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Abstract: As a newly developed optical display material, electrochromic/electrofluorochromic dual functional poly-
amide/polyimide materials have wide prospects. However, the poor solubility of traditional polyamide/polyim-
ide and the high environmental sensitivity of fluorescence limit the development of such materials. In this paper,
we analyzed and summarized the diamine monomer containing triphenylamine structure used in electrochromic/
electrofluorochromic in recent years and the corresponding polyimide based on the work of our group and other
representative work. Moreover, we further analyzed the relationship between the structure and electrochromic/
electrofluorochromic performance, especially focusing on the important role of triphenylamine structure in
design. According to the different numbers of electroactive nitrogen atoms in the diamine monomer or structural
unit, we classified into monovalent system and mixed valence system. The effects of the number of electroactive
nitrogen atoms, the position of electroactive nitrogen atoms in the polymer, the number and position of fluores-

cent groups on the properties of electrochromic/electroluminescent dual functional materials are emphatically
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discussed. It is expected to provide a new idea for the preparation of high-performance electrochromic/electrolu-

minescent dual functional materials.

Keywords: Triphenylamine; Electroactive nitrogen atom center; Electrochromic/Electroluminescent; Polyamide/

Polyimide

FEL SR T 7 2 b A SR 4 D' S P B RE A B A1
e AR AR T 2B AT AR Al ) — 2R
SO IS D' 2 B RHLE By O L S SR R R R e
L E RSSO B TN A,
FL R (A A v R B 7 D' = A ) i o
U JR 5 O s (ELJE: PR 00 1) B0 00 738 A A0 0 R 7 R
W RS T AAT BLPE R 25 . IR 5T N B 2 K T
S FAT LBV @/ 45 98 1 XU RE A B DA AT 5
L SR O o R SO O, TR Y R 7 R
PR R P B G 4 XU RE s R iR R A W 5
IR 25 PR 2 B B Bl DL DLy R R
e BR A BN R U % i R

H TG HL A RN 737 HLOG HL B R
AHLRS YCr AR T B AT n] R0 T B
U AR E ki LA By T AT 45 R A S R A
DG H BRI e 45T ) BRAB AR, JE G A T AR
FL SR A 95 07 T, A AL A MDA R R B
RO e Z A LR A YA R, L
e PERE SR W O il T R 1) D' L R R S TR
SE AL RE B e (O LARGR B S5 8 th AR AR g
B X SR ) % D' HL A 9 B 3 I e B R H
EL N 3T AR 1 B R ST 05 ). {H R E Q) ik 26
FERE 37 25 A8 19 S BE WP DR 23 ) A g 5, T
17T SR P I ) JH R 45 00 B0 5 e 2 73 il P8 058 v+ A AT L
VAR T B TR SR R R 22 I B R AT B T T
R NTTBR ) T WL A ) it — 2 T

B R = R P B 5 RBE (D e 7 1 45 4
AT LA SRR R SRS W A AT BILE TR R I A A T
WP RATR S Ve A DR A . R e A B AT — A 2
UL SR 22 114 2 ) g L KA BBy = Ak 41 it 25 A A
DCRE S T A4 et BL L 19 395 A A1 a8 W L2 0 583 4
(9 B AS o MERRRION 1L IR CIE) e 43 T 4
ey v O A R Y R T 2 T S AT, R Y
W45 b 2 R B B, TR I 6 7 = 2R i 4 R T
(O % 388 5L ) R R R P e A 178
[SSRINRES 1 A ] i B et - S I A2
JE BB — X 1 B ke AR SR AR i
J5 b A T € PR A = O i R AR — AR e 1Y
FL G PR SR AT . = R g 2 AT ) L 8 P A 35

AR RIS P 2 B 4 e R O ok — e
R RIS A A5 T =R E B
Iz HTAPLE G S K PHAE H it A L AL
IR RUN N U ESRAN o T 7 = S | N R I R
FEL Y 1 2 ' P GZE B, = R i L2 Bk A R e
b3 i DS 1 AN e A S i R o < S Y 9 6
T D R o B S5 1) 58 A i, AR 25 5 S B
SR 8, /A O B R T RE

Liv B 75 2005 4R 3 WIRIE T —Fh %
A ARG R 1 5 A B B % B W M A A
BV 390 v A 5 0 0 A 3 S R DA SRR 0 8 0 2
B TOT B O 5 B A B R L Y
Jiti i I R S i A 7 A RT3 G B G AR fb L LA R
HA R . I JE AT AE =R B S5 R ) R B
FORTEREAT TR RS B n TAE, 5 2
BT RSN mEEEREY. KW RE
W S 1 6 2 B Ak 2 P B L 08 A5 L A T K i 4%
) RE 7 A A5 B AE Bl RN 25 45 O 1 B ROK
{1 7 FH T 52

A 4TI AL SR R T R M R B B L T
1 ESOR T 0 E P R R A W B0 B/ ol P e
SRt A EE AR E N . T . 454
ARV AR E L BUE A/ RSO R R &
W7 IS T AE AL g N L AT R
B T AR A SO M B4 T JLAE & A = R IR S5 Y
FRFAERL S PR RER G i TR W4T
S 5 B B/ R TEEREZ I SE R

R = e B4 b R 3 R R T BCH R
REWE ) e 2% ¥ B0 €8/ 8 45 2 6 b1 RL 1T LA 43 h
PN SRR TR S M IRR, TATE IS T RIS
PERJRE TR H DL i AR R R A Wk
(14057 B %t 3R B 0 P B 8/ fL s 9 O R B S
T SRR R A IR HL B £/ L P U R R A 45 1
THEBE S R %

