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TERT, Kot — 2o R R BT B S
R A NRIREZHIEZ G HRENE 4
WIRABRE S ML, it — B R G E R+
RO AR YRR 2 L
FE AR 8 T3 [l R i 1 — € (B

1 SCIGERSY

1.1 K58

10,12- = Tifk —JR & (PCDA, 98%), Rk
BIS(PEYVF AR A 1-(3- = A EE N H5)-3-
CFERR WG ER R H:(EDC-HCI, 99%), Jbiiftif
LR A IR A 7] s N-F 5T BRI % (NHS,
97%), HHEE % EI(98%), = LB4(AR), &
H5E(CH,Cl, AR), N,N-—HFHEfZ(CP), L8
LBE(AR), HEZERMSEAARAH .

=R ANMITAZE-1 R, B RFRTEAX
a R R A ] 5L 20 A8 O A (FTIR,
NICOLET, IS10 &), ZEBR K /REHE AR A A
240 - w0 ROk 15 A (UV-2600 BY), H A
Nishinokyo kuwabara-cho A 7] ; 4 HLF B A5E
(SU1510 &), HAH k&t mERfE
PALFRE 5 DSC3+AY) . 4 E B4 E 2 M A (1
8 TGA2 ), ¥+ METTLER TOLEDO A ] .
1.2 PCDA-PDA RIS

%1 g PCDA ¥ T 20 mL CH,Cl,, idJ&Risrts
ANEH, TR 2 CHLCL, 1534114 PCDA B4k .
# 0.200 g PCDA #10.154 g EDC-HCI & T~ 20 mL
CH,Cl,, JIA 0.092 g NHS, 25 °CHii#¥ 4 h. Jig
# R 2 CH,CLy, 30 mL 28 Z B8 VA R T 20 R
30 mL YR 3hK W& 3 WK, KR BREN T15
JiE 7543 2 PCDA-NHS H K . #0.217 g PCDA-
NHS #10.129 g £ E &% % T DMF, J#10.083 g
=, 25°C. BAFHFE12h IMA30mL &
% W, 30 mL YA B K BEVR 3 Ik, To/KBi R
TR, EZX15 5] PCDA-PDA V% 3 {0 [ 4
1.3 PCDA-PDA @A KRS &

#4204 mg PCDA-PDA % T 1 mL L4120 mL
ZETK, A1 h H0.80 um it JE B ER Bk
REM, 4°CHRAF 12 h A TRIRAT .

1.4 Poly-PCDA-PDA/TPU £ & &[54 %

# 0.6 g TPU %% T 20 g DMF 1, HL0.015 g
PCDA-PDA ¥ f#T 3 mL TPU VA, BIAVU4 4
WP R, 80 °CHET, 254 nm ZRAMEIEERA .

1.5 LbERNEESH
PCDA-PDA B M 2%, M6

Wi % (CRY%) 27~ . CRY% A 4 A B3 -

PB,-PB,

CR (%) = x 100 1

(%) PB, €9
_ Ablue

PB= Ablue+Ared (2)

HF Ayie /& 650 nm Ab IR EFE, Ay 2 540 nm
AR GRS, PB A PB, 43 B AR I #4 DL K B
# 5 CCHT 5| T 1) L1 AR H M

Poly-PCDA-PDA #l Poly-PCDA-PDA/TPU j
JERIE A A B2 AER R, ABIF

AE= (AL +Aa>+Ab?) " 3)

H o AL SRR CIELAB IS 22, 2 In#viRE 5kt
BILE TN LEN 2% Aa. Ab KN CIELAB
i AREE, IR E SERGIRE TR aE
MbfEMZE.
1.6 MiXSRIAE
1.6.1  ZL4Mai ik

K AL AN S AT G5 MR AE, PR ETE F
400~4000 cm™, FEER N4 cm .
1.6.2 OISR IR

A M 8 0 W e, W EAE v B9
W4 AbEE, SR T BB WSRO E S,
1 4.00~5.00 kV.
1.6.3  #EREMIA

FREX 5~10 mg AR it 45 FH 7 22 4 4 B Hvix
WX, R 0~100 °C, FHEEE A 10 °C/min,
N, It &M 20 mL/min. FRELS5~10 mg FFMIAE b4
I HT AT, IR N 30~700 °C, FHE
HZ N 10 °C/min, N, i E N 20 mL/min.
1.6.4 HIMDLES

