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1,1 X AL ) — 8k (dppf, 98 %), AU T BE4H (98 %) » = (. IF R FE PN D — 4 (pd2 (dba) 3,98 %) Al
3,3 -TR-2, 2 - BRWEWY (97 %0) ¥ B T A it 3 Ak 2 A-E N N-ZUH RO e (98 %0) L 4-( FE = 2R e (98 %)
1 4-C9 H - ms-9-35) 2 iz (98 %6) W 8 4B M BT ZR v 4k T4 BR 2N . U T 35 i3 S iR % ( TBAP, 98 %0) Il & F 4B
M A R A TA BRZ AL T 80 °CTF FL28 M BE O i b 385 it A 43 v 4 HR 2R R — & H e (DCMD 223 CaHL, Ak
B K5 AR R AA Fh T IR ARAT. (S i S O N5 W & T I R T AR AR R B AT BR 2N 7.

45 B H 3SR C 3%l 8 AR P2 19 Bruker AVANCE [T HD 03215 310 (14 . 80 (14 J5 135 2 7 4 [
F 472 1) Bruker ultrafleXtreme MALDI TOF/TOF Ji i 4% & i 150 F5 2] 1. 21 4635 Bs (FT-1R) J2& 78 55 [H
e = 7124 W) Nicolet 5700 b P17 75 . W b 2% P B2 76 5 - J7 3 Autolab PGSTAT302N I i 45 48
Ah-0] UL R KR J2 AE 35 [ 30 4 SR ORK R B4 AT BR 28 7 Lambda 25 UV-VIS YA b i85 2] 6. 58 4 4y 1
B OW T S5 B 76 H 48 Hitachi 23 &) Regulus 8100 948 v 55 3 4Y _F 752 1.
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T2 ¢ hy S H gt T SR e VA TR CR AL R 50 ) 3R A 1 3 I 1) 45 40 AR R N ) 1 .

PEIRAR 2 AR = AR R N FEAT . TAE B TTO B 55 e M, X e B A BB (T AL . 2 em X
2 em) . S LHLCH Ag/AgCl M. R G Wi AR 215, R ] = M BRI R AE & A SR i BT 1 25 1 IR S W
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RG YRR LT Ak B 0 B AR B SR R A BT A LS TR AR TR N TR 12 h(60 ).
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2.1.1  BAfK 4-(AH-ZWEWY[3,2-0:2'3"-d JMEIK-4-K ) -N , N-H 5Lz (TPDA) 94 i

3.3 - -2, 2"-BEBE W (0.64 g. 2 mmol). A T BEHY (0.19 g. 2 mmol). pd, (dba), (0.018 g,
0.02 mmoD) 1 dppf(0.22 g,0.40 mmoD) JI & T X OB . A 15 mL JTo/K H 2K %N, ffir T =R
PEFE 30 min J5 I 4-ZFH-N L N-ZH R (0.27 g.2 mmol) , N, 37 F 13 52 W 48 h [ W 5 ¥ 31 81 %
W FL2S S0 T e ZR IR 2 W, FHAR AN 3R KRN = G W JGe AT 22 R &6 B, W SR A BILAHL, TE 28 25 B A BILTAS 371 o
R A JZ BT GRS FH R SR /A EETR 5 R R R B 15 1000 HEAT IR WA 1R 28 8 K (0.25 g,
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PR 429%) . HINMR (400 MHz,CDCl;)8:7.42(d,
J=8.8 Hz,2H),7.12(d.J =5.6 Hz,2H),7.07(d,
J =5.2 Hz,2H).6.83(d.d, ] =8.8 Hz,2H).3.01 (s,
6H)."* C-NMR (100 MHz, CDCl;) 6 144.62,138.
86,133.59,128.51,128.12,124.27,123.08,112.67,
40.90. HRMS (Maldi-Tof) : Cis Nyy NS, , 3 i85 {1,
298.060 4, 5ZI{E ,297.882 6.
2.1.2 K 4-(AH-ZBEWR3,2-b.2'3"-d Mk ig-4-4
HO-N, N-— 2 Jlig C(TPPA) Fl 4-(4A-C9H -1 mg ) 2
Fe-a H)-—EW[3,2-0:2'3"-d ] (CPTP) i 4 i
PP ARG A B TR R 2.1, 1, R ) 22 Ak J2 4%
AN N-TH R e B 4 Dy A g =R e B
4-(9 H - mg-9-56) 2 e RAEEAE 40 F -
W4k K TPPA (0.32 g, 7% % 38%):'H-
NMR (400 MHz, CDCl;)8:7.42(d.J = 8.8 Hz,
2H),7.30(d,J =3.2 Hz,2H),7.23(d, ] =3.2 Hz,
2H),7.19(d,J =8.8 Hz,2H),7.15(m,8H) ,7.04
(t,] =7.2 Hz,2H)." C-NMR (100 MHz, CDCl;)
8:147.55,145.88,144.08,138.85,133.48,129.37,
128.45,128.14, 124. 40, 123.43, 123.13, 116. 54,
112.22.HRMS(Maldi-Tof) : Cos Nis NS, , B {1
422.090 1,52 ,421.901 5.
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The synthesized routes of PTPDA, PTPPA and PCPTP films

