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Abstract

The poly[3-pyridyl-2,5-bis-octyl thiophene]film (P1) and the copolymers of poly[3-pyridyl-2,5-bis-
octyl thiophene-co-alt-3, 4-ethylenedioxythiophene] P2 (1:1), P3 (1:3) and P4 (3:1) films were
obtained by electrochemical polymerization in equal proportions with the pure monomer of
3-pyridyl-2,5-bis-octyl thiophene (M3) and 3,4-ethylenedioxythiophene (EDOT) (M3:EDOT = 6:0/
1:1/1:3/3:1, ¢/c, (mmoL/L)) in a solvent of dichloromethane:acetonitrile (V:V = 1:19) with tetra-
butylammonium hexafluorophosphate (TBAPF¢) as a supporting electrolyte, respectively. The
M3 was characterized by 1H-NMR, FT-IR and the optical properties of the polymers P1, P2, P3
and P4 films were observed by UV-Vis. Then the optical energy gap values of the homopolymer
(P1) flim and the three copolymers (P2, P3, P4) films according to UV-Vis and cyclic voltamme-
try (CV) were 2.05 eV, 2.02 eV, 1.89 eV and 2.06 eV, and the electrochemical energy gap values
were 3.56 eV, 3.39 eV, 3.77 eV, and 3.22 eV, respectively. The polymers of P1, P2, P3, and P4
films had p-type doping and n-type doping behavior. Spectroelectrochemical analysis showed
that the polymer films showed electrochromic conversion of P1, P3, and P4 from dark brown
(reduced) to light gray (oxidized) (P4 was light yellowish brown) except that P2 exhibited (dark
purple). The polymer P2 has a good electrochromic behavior and its optical contrast at 440 nm
is 42.9%, the response time is 1.1 s.
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-2,5- ZHEEEIEY (M3)RE/T AL 2R A 3RB T 3 (2,5- - 3- M e F ) B R M (P1), F:HAHILL
2l ik (M3) 5 3,4- 2. 3% & MW (EDOT) 4412 8 L (M3:EDOT = 1:1/1:3/3:1, c¢/c, (mmoL/L))A L]
BT AR RAH R T R (2,5- B -3-ME e Yy -3,4- 23 S M) P2 (1:1). P3 (1:3)F1P4 (3:1)%
FHERYIEEIE . 1 R IEIRE B (tH-NMR) A8 B 2R 3R 41 41 63 (FT-IR) W B AR M3 BEAT T RAEM R DA &
TR Fh-17 TOGHE(UV-Vis)WH R & HP1. P2. P3. PAEE 62k RE#AT T B « #RIB(UV-Vis)RI(CV)
AW TR RYPIAIZERYP2 . P3RIP4 1 L 2 LK K H2.05 eV, 2.02 eV. 1.89 eVFI2.06 eV,
BAL 2 RERR 4 5153.56 eV, 3.39 eV. 3.77 eVl13.22eV. BLEIBEYPIHEAILTER SWP2. P3.
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1. 5|8

25 20 Er, RONMEW R HATAEMITERR SR AR e M. A TR DL G T RO R
FEEPESE 2 s R SR T AT 5G] [2] [3] [4] [5]. N T ERIER W SSBLmBeRE, FEHh
i H A RE IR S Y R AR s T OE B 6], BN LR S MTEm AL, HMEHERL R &K
Az it FE R SR G A IS A AR BE 7] [8], A SCHRICEL, MEM R HAL R AN RLF, 152 BMED) (1)
EE%;%%%/:.\EEQM&E, WG T A R R AE[3 ], IRE AL AT AR AL S R A R A A
R R EPERE9]. T S R AP 1) n-F15 WE’J%%EI& BAEREMEFEP NG - 21k
(D-A)M: EDOT ;%%‘%ﬁﬁs, R R AYE IR RN 10]. ERESE B IS IR 3,4- 2458 e
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Wy (EDOT) I S WEWY 2R ALHE R AW S IRIE 1] [12], {E R M0EE S B e 155 PR R ey AL 00 R A Wi 7¢
AR AR BARE A [13], 5 B3 — D 7 BT 5 WA R SR i s RO ME Iy R R B, RSB
(R A B 14]