1 BMEEzR

BN SR FR G R — A AR TR0 2R
X TG M A5 H T R AU A — D =R IR
s s o i T A R BT — A AL R



£ 916 - B os T o ®

2023 4

o T LAE RO TR A B A e Hol T
AWK BE S5 R R 5 19 73 8] 5 A R A
R Mo 200 A SR A I8 i A R oE 2 A AN AR E
9 ol R A v DA, S 35 5 W B R SO R BE L = B
PR L 55 | 9 G X L JRE AR R i 0L 3 B g . F O
ANA—HEATIHEHEMREY . I REGY
TEVE WSO R ZS TR 9 2O 5 7 R0, 2 M 48 Tt
PR DO EPERE . HATH H A7 EA - (D IJF
K55 A B AW o a8 o 10 R A A% RN B T A
FHOEECR EPERE s (2) 78 2R & M B B 3= 4 v 5
IR At R A BRI B 5 1 AT L 38 o =5 1] {3

(o) 0

\ /
b, -k

/ N \ “

o Me Me 0

Me

Twisted Conformation

RN T e R i B e R TN DR S 2y
(3D TE ARG R BT I SR T, 45 M- WL 1 32 1R 285
ey LA 235 18] 7153 5 DN B A B AR 000, =K
i 25 K 1) — A R e S R 5 4 — Ty 1D T AR I R A
Yoy e 1) AL o 2 390 s [z BHL L 55 — 5 T AR D R
T VR AT LU A 23 5 AR 23 1 T Y L A B AR A
FI . IR S — Pl 4 1 H O (R 15 SO
R

Shao 4 R HI/E R & ¥ F 5 151 A AL
RIS T 2 18] 457 BEL Py SR e o 3l 0k 2, 4 6-= T B
PR = i 5 5 2 T S U R X 28 iR &

= Wholly-Aromatic Polyimide
Me Me Me
Me Me Me

Increase Methyl Groups

Enhancement

More Twisted Conformation

Suppress Intramolecular Charge Transfer

1 2 F R BT 2R I e 1) 485 ) 7 8 PR B B0 B (2022 John Wiley & Sons, Inc. REALZFAD)

Figure 1

Structure diagram and design concept of multi methyl-substituted polyimide (Reprinted with per-

mission from Ref. [20]; Copyright 2022 John Wiley &. Sons, Inc.)
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Figure 2 Photographs of the prepared Pls in solid.,
thick film, thin film, and solution state under UV-365

nm irradiation (Reprinted with permission from Ref.

[20]; Copyright 2022 John Wiley &. Sons, Inc.)
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Figure 3 Chemical structure of diamine monomer M1— M4
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Figure 4 Chemical structure of diamine monomer M5
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Figure 5 Electrochromic and electrofluorochromic properties of P-M5 at 0—1.0 V. (a) Absorption spectrum of P-
M5; (b) Cyclic performance of P-M5; (c¢) Optical switch time of P-M5 at 410 nm; (d) Fluorescence spectra of P-M5
film at different voltages; (e) The fluorescent switching time of P-M5 under 60, 30, 20, 10 and 5 s, respectively;
(f) Fluorescent switching time of P-M5 at 426 nm (Reprinted with permission from Ref. [25]; Copyright 2017
Elsevier Ltd. )
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Figure 6 Chemical structure of diamine monomer M6
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Figure 7  Fluorescence spectra of P-M6 in NMP and

water, the volume fraction of water ranges from 0% to
99% (Reprinted with permission from Ref. [ 29 J;
Copyright 2018 Elsevier Ltd. )
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Figure 8 Electrochromic and electrofluorochromic properties of P-M6 at 0—0. 8 V. (a) Cyclic voltammeter of P-M6 at

a scanning rate of 50 mV/s; (b) Absorption spectrum of P-M6; (c) Absorption spectra of P-M6 under different volta-

ges; (d) Fluorescence spectra of P-M6 under different voltages; (e) The fluorescent switching time of P-M6 from 80 s

to 20 s; (f) Fluorescent switching time of P-M6; (g) Fluorescence cycle performance of P-M6 (Reprinted with permis-

sion from Ref. [29]; Copyright 2017 Elsevier Ltd.)
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Figure 9 Structure diagram and design concept of polyamide containing methoxy and cyano groups (Reprinted with

permission from Ref. [30]; Copyright 2018 The Royal Society of Chemistry)
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Figure 10 Cyclic voltammetry curves of (a) TPA-CN-TPE and (b) TPA-OMe-TPE; (¢) The absorption spectra,

fluorescence spectra and fluorescence quantum yield of TPA-CN-TPE and (d)

TPA-OMe-TPE films;

(e) Fluorescence switching time of TPA-CN-TPE at different cycle time at 510 nm at 1.4 V and — 1.5 V;
(f) Fluorescence switching time of TPA OMe-TPE at different cycle time at 554 nm at 1.4 V and — 1.5 V
(Reprinted with permission from Ref. [30]; Copyright 2018 The Royal Society of Chemistry)
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ges (Reprinted with permission from Ref. [25]; Copyright 2018 The Royal Society of Chemistry)
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Table 2 The electrochromic and electrofluorochromic properties of the polymer corresponding to M8 —M10
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Figure 17  Electrochromic properties of polymer P-M16.
—N
\
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