KRB OB AR CPTP(0.34 g, %% 39%) :' H-NMR (400 MHz,CDCl;)8:8.16(d,J =8 Hz,2H),7.81(d,
J =8.8 Hz,2H),7.72(d,] =8.8 Hz,2H) ,7.46(m,4H),7.32(d,J =7.6 Hz,2H),7.23(d,J =5.2 Hz,2H).
¥ C-NMR(100 MHz, CDCl;) 8 143.83, 140. 84, 138.75, 135.28, 133.49, 133.30, 128.47, 128. 14, 126.07,
123.83,123.46,120.41,112.19,109.69. HRMS(Maldi-Tof ) : Cos Nis N, S, , B {H, 420,084 2, S ,419.909 0.

3 Bl B AR AL 5 W 1) HLAAC G s 2 L IA] 2.
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Fig.2 The synthesized routes of PTPDA, PTPPA and PCPTP films
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DA.2 mmol/L TPPA 1 2 mmol/L CPTP 7E& 4 0.1 mol/L TBAP 1y — & H =B W i 1E IR L Hh £ 14,

A HEE R 100 mV/s. ANE 3 Fa[ LIE H .3 Fh 2R i 5 —
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FEIE 241 L R 2R A i SE A B TPDA (156 — B P A 010 06 3 391 BRAE 0.94 1 1.20 V &b, AT RLHE T
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&3 TPDA(a) « TPPA(b) FICPTP (¢) #E0. 1 mol/L TBAPH 48 HBEi il i) 22 Pl A IR 22 h 2 P

Fig.3 Continuous cyclic voltammetry curves of TPDA(a), TPPA(b) and CPTP(c) in the 0.1 mol/L TBAP/DCM solution
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FC—HRYmAMS RS 1. B A = 2R e F0RR BT S, R BT R A AR Ak, B AN 1 600, 1 433,
1 209H1 1 082 em ' Ab I 3% 5 H AH X T TPDA ZL /M Bl — & B2 B B9 F% oy, J2& /1 = 2% g fn R mk B 50 L
RIEARERI Z51E R, Hrb 1 317 em™ "IN Hfk TPPA 258 H iy C— N IR 3, 780 om ' b 04 Jy = R i 4%
WL C—H MRG58 ;1 270 ecm™ "1§&R CPTP iy C— N 843, 1 475 A1 780 cm ™' b Wg hy Il e 34 I
C—HMZ M Rsh 5. B G50 LLA H 690 Fl 650 cm ' Ak A4 06 B W 36k 55 , UF B 3B & FEWEW Y 2-( b 47.ih T
SR R C— H R IR SITE 1 317 F1 780 cm ' BFFIT T, R A 5 % 6 5 FE A B R 55
U = KR IT S 5 T RE AR S M F Bt — 38 . % F CPTP 2k i5i,1 475,1 270 A1 740 cm ' Ay IR
BEA C— HIH N T NS IR 30, A W BT A0 ik P P e (A8 55 UE B R BTt 2 5 T R G001 382,1 2751
1230 em "ERYIEE R G E C— N # RS IE ML 51 A 1.1 077 cm™ ' AL W & 49 21 40 0 B % BT CLO, I ¢
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Fig.4 FT-IR spectra of the monomers(a) and resulting polymer films(b)
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RO IE 51 5 45 2% B8 1 (0 458 S I AL 3 25 3 VD DRI Ry 1 agE — 2B LB R 5 0 T )
WZEHY 32 F SEM X} il & R A W L m 64T 7 R A4E (B 5). 0T LLE 1, PTPDA R &Y MK m 8 T
V2R R R Y I, B or o7 80T HE AL 2. PTPPA & W 3 I 3R 18 i 177 2 40 /N 1 UKL (2
300 nm) 2 B, 34 K 3k 2 B 700 nm 22 A7 B K WKL PCPTP 38 4 4 18 1 2 1 J0URE AH %o 458 20> , 3% 1 AH X S
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W — b (s BT B HE R K BURL. 55 A1, X SR G W v T %) W T VR B E AT T R AE . PTPDA . PTPPA Al
PCPTP 3 844 1 B il JEL 32 45314 268.0 nm .232.2 nm H1 274.7 nm. M\ 3 Fi 524 1 7o 15 1% 2 i 55 ml L),
F AN TR IO 3 A B 1 3R 5 W 3 5 114 T S5 s A AN [R) 3 6k JE g 7 s ] 0 BB A — A 1 52

