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Abstract

This research is focused on enhancing electric conductivity of the conducting
polymer, PEDOT/PSS, by doping- three different kind of Polyalcohols: Glycerol,
D-mannitol, and D-sorbitol and by blending carbon nanotubes. As a result the
conductivity is enhanced by 3 orders.of magnitude; In the AFM topography analysis,
greater surface roughness is revealed. on.the  polyalcohol-doped sample. Phase
separation of PEDOT and PSS is also observed for these samples phase mode of AFM.
PEDOT/PSS mixture has two peaks between 1400cm™ and 1450cm™ in Raman
spectrometry. The peak of benzoid structure at 1445cm™ decreases after doping
polyalcohols into PEDOT/PSS, which means the Quinoid structure is much more
dominate.

This research increase the hydrophilicity by open imide rings with KOH before
spin-coating the conducting polymer. Samples cast on Pl fims have much the same
resistance against their counterparts cast on glasses, but their thickness is much higher.
This results in a major decrease of conductivity. We successfully enhanced the
conductivity from 0.006 S/cm to a maximum of 34.98 S/cm on glass system and 5.41

S/cm on PI film.
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B 2-1: PEDOT/PSS it # 4§ ¢

# 2-1: Baytron P ek & 47 14

Form Liquid
Odour Odourless
Colour Darkblue

Surface resistance max 1 MOhm

max 10 S/cm

Conductivity (depending on the type

of coating formulation)

Solid content 1.2t01.4%




“,’f 7 % 4 7 Baytron P 2.

Na content

max 500 ppm

Sulfate content

max 80 ppm

Viscosity 60 to 100 mPa-s
ph value 15t025at20°C
Density 1 g/cm3at 20 °C

Mean particle size

d50 approximately 80

nm (swollen)

Refractive index, n

1.5228 at 589 nm

(dried layer)

Surface tension

71 mN/m at 20 °C

PEDT :PSS ratio

1: 2.5 (by weight)

PEDT work function

approximately 5.2 eV

Boiling Point

approximately 100 °C

Vapor pressure

23 mbar at 20 °C
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Fig. 1. Raman spectra of (a) PEDOT:PSS and (b) EG-PEDOT PSS film
under 632.8 nm laser excitation.
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2220 2R 4w A ARG A 500

Table 1. Surfactant and Polymer Suspended Nanotubes Spectral Properties

mass percent (8,3) fluor. (8,3) fluor. pos.
surfactant/polymer? molecular weight conversion G-peak relative to SDS (em™)®
anionic
SDSs 288.4 3.3+0.5 36+05 0+ 10
SDBS 348.5 3.9 4.6 2
SDSA 272.4 6.0 4.5 —30
Sarkosyl 293.4 2.8 4.3 -117
TREM 428 4.0 3.0 —47
PSS-70 70,000 4.7 1.4 —214
cationic
DTAB 308.4 5.6 2.3 —129
CTAB 364.5 5.1 2.3 —124
nonionic
Brij 78 1,198 4.3 1.3 —203
Brij 700 4,670 6.4 2.5 —106
Tween 85¢ 1,839 3.9 1.8 —79
Triton X-405¢ 1,966 5.0 2.8 —119
PVP-1300° 1,300,000 4.1 0.4 —211
EBE 4,970 G.4 3.6 =75
Pluronic P 103 4,950 (1,485)7 1.9 0.7 —G8
Pluronic P 104 5,900 (2,360)7 3.0 0.8 —G69
Pluronic P 105 6,500 (3,250)9 4.8 1.4 —70
Pluronic F 108 14,600 (11,680)9 8.7 1.2 —95
Pluronic F 98 13,000 (10,400)7 9.4 1.1 —97
Pluronic F 68 8,400 (6,720)7 5.8 1.2 —103
Pluronic F 127 12,600 (8.820)7 7.1 1.6 —84
Pluronic F 87 7.700 (5,390)9 8.8 1.5 —105
Pluronic F 77 6,600 (4,620)9 2.5 0.5 —208
Pluronic F 85 4,620 (2,310)9 0

2 Sodium dodecyl sulfate (SDS — Aldnich); sodium dodecylbenzenesulfonate (SDBS — Aldrich): sodim dodecylsulfonate (SDSA — Aldrich): sodim
n-lauroylsarcosinate (Sarkosyl — Aldrich): sodium alkyl allyl sulfosuccinate (TREM — Cognis Corporation); polystyrene sulfonate (PSS — Aldrich):
dodecyltrimethylammontum bromide (DTAB — Aldrich): cetyltrimethylammonium bromide (CTAB — Aldrich); Bryy (Aldrich); Tween (Aldrich); Triton X
(Aldrich): poly(vinylpyrrolidone) (PVP — Aldrich): PEO—PBO—PEO triblock polymer (EBE — DOW): PEO—PPO—PEO triblock polymer (Pluronic —
BASF) See Supporting Information for structures. » The position of the (8.3) fluorescence feature in SD$ suspended nanotubes is at 10,505 cm™! or 952 nm.
¢ Lower molecular weight Tween and Triton X surfactants and PVP and Pluronic polymers were tried. but none yielded nanotubes in the decant. ¥ Number
in parentheses 1s PEO molecular weight

