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Synthesis and properties of polyarylates containing
perylene unit in molecular backbone

TONG Jiaying, ZHANG Sai, XU Yingnan, QIAO Wengiang , WANG Zhiyuan
( School of Chemical Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: A series of polyarylates PAR-P, (1 is 0.05%, 0.10%, 0.15% and 0.20% respectively, indicating
the content of 3,9-perylene diacyl chloride, calculated based on the amount of substance of bisphenol A, the
same below) with different content of perylene were synthesized via interfacial condensation of
perylene-3,9-dichloride, bisphenol A, isophthalic chloride and terephthaloyl chloride. The thermal stability,
dynamic properties and optical properties of the polyarylates obtained were characterized by DSC, TGA,
DMA, UV-Vis and PL spectra. The results showed that the initial thermal decomposition temperature and
the glass transition temperature were above 468 °C and 211 °C, respectively, indicating high thermal
stability of polyarylates. Furthermore, all the polyarylates exhibited photoluminescent characteristics with
photoluminescent peaks at 480~540 nm, with the fluorescence intensity increasing with the increase of
perylene content. In addition, the polyarylates showed good solubility in common organic reagents.

Key words: perylene; polyarylates; photoluminescence; interfacial polycondensation; thermal stability;
functional materials
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1.2.1 3,9-3E =B 894 %

¥ 10.00 g (22.09 mmol ) 3,9-J6 R — 5 T .
4.99 g (0.125 mol ) NaOH #1 150 mL JC/K ZEEHA
£ 250 mL BB, I EFE . K 4 h 5, {5
AN 18% MR BR VS W , 159 BB LT A TTVE
WU TERL g, IFH 250 mL ZK¥E 3 ¥k, 90 °CELZS T
FE 12 h, fHRIZLEFR A 3,9- 9628, 7% 99%.
'HNMR(DMSO-d, 400 MHz), J: 13.25(s, 2H), 8.84~
8.92(m, 2H), 8.49~8.60(m, 4H), 8.19~8.21(dd, 2H),
7.72~7.78(m, 2H).,

1.2.2 3,9-3E =BLR AR

# 2.50 g (7.35 mmol ) 3,9-46 &A1 75 mL —
SR A 250 mL BUKKHF, 76 110 °Chngalnl
Uit 24 h, BHIEERE, Hrh @i, J2E, 50 °C
T8 24 h A5 B LT A E A 3,9-FE T BEA 77 75%.
'HNMR(DMSO-ds, 400 MHz), &: 8.90~8.92(d, 2H),
8.53~8.60(dd, 4H), 8.19~8.21(d, 2H), 7.74~7.78(t, 2H).,
123 RFBEe94) &

K FHAR 55 7% w4 BN G T — RPN FE4E
BT RN [F B IS lE PAR-P,, Hirb n AR FIELEH
HOLHWE A S5HRITR A, At R
PAR-Py 100, 1] o [ 2B AT ML F145 1) 250 mL =30
B MA 1.25 g (31.25 mmol ) NaOH F1 25 mL
EETK, PR b5 A 3.57 g(115.63 mmol )
BPA $iFEIE S KA . 4 2.22 ¢ (10.92 mmol )
IPC. 0.95 g( 4.68 mmol ) TPC F1 0.006 g( 0.0156 mmol )
3,9-JE BRSO 25 mL ke, BRI
Ho =SB PN A 0.0782 g A% i 1k 7
BTEAC, 14 Bt il 41 i ik SR & W0k i 2 = Bibe i
e, BAERN 450, VRGBSR A5
W=k rh, B IS s AU, AU A 75 mL
TE LR, KR RS AT HLAHZ T A 500 mL
IR e, HERRE O ZRUTEY . g, 18D
S 300 mL 252 F KR A Ve 3 K. Ffs =9
0 38 XU R R G S, T 50 °C
Hoas R 12 h, BRS8N RIS R PAR-
Po.1oveo RFZSMLIAY 1, 27 3,9-46 Wk &UF IPC .
TPC WKL, 7] 14 H PAR-Pg g0, « PAR-Pg 150, £l
PAR-P 209
1.2.4 BFB a4 %

PL PAR-Pg 100, RS ] 25 R 5], HAADBRANE
#4020 g BEWIMAR] 2 mL THF W, K527
THIBEWIER 4 1.5 mL SRR $) 50 mmx50 mm
MBI AR L, R TR A R WV TR B I AR T A
& AR THE (30 °C/8h, 40 °C/1h, 50 °C/1h,
60 °C/1 h, 70 °C/1 h) EBR¥EN, M HRAHE
FIR, GBI 40 CCIRAK TR, 155 R
ik A