P Y65 A LRGS0 254 nm AT (12 W),
FEPE B AFMAE 5 om AbHEAT AN IR
1.6.5 [ A/ W FAEIUR 4 14 R

# PCDA 5, PCDA-PDA 76 HE 15 s FFn#k
AbFE, D65 IR N T LB, 2 Lab{A .
PCDA-PDA ¥ 22 25 AR IE 15 s J5 DA [
FE R ] Wi, i A 400~800 nm.
1.6.6 SIS [a] o) 5 ¥ 5 A 5 M ik

B €41 %% i) PCDA 1 PCDA-PDA V& W T f1
gELL I, SRAMGIREERE 5 s 4T 1RO
TN, Y 400~800 nm.
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Fig. 1 (a) Mechanism of two-step amidation reaction and (b) the mechanism of dopamine auto-polymerization and diacetylene

photopolymerization.

Tk e A Jse B[R] B 22 2L kAT 1 AEA R A
Bl 1(b). AR RAR R KEERIK T 2
LG E R AR, =i sr 54 1 PCDA-PDA
(7 TEAMERG WA 3CRHE BB ST ST),
SITAREALY), ERIEIRTRSE, Bt
Pk R 2SRRI 15 s J5 O RS
(R RAE D B - SCRFE B S2).

T AT A0 S R T BT S A AT SR AE
S5 RANE 2(a) s . 1690 cm ™! 4k PCDA R %
(1] —C=O FRAEM I, BERZ A28 — 20 ] A5 2
PCDA-NHS, FIEMRIIIEREFLF]1725 em 4L, Ky
AR — C=0 I 4aiikshiE, 1647 cm™!
Ab PTG U1 & T G EAR  —CO—NRR' W iU
T LA — D B RY) . 5 D RSS2
PCDA-PDA ¥ % [ R 4E AL T 1638 em ! A
N B B B s 3290 em ! Ak R UL T A
B ) —NH F A FE B0, 1550 om ! Ak (AW I 0
J& —NHZ il fl —C—N M4k sh#h & 7= 4, %
HI Ik e A B2 N7 58 /32, PCDA AT PCDA-PDA F#%
T WL SCRRFE B BT S3(a)F1 S3(b).

R FT 2 T UME AN TPU B &% — 2 ke 4
PEREIIRZ I, HEATLA R 08T W 2(b) R, =
COBRIRT AR A2 o5 H eSOV T Y 62 °C AR 28 Ble it S5 1

39°C, H TPUE &5 100 °C LA A Hi B A |
SERLH]: 205 PCDA-PDA HIAHAS s B S PEAIK,
RO IREBUE A BEA 2 52 3 TPU 4 il )

SEMAS), BN r 5 A N R 2 bR AR (R
FE LB, 3% W Poly-PCDA-PDA 4% & I J& P& AKX .
ik 2(c)f2(d), PCDA #4345y 24 FEE
B, 4y 9I4E 314 #1455 °C, PCDA-PDA HA 14
a‘zf“eﬂ&#hm%ﬁ%%s °C, R X [ 2>/ fiF

, RIS G R E PERRK . TPU R & G
350°CWﬁﬁ$rﬁ/er’E£E&réﬁu, P TPU 5 &
1243 PCDA-PDA #ta e PE 77 THIE FH R 47
2.2 Poly-PCDA-PDA A E - a4 B

W e G I 3R — 2k A s o i, i
P4 5 F1 Lab (B A8 40 23— BSR4 FTHE
I R AR AL

BT Sk BE A EES TRIEEMZ RS,
PCDA-PDA 7E % i N 2 E R, HEE NTES
., WK 3(b)Fros . iR T s 2] 35 °CHY Poly-
PCDA-PDA H¥EAF %%, H nl 750 5 AH 2 (8] & A=
AR 2 T E 40 °CI Bt FE AR N R AT
t, MERREHER KA EE, BE
SRR R T E, Bl R
Hi&a e, mrdREHaETE ek, ki),
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Fig. 2 Structural characterization and thermal properties analysis of PCDA-PDA. (a) ATR spectra of PCDA, PCDA-NHS

and PCDA-PDA; (b) DSC curves of PCDA, PCDA-PDA and PCDA-PDA/TPU; (¢) TG curves of PCDA, PCDA-PDA and

