWNT/PMMA tiet
FAE Alx3HAT

ATRP JHAIM|2 AF2El= MWNT-Br H|Z=.

MWNT-COOH HIZ: 60% HNO3z 10 mLell MWNT (Hanhwa,
CM—-95) 0.3 g& ¥ % 30%7F 253 Branson Model 450;
duty cycle 40, output 5) 2|3}l 24417t E<t Wk E5hg
S deionized (DI) —water 2 F4-3] 3]249A171 ¥ 0.22 um nylon
membranes ARE310] el 3 Dl-water 2 A3} 12417 5
QF 60 ColM g 7473t MWNT—COOH &5 |t

MWNT-COCI HMIZ=: SOCl, 20 mLo| MWNT—-COOH A= 610
mgs B2 65 CollA 24A1F B3 wHketa 1A Ais 8l &
)8} & tetrahydrofuran (THF) 2 A&3519 0 24171 Bk AR20]|
A A AZAFCZH MWNT-COCI AES A9tk

MWNT-OH H|Z: MWNT—-COCI 41 502 mgg ethylene
glycol 20 mLel] ¥ 3 120 CollA 48A1%F &<t wHt &35t &
A /S A EA THEZ WA 02 AjFslglom 2407 &
QF XF AF3 F MWNT-OH AES Atk

MWNT-Br H|Z=: MWNT-OH 4% 403 mgs CHCl3 10 mL
o] 718t 3 4— (dimethylamino) pyridine 15.93 mM$} trie—
thylamine 199.69 mME F7}5l] MWNT—-OH 2245 4]
3133k CHCl3 5 mL53]e]l 2—bromo—2—methylpropionyl bromide
111.12 mME 501 B 845 FHI3E 5 0 CollM 60+ 5 &
oAl FH]gk MWNT—OH E3-8-fo)] B8 s sht-aX 718t
Qo mpAjuko 2 Egtols 3ARE 5F 5 TollA] mH A7 &
48AIZE ERF Ad=2elA wHEeRith CHCls 100 mLE ARE31e] 53
AR 1A A dedl 340 T Z32dElelx] 244131 B3t
Azl MWNT-Br A28 43Itk

MWNT/PMMA LS8 K| Z=: MWNT-Br 252 mg, 7 CuBr
72 mg, ligand NNN.N”N"—pentamethyldiethylenetriamine
87 mg ~18]31 N.N—dimethylformamide 2.5 mLE 10 mL 7]
9] Eetd bl 3 Wi wRk E9ket § aeplE vk & Eat
2T A4 78AE 330l DA purgeThO N HANESN7] S
A3k SEAAATE A" MMA 256 mgs TAP1E 0838t
o] ZPAA Qo R IS £ 60 TollA] 20A1%F &1t Wit E3tsk
Qo EIHES- CHClE 3]A4A)%] 3 nylon membrane % 33]
wHEsto] A S Aeuigich HEAo® dojzl 1A g
CHCl3 5 mLell A=A A17]131 methanol 100 mLefl A1 3 4
o] 24X31E<E 137dE) slelld HEAA MWNT/PMMA
e EEAE Az

PEDOTO]| 2|#H0 ZEE PEDOT/PS LI=A} H=.

E2| 2B 28N oM™ M= Polystyrene 7879 ofdd2
miniemulsion & &&dS S8TOEMN that o] Azl
ZE2ER oEHE Az flete] fEAEM sodium dodecyl
sulfate (SDS) & AMg-8FH 01 =3+ J|A)A|ZA] potassium per—
sulfate (KPS) £} hydrophobe 4] hexadecane (HD) & AFE3133th
DI-water 10 mLell KPS 13.72 mME 53819 28 7|1 A =8
< vlg] 43 3 DI-water 140 mL 2} SDS 23.30 mME 2515109
aqueous phaseZ =8]8l oM, ~EJd 1.61 M&}HD 29.68 mM=
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&35} organic phaseE 0|33t} 10|38t aqueous phase
9} organic phase 7+ E&4& ) vlo|A el Wol wnteh 5 23t
o] ¥l H[oIAE S| APl wirkA] dEo] ARl B & £7]
o] B7FE 5 dgo] AR 1ol wHIEFEA ultrasonifier 2 25
Agfaiolet 72 Qe £9] 255 R0 O 24 § ¢
Z= )bl 250 mL RESEATE Aol Wil 7 EFANE RS
| T8I & wgZekaa o] Egele] 5T Nkl Eeel:
3ty FAPTE AREBte] Skl FRIEE ANANKPS) T84
SZA QkC R FoJska wHIERO 24 FIMES-S AIEBIGIT
S-S 3ARE 51t AEAPT I FEEgo] dofuk= g1t 54
AA7t5 HhgEZekT Ulo| 353he=Zs i 291715 &
AeFeS 33k