203 % ¥ AERBHE
PF AR N EARIAREEESITRBrFAFARRT TR
eng & + ¢ 7 PI(Poly Imide) ~ PMMA(Poly Methyl Methacylate) ~ PmPV(Poly
m-phenylenevinylene-co-2,5-dioctyloxy-p-phenylenevinylene) % % - 4-A. J. Miller et.
al. 2006 % T -5 R E R APmMPVE ¢ BT g B A B RBRET I E D

Fao LA HREs A

ok

¢ o BABRRIR R S BERLE /PmPVIR & R A 5

T =k

F1% Vo e 18 > i@ F o3k < 7 Filling Factor - ] 2-10 3 # #74% & 582 & 443 SEM

B o B 2-11 B &E_~ & eV frFilling Factor @] o
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HREREH P PMMAS-2 4 1S/emen# T4 - £ 8% W F eng £ plv 2

THR AR ETHESY €52 T F o Aok 2-3 A7 o ER R T AcR 2-12 0 ¥

T,

aly

36 M S R A F R F g K il iaaR p ek

THER KL 46% 0 RS
¥ 4 % (Bulk Conductivity) % 10”S/cm ©
4 231 PMMA/SWNTR =& 5L e |4 g sk 43 4 B4

Table 1 Optical and electrical properties of PMMA/SWNT composite films.

SWNT concentration in PMMA transmittance at 500 nm conductivity

(wt%)

(%

(S/cm)

0.1

92.4

0.35x 107

0.2 74.2 25107
0.3 65.6 13 x 107
0.4 52.6 25 x 107

0.5

45.7

47 x 107

% 2-4:

B

& iRt 4 T APEDOT/PSS 7 182 4507

Conductivity of PEDOT:PSS film treated with various organic compounds

MName Chemical structure £ i giScm™ )
(D)
Ethylene glycal HO™N\___oH 37 236 200
DMSO /S:O 49 396 143
NMP (j\ 46
T ¢}
o
NN-dimethylacetomide h/ 3T 37
4-Methoxyphenol* OHOOCHS 11 20
Acetonitrile CHiCN 38 288 04
Cyclohexane <:>=o 18 125 04
Nitromethane CH3NO; 38 04
Methyl alcohol CH;0H 38 1.7 04
Pyridine / \ 13 22 04

N

The dielectric constant and dipole moment of the compounds are listed as well. e, dielectric constant; g, dipole moment of molecule [32].
# The PEDOT PSS film was spin-coated from PEDOT:PSS agueous solution added with 4-methoxyphenol.
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41 CEES
1. Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate), PEDOT/PSS:% %

(H.C.Starck, 1.3wt% in H,0)

/g /GS;
S0, SOgzH

$# * H.C.Starck #7px & ¢ Baytron P(i7 % : Clevios P) » A ~ ¢ A& 5 10S/cm - fiz

En A gAY 045 um B p R B2 L TREFE LTS FRE
i#§ 0.45 M 1B % Ff 8 - PEDOT/PSS e9% 7 # 4 1.3wt%>PEDOT:PSS=1:2.5¢

2. D-Sorbitol (Acros, 97%)

£

FF A BEASS A BFET L SRR (9 0.5mm ) -
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3. D-Mannitol (Riedel-de Hagn)

_CH
HO——H
HO——H
H——OH
H——OH
~OH

F":'JF'E’L‘§~E")g * BEE A ApE o AW IET A9 ¢ ks ko 4r D-Sorbitol i &
;4pke o e $F # ke conformation o

4. Glycerol (Showa, 99%)

OH
Ho._ L. __OH
L2 BBmADE AR AV RET AEG@EP R LAFELY o nE R
SOWt%07 18 i€ *
5. FAME
7€ _CheapTubes InC.FEF - #hjs g 5 TAnmoR & 5 5-30 ume sl &R 9 5 96.32% -

TR R R EHRE L

C Al Cl Co S

96.32% 0.08% 0.4% 2.9% 0.29%

6. Sodium Dodecylsulfate, SDS

AV

NN "S'/\ -
0~ TO~Nat
T4 CNT ;33 k® ehihf o
7. E & fE= Poly Imide (PI)
TR R g Adm 2 - o
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8. #H WP F 5 Poly Ethylene Terephthalate
T 5 RIRE* g A2 - o
42 RFEXGZ FRHiFE
1. g g &
FERRF AT I
R GIATTARDE G o UM F G NHE R AR 2 BF L
oo T - g 5 2000rpm #F 304 o g R R 2 S p AT " el 1
R LR LR R St S
2. BiptcEdr
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4. 3+ 3T 5 (Tlc Plate Cutter) : Merck -
5, HBEHZHs £ I RRREF AP
6. & = F i ¢k &k 3R Fourier Transfom Infrared (FT-IR)

