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A OE O HBGER RS IRT 6-1R B2, 3- TR BT, f A AR T A R A — N - (1-C S R
HE)-6-2 BRAL TR -2 ,3- IR IR IE W e , JF TS & W) B AL T 5 BRI L A9 3 5 W S TR AL IR & i AT 1
V-3 20, BT A5 () 2R 45 0 B A @D 15 M, 76 58 0 W e DX B AT WA B9 Cotton 28007 . 3R W) R 455 17 JEC TR 1 1 i
£ TT Y T 20 A L B 5, 6 N - 0. 6 VYL RS, 7E 500 ~ 1200 nm {438 B T B B i A

I R D 820 nm.
ES 45|

A HLATLESMA R AR 27 815 15 B AT 6k
P2 LA K A= G I 45 4548 1) 32 o7 FH i S T A2 39
B 22 1 G SR BN 1 6 A bR
H T BB F g 8 5 B, PRI 3 20 4 v 508 (5 44 KL
— B AR AT R A B AT TR R e
To— KRG n BT LA BUR kT, H A
HiJE B B 7 75 800 nm B 3 A #2319 O 2 )
W IR 2 M B AT A T S I AR R
T RCHRE— B 16) o 10 f) R A 2R, EL3E 2 A R A O
T LR A LT R gl AR M
JLGIAEIR LR b A n] BE ] A AL o R 4 Y O
AN TR

FRAT R 7 TV T IV ) S i B8 57 5 | A R AR
EER VISR NP SR CEIRESEAR) N G )
5 B8 516 7 15 P MR e i 3R £ ke, 3R 5 W I il
JER A o % R R A2 780 nm Ab A W A
Cotton RN ™ Az, AT il £ T — 28 W] Ik ) e Ak~
IEECSIRAN/N e S I E P & = Vg ¢ | L
WA it — L.

TEAR SO TAR R BATR A T 6 L SCHik
B N'-(1-C BB AL ) -6-JRBE IR -2, 3- TR R
o 7 % , 300 ER A 8 A 5 R 2 T B A O E X
FOOG L PR AT BT s . A, S0 e R 7 B AR A A
) 5 ZEHEAT A BT, N T R MR S

BB, St R Ay, WA RBUE 6, RO

5 EF LR Z 18] B 25 5 0 2 IR AR T AL
R OBV =) ([Rh(nbd) C1T,) fEfk i %
T REERATE RS Y. SRR
FIA R-( + ) -1-33 L e (R-PEA) Fil S-( =) -1-
HEE O (S-PEA) I, B 153 3R & W1 3R B0 e L T
e LEBEEIE [ o] 550 5300 7 80° 1 - 50°. A W
FF 1 TR B 37 M 5 G A 3T 20 A v SO P o, H
FI i 2 11 B 575 500 ~ 1200 nm H A7 B 2 i 1 i
A, BRI 820 nm.
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1.2 (S5 F0 i & 1

'"H-NMR i 7 Bruker ARX400 ( 300/400
MHz ) A% i 36 I e 3% A0 45, B 0 50 8 A AL S
P, AR = R A A8 R (AR
TMS) . 21 4% & i1 75 [E Bruker 2 &) ) Vector22
AN AL IS . R AW F & i (Waters 1515
Isocratic HPLC pump #l1 waters 2414 refractive index
detector ) #E Ji¢ (0 315 450N 45, ¥ 77 J U 0K . 5
Sh-AT WL-3E 21 Ah W U Ot 3% ( UV-Vis-NIR ) ﬂﬂ
Lambda 900 Perkin-Elmer W U S 3% 4 ) 45, #4 5¢

Fmig i35 E TA A F ) SDT Q600 #47 iz , 22

R (CV) i CHIS40B i Al 2 T AE i 4%, B
FER oy A e, CHRHL BT 0.1 mol/L Y 1
FM DU IE T e (TBAP). TAF da MR H H 4% 4
mm - R FA A AR, T R T 22 4 O OF Bk LA B Y
SACER K TS WA H AR 1 AT 00 A TE, X HE AR Ry A
22 B Ag/ AgCL v Bl 03 AiF H A )
AR IR RS AT I T A5
PN R bR . e B Jasco Model P-
1030 BYJESCALIMAG , i FIOEAE R S em 1Y A7 583,