PEDOT/PS LI=QIAt ®IZ: PEDOT®] £9¥el] F5¥ PS b
A& AZBE] $181ed EDOTH 3] AlskAlEA] ammonium persul—
fate (APS) ¢} KPS F TR/-E AME3IITE 13711 PS7} oF 0.4242
go] ¥gEo] 9= PS ofldd 2.5 mLE DI-water 40 mLol| 314
3 5 58 B9t 229 Atk L F EDOT 36.96 mME 3715}
3L 1AIRE &<F Ao EolFglth DI-water 5 mLell APS 84.63
mME 83IAA FH]8E ALSHA] 8-S WS olef] 7tk 3 A
2ol 20A13F Bt wHE £381e] EDOTE Akslslsl a3iihe-S 4
gaiolon 1 5 WS TR T AHEEVIE o)83lo] £ 6000
rpmOE 90 FF YrEEsle] 1EEE slgeisink doxl 13
-5 tHA] DI-waterell F71sto] wRkst 3 32 53t 223k 2]st
o] TS ARABIS on lie] W AR S 33 WIESIS]
o} ARsAe] o) PS oA kS thaa o] M A WS
TSIk

D PS emulsion 2.5 mL, APS 84.63 mM

@ PS emulsion 2.5 mL, KPS 35.91 mM

@ PS emulsion 1.2 mL, APS 84.59 mM

Core-Shell #Z=& Zt= PEDOT:PSS/Silica LI=QIX} HI=.

Silica-OH H|Z: DI-water 30 mL9}KOH 15 g& £315}0] KOH
TS F0)5t, silica(ZoRa 7k E] o}, Zeosil 155) 25 g
< Akt % 20 B3F RSl Wk AR AlEE DI-water
% AJXsPEA nylon membranes ©]83fo] 1FE-S Al &
2477 & A Wy 1F38H silica—OH &S A| 335}
Stk

Silane/Silica-OH H|Z: DI-water 9} ethanol®] S&H]7} 3:7
Q1 E3lollS A %3t 5 acetic acidE 71510 pHE 4~5 AlR| &
gk % silica—OH sample 57.5 mg¥} A#318% 3— (trimeth—
oxysilyl) propyl methacrylate 28.1 mg& ethanol =8Nl 317
Y2 65 CollA 9AZF Bt wrksksic) 13e-s dyd &
ethanol® 23] o AIZSE ths 65 CollA] 12A3F 21y 1%8
o] silane/silica—OH &S A|z3F3Tt.

PEDOT:PSS/Silica LI=QI X} H|Z=: Silane/silica—OH 33 mg
7} PEDOT/PSS 584 #4kel 2538 g& 412 F 54 &9k 25
3} A2gt 2 50 CTellA] 1417 &<t whkslar dojzl 33E-S 4
2oA] 2443t FE X 7AF381 PEDOT:PSS/silica W2k
5 A xSt
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MWNT/PMMA Li=28H. ATRP WS 5838k MWNT/
PMMA YWeB3AE Azste 30A mil 82 AM-E
MWNT—COCI 2 MWNT-Br 412 Az o} gls] glalo]
Energy Dispersive X—Ray (EDX) spectroscopy S ARE31310™
Figure 1 ¥ Figure 2= Z}2} —Cl 2 —Br ¥+ 947 MWNT 4
o] EABAL Sles HolFal itk

MWNT/PMMA -E34E field emission scanning electron
microscope (FE—SEM) 2% #1553t Figure 3((a)& 125HY, (b)
= 309k ) o] MWNT EW2 o527 o] gof 9155
F3leh BeFar 9lon o= PMMAZF MWNT HEHell S35
o] UERt Flo=® gk

Figure 4 (a) & A3elA AMESE e AEehA] o o575t
MWNT (Hanhwa, CM—95) 2] transmission electron microscope
(TEM) ARdo]m MWNTE 9F 10~13 nm FE2] 274S 2k Q=
Zo= BRIFGIE MWNT/PMMA Wes3xle TEMOR #A535
Figure 4 (b) o] MWNT Z7o] ok 28~35 nm=E S7}8F 1L
PMMAZF MWNT 3#rdel] Sghg o 2x) 270] S7Fsigitt. e,
Az MWNT/PMMA W34 Als. el oiste] tielst TEM
RS 25t Ayl PMMAZF MWNT ¥He] St} 2170 S}
B AR Frgdof] nlsle] 8 MWNT 8} 217 Zjol7F A 2] $li= Al
RO| o] TEM 24 AR9] 49 F2-5 Akl 352 & )
ek webd, ATRP F5 5742] 7WAAIZ AR MWNT-Br A%

Spectrum 1

IO d.5 I1 1I.5 I2 2I.5 l3 3.5
[Full Scale 1791 cts Cursor: 1.404(95 cts) keV!