A% ¢ PerkinElmer 100

**57
\;
Ty

bt PERE S Y TENER

» L #cde 5 600-2000cm™ ¢
7. % ebsk/v Rk Sk ik UV-Visible Spectrophotometer (UV-Vis)

2|55 ¢ Hitach-U2000

BB TN R A o P RFEREPIIRRALHNRTNTER o
BRT BRI NG ERIRITL 20 RFF o FF Pk % B 300-700nm ek
£ F R -

8. F 8% L3 ik Raman Spectrometry

MRk oI A 40 £ 532.8nmeHeNe T & 1T ip| i > B~ 1400cm™ 1)

1450cm™ 2. edk (£ A 452 * o
9. EWw ZhiF 4t

A1 5. © Resistest RT-80/Resistage RT-80, Napson Corporation

d B e BhiF 447 02 17 3] PEDOT/PSS e feE(R> 8 =5 Qfsq.) »
d R E N EAT WP AR EESET R (o Hi= 5 S/em) -
10. &+ + &t Atomic Force Microscope(AFM)

455 Dimension 3100, Digital Instrument

FEE RS 4 BB 7 HEs" (Topography) frip £ 13 (Phase) ship 5 o+ it -
V17 f2F PEDOT ~ § PSS @ Ap2. B 4p & 35 4w 2552 FF enhd 1%
11. #4 % 3 &g Scanning Electron Microscope(SEM)

A5 ¢ JOEL-6500. JOEL-6700

R e Bz B ] B s o SEM BLRGER I oG BB A & ARy
ZR SR R ERRR > IRERY VET RAOE o
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12. ESCA

B A o TR RARREL e R TR~ F s AR R
4-3 jik e Qg ik & il iE

4-3-1% I 5 AFEER chip ¥

1. B— g 4¥g > ¥ =8 BaytronP 3% -

2. #E7k

Il

i A T RBRZEI B Af o A 5 A ] 10wit% T
90%¢e3 % o B kR F (70-90wWt%) 2 Swt% i % R 0 AMER
(10-70wWt%) 12 10Wt% 5 ¥ B o #- % AR 4c » Baytron P 3% 12 {8 » 3 x
BRI S L .

3. #-X 2.5cm*7.5cm(linch*3inch) enitgle  *7 = = 7 2.5cm*2.5cm 73 5
Aol o TARME L F RS I HE KPR o YRS ARF 15 A4
2t P ER ¢ B~ HE f R A

4, FEFH BRI ARAR R LB E T BB 1 IR R E
I A o ¥z 2000rpm ik B e 30 ) e

5. EitEEIFEIINC > B2 Elea@ P r B E 7 0
W R RE c eB - RFLRBB BRI RE AT R E
Bl @R o B BB AT & TRFEEER -

3410 AR 5 ARER AR Y S A

L
Wi%) 0 10 20 30 40 50
D-sorbitol BP BPS10 | BPS20 | BPS30 | BPS40 | BPS50
D-mannitol BPM10 | BPM20 | BPM30 | BPM40 | BPMS50
Glycerol BPG10 | BPG20 | BPG30 | BPG40 | BPGS0
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L
(Wt%)

60 70 75 80 85 90

D-sorbitol | BPS60 | BPS70 | BPS75 BPS80 | BPS85 | BPS90

D-mannitol] BPM60 | BPM70 | BPM75 | BPM80 | BPM85 | BPM90
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o o o
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£_BPGO0(Glycerol #i3 % ¢ % PEDOT/PSS 5 90Wto%) » #- 3% & 4 & i& 98%:rsk
THR T FF S AP BT e o JL IR % 4 J2RJR p 3t PEDOT/PSS 2

R eidp A A o
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5
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]
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92
|
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Concentration (Wt%)

B 5-6 : Glycerol 7 F 4332k & > 550nm & £ ¥ 7 5 & ()
5-1-3 PEDOT/PSS/D-mannital 7 & i3 /%
(ER L WA pE R £ ) I 3 R R S e —*F]'f 1% % o & D-mannitol =78 % ¥ >
EFEREFFHRRAST 5 FREFRAEF R RS T
TREBEP R ad Y WITLAgg 2 flg0 - B 5-9 ¥ v g ¥ & 550nm e
T EENF AR R DR AR LR A ALE TIWNL BT ER § &
£ ' 3] 90% 12 T o

;I.};;& PR¥ RLenth gk s 1_,,] KAz £ B B D-mannitol aE P g0
TP Eae Y% > T 4T 190Ceog R RAREEx >3 “ért D-mannitol -
18pl €% PEDOT/PSS ifp ~ d® > & 4 <h D-mannitol g2 fcH ¥ i@ - 38 3
3 > F]m ¥ D-mannitol p - 4p 0 F T kT E o