pCPTP 8

[€l5  SEAVTEEPTPDA, PTPPAFIPCPTP (¥ IH TS SEM P (37 Pl >y b1 52 FE 0 1))
Fig.5 Suface morphology of PTPDA, PTPPA and PCPTP films(Inset image:the cross-side morphology of polymer films)
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Wy e REEAE AN W) it T rE T A 58 A0 AT LW SCRE M it e FE AR 0.0 VOB PTPDA #EARTE 478 nm 41 3L T
i I WSO 32 W SO0 AT LA U Je T W Wy O ML g SRS SR 11 - ¢ R WO, 2 T B 1 I A e A5 2R B
I S R AR 210 5 A R B e KR B W B K 610 nm B IE AR E, =1 240/ e » (E: 20 T HIAFBR
eV A oo + A B W50 HP-FT DL WSO [ 35 3 il £ 10 4 5 08 A A 1) 28 6 B A (B, nm) AT DATH 5345 21 23R 5 ) v AR
PTPDA E, } 2.03 eV;PTPPA BEYIMET ifdE4% 0.0 V FFE 400~500 nm b5 3T 48 58 1 W WO 4
Z PB4 PTPPA B8 522 307K 3 68 /R R R ISR B K 568 nm, AT LIS 5] PTPPA G
[/ E, o8 2.18 eV.PCPTP & ¥ i I8 1) fie KM H BLAE 403 nm, PIAP SR & 9 09 i KW e PTPDA
18 e R S i B S RS, L — 2 UE B R A =R A 2 5 T R ALK 403 nm BE I A IR R P 1 AR
B4 R, LR R WGR BRI K 577 nm, X E, 23R 2.15 e V.5 HE R K, 3 f
AW PERS TR B A W A B R B R R G L T 700 nm &b 1 W WA T B 1 S, 122 0 A AT 05 DR L R B Y
WAl th IR T | A B W s ) AR Ak SR B W R (et i B 2R PTPDA 2 7 78 o 1 65 PTPPA R
B YHREEH T 700 nm AEWCAR 3, R A WA AR S 465, (0.6 V) PCPTP R G W IEAS S B 4 £2,(0.4 V) Il
LR(0,(0.6 V). BE A R M kS R, W R BT B A2 4k, PTPDA M 7E 1 100 nm Ab #9 W 05 25 5 5
PTPPAZE 510 nm 1 1 100 nm &b AW T 4534 38, 510 nm &b W W37 T+ 5 T 25 W i o5 o7 8 A 16 o 25 W Wi
JEARI5  PCPTP B AE 600 nm A1 1 100 nm A B W 478 75 85 58 L 3% W 20 93 U 8 T N-E3R-N
B LA B R AL T T B 51 19 PTPDA # B4 8 78 ¥ 8 PTPPA [ B (@ A8 e 58 (1.0 V) fl 5 @&
(1.3 V);PCPTP REWAE 0.8 V I B I (.
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Fig.6 Spectroclectrochemical spectra and color changing process [or PTPDA (a), PTPPA (b) and PCPTP(¢) [ilms upon
the different applied potentials
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Fig. 7 Time-transmittance profiles of PTPDA(a, b), PTPPA(c,d) and PCPTP (e, f) films monitored at different absorption wavelength

(a,c,e) with the switching time of 10 s and calculated switching time (b, d, )