R A A5 CD J6iE H Jasco J-810 Y [B] — 8 i
ASCAS B 61 5 mm /) T, V8 7 O A

ARG L TA A6 Q100 #E47 I3, 17§ #5 1.
COOH COOH
Br COOH COOH
+ AlCl AIC, CHACl, i) 20% HNO, reflux, 48 h 1 H,80,, 125°C. 3h 0
r.t, T rt.6h ii) KMnOy, 10% NaOH,
ol O 0 refltx, 4 h O 0 Cre
B
0=C(C4H,5), '
NH,Ac, NaBH;CN, MeOH Q  CeHys
0 “ 950, 60 h N Lo
(Ac0),0, reflux, 1 h o) HZNC\/\/i\ 6113 // \l
7 Cul, Pd(PPh,),Cl,, TEA, THF
BY DMF, 150°C, 6 h 25°C,6h
4
Q  CeHys
Q Q N Cetlys
O. O KF, THF, MeOH
O 25°C, 30 min
Vi .
™S // Monomer
Scheme 1 Synthetic route of the monomer and the corresponding polymer
1.3 BEBHER (300 MHz,CDCL,,8) :7.62 ~7.65 (2H,m) ,7.55
13,1 S-XF MR FmEAE-1,2,4-=HFE (1) 1 ~7.58 (2H, m),7.05 (1H,s),7.04 (1H,s),
i 2.27(3H,s),2.25 (3H,s),2.21 (3H,s).

7£ 100 mL f Schlenk Ji f i A J6 K = 4 fk
£4(6.37 g,47.8 mmol) ,4-JR K FH BES (10.0 ¢,
45.5 mmol) ,Fr7% " H kg 45 mL, B F -20 C,
PR I A T Al <3 R, AUROR BT 1848 in
1,2,4-=H K (5.46 g,45.5 mmol). NG R )5
£ —20 CHEA T 20 min 51218 7+ 2 =, )
6 h J5 5 Ik, 155 B U K RO IR R AR E A 15
mL Y Eh T2 F1 50 g VK AIR G 3 W, 15 11 v vk
W ZJEMA &R, oW WA VL. 805 H
R R S TR Tk PR O K B R BE TR S
e V5 750 A5 3 o o [ AL £ TR TR AN P B A
BICER R (10.9 g, 3% 80% ). 'H-NMR

1.3.2 S-XFMEH BERE-1,2,4-= BRI (2) 1Y
B

7 250 mL = BT, i AfL &4 1(6. 62
g,21. 8 mmol) ,20% [ HE R W (45 mL). # & T
R AV A, I RS 97 Rl R TG €0 VA kS Ak &
] 9, 18 12 B € [ 1A, 48 hJE 4 Ik, 45
PR Ve E S AR B A 30 mLoJKBE 3 Kk dlh g
75 €0 [ A O B BRSSO, AL 75 mL K
F1 50 mL 10% (1) & 8 A0 BV W, 15 F A5 3 e R (8
VAR A RIS 0208 A R R AR (13.8 g,
87.5 mmol) , H BLAR (4 [E 4. [0 4 h 5451k, &
Ak, 15 0 8 v AR B0 DR . DR e A
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oA 50 mL K [E] G P S BAGE. A T IR
W TEIEWOR A S ¢ BRIREUBN, 2 SR R 45 I8 =
100 mL, 2 Ji5 1 5 1 3 12 18 i A VR ERR & pH =2,
PR A T OV M. R, DK TE 2 WL TR
B3 AR R (7.66 g, 7 5% 89% ). H-NMR
(300 MHz, DMSO-d,, 8):8.27 (1H,s),7.73
(2H,d,J =8.4 Hz),7.70(1H,s) ,7.58 (2H,d, J
=8.4 Hz).
1.3.3  6-WEEE-2,3- " RM(3) &

£ 100 mL [BiC B b, in A L& % 2(7. 66
2,19.5 mmol) , V& i iR 35 mL, ¥ fift 145 £ B (A0
W, A3 W, AR, 125 C R S 3 h 45
1. B HE A 200 g vk, 15 55 €0 7 0, FilE
TR AT (6.2 g, R 85% ). FHR
AT =2 .
1.3.4  6-WEBR-2,3- "R (4) 195 L