F-2ao a7 4 80wt ERPERT RFIEZ TP
AT BRI AR SR E o LY 3mm g 4
BoOXPTREEIMG I AFP R AR ARMEL 0 FEX
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100 —
98 -
96
04
02
90
85 -
86 -
84
82
80

78 H

300 400 500 600 700

f® 5-8 :

Wavelength(nm)

1% 32 D-mannitol 2. UV-Vis B|(% k&)

31



95 -
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— 931 -/ .\
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8
8 92
k=]
e
2]
c n
© 91+
|_
90 \
|
89 T T T T T T T T 1
0 20 40 60 80 100
Concentration(wt%)
B 5-9 : D-mannitol # F % &k & >t 550nm 4 £ ¥ 7 iF A (TR

5-1-4 # KA F 7 B HECAF L AP E

5w

=

d AR X GF 0 gt 3R UVAVisable SEE R B A segt o 5] 91 550nm Ao
k7 AR DEIE L B ITRE % Sl adprrie gt m&’]‘ ‘ept ¥ ¥+ PEDOT £ £
b1k 200 g (5 0.5wt%) o @R “rzegtenig sopk ¢ 3 PEDOT £ £+ 1wt
300 sz 3 (4 0.333wi%) » 2 {45 £ A 72> [§) 5-10 ~ B 5-11 4748 - ¢ SEM £

Bl AT LIMBRLERARE PN KT F PR E R B

\\\?{r

’i,' o
Ej

51 BEFHEELTERDEL(%)

a Transm. b Transm.
BPH5 99.09 BPH3 99.08
BPC5 98.21 BPC3 97.91

BPGC5 | 99.29 BPGC3 | 98.65
BPMC5 | 98,51 | BPMC3 | 98.75
BPSC5 97.53 BPSC3 98.04
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99.5
99
98.5

—&— Transm.

98
97.5

97
BPH3  BPC3 BPGC3 BPMC3 BPSC3

Bl 5-10: 1/300 £ & ' et g ¥ 7 b pR g B2 PEDOT £ 7 i ]

99.5
99
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—— Transm.

BPH5 BPC5 BPGCS5 BPMC5 BPSCS

Bl 5-11: 1/200 & & et § 7 F A4 :c 2 PEDOT % 7 3 Bl

2%k

#5252 i teprape g DT ILE A o 2V avif B L R AR
SRR BFOmAERG ARUFEFTEESTE oD AFEARE IR~
B A PUiE o A i%)ié’ﬁ?,’]&*t WA B R T o pl R UE ALY e 2R
T o @ ek EiA B 5 BPS75 - BPM80 ~ BPGO0 = R R o 2 f8#-4 52
WAATRE 5120 ¥ R DR IR EEFF kR A TR
10wWt% 3] 30Wt% T P iE T *E - o 0 B A0Wt%F] TOwWt% 2 B T Fe & gy T R
T BEAEFAAEH IR AREKS DA o D-sorbitol ehE £ A T
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# 5-2: PEDOT/PSS * ﬁgiéw,’]‘ vz B @ IR iE(Q/em)
I E D-sorb.  |D-Mann. |Glycerol
011400k
1011200k 1424k 1591k
201964k 1174k 1523k
30{718k 1108k 956k
40|305.8k 823.8k 261.2k
50(32.98k 233k 19.40k
60|11.37k 76.64k 17.31k
70/8.081k 68.702k |21k
75(5.934k 30.06k 13.29k
80(9.957K 5322k 10.434k
85(10.7k 7.33k 9.64k
0= 6.167k 8.907k
—— D-Sorbitol
—&— D-Mannitol
T -‘\g\g\ ey, Glycerol
A N\
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% 100000—E —
£ \
4 10000 3 '\.\. /\:;:\.
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2

7 ife o

34

a4 7 PEDOT/PSS ErrenE @ R 2 16> L #72 B R KA 4o » 2

oA FERAOR kR P A AT



% 53: e is PEDOT/PSS ¥ st # ik & 7 k13 [2 & (Q/cm)
BP BPS75  |BPMSO  [BPGY0
1200 [5176k  |52.56k  [70.8k  [242.3k
CNT
1300 2574k  [27.9k  [73.89k  |44.27k
CNT (390.2k)

% ¥ 7 BP ~ BPS75 ~ BPM80 ~ BPG90 » %] 5 % w R #77| 2. 3 % Ma¥e » A 4]

A& od hm g eriE A A s B R P~ D-sorbitol £ & B 4 vt 75wt% ~ D-mannitol

& p 4~ 80wt% ~ Glycerol £ £ f 4 ¢ 90Wt% & e F3E % > T3 H P A R iy

A wl4e ~ ¥+ PEDOT/PSS £ & v+ 1/200 - 1/300 7% s #t g o

d F ¢ T LF Pl AT (5 hBaytron P fde » 7 B R A K AE 6 R I en
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[ETE o @
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TR Tt R R DT IR B R ECR, 08