BT UL B ARSCHRGE T Stille 38 AR B A  D-A-D FEELfR 3-MiEnE £6-2,5- HERLIEN (M3).
gk M3 1E 0.1 M YT LSRR B (BusPNF o) ME 4 HLUA BT TR B I EAT QR SV U i — &
Bt =19:1 V:V) LR SRR BRI LA S M3 F1 3,4-2.4% — % EW; (EDOT) 3% EL(M3:EDOT = 3:1, 1:1, 1:3
c/c (mmoL/L)HAT3L BB RISV P1. P2, P3. P4, HHWIABAWEEAG. ke s FA
BURMEAR A . P I0IX 28 IS VIR AE X5 2% i U8 (A 3 AR e B AR R R 51 7

2. SCIGERSY
2.1. FERFI SR LES

3-JRAEIE: (99%), LHFEFEGRIEA AT, =T I IEmEny, Fik P nFa mRAE, 3-1Eyy
MWER: 98%, FFiMbk; 3,4-2L4% S WEY), Alfa Aesar; ZMEACN)YFI & FHE(DCM): sr#iral, s
B SRR 7K AL 2

Bt AR MR ("H-NMR): K H 26 E Varian 2 7 (Inova-400 MHz BUAZREILIRIEZEAL) (M FRA Me,Si,
H5 7128 DMSO); 2L4M k4. KA KBr kv, 42 E BRUKER A 7] (EQUINOX-55 BRI A K1),
AP 400 cm™'~4000 em™'s Ak ~ AT IROEIE AT (UV-Vis): HASE, UV-1800 43665
ihs AR 2 HT(CV): Rl RHEAF] CHI660C AL TAER, (0.1 mol/L BusNPF, I ZIEEMAE
fE I, 1TO BEFSAN TAEHAM, HRHBEAR(SCEYAS LAk, #IHRM NI, N, /Y, FH#EEN-—2~2
V, FA#EEY 50 mV/s.

2.2. BRI

2.2.1. 3-MLIEEREM MDD E R

EER, Ny SRR, T 100 mL = USRI 12.15 g (94.95 mmol)3-HlIEZ WY, 10 g (63.29 mmol)
3-RMEE, 150 mL f9EK THF, i, 55 13.1 g /K (K,CO:) M 33 mL ZETEKINAZ S Bk 2 B, il
HAJE, #2.74 ¢ A PH(=IREBH L [PA(PPhs ), CLIHEALFIEIA B L& S Rk &4, 90°CIN ¥ 20 h
VLl RNEERE, BAEERR, BNFKE, “&HE KRR, K MgSO, T8, A E M4 54l
(LR B A = 1:4 ViV 46, 13 9.6 g (=SB4 35 ), 725N 94% . FT-IR (KBr, cm '): 3079,
3025, 1568, 1476, 1430, 1325, 867, 778, 697; "H-NMR (400 MHz, DMSO): § (ppm): 8.925 (Py-H, 1H), 8.492
(Py-H, 1H), 8.119 (Py-H, 1H), 8.033 (Th-H, 1H), 7.702 (Py-H, 1H), 7.647 (Th-H, 1H), 7.435 (Th-H, 1H).

2.2.2.2,5-=R-3- Mt E MO (M2) B & R

1E Ny SR FUKIG 4T, FREC 3-HEne HEmEwy (M1) (3.5 g, 21.73 mmol) II A F| B 40 mL
(CHCl5:CH,COOH = 1:1)VE AW 150 mL BRI, BREREEE, 312 5, % N-JRACT BRI f%(8.12
g, 45.61 mmol) 7 LI B FiR e Nk R, N 4~6 ho MR E THEOKF, H(NayCO)EHR I, —4&
FBERIZKPESS, (MgSO,) T4, FREIRA:ENT 7 Baifb( LR 405 A = 1:3.5 ViV), 15226 g [k,
FT-IR (KBr, cm™'): 3086, 3029, 1572, 1483, 1426, 1322, 983, 882, 805, 701; 'H-NMR (400 MHz, DMSO): ¢
(ppm): 8.732 (Py-H, 1 H), 6 8.567 (Py-H, 1 H), 6 7.960 (Py-H, 1 H), 6 7.495 (Py-H, 1 H), § 7.474 (Th-H, 1 H).