1E 100 mL B i BE b, m A AL & ¥ 3(2.75
2,7.3 mmol) , Z R 100 mL, i # < 3 K, A X
PRAPY, IR (BT 3AE 12 158 I A B L, IR 1 b
51k 0 E A S T B O R Sk, BT
e AR (2.0 g, 7R TT% ).
1.3.5  N'-(1-CHpPEsk) -6-IR B R-2,3- R MR
TtV % (5) 195 1

W 6-1R-TE -2, 3- R MR IF (2.00 g,5.62
mmol) ¥ F 100 mL Schlenk i 1, #1#:< 3 K. &
AR T, MABA 1-C B (1.45 g,7.3
mmol) ] 40 mL $F 7€ DMF % . 150 °C F i 6
ho 45 1k R e, R 5 B 1R R A 400 mL A #h R
VWO A R VAT . 2 K U A
T 5 38 A (bR R R, U e/ A T k=
/1, V/V) #4750 8, 1 B A K (1.94 g, 77 %
64% ). 'H-NMR (400 MHz,CDCI,,8):8.76 (d,J
=1.2 Hz,2H),8.49 (d,J =2.0 Hz,1H),8.24
(d,J=8.4 Hz,1H) ,8.02 (q,J, =8.4, J, =2.0
Hz,1H) ,4.29 ~4.24 (m,1H),2.13 ~2.04 (m,
2H),1.79 ~1.71 (m,2H), 1.29 ~ 1.23 (m,
16H),0.86 (t,J =7.2 Hz,6H) ;" C-NMR (100
MHz, CDCL,, §): 180.9, 180.6, 166.8, 137.9,
137.8,137.6,135.9,135.8,134.0,131.6,130.7,
129.4, 122.6, 122.4, 53.3, 32.3, 31.7, 28.9,
26.6,22.5,14.0; C,y H,, BINO, MS (m/z, [ M +
H] "), i1 %8 . 538. 1593 52 4 & 538. 1590
C,Hy,BrNO, JC & 43 H1 (% ), i+ 5l : C 64. 68,
H5.99, N 2.60; 5Z 4 {fi: C 64.54, H 5.80,

N 2.48.
1.3.6 N'-(1-C 5B 3t ) -6-( = H FL ik be 3L ) S
FEBER -2, 3- R PRI e (6) 1A 1k

7E 50 mL ) Schlenk Jifi v, e fin A& 4 5
(538 mg, 1.0 mmol) , it £k .44 (19.1 mg, 0.1
mmol ) , X = 7% F @ — Gk 42 (35.1 mg, 0.05
mmol ) , 7 7% P & KM 20 mL, fifi 45 <0 3 W, AR
P, 0 18 i = W R R £ 4R (296 mg, 3.0
mmol ) , 5NV H 860 AR Ol £ A5 2 S5 AR B G 41
0,25 CRN 6 h J55 k. KUE, 70 W, T4 )5 e
TR e (MR, AT b/ T = 11,
V/V) AT 4 B A5 B AR K (480 mg, 7 % 86% ) .
'"H-NMR (300 MHz, CDCl,,8): 8.76(d,] =1.8
Hz,2H),8.41 (d,J=0.9 Hz,1H),8.30 (d,J =
5.1 Hz,1H),7.90(q,J, =8.4,J, =1.8 Hz,1H),
4.26 (m,1H),2.09 (m,2H),1.75 (m,2H),
1.39 ~1.13 (m,16H),0.84 (t,J=7.2 Hz,6H),
0.30 (t,9H).
1.3.7 1-CRBEE(T) 1 E I

£ 250 mL 1Y 8 S B, e m A 7-1+ =R
(3.96 g,20.0 mmol), ¥ g # (16.0 g, 200.0
mmol) , B 45 mL, fil# <03 O, AR, i+
30 min. Z J5E R R I A S A L
£4(0.90 g,14.0 mmol ) Y HH % 16 mL. 25 C T i
F£ 60 h 45 1k S B 12 AR N 3 mL ok R T K R
JNF, Ve 4 F B, 75 7 MM, 81 A 500 mL K
FHE ALY pH =10, In A & W 6e, 70 W, T
B G BE T AR W (2.4 g, 7% 60% ) 1T
'"H-NMR (400 MHz, CDCl,,8):2.67 (m,1H),
1.40 ~1.28 (br,20H),0.88 (t,6H).
1.3.8 N'-(1-C BRI ) -6-2 J it -2, 3-—
FRILEENEE (monomer) [ 5 i