That R 005 Sk B D-mannitol fopd ¥ e P P E Lo £ &

Ao e ¥

s

L i

d

g ¢ o & D-mannitol [k 5] ¢ Wb e FE R 1/300 A H R R
FERET BRI E Y e fo FIMMTE AR Y | PRI E o @ F ok
A Zbe o REPRBR T Imm E S R Fl 0 B ERE S

& P B e

B F Y ERBEP 0 & CE NS T
Fh oo T SR E A KA D o A IRE > BIAIEPF § #® % F o D-mannitol
MRE SP w dts] o i d @ PEDOT et s ME2 s o @ el pFIiE
D-mannitol %3 8k » D-manntiol ¢ % it SR kg R £ @ T E o LI B E L 4o
i~ EEE T o
5-3 & sk 3#(Raman Spectrometry) 4 7

Py CRHWAE T U TR - R et b § 1445cm™
i g R fr 14220 Ap ot AR O ] A BT R RE T S AR Y Y

FREARB Y EF RS BARM o QA R Y AR R T AR A
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§ AFM “Hp| 1 % K £ e T #

<

N

% 05-50 T OUE IR 0 e T ARATESH

RG FMFOREACEROLA A 2 RB T - B 24 7 D-mannitol
g R A HE ¥ > 4 PEDOT/PSS 7t 80wt%D-sorbitol szE s b > T o R T

PLE PR R ML o 7 4r D-sorbitol £ 4 & %18 4p § 03 LA 0 F KA us

S A P 18.2nm o Al iR %1;‘7"]: 4 0.BWE% gt F > & H-F o enE K E R

=1

\ 5

73

7.3nm £h4 ] o “,ﬁE K @f/?]‘ 4e 0.33wit%mk § HENTF G A w HAm i F R

LA 4G 4350M 2 ko H R ke ERAT AR SRR e IR AT AR ¢k e

Zif__go

%551 E3ER 45 3 ML S5 3(nm)

CNT/PEDT

Baytron P

D-sorbitol

D-mannitol

Glycerol

Baytron P

1.65

2.24

18.2

2.11

1/300

435

2.60

2.21

2.37

2.40]-

7.30

2.14

17200

Undo

1.88

Clear Execute

Flatten
20,0 nm

10.0 nm

0.0 nm

Digital Imstruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
NMumber of samples 256
Image Data Height
Data scale 20,00 nm
Engage ¥ Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bp. 000

® 5-22 : PEDOT/PSS # w 2 e AFM ]
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Undo

Flatten

5.00°

0.0 °

Scan size

Scan rate

Number of samples
Image Data

Data scale

Engage ® Pos
Engage Y Fos

bp. 000

# 523 : PEDOT/PSS 4.5 4p & 7 AFM ]

Undao

Flatten

0.0 °

Digital Imstruments ManoScope

1.000 pm
1.001 Hz
256
Phase
10.00 °
-19783.4 um
-42151.3 um

30.0 nm

15.0 nm

0.0 nm

Digital Instruments ManoScope

bpc3. 001

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Height
Data scale 30.00 nm
Engage X Pos -19783.4 um
Engage ¥ FPos -42151.3 um

] 5-24 : PEDOT/PSS F 4e 0.3Wt00s g 16 & & 7)1 AFM R
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Undo

Flatten
10.0 ®©

5.0 ¢

0.0 °

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phaze
Data scale 10.000 °
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bpc3. 001

#] 5-25 : PEDOT/PSS i be 0.8WI%H3 (& & 49 £ 2 AFM

G

Height rngle Surface Normal Clear Calculator

.00 20.0 nm Height

75 10.0 nm
0.0 nm

0]

.25 Digital Instruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Height
Data scale 20,00 nm
Engage X Pos -19783.4 um
Engage ¥ FPos -42151.3 um

bpcs. 000

-
] 5-26 : PEDOT/PSS F 4e 0.5Wt%s g 16 & & ) AFM R
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Height Angle Surface Normal Clear Calculator

0.0 ® Height

1.0 °

0.0 °

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phaze
Data scale 20,00 °
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bpc5. 000

® 5-27 : PEDOT/PSS i 4e o.5wt‘%;z*¢r§ (5 45 4p £ 9 AFM
5-5-1-2 4 4 90Wt%Glycerol & PEDOT/PSS# ¥ § £ 3 I 2 4 4

£t PEDOT/PSS * if 4 Glygerols £45 + s 4 # 2 PEDOT/PSS # 5

fepEs oo B A TG L F e o KA AAp AW kg o AR A Bk A
AP AR AT ERF DL 2 LR TR ERIFT PR A

