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FE DB RRL, SRS EREIKGS & 7 B AL B A Oy I 46 T 9K EF 4R (NC) . ZEGUKREF4E R [k
SRR 3,4-2 15 T A WEM SRR DLad BR R B AU, SRR AL 2 S A IR AR T 9k S 4 3R/
% 3,4-23% A WENY (NC/PEDOT) 4K E 4%, X NC Il NC/PEDOT B & WHt 7 A a8 . S5 g Lo
JETE 54T, BRI E W 0K 53 BOBR 1 A AL SR ) (TTO ) B ISR IATE AL &M, B R RIGKR AT 4ER
HXT NC/PEDOT &4 M ECR (O MERE M. 5%, NC 24K, P EAN 20 nm, Kk 100~300
nm; NC/PEDOT & &4+ PEDOT ¥4 7E NC R Y MU SE45H , P HAZN 30 nm; & AWEEH Y NC
Fri R 60%t, HE B Mk BE Rl HA B AT LU BE (24, 4%) , B AR R (1 s ), B S AL
#(51.8 em*/C).
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FESES  0631; 0646; TB324; TQ15 XHEARER A

R (RIS TESNIN AL IR PR T, kA A AR E n] 30 (4 S A B B, 1 ol B (8 i aed 5
FERE R R AL R BUE PR AR ET | PR IS AL L AR R 4 SR e AU A U R A
J R Y K R Deb ! AE 1969 AR KRIE T IEHLEAALY) WO, F1 1O, L BUE B IS, £ LT
ERIBEFE, JCHLARBUE GARHC 222 N T B0 6 S ng BLAR 4 2 22 S B A A= 77 BIEAL
LB R AR SN (], SRS R e, 08 A 5, PR E PR 22 A5 b, PP E BRI T
MU 7 BB " A HLA O @RS BUE A IR ST R, AR RARE PR, F LERE RS, AR
FRAFOL AT, i T LU 7> T4 MBS B s B AL, AR Ay B S B M A A 7 B — S L B
(VP A

SRS R PR E LB B K I A S TR A
HAT, FRREGYIE IR | Ve | MM S5 i T HA R RO PR, XFERE R, RERSSE B2 M@
ARA ARG ST V2 N T A O AT A L 3R 3, 4- L T EE (PEDOT) 45 S —FhBE WY (1 717
Y HANERRENEL, BHE N, IR L S A AR AR a5, DRI 80 A — P 0 55 14 P X
ARERPRE . f T PEDOT (YRS HRG I 1 431 BE AW , 5 ZIOHC s LASE 1o 5 8 s Rl n TR e, ™
PR TR B G AU R R AL AL B R A PEDOT K £ 02 B (id Ak
BE ARG AN, HEARE | SRR R ERR 2 7E PEDOT thi | A 53 —Fh i Re A kHE
IR A AR — Rl R A R N TR B R R BE (0 07 1. ATTIEHE AT PLIIRE IR T Rt 1T 2
7%, A HLIIRER 5 FR [R5 A AR P P AR P ], — 7 T a] A4 iR PEDOT (R, o5 —J7 i bk
AT A LR A PERE PTG PEDOT ROV RN > BRIV RE. SRR C MR (PSS ) & — i WA 2 A
HLER, PEDOT/PSS 7KV RAT BAF 1 BUIRIE . 7515 Bayer AG 24 R IBFFEN SR I L% AL TR A i
HRAGHA HASE K PEDOT/PSS ¥, (AL T L M 2 Wi (o7, ™ s A% &1 5t ML, fif ok PEDOT
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ANEEANIES 1 1] R 40 Joe L oy 4 HL A T 22 7