2.2.3. 3-MEAEE-2,5- — IR EEMN (M) I & RR
7E N, SRR, FREL 2,5- - 9R-3-IEnE JEIE MY (M2) (3.92 g, 12.37 mmol) Al = ] £5 FE I} (11.80 g 31.54
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mmol) JIAEIEA 90 mL H KA 250 mL FOXL A, MR, shE2 G, B o (CRER
1L5E(1.32 g, 1.88 mmol) M HEMA B IR MR R B, 75 RS 110°C~120°C yEH P B S 14 he
A PEYE LA JE T RERE 2 B A (R B A B = 3:5 ViV), SRR, FT-IR (KBr, cm™): 3071,
3036, 2952, 2921, 1572, 1483, 1422, 1229, 1079, 1048, 898, 840, 713, 624; 'H-NMR (400 MHz, DMSO): §
(ppm): 8.891 (Py-H, 1H), & 8.874~8.866 (Py-H, 1H), 6 7.839~7.819 (Py-H, 1H), 0 7.458 (Py-H, 1H), &
7.432~7.420 (Th-H, 1H), 6 7.182~7.150 (Th-H, 1H), § 7.152~7.111 (Th-H, 2H), 6 7.067~7.045 (Th-H, 2H).

2.3. BREYHWER

2.3.1. %[2 5-ZREE-3-MLIEEAEM A9 E R (PR FIF

1 REVIEMRAE CHI166C AL =Mk RGH, DUTAFEHEREH ITO BeIgip, 0 AR ER Hk,
?@%ﬂﬁyx HL M F A 25 SR, 76 5530 N DCMEACN (V:V = L 1OWE VAR, IU T 4k /S B L £5(TBAPE)
VERCFF AR, SARME6 mM), 16-0.5~1.25 v BRALIXIEI Y, 4953858 20 mV/s F, @it 30 i
AL SRR ARG T 1TO BRI R GYIIEIC N P1 (6:0), FFKIKM 20 RIERMEEEIX

2.3.2. BE2,5-ZEE-3-MIEEEW-3,4-2 8 — SIENHR (P2, P3, P4RIFI&F
G5 2.3.1 MIFE PSSR, LR M3 5 EDOT MW IR LLAr A0 1:1. 1:30 3:1 £%
RAG =PRI RAE L, 2 Re 8 P2(1:1). P3 (1:3). P4 (3:1) (K 1),

7\
HO, ..
i /R Pd(PPh).CI,_
ﬂ + KCO THF CHCl , CH,CO,H Br S Br + Q\SnBu / \

g Toluene

Pd(PPh,),
l
~
electropolymerization
—
\
/ N
BAWRAWA >
S S S r—\
O O
—

electropolymerization 2

P2/P3/P4

Figure 1. Synthesis routes of target monomers and polymers

E 1. BfrRAMERREnEa Mgk

3. FROMSTHE
3.1, BFRLIIMNER SRR IE S

K 2 AEAAMI, M2, M3)RIZLAMEHE . B 2 BT I, M1 R RERy BR AL IE 2R E ¥ -CH-U& 73 5117 3079
em ', 3025 cm ' AL HEER, T AE 1568 em 1476 cm ' Ab UG C=C IR 4EIR BN, 75 1430 em™' 4B & -C=N-
R dRENIE, HoAth M2 H 23 HI7E 3086 cm ™', 3029 cm ™!, 1572 cm ™', 1483 cm ', 1426 cm ', 1322 ecm ' 4b43 4
HIELT-CH-, C=C FI-C=N-FHZad 54 LK TE 983 cm*‘ AbH 2 C-Br . RIS HAKR M6 HIZLAMGIE lzléﬂz
PET] I, EBERR_E C=CH HH RS2 51 3071 cm ™ F13036 cm ™', T #E 1572 cm ™', 1483 cm ', 1422 cm ™!
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AEEIACZEAL RS & C=C-C FI C=N (I 4EIRBNEME, 7F 898~624 cm™ Abth HHEL T MEWY IR C-H b HIIRBN I
UEE[15]o DRG] DA W7 B4R B IE 1