Figure 1. EDX spectrum of MWNT—COCI sample.

o 05 1 15 2 25 3 35 |
Full Scale 686 cts Cursor: 2.455(47 cts) keV|

Figure 2. EDX spectrum of MWNT—Br sample.
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Figure 3. SEM images of MWNT/PMMA nanocomposites: (a) magnification of 120 K; (b) magnification of 300 K.

s S y e Acuian

Figure 4. TEM images of pristine MWNT (a) (Hanhwa, CM—95); MWNT/PMMA n
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Figure 5. TGA profiles for PMMA, MWNT, and MWNT/PMMA
nanocomposites.
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Figure 5+ PMMAS®}F MWNT Z18]ar #|Z3 MWNT/PMMA

L-58419] thermogravimetric analyzer (TGA) thermogram=
HERdtE MWNTE 212 352 GbdS 281 Qlo] 800 C7HA]
25 77 9k 5% % el LofubA] ekskal PMMAS] 79+ oF
300 C o= wAst A& TAE HolF3lom, Az MWNT/
PMMA the53H419] -9 FAREE Wsl=ride: MWNT 2 PMMA
Alolol] vrERaL Q1o =8 MWNT S thermogram 2503 X]-¢-
A 9lo] ATRP 57l 2Jslo] Az MWNT/PMMA 53]
WhET5-2 =4 Srfar sk,

50nm ‘/' 0%

Z “-"_,., 3 et

i

anocomposites (b).

Alz=E MWNT/PMMA YB3 10 mgs CHCl3 10 mLel ¢
< F 1ARE 59 223 A2t ¥ 1000 rpmeold] Aoz A9
FRI] o7l AlEE 4—point probeE o]g3lo] WAFS F4
3t A3} ¢k 75.7 O/sqe) ATk

PEDOT/PS Lt=QIXt. PEDOT®] £J¥e] Z8¥ PS YA
AlzBl= #gel EDOTE] Abslsshs asl7] flate] J7kel= 4t
344 APSS] AREH(84.6 mM 2! 35.9 mM) ¥} 710] FF(APS 3
KPS)E upte] Adlsial o wral L2l cores ©]F+= PS9]
AR Wl fl8lo] Whgoll AR8St PS olldd H7ks WsiAIA
(25 mL ¥ 1.2 mL) AS F¥3lck gk, PS ogd A 3ol
A1 EDOT?] 4kslEd Whe-5 =343t w] PS ofddolli= AlaZ dAIl
SDS7} Z3HEe] gloma AAIGAE Mz F7sl] H7IsHA
olokom] B AAlelx] AlEdk PS 1] YRS 3568k dkar -84
o dd A sl EDOTS BAIEE s Azl 712 Hanwt
Foulger7P AX§t PEDOT/PS Z-&0|E Ja} Alza-47) vwak uf
B} godt Alxagolehs 545 2k girk

Figure 62 79 “32¢] PSE o]Fox W2 (Figure 6(a)) 2t
PEDOT®] £]¥e] s5¥ PEDOT/PS th=3I4}+(Figure 6(b), 6(c)
9 6(d) 9] FE-SEM ARlolt}. AlskAE APSE A}galo] dojxl
PEDOT/PS W AHFigure 6(b) X 6(d) 2l 7%, PS =t
(Figure 6(a))°ll H]8lo] Athzl oz 7o) FA] S71e AEo] &
Aslar glom o= PS 8ol PEDOTo] FHEe] Ix152] 2 7o)
7P lekar ). Aok ARG PS odd 71 (5 PS

Q12 371 i) APS 37EES) v1E(S, APS 5/PS odd
Y1) o] Figure 6(b) &} Blwslo] 28] Z713t Figure 6(d) 2] 7% 2
7ol T7HA AEE] At i o= T o] SRk whet
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Figure 7. TEM image of PEDOT—coated PS nanoparticles.

A, ARl APS ARg0] STkl Wt PS 2]Hel F8xk= PEDOT
o] FAP} S7HEIIk L Pk ey AR KPSE ARS1o]
Ao PEDOT/PS WA HFigure 6(c) &) 7% PS WAl
HJslo] 27o] AA Z7H AT F3eHl Ak ¥skor, o
2pA] A EA KPSE ARSSE 73-9- PEODT/PS WhedAk 782 vt
Char gkt

Figure 7-2 Aglol] Qoixl PEDOT®] £]8je]l I8 PS =]
2] TEM ARzlolH] o]z 7E 7ol A 7k IR core—
shell %5 2k 9101 o]& RS- core {42 PSO|al shell -
2 PEDOT & o]F01% PEDOT/PS WA= 21s gl 4
ASITk