YR AR RCE T R EW R, ER F AR Z N RN 1 T, J2—FEZ AR
FAZ A 0 KR AR . i T H LA w] A v LA P B 4 S5 O A i gz T R A R R4
B AOKETYER (NC) IR T KRR A K, Jods 2/ 0H — 4L TR R ST 9 e e K2 ™. K
AMUEA KIREF R 0T L, nT AR . ol A A e, I H RS ANk a5 . mads it &
SR | i A | R R BT U L B ARSI K R AR GORET R A R (Z0h
138 GPa) 5ELRHLFAEAY (131 GPa) ™. I TR AR FEEMAEIEN, SUBTFRRAEWEN
AR A EA RAFREAE 2. L, GOKEF 22 ] LIE D 25 fe e RAUMOPE RE O R A 2k 14
WAL FEARBOR RS S8 S bR 2520 R, Aok e 2k B A W, (S e v s b R
AN E A S OGS R R B AR R R FEEE. S5 40, 9K £T 4k 25 B AN R SOU R B 1) =
YE W2 L fLEEM 45 Fh HLAT B BSO8R 1 0 T AL AIAT ML KR RE AT LA™ B 7 L b DR v L e v
R8T ORh S R R R R T R AW S | R S0 o 103k B L R A B R e

AR AR 2R S PEDOT RAFH) 4> T RIAHEAE T, K AR 3L br A, o B 8UL @k
AERY PEDOT 1E NI 5y, LA B IR & R AL, FEGIREF AR 7K - BOR T I 3,4-2 4% — 50k
Wy, SRR 2 A ARSI T NC/PEDOT K E AW, FEEIE T, K NC/PEDOT HY 7K 43 O
RE]ITO FHBIER M, W NC/PEDOT & &K, HITA L4 2 & 19 NC/PEDOT & & i 1 FiL 3
APERE. UKL YER SR 60% 0, NC/PEDOT 245 IR i i 058 (5 P RE B i, 1% 024 I AE fa 50038
OERET . BHRZJS BT | 0 (U R AEE S S s A A S LA T A ) 1 T 5

1 SRIGERSY

1.1 RXFIENEE

FRSM, B2 G BRA A PEE . A i RN JE K B8 R i ali, s Bk TR A
BT BRI BCN 98% W iIR . it 05l 37% 48 . N . SRR Sk K T /K 2 A IR BR X4 My 43 B 4l
BB R RAL TR 3,4-2 8 A MEN (EDOT, /0450 98% ) , WiilizWUgibt Rl B 43 A BR 28 7
ITO FHLIEHS, H 8 Q, JEEE 1.1 mm, RIIAERMIREHE A BR 2 Al 232 B H R f AR S A i
(5 mmx5 mmx0.2 mm) , LM ERHFRHHE A FRA .

JY98-I DN B Sl 2R BRI, T OB 2 A R FRA F] 5 80-2 B ULTE RS, &I BEI7F AR
J7; CS150 Hufb2E T AR, sRRHEAHMUERA PR R ; TU-1900 BUOGHEANAT UL A6 e T, bR #r
AR A BR ST A A 3 JSM-5900LV 94 L T B 8%, H A JEOL A Fl; Tecnia G2 4 HL T 7Bt ,
ZE [ FEI A7l Tracer 100 ZLAMGIEAYL, H A Shimadzu 23 A.

12 X

12,1 Sk F 4 E0E & W2 g MR 17 mL BEi 4030k 64% kB IR A = OB, & T
40 CHE/KIEF, HEFEIN 25 min J5AIA 200 mL 258 F /K &0k . P85 H AR U =1 fhag, IFn
ALBEFKREVER, ik, BOBTTEE, K aHL, F 8ol 80U (4000 v/min, 15 min) EH R 2
HE. e U B O R IR KT 4E R, A 150 mL 258 7oK, RS Il 20 i s s AL 75 Ab 2E 30 min,
HEFE D) 1000 W, B TAE 2 s (8K 2 s, M R R KoKV b7 10 TR i S i IR AT A 2R i 45 4. B )5
FEAHIE 1 WK, RBREIFIR PR R BRI, 155125 I 9 K 4 4 2 27