3 MR M1, M2 Al M3 725 ARG (DMSO)H ) "H-NMR . MK 3 Af 0L, #ifk M2 g pifh
AFERIE, IR E RS T AE 6 (ppm) 8.732, 8.567, 7.960, 7.495 AbHIHL; 7E 6 =
7.474 JEFEMEREIR R —ANERE S X M3 EER T LG, M3 A SRR A, R
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Figure 2. FT-IR spectra of monomers (M1, M2, M3)
& 2. BRRILIIMEIERI(MI, M2, M3)
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Figure 3. 'H-NMR spectrum of monomers (M1, M2, M3)
B 3. e EREIEE ML, M2, M3)

[RIELE 6 = 6.99 (s, 2H) H B IE  £E J: 3.98 (t, 4H), 3.34 (s, 2H), 1.80~1.26 (m, 24H)F1 0.88 (t, 6H)AL HI L
(I SO 73 3 7 e SR s i 52 WP HH 6 -OC HL -« 7 R FHE-C HL 12 e B % - CH, - FH e 585 AR i -C HL-_E AR R AT 0
CRELLAMGTE EIFIAZ RE LR S B 45 SR 7wl 0, v (] B4R H bR B Dl R B

3.2. BEYREIN-RT AT S
4 BARHAR M3 FIZEEY) P1. P2 P3. P4 S IEAE S0 A W AT R AS N R84k - mT IL(UV-Vis)
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WSO B, B R AR T A AR DS IR BRI e % 1 . AN 4 Rl LIS, ik M3 R &
P1, P2, P3, P4 43 I7E 351 nm, 411 nm, 424 nm, 442 nm F1 468 nm 4k, 554k M3 L, REVEE P4 1)
A - n] W R KA R 2T 117 nm, KRR G 34 b ok sl ie 38 570 5 — 5 Hu i) ) v v 1 A vy
FaE LY 3,4- £4% S EWy (EDOT) S G AL E L+ 11, FFSEEL T B i i # 3l, flSRG )L pife i1
ol P4 5HALKAVIHEBAALL, P4 54 - v RIRWCH IR B A IR, HRH T /07 4
A 2~V T 5 1 1) 5 A T Wy A AL RS R B T PR e 7 ML E PR 2L R, B3 EDOT Ll s, M 7R &
YIFLHORE R, (1R Lr 8 12] .

Table 1. Electrochemical data of polymers (P1, P2, P3, P4)
* 1. BEYEIR(PL, P2, P3, PARIE (L HIE

Polymers E* (V) Ed* (V) HOMO?" (eV) LUMO" (eV) Ef (eV) ES™ (eV)
Pl 1.74 -1.82 —6.54 —2.98 3.56 2.05
P2 1.60 -1.79 —6.40 -3.01 3.39 2.02
P3 1.96 -1.81 -6.76 -2.99 3.37 1.89
P4 1.61 -1.61 —6.41 -3.19 3.22 2.06

*Eox and Eyeq were onset potential of reduction and oxidation, respectively. ®HOMO and LUMO were calculated from the empirical formula HOMO =
—(Eox +4.8), LUMO = —(Eeq + 4.8). “Electrochemical band gap (Egel) were estimated using Eg“[ = Eox - Erea. dOptical band gap energies (E,™) were
calculated from the onset edge absorption wavelength in film state. (based on the empirical formula £,” = 1240/1).
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Figure 4. UV-vis spectra of monomer (M3) and polymers (P1, P2, P3, P4) in CHCl,
B 4. BAM)FREHI(PL, P2, P3, PHERRIRAS THIRVRSN - T RAIEE

BIRYFISL RN (P, P2, P3, P4)K4b-n] W1 ¥ AL U&7 B (731 9 603 nm, 612 nm, 653 nm,
600 nm)ﬂ%ﬁr%ith P1.P2.P3.P4 {620 B, HH G BRAK IR 4 718 2.05 eV, 2.02 eV, 1.89 eV, 2.06 eV o

3.3. BAYELFETRSH

H(ACN/DCM = V:V = 19:D)fENNET, TBAPFAENHEMF, KAV PL. P2 fil P4 #E LIS
H8-0.5~1.45 V 1M P3 DA -1.0~1.45 V (GO T, B HAERGIRG B R EWHE, 4515
WS o I FRSRTF I BAE R B, DR LG 0 2R S A0 th ISR i, I HL3Lh P4 B LR I BE Y
B, RonIEIEIE Y LN 4 s 2 ] EDOT 5 HEF IR 51 25k e g PR B 2Rk A A LR 25 i Ak, BAeK
PRI D B AE & . I IZ BRIy AT TR AR AL B )32 A SR B 25 AR [12]
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Figure 5. Repeated potential scan electrochemical polymerization of (a) P1, (b) P2, (c) P3 and (d) P4 at 20 mV/s in
ACN/DCM (19:1, v:v) solution containing 0.1 M TBAPFon ITO electrode