1.3 SHHMFRIMESHERENIK

KRB % A3 (GPC) TR R &9 1A
X, VRS bakE, THF RUElim, 16
FEMHEN 1 mL/min, RAZBEIIRBESUTR A
YY) "THNMR %8 . R FL0MERE (FTIR ) 0 HT RS
ML AMEE, RS BEGE R 3500~500 cm
KBr JE ik, RAZREHEHIY (DSC) MR
BRI Ty, MAG R Ny, MR TE RS 40~300 °C,
FHEHEN 10 °C/min, RSN T1253H1{L ( DMA )
DR 5 i R 1 sh 25 1 24 P RE RS2k 1 Hz,
I3RS L 30~300 °C, THE#ZE N 5 °C/min,
TS TP (TGA ) 43 Hr B4 W ny#ka & v,
MRAH R Ny, IR BEYE L R 30~800 °C, T
AN 10 °C/min. HAEHENIZER 10 mg REY)
BENEA 1 mL BRI b, S T s L
Lo SR FH 2 Hh- 1T DL -3 21 AN ACI 3R A W 1)
AT LW, HYEES 300~600 nm,
RN o R CIETREA R A W B G2 a e,
N AT, RTE FE 475~650 nm, i & I K 460 nmy;
¥ 20 mg BAWEHET 1 mL &5 h iS5 R A WA,
SRIGTEABEHE S B Loevs, & RAW I, Wik
REYREIEN 560, A K 470 nm,

2 HR5WR

2.1 EBEFEEE PAR-P,BIEHIRIE

KRR S 4 vk, i dE 3,9-J6 A
AR, EERTFART —RIEIEMEN . GPC
MERZER (R 1) Bor, BEHEIMEITEEA R
AT o T L, BT R (M) N
(14.09~6.23 ) x10*, EIHX 0 FHEE (M) H
(9.63~14.5) x10%,

® 1 RITERR RIS 731 B

Table 1 Relative molecular mass of polyarylates
M, M, My /M,
PAR-Py 50, 44600 115000 2.57
PAR-Pg 19% 40900 96300 2.36
PAR-Pg 159 62300 145000 2.32
PAR-Py 0% 56500 120000 2.12

B 1 NEREY PAR-P, LI AMEIE R N 1 1]
DEH, RINREWIH BRI E,
2970 2870 cm " Ak 43551k 157 F I 4 AS SR X Bk A1
iR s licig, 1204 cm™' &b Ky EE 3 C—O—C i
A PRI, 1743 em ' AbA77E 55 B g BRI A 45 1E
WU, 58] PAR-P, I A A .

L CDCls ARACIRF], ME T PAR-Pg 00K
'HNMR % &, g5 000 2,
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Fig. 1 FTIR spectra of PAR-P,
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Fig.2 '"HNMR spectrum of PAR-Pg 50,

HE 2 A LLA Y, PAR-P 00,53 T 4544 H 8 SR
T 5 H R AE 4R sh 0 — — XF . HAREHE .
'"HNMR(CDCls, 400 MHz), J: 8.99(s, H,), 8.43~8.45(d,
H,), 8.31(s, Hy), 7.79(m, H3), 7.31~7.41(d, Hs), 7.15~
7.17(d, He), 1.73(s, Hy)o Horf, JEZMHITH T &
1D TEAE THNMR 3% P 88 236 7 A 4FAF I
2.2 B2FERE PAR-P, BRI

& 2 NRIFERAEH WA PIER P E e, |
2 AT, WI5ME PAR-P, fEE I T ¥IRER T NMP,
DMF . THF S5 5% WAPLE A . XA 5 m#%
i T SR S VR 25 SR P RS AL T SR

2 PAR-P, BV fEtE
Table 2 Solubility of PAR-P,

{ N

PAR NMP  THF i) DMF P
PAR-Py 55, + + + + —
PAR-Py 105 + + + + —
PAR-Pg 50, + + + + —
PAR-Pg 209 + + + + —

Ve +FOREE T A R R TR,
2.3 BEBFEEE PAR-P, BBV RE K

K 3 MEIFER TGA M2k & 3 B3 1 R 3R
F7 R DMA £k, M &l 3 T DAISRA R VG B 5%
H S0%H X RL IR BE ( Tsoy, Tsoos )s Z5HFNTH 3,
W, Tso, TVENEE SR ARSI AR . R 3 &3k
3ATLAE Bl & 1 2R DT BRI Tso I 7E 468~475 °C

ZIH), FHZ RN RITEE HA B &R E M.
X E BT REW T F 8P AR5 ER 45 F 1)
ETE. B 4 WEEG g DSC <. K 4 ATLLEH,
FETHEE AR, AR U BT B s AR AR L R
7 B Al | 10 BRI 2R 9 R DY R ¥ M TG e TE AT R
Ji4h, B DSC AT LIE 1, BEE RS Y hIessi
BT RO, MRS ES LR AR R (T,) M
WA, 3.9-dE WA H &N 0.05% 1Y K S
PAR-P 5o, B B AL G AS IR E N 176 °C, 1724 3,9-96
SN 0.20%0F, PAR-Pq 00, 3 B840 5 75 I i
PR R 201 °C, RPIELEHFITH T ATT LI 2 42
e PR T A L O LG 5 JE 45 H BT S RN,
FE S B B AL L AR IR AW = . R EESY ) DMA
Mk (& 3 hafED) rTAL, RI5HR PAR-P, B ES L
HARREITE 211 °CLL L (Hr, PAR-Poagwfl T,
219 °C), [RIFEIEM, &7 J645H BT RIS iR
HA BRI m#dERe .