1.2.2 NC/PEDOT & &4 th#| 4  4%0.25 g B 40 37% /) HCL 5 0. 4 ¢ 54K EDOT —JFF A
B SER 1. 119/ NC /KR, B 188E 10 min f EDOT ¥12) 4380 4 1. 46 o i BB EA T—
R EE KT, RAEHEIMA LRSER T 5I KRG, #H NC o Bus M X B 1K, ffiE
BRI RN 60 g #i4q. TR FRESIHEFE 48 h. B 52U, KF BV L 4000 r/min (%55 3 B85 .0
5 min, Z FIEWORER T2 IR ATINE. H 5 200 1 S BER 5 B FoK B0 BER 2 IR, Kk
& EAbFIRREY), B EIAE NC & 55 NC/PEDOT 40K 264, ¥ NC &8 H 20% , 40%H1 60% ()
NC/PEDOT & &%y MAwic ~ NPE20, NPE40 F1 NPE6O. VARIFE T L HIA5 A &4 NC 1946 PEDOT FRic
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4 1TO BEESARK FH ATt | TIEH . LR 8 A S S v, BT, & . 430l 100 L [ 5
oM 0. 2%1%) PEDOT, NPE20, NPE40 Fl NPE6O ji R 7E ITO FH IR, MIRMEAA 1 emx1.5
em, HAEZEE T AR TH:, 53— FR %04 PEDOT Fl NC/PEDOT Hi 378 (4 58 4 . SC 36 3 #24n
Scheme 1 Fi7~.
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Scheme 1 Schematic illustration of the experiment process

1.2.3 NC/PEDOT & & ¥ i i, 808 & M s X Fr A AL Al 7e 3 i T~ 2847, SRHT CS150 # A1k
22 TAESS, B AR/ A 3 emx4 emx3 em, DL 0. 25 mol/L LiClO, Z N 8 WAE A v fife S s e, i
U NC/PEDOT 245 Y TTO B AE ) TARHA(WE) , FIH R AZS L (RE) , SAR AR
W (CE) ) =R R, TAEEBIMER XN 1 emx1 em, HFEAGEHFN 1 ecmx 1.5 cm. JEHRRE
(CV) HZAA AL TR -0. 6~0. 8 'V, N 100 mV/s. SEEHLAL IR TU-1900 BEIXOE
HCEAM-TT WL A3 G BRI [m] R B 28 80- 7T WOETE, i i Fil-0. 6~0.8 V([EF% 0.2 V), K
L 350~900 nm. 7£-0.6~0.8 V Jy el (HURZERE 4 s J5UIH0) T, SIS 530 nm i, 5@ i %
I R B s 1) A5 Ak 1 il 2 2 2 N N ). 7E-0. 6~0. 8 V Tl (FLURHERR 4 s JFUIR) T, SRR K N
530 nm, PN T 1~2 RAGER TN 301 ~ 302 YA 7 BEmE, A i i ik AR BERS (R 22 AL R 2k, 25 %20 A
P BBUEORCR (CE) BERS S AL 2 B A BTl RO s fr i, 5 SO SARL LA 25 P DB 2 A, 4
AF .

AOD =1g(T,/T,) (1)

CE = (AOD)/Q (2)
. AOD e AL s T8 T, 70 3mSR ST By ad 5 Q P L fey &

2 #£R51HiR

21 WMAAHEZNERSH

P AL P S5 A K 7 A 3R A3 BOR B 2R -] OGS AN & 1 PR, BB L RTRL, GOKREF A 2 A AT Ok
X EA B = 1B, MR IKET 4 R AE 0] WO IXGE L R . 1 B N GOREF 4 28 4 ROl S B
AT UL 3 BRI TR P LB T BT, T T T 44 3R 40 BT 5 4 6/ UL T P9 PRI . 3 B 48 3ol R 7 TR A 3L U
FH NC A ERAR Y — | it R H B R AR aE B, 0. 6% M40 K £F 2 27K 73 108 %5 A7 ik
60 d AT ZFPTIEI S, RWIFLEA M R A moke e k.