£ 50 mL fy Schlenk JiH, Je M AL &4 6
(500 mg,0.9 mmol) , — /K& AL (126 mg,1. 35
mmol) , FHzE WU S Mg 26 mL, % 6 mL,3li#:< 3
U AR, SR AR P H 8 8 05 S TR 2T £
W ,25 C RN 30 min J5 45 1k K ¥k, 730, T2
JE BT, AR QbR vk R, = &P e/ At B =
1/1,V/V) #6147 43 85, 45 3 A OB Ok (340 mg, 77 3
78% ). 'H-NMR (300 MHz, CDCl,,5):8.77 (s,
2H),8.45 (s,1H),8.34 (d,J =8.0 Hz,1H),
7.94 (d,] =8.0 Hz,1H) ,4.26 (m,1H),3.43
(s,1H),2.09 (m,2H),1.75 (m,2H),1.39 ~
1.13 (m,16H),0.84 (t,]J =8.0 Hz,6H)." C-
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NMR (100 MHz, CDCI,,5) :180.9,166.8,137.9,
137.7,137.6,135.8,135.7,132.9,132.3,131.2,
129.2, 127.8, 122.5, 82.9, 81.7, 53.2, 32.3,
31.7,28.9,26.7,22.5,14.0;C,, Hy, NO, TCZ 47
(%), {18 fH:C 76.99 ,H 6. 88 ,N 2.90; 55 {H :
C 76.91,H 6. 86 ,N 2. 86.
1.4 BEWERN—KFE

7£ 10 mL ¥y Schlenk & 1, fin A HL{K (97 mg,
0.2 mmol) , I Z£ 2 mL, ¥ M R— % 72K 3
WCRAMY 155 —A 5 mL SIS, A &4k
TREOMFREVK A ) (3.1 mg,6.7 pmol) , HIOK
0.5 mL, =Z % (2 mg,0.02 mmol). ¥& % il < -f#
PR3 W, B 25 W e AR 70 1 45
A Schlenk 48 v, B €8 Y75 R R A8 6 AT B 6
25 °CF RN 24 h 45 k. iAo B ORHG B T A
R R T R AR Tl T A5 A AT 5 [ 4K (89 myg,
FEEE 0% ). YT B T M e A Sy b e Ak ) A b
RE B, WK R/S-PEA 58L& — i fh 3 <,
P R A B B R R W R A
A" "H-NMR (500 MHz, C,D,CL,90 °C,8):
8.20 (s,1H),8.13 (s,1H),7.93 (s,1H),7.75
(s,1H),7.68 (s,1H),6.49 (s,1H) ,4.54 (s,
1H),2.41 (s,2H),2.12 (s,2H),1.55(d,J =5.5
Hz,16H) ,0.84 (t,]J=8.0 Hz,6H). C, H,,NO, T
ZM (%) 3B 1H:C76.99,H 6.88,N 2.90;4¢
B . C 76. 00, H 6. 84 N 2. 81.

2 #RE5iTiR

BEMBEWHIAMK
T A B 6-TR TR -2, 3- B R Y O vk R R
ARAR A — IR ST 5 408 — W R S o, P76 i R v G
IR FH R R R AL S kg
IR R IR A 3 S A A, 6 A U™
Yy Je ol 2 E 45 ARAR, B ORRCR AR AR R R
e Ab R 1 o A R 90 PR 4T B R I A Ji
BHA YRR, AL ™ Rl W H A 40% i fi. fEA
TAE, 2% SO RGE ot T & U 2k il s &
Yo 1A SRR AR o B A R R 2P S AL
Jei B R BB 2R AR T 58 AR, AR RCR
B BN A A AL R A B S AR WP
F N AR PR phy B 0078 R (0, 66 JRE S AL . LR
IERURCR FANGATRL et 7/ R e N N L= US
Ui AN I SO 1 N T Sl 7 o
WO 0. R W) A B i AR E M E 1 1R