5. £ 20 mV/s T, 0.1 M TBAPF¢ 89 ACN/DCM (19:1, v:v)i&i =, 7 ITO JIE b 34 &k M6 5AEIRE/ EDOT
BT IR 2 B2 T4 (a) P, (b) P2, (c) P3 A1 (d) P4

6 ZEAW PL. P2, P3. P4 MJFEZES 0.1 M ] TBAPF, 45 Z iAW i CV B, HAr = diifk
AT 5231 R, EFAHEEEMBERAN-2~2V EEREEN 50 mVs ). WRIEEY P1 #EIEIRR 2% B

—*—P1

[ ]
1

Current Density (mA/cmz)

Potential(V)

Figure 6. Cyclic voltammograms of the polymer films of P1, P2, P3, P4 in 0.1 M TBAPF, of ACN solution at
scan rate of 50 mV/s

& 6. B2AYERE P1, P2, P3, P4 7£ 0.1 mol/L BuyNPF,ACN HEfEERMA 22 E
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TR, 7E 174 V AR —ANEALEE, T HAE-1.82 V AR LR JE I . FIFS RY P2, P3. P4 %4
B HIES 7518 1.60 VL 1.96 V. 1.61 V iHILFHBRIE-1.79 V. -1.81 V. -1.61 V. P3 5 P1, P2 Ml
P4 BAABCKIEMBIRIERN LB 80& ., IF H P3 fEFANFBAL BA PIXTIE, 737 #£-0.48 V F1-0.56 V. 7]
REE RN R AW HICH ) 3,4-2.8% 5 EW; (EDOT) RN e A F 0 40 30l 2 5 BA AR S B[ 12]

I n-B A p- B AR IGIR 2 - R RAG A, 275 SOk T k[ 16] 1 5 SR A P i Y HOMO REZ A
LUMO 62}, 305 AR 12 R H5d v 260 G e Ak 22 R IR ol A (R S MR I K A TR B D IS 1) — R A1
FRER, IR PTE A OCEREEIC SR 1

3.4. REBELFESH

T BRI A et EDOT 55k M3 & &, FEHZT 7RG HEEY P1. P2, P3. P4 i
P L SR A 1

] UV-2450 % 4h-1] WoGIEAC S CHI6G60 HLALZ TAERGHCH, i8It =k £48(0.1 mol/L TBAPF,
CIEAERE I BRI ) P1. P4 FIFETE 0~1.5 V 2648 FIIK, 1M P2 7E 0~0.8 V Al P3 7E 0~0.5 V i P
A HE AL A . ITO EEREMIRR G A 2= an & 7 Fros, B IS8 AM RO 1 #8-5 H Wil
LHE S — 5 WGy, WA H R AW P1. P2, P3. P4 /£ ACN )47 BR(OPT = 1240/2) 55l
H2.05eV. 2.02eV. 1.89 eV F12.06 eV,

1.4 2.0
1.8
1.2 1.6 i
1.0 144 o
8 0 1.2 /0 \ ~ow
= 0.8 o \ —05v
< = \ \ ——0.6V
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Figure 7. Electronic absorption spectra of P1 (a), P2 (b), P3 (c) and P4 (d) on ITO in 0.1 M TBAPF¢ of ACN solution at
various applied potentials between 0 and 1.5 V for P1, P4 and between 0 and 0.7 V for P2 and P3 is between 0 and 0.4 V

B 7. 1215 1TO IIE_LHREWEIR P1 (). P2 (b)y P3 (c)F P4 ()7 0.1 MTBAPF/ACN /&iH, EARFIRET:
P1FAP4fE0V~1.5V, P27 0V~0.7 V # P3 7£ 0 V~0.4 V SEE K L IMRUI AL E
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T RS T REVEB A A A B . — R, REW PL. P2, P3. P4 A z-n IR
Wy Bt 2 L SL S AT IS RIS B837E 650~850 nm 18 B A T2 Jeir (R R e oty 3K 3 I R far B 1 RO T
JRUA K& IR A W B U T [17] (18] AERXAS s fb A R rp, HBi /e p RS TS, P1L P2, P3.
P4 RN EIRER T, REKE, e, R0, MAEBIRE T NG, KT, KRG, HH
Bt