PR Vs Ml &5 5 A 7 e A B 1 o 45 1 NC A B SEM AN TEML BE R an &1 2 Bz, il L& Y, NC
SERRRGER, HAR N 10~30 nm, “FHEAE 20 nm, KJEH 100~300 nm, F+ HHG0445], HAEDHRE/N.
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FRUHI R AR e R AR — , A3 EE R AT 100
2.2 NC/PEDOT £ §¥HIF SR 80

PEDOT #il NC/PEDOT 44k & A1) SEM f& K-
i 3 . HE3(A) AT, 4l PEDOT S32484K
R LLIEUE , ORI K. T B 3(B) ~ (D)
A i, PEDOT 5 NC 245, NC/PEDOT & 59t
BT LS 3okt TRRAR G OR T 4E R B AHZE
LUE AT S5 T S 300, MRS NC & &1
ST, 118 S A S R BEAR NC/PEDOT o
5. NPE6O -2 E AN 30 nm, RTF4NC f-F sion(a) and swelling cellulose suspension (b )
PIE 2 20 nm, £ @ kxR EHE T Insels are the images of NC suspension ( lefi) and
NC/PEDOT /E%% , H NC/PEDOT [t 4ii g/g PEDOT swelling cellulose suspension ( right).
SONEAS 2 AL, X AT DAA H A o 1 - 0 A AR i, A A T e R O e R (R]. A, B A%
GUKERARGEHE Y NC/PEDOT HA R Ry LR MR, REAS I TE £ /) PEDOT %2 k. IRk NC/PE-
DOT 9K G YA AR N, A T3 e P R 174 5 F 1 .

NPE60 &) i 5t i B IR A 4 Bz, mT L, Btk NC 5P 8L, PEDOT A BE7E NC &
T, & L5 el 1) O B K E 208 200 nm (1 —4ERZ 54548, 15BH PEDOT 78 NC R E B T

B b s e gt 3] ®)

60

Transmittance(%)

1 1 1 1
350 450 550 650 750 850
Anm

UV-Vis transmittance spectra of NC suspen-

Fig.2 SEM(A) and TEM(B) images of NC

Insets are the higher magnification for clarity.

Fig.3 SEM images of PEDOT(A), NPE20(B), NPE40(C) and NPEG0(D)

Insets are the higher magnification for clarity.
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WEse gt . XA R T8 o 2 A W U DL R A 0 e B0 ek AR R A S, NI 4R . NC/
PEDOTA A5 it HiL 250AE €8 i 17 i (1]

@

Fig.4 TEM image of NPE60( A) and the magnified TEM image(B)

2.3 NC/PEDOT £ &¥IHILISMRAE

NC, PEDOT LI NPE20, NPE40, NPE60 & &Y HILLAMEIEUE S iR, NC AT 3412 em™ b
1 ANFEIE , AL O—H BEIZEIRShIE. 2900 A1 1643 em 4044 1 AW, 43 %1H)& T ¢—H B9k
X BRI S A FE K H—O—H A9 25 i3 30, 1437 em™ H—CH, FI—OCH Y1l 25 3R 30, 1368 em™ X}
NI C—H S Hh 4R 3, 1062 em™ 44 1 A5 W% i 06 XoF o7 1) S ML M 38 C—O0—C. 11 B 3232 3,
668 cm™' AL S—OH Y AR i 3R 350, AN PEDOT Y £T AN ith 2 ol LA 4, PEDOT i T
1477 em™" 2b AR ICIGE I i T IEW BF I C,= C,IXIARIZEIR S, 1358 cm™ by WIS U5 8 Ty 346 I
Co—C IR 3. PEDOT H C—O0—C 4 il 45 9% 3l X W A9 FFAE I A2 T 1204 F1 1087 em™" k. 926 il
693 cm™ ' AbHYUE I B FHEMY IR I C—S M 4ideah, 981 F1 848 em™ /3 HilIHJE F C,—H M1 P A5 i ik 5
TSNS f 4R 3. @i X AT, 78 NPE20, NPE40 Fil NPE6O (1941 4N 28 v 247 6] i H B T NC 6
FRHEIE (3412 em™) A PEDOT HY4FAENE (1358, 1204, 1087, 981, 926 1848 em™) , K WA i b2t E Ak
IR A PEDOT 5 NC JERL T NC/PEDOT 40Kk E 49

N
900
1643

668

©~
ol
<
1 1 = 1 |

1 1 l
4000 3500 3000 2500 2000 1500 1000 500
v/em™!