2.1

AR 2% iR ELE 310 CLL . M DSC i
2k AT W 2R BT ] A B A

"H-NMR of monomer,—L

"H-NMR of polymer —~—

A
ii'x[»::H 2 2 CeHis
eSSyt
n o O Cetis

B
6.49 Hb He
1 1 J\gl

Fig. 1 'H-NMR spectra of the monomer (in CDCIl;) and

polymer (in C¢D,Cl,)

B RO R TEH R RS S,
R 6=3.43 iRy IR, BREW T AT
B 6=06.49 A & e £ 485 L & 0yt 2= A
. 1B 2 rp R b oA R C—H iR Bl i 4 ik Bl
3262 em ' RA R AN AL MK B S Y T
A W 5 Y R B YRR A 1%, G0 1780 em T Ak
C=0 My %Kil 45 P 35, 1720 em ™' 4k C=0
X R 45 PR 30 LA &% 1378 em ' b C—N i 45 4% 3
U UL BAR AL R G

Monomer

IR spectra

3262 cm™!

1378 cm™

Polymer

1720 cm™

3300 3000 2700 2400 2100 1800 1500 1200 900 600
Wavenumber (cm ™)

Fig. 2 IR spectra of the monomer and the polymer

BEYWH it GPC RAE, AR B4 51
T . R 3R G WA e A i
fp A AR 4, EAT GPC i I 25 B I8 4.
I, SEBR gy B TR PR ARSI R A
PEARERAE 90% LA L, B8 2% B B0 T R B B
FiC 5 ) R B 1) JBE O L T S I A0 I A 7R el
REAT 2 20 718 Ml > 1 i o A AN TR 9 SR 5 1, B A
e SE S LR S A EIE g 7/NibhdN e
2.2 EREUHXFEMR

B3 g il 1 AR R S Wi UV-Vis O
W SRR, AW AE 420 nm B — AN )
MR WA e, X 07 SR e AL B 3 i py i ol T A i
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VAR TSIV J 00 6 Y 5 1N 32 R 6 0 40 ) S i A A e
B — B IR £ Bk T2 BE A W £ A% — b i B K

PRI G 55 B B A 2

.

Wi 3R 2, ok 5 B 1Y)

Table 1  Polymerization results and properties of resultant polymers

Yield?

Run*" (%) M, x10~* PDI [all
‘0
1* 95 2.8 1.44 0
2u+h 92 15.3 1.23 -50°
3ate 94 10.2 2.36 80°
4> 96 3.4 1.95 0
5¢ 95 2.7 1.76 0

ab¢ Cocatalysts used were TEA, S-PEA and R-PEA, respectively;
“The polymer sample collected by precipitation in methanol ;¢ The
polymer solution prepared by dissolving the samples in THF and then

filtrating to remove the insoluble part

1.0+ Abs in CHC13
—— Monomer
0.8 —o— Polymer

0.6

0.4

0.2

Normalized absorbance intendity

0.0 E I
200 300 400 500 600 700

Wavelength (nm)

Fig. 3 UV-Vis spectra of the monomer and the polymer

in chloroform at room temperature

BRR G AR R T e TG Y.
FA[ Rh(nbd)Cl],fl TEA $EFT LSRR S Y
Tl eI M. AH )2, MR A B A R-5(#% S-PEA
JITAS 2 1 A W 0 43 5 2 B 80° AT - 50° (1

B4 45 HTAFEZMGTEENREGH UV-
Vis #1 CD St . Bl RS T 5 [ Rh(nbd) -
CL], e [m] 4 Ak i e 2 Bl A AR 300 DA I b m] DL i
SN R S T AR 2 R A BA LT 58 2 41 [
(5 Ak AR CD B3 207 B G 1 22 1. DA
4 PRI, X6 R F 420 nm &b (W IR Y CD fF
AR RE N H U B A5, il 2 A ol R
A5 71N, Cotton % 1% J& 55. LI S-PEA F1 TEA Bl {# 1k
i, S 20 0 R A A 230 ~ 330 nm Z 8] A5 i
Cotton % I ; T LA R-PEA F1 TEA Bh{# ki), 75 5
RSP CD {55 Rk, Bl Ll TEA 8 R/S-
PEA O (b4 0, H1 &  R & WA Cotton &Y

I ZR 5 R A S50 R G W A O o 3 R A Y
S AELF T RS W 28l o P Ab B, LASE 2 BR
FAHEAL TR Ul B I B 15 19 Cotton 280N Aff 512 2
REWR A S S 51E 8, 00 BV AR R ik
VSRS