L PEDOT 2 PSS z_ FF e4p A 3 -

% 4c 1 BH 7% ik 0 PEDOT/PSS/Glycerol 3 & fdp £ o3¢ & ™ RI& 5 314 i
ML R o feifde 0.3WI%RE 3 2 ip LWL > 7 LRI A4 G T A0
A Fleng ¢ BEAH AREF o P BRLAGEN TR RLAT AP M-

e 0.5WH%mR g foAp L Host e d B HSS R G BG AR R TED > BB S

TR R 20nm Ry A Ap A BAT IR H B B A & os BT e il

‘.3:
WS

2 MERHEALB Y B I i B M 7 PEDOT v PSS 2. F 4

LT
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20,0 nm

10.0 nm

0.0 nm

Digital Inmstruments
Scan size

Scan rate

Number of samples
Image Data

Data scale

Engage ® Pos

Engage Y Fos

bpad0. 000

ManoScope
1.000 pm
1.001 Hz

256

Height

20,00 nm
-19783.4 um
-42151.3 um

§1 5-28 : PEDOT/PSS 7 4: SOWIGIycerol- & 4 =) 3 5 AFM ]

Digital Imstruments
Scan size

Scan rate

Number of samples
Image Data

Data scale

Engage X Pos

Engage Y Fos

bpg90. 000

MNanoScope
1.000 pm
1.001 Hz

256

FPhase

5.000 °
-19783.4 um
-42151.3 um

@] 5-29 : PEDOT/PSS 75 4v 90wt%Glycerol & % & 4p £ <7 AFM ]
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=i ght Angle

20.0 nm Height

10.0 nm

0.0 nm

Digital Imstruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Number of samples 256
Image Data Height
Data scale 20,00 nm
Engage ¥ Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bpge3. 000

|
# 5-30 : PEDOT/PSS-90wi%Glycerol i 4s 03Widost # 15 4 )31 AFM ]

Height £Angle Surface Mormal Clear Calculatar

40.0 ° Height

0.0 °

0.0 °

Digital Imstruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Number of samples 256
Tmage Data Fhase
Data scale 40.00 °
Engage X Pos -19783.4 um
Engage Y Fos -42151.3 um

bpgc3. 000

L
] 5-31 : PEDOT/PSS-90wt%Glycerol 75 4 0.3wt%mk ¢ & £ w 4p £ <17 AFM ]
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Height Angle Surface MNormal

.00 20.0 nm Height

75 10.0 nm
0.0 nm

5

75 Digital Instruments Manoscope
Scan size 1.000 pm
Scan rate 1.001 Hz
Number of samples 256
Image Data Height
Data scale 20,00 nm
Engage ¥ Pos -19783.4 um
Engage ¥ Pos -42151.3 um

i

bpge5. 000

.|
# 5-32 : PEDOT/PSS-90wt%Glycerol i 4s 05WI%st # 15 4 )3 51 AFM ]

Height £Angle Surface Mormal Clear Calculatar

20.0 ° Height

10.0 ®

Digital Imstruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Number of samples 256
Tmage Data Fhase
Data scale 20,00 °
Engage X Pos -19783.4 um
Engage Y Fos -42151.3 um

bpgch. 000

L
] 5-33 : PEDOT/PSS-90wt%Glycerol 75 e 0.5Wt%mk ¢ & £ ® ) AFM B
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5-5-1-3 I;T 4¢ 80wt%D-mannitol 2. PEDOT/PSS éﬂi% Z2E*F2 AFM £ 47
LR BRIEEY &G kR B8 4 PEDOT/PSS/D-mannitol % 4t AFM

A 2 A G st R DR R AR et BIRE MBS o P k4

—

0.5Wt%A ¥ 3# & P R A g & F7Rehe w2 ¢ R D] PR P BT e B
7 R NTIEE > koo W 5-38 ¢ R d M EEIR G XL P B E
%tk’aﬁ@539?HWﬁﬁiﬂﬁéﬁiﬁﬁ%#$ﬁ°“Fai$ﬂﬁ

iR ’1?\“,% 7 PEDOT £ PSS 2 [ iéhfp o #2_ ¢t » 2 kR OR 2 7 % Lol

- A

Fo it ERE ARG  BARF R AT EEETE

Height Angle Surface Normal

150.0 nm Height

75.0 nm

0.0 nm

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Heiaht
Data scale 150.0 nm
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bpmB0. 001

] 5-34 : PEDOT/PSS-80wt%D-mannitol # & 2 jLs7 AFM ]
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Height Angle Surface Normal . culator

0° Height

.0®

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phaze
Data scale 5.000 @
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bpmB0. 001

.
# 5-35 : PEDOT/PSS-80wt%D-mannitol- 7 & 4p £ 57 AFM ]

Height rngle Surface Normal Clear Calculator

.00 20.0 nm Height

75 10.0 nm
0.0 nm

0]

.25 Digital Instruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Height
Data scale 20,00 nm
Engage X Pos -19783.4 um
Engage ¥ FPos -42151.3 um

bpmec . 000

L
®] 5-36 : PEDOT/PSS-80wt%D-mannitol 75 4 0.3Wt%mk ¢ & £ ® ) AFM B
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.00 0.0 ° Height