Fig.5 FTIR spectra of NC(a), PEDOT(b), NPE20(c), NPE40(d) and NPE60(e¢)
2.4 NC/PEDOT YK EEWHELZFEINMRZIFHE
TEAF A AT (1 emx1. 5 em) FAH[F R RGP (0. 0002 ¢) BIZ54F T, 4 PEDOT, NPE20,
NPE40 F1 NPE60 Ha, 25075 {6 38 JE O A5 H R 22 26 a8 6 Fias, 43Rl 100 mV/s. T4 KE4E R AN
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SHL, BUA 80% 9N K EF 4E K Y NC/PEDOT & & 15
WIS AR 22, AR WA U AtERE, TR 1ol

RS @ik mid 6 T, s PEDOTRY T

A Ak L A5 DA T LA 43351 Sk 0. 48 0. 02 V), <

1M NPE60 &2 £ B% 1) 4 Ak e H 57 113 5L e Fi 37 Oy o

0.41 F0.05 V, BV A WBI0 A LI (3R S os)

WG RV A . BT RE SR R A NC O AR i) I 24 285 44 Lok

RENS A RUE HE B T15 5, B NC/PEDOT #H X F 4l 08 ,

PEDOT HA7 WK1 L [, B 45 5 Bl Sl Ak id I [ Potential/V

ing , Fifig NC & = 1A W3 , AL I FE I Fig.6 Cyclic voltammograms curves of PEDOT (a) ,
ERTFREEE, Xl T NCAKGIFAFH, NPE20(b) , NPE40(c) and NPE60(d)

Kit NC B 208052 A Bl My ) i, TR LR R . T NC/PEDOT & &1
YR ZERG DL S BRIR I NC/PEDOT & W38 28U B I 45 e % B2 41k 1™ [ A B AR R R At o 2 fioh DX 35, ik
LA I 25 2 ZE i iR NC/PEDOT & & W48 H08 BRI [RI B, DT 78 S8 A0 340 J5 3k i U sl g 208 e iy 12 1L
Bir5EBR
2.5 NC/PEDOT £ & EMNIEBNLES T

4fi PEDOT, NPE20, NPE40 il NPE60 5 iy 15 s fb 2z th e an &l 7 Fos. WTLAE ), 4l PEDOT X
Y A 2 1 e MR AT AN B i, A ] DL DY i 3 B R SRR AR i, S D) I, AT R R %€
ANE| B S EAR L. 7 NC/PEDOT F 5 G T -0. 6 V HEME] 0. 8 V it ft i, fe KW eig (7 &
RAETHEMAR, €530 nm BT ARSI OR LSS, 7€ 770 nm BT A RIS 5E | HAE 530 nm 4k
NC/PEDOT & & i R WO B2 22 (H fc K, Ui G IAE 530 nm 0B (VA8 (b i o Wi . ZERAIRAY L e
(=0.6~0 V) F, 530 nm Wit B PEDOT Fil NC/PEDOT AL TR IR, s 480, fE80E i E

0.8 1.0

y 0.8
0.6 2 =
3 8
§ g 06
£ 04F =
2 S04
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0.2 09
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400 500 600 700 800 900
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©
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Fig.7 UV-Vis absorbance spectra of PEDOT(A), NPE20(B), NPE40(C) and NPE60(D)
at different potentials
Insets: Photographic images of PEDOT(A), NPE20(B), NPE40(C), NPE60(D) films at colored
state(=0.6 V) and bleached state(0.8 V).
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(0~0.8 V) 'F, ATLAFERIFE 770 nm AL I T 1 ANRRIEN IS, YR A9 2 PEDOT 1Y -7 " FEFBREE, UL
fiF PEDOT # %A 4k, PEDOT I NC/PEDOT &G M W/ i #E 5. iX 5 CV gl 2 FAH X