PCDA-PDA/TPU; (d) DTG curves of PCDA, PCDA-PDA amd PCDA-PDA/TPU. (The online version is colorful.)
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Fig. 3 (a) Color photographs of PDA taken upon heating. (b) Color photographs of Poly-PCDA-PDA taken upon heating/

cooling. (c) L-value, (d) a-value and (e) b-value of Poly-PCDA-PDA taken upon heating/cooling.
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AR A 35 [ 5 DL S RN I I, TEK/ ORI A R . & 4(b),
2.3 LB ENRRE SR PCDA ¥ 7 %} 400~700 nm 2. ) ¥z B A7 76 55 i
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Fig. 4 (a) Color photographs of PCDA-PDA vesicle solution under different UV light (254 nm) duration. (b) Visible
absorption spectra of PCDA solution under different UV light (254 nm) duration. (c) The absorbance at 650 nm of PCDA
solution under different UV light (254 nm) duration. (d) Visible absorption spectra of PCDA-PDA vesicle solution under
different UV light (254 nm) duration. (¢) The absorbance at 650 nm of PCDA-PDA vesicle solution under different UV light
(254 nm) duration.
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47 PCDA-PDA VW A SEFIO G AT AR, 2R
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FEH S | ] 5(a) e X PCDA-PDA T ZF5/ /K VT
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P BB TN  OHRAEINR G, T B
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Z0 - T B BT, e HH AR AT

Kl 5(b) 1 5(c) /& PCDA Fl PCDA-PDA £ ¥
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PDA J IR, 5% 2 EU R4 1R A %,
FE R 0 AT e 22 BROR 45 4 . Sk 3 4 22 EL i ) R
RFEH R R 2R ATEHDIR . B 5(d),
WIAE 35 CCH A S, 40 °CI 2 I K41,
5518 5(e) 1 640 nm A W YAz U i R R/ — B
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Fig. 5 Analysis of PCDA-PDA self-assembly and thermochromic performance of vesicle solution. (a) The mechanism schematic
drawing of PCDA-PDA vesicle self-assembly, polymerization and discoloration. (b, c) SEM micrographs of PCDA solution
and PCDA-PDA vesicle solution. (d) Color photographs of Poly-PCDA-PDA vesicle solution taken upon heating. (e) Visible
absorption spectra of Poly-PCDA-PDA vesicle solution under different temperatures. (f) 4,,,, as a function of temperature and
(g) colorimetric response (%CR).
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640 nm #5552 540 nm &b . Wik 5(g), CREIE K
X RISV LS B IR FE TR, A fet 5E AE
540 nm fftifE, CRAEE TH7E . E A J5 PCDA-
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21 6(b) % 2 A A AR B )R TH TR0,
I F1) 2 T A7 A5 359 20 S 28 1 % v >R 1R 40 I B Dy
PCDA-PDA, K BAZ MBI TPU I 24 .
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Fig. 6 Thermochromic properties of thermochromic flexible film. (a) Preparation mechanism diagram of thermochromic

flexible film. (b) SEM micrograph of PCDA-PDA/TPU thermochromic flexible film. (¢) Color photographs of film taken

upon heating. (d) Color transformation of film taken upon heating (AE).
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Research Article

Preparation and Properties of Dopamine Modified Polydiacetylene
Composite Thermochromic Material

Hao Liu, Jia-ling Tan, Wei-dong Yu, Jia-yin Liu, Chao-xia Wang"
(College of Textile Science and Engineering, Jiangnan University, Wuxi 214122)

Abstract Polydiacetylene is a kind of polymer that can transform conjugate skeleton to lead to change color
when the ambient temperature changes. But its thermochromic temperature is high and it is difficult to recover
after conformation transformation. The thermochromic materials which meet the application of human temperature
intelligent sensing can be obtained by head-group modification. In this study, dopamine was used to modify
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diacetylene monomer to create covalent bonds at the head group. A double polymerization system (Poly-PCDA-PDA)
was produced under 254 nm UV light to investigate the effect of polydopamine on the thermochromic temperature
and the reversible recovery property. Composite thermochromic materials were prepared by combining PCDA-PDA
with thermoplastic polyurethane (TPU). After modification, the polydiacetylne, whose phase transition point was
reduced from 62 °C to about 39 °C, can transform color from blue to purple at 35 °C. The thermal performance
analysis showed that the combination of TPU improved the stability of PCDA-PDA without affecting the
thermochromism performance. The thermochromic material is more in line with the application scenario of
human temperature environment. This paper provides a strategy for further modification of polydiacetylene by
covalent bonding after dopamine-substituted head group, which is expected to play an important role in the
research of polydiacetylidene temperature sensing materials.
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