PEDOT/PS WReSiZP} 223k 47843 Fitellel] thigte] ultraviolet
(UV) —visible spectroscopy S AHEEH Z# Aof absorbance
spectrum< Figure 80l YR} O™ DI—watere]] E4keo] Q=
A=Y FEE tEA ste] B3Itk 7843 Aakeel] ke
PEDOT/PS Wizl w527} S7hgel wet 3¢ 775 nmellA 9]
A7} TS e eH of= AkslAle) 2Jate] doping® FrelTES]

Zo|M, A33¢ #15%, 20094

5

7

=)
< ;
o 3 )/
e | t\ 40 wt% 60 wt%
W% Wi%
@ | .
Q \ \ S |
8 2 \\\\‘\.___ R
a x.._»!_ — - AL
< 20 wi% e—— T
- T
1 ~IJy
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Figure 8. Change of UV—visible absorbance profiles of PEDOT—
coated PS nanoparticles with the variation of sample concent—
ration.

1#ARE©] valence 2} conduction band AfelellA| charge—carrying
state7f Lo HoIF Qirk.

PEDOT:PSS/Silica L}=QIA} Figure 9+ silica—OH A&7} 2
AelgkEol oJate] MAEHAEA] AR5 FRleh] fI8te] Fash
Fourier transform—infrared (FT—IR) spectrum H]al Ax}o]c}
Silica—OH sample (Figure 9(a)) ¥ 23 *}2]¥ silane/silica—OH
sample (Figure 9(b))& Bl silane/silica—OH sample®] 73-%-
2900 cm ™" el U= 54 91=(-CHy 7 AR oH o2
] silica—OH7} silane/silica—OH=Z AgH8-& 2 5= Uitk

Aol Aoizl PEDOT:PSY/silica LhedAke] TEM AR (Figure
10) ¥4 A A7 ok 200 nm2] core—shell 75 Z2b= =z} #
%912 coret= silica®]il shell> PEDOT:PSS®E ©]Foi#] )tk
PEDOTPSS 4873 #AleS 27t A2)et silica Ak9h =3t
©24 core—shell 7-%2] PEDOT:PSS/silica WA A|Fsk=
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Figure 9. FT—IR spectra of silica—OH sample (a) and silane/
silica—OH sample (b).

200m

Figure 10. TEM image of PEDOT:PSS/silica nanoparticle.

PRS- Norton So® 2J5lo] AAlE EDOT Ak8lsl upA} o

H
= A FAolehs Aol 54o] Stk

i

4 =

£ Aqelrl= ATRP 3792 -850 24 MWNTS} PMMAR ©]

Folzl v EakA 121 PEDOT®] 2o =3t 389 core/

shell 729 PEDOT/PS WA} 18]3 PEDOT:PSS$} silica

7} 22} shelld} coreE ©)F1 1= PEDOT:PSS/silica Y= A}¢

T AE OE T ARE olFoR Al 7K F2 sle|BEE e
s s ow Azt

ATRP 378<] &1t vl 3ieks Tolk 7Fg 583 MWNT—-COCI
I MWNT—Br AZo] dojxl=X] ojF= EDX spectroscopy i
25 B3] FrlEglon FEHog dojxl MWNT/PMMA Hire
3] AR 757 O/sqE UERIGIE o]25E ATRP 3572
MWNT®| polymerg &+ AFAIA AL B AE Alxshet
)9 k<l whgol it

PS eld#s AR 8har of7]e] EDOT# AR APSE 3
7¥31%] miniemulsion TEE7dS 5850 ZA PS 2ol EDOT®]
AkEslE|o] PEDOT O 2 F9¥ PEDOT/PS WrAE 4 <= 9)
Uk JE3ell AT PS olrdd 371 tiv] AlSkAl APS A&k 1]
£o)] Z7sle] wlel PSE5E] PEDOT/PS WhegiAkz k= wks-
F8o] Z7I3F Hnt opje} )] 78l PEDOTS] I B4l 5
7S & 4 Qlglom, EDOTS Aklsshs: flsto] A7k AksAlC]
S5l wet vkgS=go] A WslsiSith. PEDOT:PSS 874 -4k
oS Ak 22]3t silica YR} e A0 2 M silica 2H ol
PEDOT:PSS7} 5% core—shell 7%Z 2H= PEDOT:PSS/silica
eSIxS 98 4= 218tk PEDOT/PS @ PEDOT:PSS/silica Lt
AR 729 27 core s TMIEhs PSS9 silicas A-st &
2 Akgato] 83 2|76 PEDOTOR o] Fo] %ol Hlojgle=
PEDOT WWeiAbe 98 = k& 3102 7]dieck

I
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