3.5. BEYEIRAFHEEE Ikt 4T
8 A 25~500 mV ' ISR T 4 IS B S P2 P3. P4 JHEIEAE A (R4 T L 25 5 T AR S

45 6
o
- 4.01 f 25 mvss £ 54
S
« 3.5 A ——somvss <
\E 3.0 —womvs E 47 b
—— 150 mV/s
E 2.5 I 200 mvis s 34 /A/‘/b/
~ 2.04 il ——250mvis ]
z 1.5 /, 300 mV/s 5 2
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Figure 8. Scanning rates of dependence of (a) P2, (c) P3 and (e) P4 in monomer free ACN/DCM (19/1) solution with 0.1M
TBAPF; at scan rates of 25, 50, 100,150, 200, 250, 300, 350, 400, 450 and 500 mV/s. Relationship between anodic (O) and
cathodic (A) current peaks as a function of scan rate for (b) P2, (d) P3 and, (f) P4 films
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Figure 9. Optical transmitting changes for P1 (a), P4 (d) at 730 nm and 747 nm (0 V - 1.5 V); P2 (b) at 440 nm (0 V - 0.7 V)
and P3 (c) at 778 nm (0 V - 0.5 V) 0.1 MTBAPF¢in ACN solution was used for electrolyte from Ov to 0.5 v with a residence
of4 s (P1, P3, P4) and (P2) with 5 s

9. 7£0.1 M TBAPF, B Z FE B R BUA R P BNE R L B : P1 (a), P4 (d)7E 730 nm F1 747 nm &4 5),0 V~1.5 V,
T P2 (b)7E 440 nm (5s), 0V~0.7 V;P3 (c)fE 778 nm &, 0V~0.5V

DOI: 10.12677/ms.2019.96076 609 PR R


https://doi.org/10.12677/ms.2019.96076

LS IO

4. g

ASCEI Stille BB A T — o AL Ak, B A e B = EM ) M3, ik M3 5 EDOT H LG4
96:00 1:1. 1:3, 3:1 B AR AR IUME R R EWEEE, 79028 P1(6:0). P2 (1:1). P3 (1:3). P4
(3:1), FiEE UV-Vis 5 CV BITHEEATREEERER 7058 2.05 eV, 2.02 eV, 1.89 eV f12.06 eV, Hifk
SERERR TN 3.56 eV 3.39 eV, 3.77 eV A1 3.22 eV. BEWEIREAG B p-BA n- BB AT . Hb
AL SE TR A, AR T P2(RRIRE K ) AN P1. P3. P4 RILH HIRERELGER)
FIEKEEM) G, P4 B BRI R BUR (U 4 . HRHE S35 AR Lo B T R R
P2 HERIE R (% T)RoR, HEEY P2 1F 440 nm AL HI =X LR 42.9%, WREFEI 1.1s, HHAR
R RBEEIERE, TS X SARME B A B 384 v BAG AR s 038 76 B F 12

E&WMAE
TR E X H IR FE G (Nos. 21164011),  Hr g8 K718 1 f5 2 B 4 (Nos. BS150233)0 A TAER 3 HF.

SE

[1] Waltman, R.J., Bargon, J. and Diaz, A.F. (1983) Electrochemical Studies of Some Conducting Polythiophene Films.
The Journal of Physical Chemistry, 8, 1459-1463. https://doi.org/10.1021/j100231a035

[2] Pouwer, K.L., Vries, T.R., Havinga, E.E., Meijer, E.-W. and Wynberg, H. (1988) Poly-1,4-diketones Obtained by the
Stetter Reaction: A New Route to Conducting Heterocyclic Polymers. Journal of the Chemical Society, Chemical
Communications, 21, 1432. https://doi.org/10.1039/¢39880001432

[3] Roncali, J., Garreau, R. and Lemaire, M. (1990) Electrosynthesis of Conducting Poly-Pseudo-Crown Ethers from
Substituted Thiophenes. Journal of Electroanalytical Chemistry, 278, 373-378.
https://doi.org/10.1016/0022-0728(90)85147-W