I 7 ] DL L AW PTPDA £ 470,650 Al 1 100 nm F M 0.0 #] 1.0 V [ 62455 B 200 4
23%.20% 1 18% , 1M PTPPA B-& WM TE 650 1 1 100 nm F M 0.0 F| 1.3 V (G2 B4 51k 13%
1 32% (A 7¢e)) . PCPTP B Y HIEAE 630 F1 1 100 nm &M 0.0 #] 1.0 V 8622 HBEE 439 R 32% A
21 % (B 7 Ced ). M 17 B[] 4y 5 A5 0 TR S8 2 € 785 TR AR 0 2850 A0 400 ol A b 75 82 %) SF (0 3 5 LA R IR 0 J% X Js -3k
b HLEE Y 95 %6 A2 A7 R DY A& 7 () i A PTPDA 78 470 nm b9 25 @i ] (2,) h 0.50 s,
XiF IO B4 BB G IR I] (20 4 1.68 s.PTPPA Wi AE 650 nm ALH ¢, K1 2. 2094 1.41 F1 0.44 s, PCPTP R4 ¥y
BEAE 630 nm R Y ¢, Al e, 353504 0.53 Fl 4.56 5.3 Flt B84 W W A5 1y JEL AT B B 1 o0 97 ESF 81 , S [i] 54 o 37
] 5 5 45 0 i B ) SOV SOIR Z8 — 5 IR &R, 518 2% 8 - RO s o B AR O R & M R G i e 2
HTE 1) AL R A 4 I ) M BE S B5OnT BE R LR 1.
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H OB (CE ,em® /O WRR S Y MBECE GMERE D — D EESHLCE MR R G IROG %
{14 2% At 55 BT R A TR AR b B R AR Y LA T DUAR AR 2 20 CE = AOD /Qq T iR, Horf AOD ARG
Yy e 2A 2 BB . AOD = 1g (T, /T, T, il T 43 5 A RHE SRS (S B934 Qu ARG W
5% AT HiL AR T AR A 4 R R PO A om® /CLA TR A W) PTPDA PTPPA Hil PCPTP 1)
B AR AR 84 cm? /C(470 nm) .88 cm®/C(650 nm) Ml 121 em? /C(630 nm).
&1 PTPDA.PTPPA.PCPTP BREXHBENAFERHTBERSH
Tab. 1 Optical and electrochromic properties of PTPDA,PTPPA,PCPTP films and other reported polymer films

Polymers A max /M E,/(optical,eV) AT/ % ty/s te/s
PTPDA 478 2.03 23(470 nm) 0.50(470 nm) 1.68(470 nm)
200670 nm) 4.42(670 nm) 0.53(670 nm)
18(1 100 nm) 5.53(1 100 nm) 0.62(1 100 nm)
PTPPA 450 2.18 13(630 nm) 1.41(630 nm) 0.44(650 nm)
32(1 100 nm) 1.86(1 100 nm) 4.93(1 100 nm)
PCPTP 403 2.15 32(630 nm) 0.53(630 nm) 4.56 (630 nm)
21(1 100 nm) 1.08(1 100 nm) 5.11(1 100 nm)
P(DTP-alkoxy-NH,)[18] 1.92 9(420 nm) 1.8(420 nm)
420
24(770 nm) 1.0(770 nm)
30(980 nm) 0.8(980 nm)
Poly(DTP-aryl-NH, ) [1%] 410 1.65 14(410 nm) 1.8(410 nm)
32(1 060 nm) 1.5(1 060 nm)
PTCAMZ 415 2.14 21(415 nm) 1.5(415 nm)
57(920 nm) 2.5(920 nm)

2.7 BUFEREMH
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Fig.8 The 1st and 300th cyclic voltammetry curves of PTPDA(a), PTPPA (b) and PCPTP(c) films at the scanning rate of 100 mV/s
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Study on the synthesis and electrochromic properties of polymers
films based on dithienopyrrole

Li Zhaohua', Hu Bin?, Pang Long’

(1. National Quality Supervision and Inspection Center for Aluminum and Aluminum Products, Sanmenxia 472000, China;
2. Key Laboratory of Rare Earth Functional Materials and Applications, Zhoukou Normal University, Zhoukou 466000, China;
3. Zhengzhou University of Light Industry, Zhengzhou 450001, China)

Abstract: Different substituent groups were introduced into the N-position of dithienopyrroles as pendant groups to pre-
pare the monomers of 4-(4 H-dithieno[3,2-b:2",3'-d Jpyrrol-4-yD)-N, N-dimethylaniline(TPDA), 4-(4 H-dithieno[ 3,2-b:2’,
3'-d Jpyrrol-4-yD-N, N-diphenylaniline(TPPA), and 4-(4-(9H-carbazol-9-yl) phenyl)-4 H-dithieno[ 3, 2-b: 2", 3'-d ] pyrrole
(CPTP) ., respectively. The polymer films prepared from the monomers showed excellent electrochemical property via electro-
chemical polymerization. The result of in situ spectroelectrochemistry illustrated that PTPDA based on TPDA film showed or-
ange color in the neutral state(0.0 V), and blue color for the oxidation state(1.0 V); PTPPA based on TPPA films exhibited
four color of yellow(0.0 V), green(0.6 V), purple(1.0 V), and blue(1.3 V); PCPTP based on CPTP films showed yellow
(0.0 V), yellow-green(0.4 V), green(0.6 V), and light blue(0.8 V) color. All polymer films showed fast switching time, 0.50
and 1.68 s(470 nm) for PTPDA; 1.41 and 0.44 s(650 nm) for PTPPA; 0.53 and 4.56 s(630 nm) for PCPTP, respectively. In
this study, the electrochromic properties of backbone polymer were precisely regulated by changing the side chain groups,
providing a good prospect in electrochromic devices.

Keywords: conjugated polymers; electrochemical polymerization; electrochromism; spectroelectrochemistry
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