B il =
0.0 @

R0

05 Digital Instruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phaze
Data scale 20,00 °
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

i

bpme . 000

] 5-37 : PEDOT/PSS-80wt%D-mannitol # 4+ 0.3Wt%#% # 14 4 47 £ 5 AFM ]

Height rngle Surface Normal Clear Calculator

50.0 nm Height

25.0 nm

0.0 nm

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Height
Data scale 50.00 nm
Engage X Pos -19783.4 um
Engage ¥ FPos -42151.3 um
0 0.25 0.50 0.759 1.00
pm
bpmch. 001

] 5-38 : PEDOT/PSS-80wt%D-mannitol 75 4v 0.5Wit%mk ¢ & £ ® ) AFM ]
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Height Angle Surface Normal Clear Calculator

25.0 ® Height

125 °

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phaze
Data scale 25.00 @
Engage X Pos -19783.4 um
) Engage Y FPos -42151.3 um
0 0.25 0.50 0.75 1.00
i
bpmec5. 001

@ 5-39 : PEDOT/PSS-80wt%D-mannitol i 0.5Wt%z ¢ {s % & 48 £ 7 AFM ]
5-5-1-4 ,,T 4¢ 75wt%D-sorbitoliz. " PEDOT/PSS p ﬁ‘i’g ZE* k2 AFM &2 35
d T F @] 5-40 ~ 5-41 ¥ & > ‘D-sorbitol #3F * £ 6 e kER fodp A el

AR EEALE S 7 fvd Owt% b = 3 0.5wt% > ¥ rd [ 5-42 | R] 5-46 4

Il o AR SRR AP A Lok ny g aniRAg P & o
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Undo

Flatten
20,0 nm

10.0 nm

0.0 nm

Digital Imstruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Number of samples 256
Image Data Height
Data scale 20,00 nm
Engage ¥ Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bps75.000

) 5-40 : PEDOT/PSS-75wt%D-sorbitol # # 7 5 AFM ]

Undo

Flatten
.00 5.0 °
.75 2
0.0 °

S

.25 Digital Imstruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Number of samples 256
Tmage Data Fhase
Data scale 5.000 °
Engage X Pos -19783.4 um
Engage Y Fos -42151.3 um

pm

bps75.000

] 5-41 : PEDOT/PSS-75wt%D-sorbitol # & 1p £ =57 AFM B
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=ight Angle surface Norma Clear Calculator

.00 20.0 nm Height

75 10.0 nm
0.0 nm

R0

05 Digital Instruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Heiaht
Data scale 20,00 nm
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

i

bpsc3. 001

|
] 5-42 : PEDOT/PSS-75wi%D-S0rbitol i 4+ 0.3Wt%#2 # 15 4 # ) .1 AFM )

Height rngle Surface Normal Clear Calculator

.00 10.0 ° Height
75 500 ©
0.0 @

0]

.25 Digital Instruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phase
Data scale 10.000 °
Engage X Pos -19783.4 um
Engage ¥ FPos -42151.3 um

pm

bpsc3. 001

L
] 5-43 : PEDOT/PSS-75wt%D-sorbitol 7 4o 0.3wit%s: ¢ {5 % w 4p £ 7 AFM ]
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Height Angle Surface Normal Clear Calculator

.00 20.0 nm Height

75 10.0 nm

0.0 nm

R0

05 Digital Instruments ManoScope
Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Heiaht
Data scale 20,00 nm
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

bpsc5. 000

.
[ 5-44 : PEDOT/PSS-75wt%D-sorbitol 7 #¢ 0.5Wt%## # 1 % & 3} %250 AFM )

Height rngle Surface Normal Clear Calculator

20.0 ° Height

10.0 °

Digital Instruments ManoScope

Scan size 1.000 pm
Scan rate 1.001 Hz
Mumber of samples 256
Image Data Phase
Data scale 20.00 °
Engage X Pos -19783.4 um
Engage ¥ FPos -42151.3 um

bpsch. 000

L
] 5-45 : PEDOT/PSS-75wt%D-sorbitol 7 e 0.5Wit%m: ¢ {5 £ w 4p £ 9 AFM ]
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5-5-2 # 4 7% & + B #c4x(Scanning Electron Microscope, SEM)

PUIR A R P PR BRAF AR P AR sl B 2 0 AR PR RERE A
SEM & ¥ A+ > G4k & e Bl > 2xr SEM ¢ (FiRlsE o 1 R B P R
Ao R 57 &2 PEDOT/PSS B = B enk B o $-F oSS FRL 4 &

ow ok 7 {8 5] PEDOT/PSS (il e 2 14 i fend T A& o

115.2nm

119.2nm

SEI 15.0kV  X70.000 100,.”.[.' WD 10.7mm

] 5-46 : PEDOT/PSS 4 # i 4 eh# i ]
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i
159.4nm e