[4] Lee, K. and Sotzing, G.A. (2001) Poly(thieno[3,4-b]thiophene) a New Stable Low Band Gap Conducting Polymer.
Macromolecules, 34, 5746-5747. https://doi.org/10.1021/ma0106245

[5] Kumar, S.R.C. (1998) Advances in Conductive Polymers. European Polymer Journal, 34, 1053-1060.
https://doi.org/10.1016/S0014-3057(97)00204-8

[6] Li, Y. and Zou, Y. (2010) Conjugated Polymer Photovoltaic Materials with Broad Absorption Band and High Charge
Carrier Mobility. Advanced Materials, 20, 2952-2958. https://doi.org/10.1002/adma.200800606

[71 Groenendaal, L., Zotti, G., Aubert, P.H., Waybright, S.M. and Reynolds, J.R. (2010) Electrochemistry of poly(3,4-al-
kylenedioxythiophene) Derivatives. Advanced Materials, 15, 855-879. https://doi.org/10.1002/adma.200300376

[81 Rousseau, T., Cravino, A., Bura, T., Ulrich, G., Ziessel, R. and Roncali, J. (2009) Bodipy Derivatives as Donor Mate-
rials for Bulk Heterojunction Solar Cells. Chemical Communications, 13, 1673. https://doi.org/10.1039/b822770e

[91 Chen, H,, Lu, Y., Ong, T.T. and Ng, S.C. (2009) Synthesis, Characterization, and Properties of Regioregular Conju-
gated Polymers Containing Quaterthiophene and an Acceptor Repeating Units. Journal of Polymer Science, Part A:
Polymer Chemistry, 47, 2163-2171. https://doi.org/10.1002/pola.23313

[10] Hong, K.H., Oh, K.W. and Kang, T.J. (2010) Preparation and Properties of Electrically Conducting Textiles by in Situ
Polymerization of poly(3,4-ethylenedioxythiophene). Journal of Applied Polymer Science, 97, 1326-1332.
https://doi.org/10.1002/app.21835

[11] Abdiryim, T., Jamal, R., Zhao, C., Awut, T. and Nurulla, I. (2010) Structure and Properties of Solid-State Synthesized
Poly(3’,4’-ethylenedioxy-2,2":5’,2’-terthiophene). Synthetic Metals, 160, 325-332.
https://doi.org/10.1016/j.synthmet.2009.10.033

[12] Roncali, J., Blanchard, P. and Frere, P. (2005) 3,4-ethylenedioxythiophene(edot) as a Versatile Building Block for Ad-
vanced Functional Pi-Conjugated Systems. Journal of Materials Chemistry, 15, 1589-1610.
https://doi.org/10.1039/B415481A

[13] Shuai, D., Ahmat, A., Ruxangul, J., Ling, X., Ziping, Z. and Tursun, A. (2018) An Electrochemical Sensor of
Poly(edot-pyridine-edot)/Graphitic Carbon Nitride Composite for Simultaneous Detection of cd** and pb*". Materials,
11, 702. https://doi.org/10.3390/mal1050702

[14] Gunbas, G. and Toppare, L. (2012) Electrochromic Conjugated Polyheterocycles and Derivatives-Highlights from the
Last Decade towards Realization of Long Lived Aspirations. Chemical Communications, 48, 1083-1101.

DOI: 10.12677/ms.2019.96076 610 PR R


https://doi.org/10.12677/ms.2019.96076
https://doi.org/10.1021/j100231a035
https://doi.org/10.1039/c39880001432
https://doi.org/10.1016/0022-0728(90)85147-W
https://doi.org/10.1021/ma0106245
https://doi.org/10.1016/S0014-3057(97)00204-8
https://doi.org/10.1002/adma.200800606
https://doi.org/10.1002/adma.200300376
https://doi.org/10.1039/b822770e
https://doi.org/10.1002/pola.23313
https://doi.org/10.1002/app.21835
https://doi.org/10.1016/j.synthmet.2009.10.033
https://doi.org/10.1039/B415481A
https://doi.org/10.3390/ma11050702

R - SR 4%

https://doi.org/10.1039/C1CC14992]