—— PAR-Pysy
— = PAR-Py 0%
- - -PAR-Py;sy
PAR-Py 0%

— PAR-Poos%

DMA  — PAR-Pyio%
- PAR-Posw

— PAR-Poa

200100 200 300 400 500 600 700 800
BE/C

¥ 3 PAR-P, ") TGA #HZk (If&h DMA #HZk)

Fig. 3 TGA curves of PAR-P, (Inset is DMA curves)

%3 PAR-P, HIAERE R
Table 3 Thermal properties of PAR-P,

PAR Tsy,/°C Tso/°C T,"/°C T,%/°C
PAR-Pg 55, 475 521 176 214
PAR-Pq_ 100 468 514 185 211
PAR-Py ;50 475 519 194 216
PAR-Py 500, 473 516 201 219

O DSC M AT ; @ DMA T4,

g

=

PAR‘P0.0S%
il S —
@ PAR-POJQ%
g
i | PAR-Po;sx
| PAR-Py 500,

160 1'I70 1I80 1I90 2(I)0 2I10 220
1R/ C
Kl 4 PAR-P, ) DSC Hhk
Fig. 4 DSC curves of PAR-P,
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2.4 BEFEREE PAR-P, IS4 g8

SRR AP AT WL -3 21 A 635 AU 28 6 615 AU
9% T WA YR G YERE , PAR-P, 1Y 28 4h-0] WL Ot
TEILE 5, PG 6, SRR WL 4.
& 5 AJ 1, WIS EELE 440~500 nm £ 2 T8 B ERE T 1
M, AR FIEM IR R -n BRIE T 7= A AR AE
W B UE AR A A AT R R T Bl A . i,
440~470 nm Kb &I E X R R AS B TH IR
REBANESIAYIRIE, 470~500 nm Ab 1 W WCHT X5 1
BEERE B FHESE N ARIRSBER B KT
ME S ATRLE W, R A e 5 15 il 2R 5 b
SEAE BT R AR I 4 R

0.33
—— PAR-Pgs%
N — — PAR-Py
. - - - PAR-Py;s9
0.32 / \ — - PAR-Py,p
- S~
o031}t
— 7N
L - - ~ _ _ _ _
0'30:__/‘/—\\*
400 450 500 550 600
P /nm

15 PAR-P, ) UV-Vis WU
Fig. 5 UV-Vis absorption spectra of PAR-P,
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K16 PAR-P, B2
Fig. 6 Fluorescence spectra of PAR-P,,

WO, etk WA K I R K

PR, AR R . XS TR MORGE
Wk A PR s 5 5 R A RE G . IR 6 FEE 4
ATLVE 1, BIOSERIN & SHEA T 495, 520 nm 4k
JeIX, HBEE LG e & s i m, 26 YR
FEMIRI ISR . 24 3,9-96 RS A9 N 0.05%38 Jin
F] 0.20%FF, HEAGEBAE 495 nm Ab K& 506 )55 B
M 1.6x10° T3] 5.0x10°, IR 92 G50 M 1.0%
10° 42T 5] 6.4x10°, FEEFHT, FEATE 480~
540 nm I K Y0 P4 R H LGRS 4025 0 1 e B U
T 6 AR 25 T R 5 9 26 016 Y i 3 B 5 1T S 3 10
K, X AT . RERE L T
Ak JE S B G 5P, e, BAY
Lo PRS- BE R, o F A E AR S, i
TEEET, BN T2 AR REE,
PR T S A 2 s i A i 2

%4 PAR-P, LY HEE
Table 4 Optical properties of PAR-P,

PAR ST A/nm Wi A/nm
TR mARA& G KK
PAR-Py 5, 479 490 493
PAR-Py 109, 474 489 493
PAR-Py 5%, 474 489 494
PAR-P; 5%, 473 489 495
3 #Hig

R B A ROk, LI AL 3.9-
JE RS R R R g SR A B T R R g SRR DR
BT RINEEE B ICE AR FIR R D5 PAR-P, . BF
FRI, FERITER ST H LA PLAER, BA
B Ty UK RAFBIEEENE . A, PAR-Py 00,
1 DSC #1 DMA W31 T, il 40li5 %] 201 1219 °C,
TE AT A SO BERAS R, X RPN RIS 5
WAELEIEIX (480~540 nm ) ¥ HRINESS, FBE
ERBY IS RoTE B R, HIOLM R
ZIER

SiibuRi Sl Y (3L S AN ([ RN
AUAESS Y BATT, T AR B s AR T A, []
I T A RO BUROL B RRIE . A SCRIBFFE S R T
RIT RSB SOt K0 U A R — E B
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