100nm WD 11.0mm

SEI 15.0kvV  X70,000 100nm WD 10.3mm

B 5-48 : PEDOT/PSS 4r » D-mannitol i c9# & B
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32.1nm

SEI 15.0kV X70,000 100nm WD 9.6mm

) 5-49 : PEDOT/ |74 7% 1 8 5 B

45,é-nm 49.6nm

SEI 15.0kV  X70,000 100nm WD 9.7mm

%] 5-50 : PEDOT/PSS #v » g ¢ 7% i% {& 08 5 R
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SEI 15.0kV ){90 000 100nm WD 10.2mm

1 5-51: PEDOT/PSSH: » ﬁ’ii? ,g i &.D-sorbitol {5 ¢ i B

- f ; --C '- -

N
W8 R L RRA A ﬂi/—%&w E3TE fa ~ e%%m:— b -3 ArE

S0E 2 S Fldr & 5-4 97 o R ‘sfxl,,_z-pc' F{-i ngﬁﬁﬁﬁllfg— gREST O BIW A

U . 1 o m e
25nm 2T o MERCE B T~ R RTIER @S GZR PRV EARY
XT

PENETRE FREN A S g2 hn g P R ERETHETR

qre A d ARt e iR AR AR Bl o HAT IR R R R KRR P f R
A M3t 25nm > & @B 1Tk ttamiE BamiEie B R oA ¥R T ERRAE A
PlEEZ2 AR RAFE 2z Faie o

F] PEDOT/PSS % -k ik » Gghdg b chif %o % 224 245 o Ra B feis
Fep grok g it o okt PEDOT/PSS 3 i tef + s 7 % > #7ri i d KOH
B TR KR AR HEE KT AR P T MR Sy - A LA e

HRABAF Pl A P R feREENET RAES - 7 UFRS 0%
A IRE R R RPFAF L DETF S c ARIEE S o KERESDTIEE
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PRI T DTILE R DB o ARG ERIRE A IR Y AEWE R D
o HRARVAZMEI S A IR M - Bk

B L ARG 4 7 g R PEDOT/PSS fesc 2 (R BT AT ¥ M
Foeogp oo

456: L@BEFPERSTIESETR

Glass PI
4| B m) i Sl B (nm) it SN
(ohm/cmsqg)| (S/cm) (ohm/cmsq)| (S/cm)
BP 117.2 1400k 0.061 121.9 954k 0.086
BPS75 148 5.934k 11.39 446.9 14.94k 1.49
BPMS&0 75.7 5.322k 24.82 107.3 17.22k 541
BPG90 32.1 8.907k 34.98 75 86.16k 1.55
BPC3 47.5 2574k 0.08 1969 1228k 0.041
BPSC3 25 27.9k 2453 431 33.2k 0.69
BPMC3 73.89%k 118.8 65.76k 1.28
BPGC3 4427k 83.23k
BPC5 5176k 7615k
BPSC5 52.56k 61.29k
BPMC5 70.8k 71.8k
BPGC5 242.3k 289.7k
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*
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B E I8 KRR A ek o
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% 710 % K BE SOClz 15 en 4+ £ 1

Table 1. Observed Electrical Conductivity (S/cm) of Graphite
(pellet) and SWNT Samples (bucky paper) at Room Temperature

sample HiFco LA arc discharge graphite
pristine 700 370 240 100
modified 3500 1200 960 120

.b'_.
Bl 7-1 . SOCI2

7-3 4 % PEDOT-2 B 2 # &5

%= B> w A PEDOTeEMF B * > # X it WFPEDOTHr 2 st 2 % it
SRS PR A AP o ¥ £ $PEDOT-& Bend 448 & HAL 7 14
Bt hio & e Fur e ® s 5 % 22007 # > S.V. Selvaganesh et. al.crF= 4
%] » PEDOT & XRDemu 5L R 5 258 B o 52 > PEDOT-Auifdg & 2 3 Q|7 i

;E'J:T'JAUﬁ?f_' = ’E‘gg‘:ﬂ‘ %f_‘ o -&r—r EIEL%?% °
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Bep - e & o F G P KRR i it AFM R ¢ 0 PEDOT 4p -
FTOUER T7-1 2 Nl R A R E R 2 (ST eA o d SV
Selvaganesh et. al.#73& 1) PEDOT-4 chI@ 43l 4c™ B o d JL {37 v i & il
BT 45 & 8 e PEDOTconformation & = & ¥ % i ehuf ¥ = ﬁ;—ﬁ]& o 4ot iy
T A e b AR B & AR e

0 ‘E}u Q ] Au o

1 7-3 : PEDOT-Auss2 % i3]

FAREI R AT oL ERF PP USFEZ AR REEESDZ K

SRR ETH R TEE BT NRRER LT RRI 2 ABEEERIR G

9. 4o).T. Dai et. al.#% #1 7 %Pt;Co & & |PEDOT/PSSe 54141,
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