4l PEDOT, NPE20, NPE40 F1 NPE60 & A EAE-0. 6 F10. 8 V A7ZE (4 I8 - 4Nkl 7 4 . R Ak
EAEFI A 4l PEDOT BEAEAR R L R AR A Bt ek, (23R 5 R, 1 .4l PEDOT J&
AR 22, BARIS), Wb alJE. BEE 9K 4E R IR, A YRR A s 2 i AR 4
Hr NPEG6O () S FIAS (30 R R . 2406 i -0. 6 V HLIERF, NPEG0 & 4 Ik 52 P AR TR i 22 4,
0.8V EMBHEME @, FaAdewHE, HEABIEF S, MM R I LR % M),
NC/PEDOTH & B TH FIEPERE I @A T4 PEDOT, 7E ITO SR B FEEAT b B A 42 [ A Bh4S 11, %W
NC WIHIATE L = AE 27 2 I 2 B 2R 250 A 3k T PEDOT Y BUBEPE D K FL 028 (2 1k .
2.6 NC/PEDOT £ &# R B E L G ln i i iE 5 EMIEE

PEDOT, NPE20, NPE40 il NPE60 & & HARAEIR 1~2 A1 301 ~302 YA i iy Bt [a] gl 26 an il 8 fr
N T RREOSIEDR, T FRRMOSNETR, AT FnEh a8 5MESE T RN M.
VA E] 7 X Rags ad AR AR F] 909% i AT I 1R] V0 ) 7 R it BRI AN N ], 7 SRR AR @t
TR AR IO B (1],

50 50

S : ®) '
_dor _4or m
& S ¢
S 30f \ 3 30
= c =i d
E 7
: 20M 20M
g a g
S S
= =
10F 5 10F )
1 1 1 1 1 1
0 4 8 12 16 0 4 8 12 16
Time/s Time/s

Fig.8 Transmittance variation of PEDOT (a), NPE20(b) , NPE40(c¢) and NPE60(d) for
1—2 switches(A) and 301—302 switches(B) between —0.6 V and 0.8 V

A RS e B ) 7 ERAGT 4 s, W2 R BUE AR BEARZIR (0. 1~10 s). 540 PEDOT
NC/PEDOT RNk ESWIH r Al ¢, AL, BEE NC S & A98n, i 57 iHEZ # )y, NPE6O 1) 7 (A
/. G54 SEM S AT 1, NC/PEDOT & 45 IR ELA 4 il 14 i g Fsf (0] 2% p - 20 K £ 48 AR 22 FL&65 44 £ ik
BRI S S I 07 AT AT P & A g %o B KOG 5 i RN AR i R 25 (5 (AT)
ALK BE, NPE6O 4K A1 AT AT LIGAR] 249% Lk b, 78 2 DB RS FE AR i Al DL 21 0A 5 1 2 @
XFHE. Mgl PEDOT I AT 1A 4. 1%, WIRAE AR MBI @A, Uil PEDOT A 7E NC 2 ffi H
FEMARIE A, A e DA T 78 € B8 g B . NPE60 Y CE {E°N 51. 8 em®/C, KT PEDOT HYAH N CE
H(14.9 em®/C). B0 CE LM T NC/PEDOT 40k &2 A IR AE S 18 o i (& i AR /M BL R, 724k
BRI ERE AR . FERTAR RER Y, NPE6O HA fem M G2A B i R4 H AT(24. 4%) , feim G
B CE A (51. 8 em®/C) DL B AR R A 7 (1 s) , B A4 A A B0 (6 61 )

NC/PEDOT Z315 A B it AR Z5 RanEl 8 Ak 1 s, it 300 YL R (-0.6~0.8 V)
J& , ARE I R TSGR K, PEDOT 19 7 {E3 K3 3 s DAL, {H NPE60 X[ = (5 A%, PREEAE

Table 1 Electrochromic parameters obtained at 530 nm for 1 and 300 switches

Sample NC 7./8 T,/s T.(%) T,(%) AT(%) 0/(mC - em™2) CE/(em? - C7)
content(%) 1 300 1 300 1 300 1 300 1 300 1 300 1 300
PEDOT 0 20 3.5 20 30 148 179 19.4 227 46 48 11 46 165 22.4
NPE20 20 1.5 2.0 1.5 2.5 10.8 12.8 23.4 251 126 123 9.4 58 357 50.4
NPE40 40 1.5 2.0 1.0 20 263 3.8 42.7 44.7 16.4 129 7.4 4.9 284 30.2