4.0
R 1.0+ 413.5
I‘E ol $3.0 ~
=] q2.5 ‘g
NE -1.0} T
s Polymer in CHCl; 120 5
S 00 —— R-PEA TEA e
g ——S-PEATEA 157
= —TEA
= 110 =
= 3.0 @
4.0} N
1 1 L -0
300 400 500 600
Wavelength (nm)

Fig. 4 CD and UV-Vis spectra of the polymers in chloroform

obtained under different conditions

2.3 REYKHBLEER

BA YR ST DS 1 96 SRR 22 A A2 35 W0
AR AR i R & 5 i, BAWEHR Y
YERF &2 05 2 A 013 ) 3 J ol A8, 43 3910 % o
T B IV 2 0 Dl PR 3 B B 1 R 0 B S - Y
T AR U A TR IV i 5 O A Ry R e 3R e
LR 2 TG P AT B . R AT R A T TR O
AL 22 0 B, X L - 0.6 VR LR, 7E
500 ~ 1200 nm [ 3T £0 A0 X 30 T B 04 e 0 %
HE L R 820 nm, xf B T E i LB B T 10
Wi, S R HL R 2 1.0 V IF,820 nm (R4 4%,
FEAET 470 nm Ab i W0 6 R A BB Y

— CV curve of polymer film in CH;CN
3.0
2z
Z | ) ) L )
g 20 0 -0.5 -1.0 -1.5 2.0
2= Potential (V)
3
_§ Polymer in DCM
5 —o— Neutral
Z 1.0r —o— Anion
< —— Dianion
1 = . —.
400 600 800 1000 1200
Wavelength (nm)

Fig. 5 UV-Vis-NIR spectra of the polymer (1.0 mmol/L

containing 0.1 mol/L Bu,NCIO,) at different states in

dichloromethane

The inset is the cyclic voltagramm of the polymer film.
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M. 2R A W v Mt LA TR 1) P S5 (L TE 58 AR W X B AT W] 2 Cotton 0N -5 W 4

3

£ B 7 TR Tk W R O ) T 2T A W B £ vk T,
RY HHi i 0.6 V I HJE S, 75 500 ~ 1200 nm J§ K
AR TAETM N-(1-C R B3 ) -6-2, K 5t TR BT OB S RIS A, e ORI K

M2 ,3- R IR LW e 54, 76 [ Rh(nbd) C1], /¢ 820 nm. i TAE A MAE TP B0 ) 68 A7 250 b il 45
HEAL TR 9 RS W 2B A7 TPt A R LML e $2 it T — > T fE A &
AXIFRR A, MR R P AIESME AR B AR AT .

few) -2 3k 2 W i, B 45 23R & ) B AT e ol 1 1

O 0 N N W B

10

12
13
14
15
16
17
18
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A NOVEL CHIRAL POLYACETYLENE CONTAINING ANTHRAQUINONE
IMIDE AND ITS NEAR-INFRARED PROPERTIES

Min Luo, Jie Zhang, Xin-hua Wan

( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and Physics of Ministry of Education

College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract  Synthesis and near-infrared electrochromic properties of a novel chiral polyacetylene containing
anthraquinone imide as the pendant group are reported. The monomer precursor, 6-bromoanthraquinone-2 ,3-
dicarboxylic anhydride ,has been synthesized in a good yield via an improved synthetic route. The monomer N'-
(1-hexylheptyl) -6-ethynylanthraquinone-2 ,3-dicarboxylic imide was converted to the polymer by the catalysis
of chloronorbornadiene rhodium (1) dimer. Chiral polymers based on achiral monomers could be achieved by
using chiral (R)/(S)-phenylethylamine as the cocatalyst,which have obvious Cotton effects in the ultraviolet-
visible region. Properties of polymers,such as chirality and solubility could be modulated easily by changing the
imide group. The novel polymers have electrochromic properties similar to those of the small anthraquinone
imide molecule. Intense absorption peaked at 820 nm in the visible-near infrared range of 500 ~ 1200 nm has
been observed in the single electron reduction state.

Keywords Anthraquinone imide, Chiroptical polymer, Near-infrared electrochromism, Polyacetylene