[15] Abdurashid, A., Ahat, B., Mirzehmet, A., Awut, T. and Nurulla, I. (2016) New Soluble z-Conjugated Polymers Con-
taining 2-Diisopropylamino-1,3,5-Triazine Unit: Synthesis, Characterization and Optical Properties. Journal of Poly-
mer Research, 23, 92. https://doi.org/10.1007/s10965-016-0929-1

[16] Baran, D., Balan, A., Celebi, S., Meana Esteban, B., Neugebauer, H., Sariciftci, N.S., et al. (2010) Processable Multi-
purpose Conjugated Polymer for Electrochromic and Photovoltaic Applications. Chemistry of Materials, 22,2978-2987.
https://doi.org/10.1021/cm100372t

[17] Beaujuge, P.M. and Reynolds, J.R. (2010) Color Control in Pi-Conjugated Organic Polymers for Use in Electrochrom-
ic Devices. Chemical Reviews, 110, 268-320. https://doi.org/10.1021/cr900129a

[18] sk L. (REETBR. K HOMO RegM45/ 2 R SEGHOR PR BE AR B TE . & B OGARYERE[D]: [fl - #4718
). big RS, 2011,

[19] Heinze, J. (2010) Cyclic Voltammetry—“Electrochemical Spectroscopy”. New Analytical Methods (25). Angewandte
Chemie International Edition, 23, 831-847. https://doi.org/10.1002/anie.198408313

[20] Ming, S., Zhen, S., Lin, K., Zhao, L., Xu, J. and Lu, B. (2015) Thiadiazolo[3,4-\r, c\r, ]pyridine as an Acceptor toward
Fast-Switching Green Donor-Acceptor-Type Electrochromic Polymer with Low Bandgap. ACS Applied Materials and
Interfaces, 7, 11089-11098. https://doi.org/10.1021/acsami.5Sb01188

[21] Jian, N., Gu, H., Zhang, S., Liu, H., Qu, K., Chen, S., et al. (2018) Synthesis and Electrochromic Performances of Do-
nor-Acceptor-Type Polymers from Chalcogenodiazolo [3,4-c]pyridine and Alkyl Prodots. Electrochimica Acta, 266,
263-275. https://doi.org/10.1016/j.electacta.2018.01.099

Hans )X
PR RN R

1. FTJF5AM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TRFRMEERE: [ISSN], HIAMITI ISSN: 2160-7613, R[] #5if]
2. FTHFHIM B 7T http:/cnki.net/
Fofl B FRSCEk AR 3t FINSCEARA, RITTE

hEE S http://www.hanspub.org/Submission.aspx
WITIMRAE : ms@hanspub.org

DOI: 10.12677/ms.2019.96076 611 PR R


https://doi.org/10.12677/ms.2019.96076
https://doi.org/10.1039/C1CC14992J
https://doi.org/10.1007/s10965-016-0929-1
https://doi.org/10.1021/cm100372t
https://doi.org/10.1021/cr900129a
https://doi.org/10.1002/anie.198408313
https://doi.org/10.1021/acsami.5b01188
https://doi.org/10.1016/j.electacta.2018.01.099
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	Electrochemical Polymerization and Its Electrochromic Properties of Polymers Containing 3-Pyridinyl-2,5-Dithiathiophene in the Main Chain
	Abstract
	Keywords
	主链含3-吡啶基-2,5-二噻基噻吩的电化学聚合及其电致变色性能研究
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 主要试剂与测试仪器
	2.2. 单体的合成
	2.2.1. 3-吡啶基噻吩(M1)的合成
	2.2.2. 2,5-二溴-3-吡啶基噻吩的(M2)的合成
	2.2.3. 3-吡啶基-2,5-二噻基噻吩(M3)的合成

	2.3. 聚合物的合成
	2.3.1. 聚[2,5-二噻基-3-吡啶基噻吩]的薄膜(P1)的制备
	2.3.2. 聚含[2,5-二噻基-3-吡啶基噻吩-3,4-乙撑二氧噻吩]薄膜(P2, P3, P4)的制备


	3. 结果分析与讨论 
	3.1. 单体的红外光谱与核磁共振氢谱分析
	3.2. 聚合物的紫外-可见光谱分析
	3.3. 聚合物电化学行为分析
	3.4. 光谱电化学分析
	3.5. 聚合物薄膜的扫描速度依赖性分析
	3.6. 聚合物薄膜的电致变色响应时间及对比度分析

	4. 结论
	基金项目
	参考文献