NPE60 60 1.0 2.0 1.0 1.5 21.8 29.4 46.2 48.1 24.4 18.7 6.3 4.0 51.8  53.5
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2 s AN £33 300 RHLR VIS, S FEM I AT B4 BT R, Bk PEDOT 41, & NC/PEDOT & & It
G2 R R LT 1 B € AR Ak RN e B LY B, NPE6O & 45 HE AR (a3 s B W . b R 45 SR 78 45 16
NC/PEDOT 4K & & B2l PEDOT A7 B 4 iy v 35048 e M Rt A1, i — 2P 38F T NC InAJSIE
B = 2 40 A 2T 2 R 235 B £ 3

3 & it

DAL e 22 o bt | it fb 2 S AL RO R G & T & A AR NC & &1 NC/PEDOT 49K & &
JBE. ST AR YER 5 3,4-CHE T ABEM IR 4, i PEDOT A 7E NC R, B UK 200 nm
B A 30 nm IAUKERIRAZ TR L5 R, PRI = GE 9 K 2T 4k RS540 . 3 b ok i 4 A8 $ 3L T 38 K1
P I 5 P ST T 2 ke DX, ol P o S5 5 AR A%, T (R e Py ) L) A% 5 P B0 ik 7R rp
SHEEWNBRS LB RAEAAEG &40 PEDOT 286 FEARRA A GARCR. i NC/
PEDOT 4K & A BBt AN R HL R (=0, 6~0. 8 V) A H B AT 306 A S ALaA i ad A, R Bt 38 A B3 €2 A
(R E-E ), FEARFRE T EAE R EA%T LR, 0 B @R AR A R L i 3] NPE6O E
R E RS L AT(24. 4%) | fe @ i RCE CE B (51.8 em®/C) VAR AR B R ] 7 (1 s), H.
TR 300 YR J5 1% FE AR S AT e PR A A58 e R 6T L B RIS AT fg e 1 F ). PRI LG 28 60% SRy iz 52 6 b B B £
NC #fnsE. NC M AfS PEDOT BRI T A5 2B W k38 | 7€ ITO S 33 HIR sy S0 E -
[, A FIF NC/PEDOT R 1 KRR A= = K iy .
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Preparation and Electrochromic Properties of Nano Cellulose/
Poly ( 3,4-ethylenedioxythiophene) Composite Films'

ZHANG Sihang, HE Yongfeng, FU Runfang, JIANG Jie, LI Qingbi, GU Yingchun, CHEN Sheng *
(College of Light Industry, Textile and Food Engineering, Sichuan University ,
Functional Polymer Materials Lab, Chengdu 610065, China)

Abstract Nano biomaterials based on renewable resources have been of growing interest due to the recent
advances in the field of nano technological applications. Nano cellulose(NC) was extracted by swelling cotton
pulp, following with the ultrasonic treatment. The composites of poly(3,4-ethylenedioxythiophene ) (PEDOT)
with NC inclusions at different loadings were prepared using in situ polymerization with ammonium
peroxydisulfate( APS) as oxidant in nanocellulose aqueous suspension. NC and NC/PEDOT composites were
characterized. The thin composite films were obtained by drop-coating the composites aqueous suspension to
the surface of ITO conducting glass. The results showed that the original NC was rod-like, with average
diameter of 20 nm and length range from 100 nm to 300 nm. The NC/PEDOT composites were core-shell
structure with average diameter of about 30 nm and PEDOT was uniformly coated on the surface of NC. The
electrochromic properties of NC/PEDOT composite films with different NC contents were studied by
electrochemical test and spectrophotometery. The NC/PEDOT composite film containing 60% NC showed the
highest contrast ratio of 24. 4%, the shortest response time of 1 s, and the highest coloration efficiency of
51.8 em’/C.

Keywords Nano cellulose; Poly(3,4-ethylenedioxythiophene ) ; Chemical oxidation; Thin composite film;
Electrochromic property
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