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Abstract: Semi-aromatic polyamides are an important class of high-performance engineering plastics with ex-
cellent properties and wide applications. However, traditional polycondensation methods usually require

harsh reaction conditions such as high temperature and pressure, resulting in polymers with low molecular
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weight and broad molecular weight distribution. Although semi-aromatic polyamides with high molecular
weight prepared by ring-opening polymerization exhibit both excellent mechanical properties and optical trans-
parency, the low glass transition temperature (T,) limited their practical applications. In this work, an "aryl
substitution” monomer design strategy was employed to introduce benzyl and phenyl groups into the monomer
P (BLM") and
P(BLM"™). The ring-opening polymerization of the aryl-monomer BLLM" exhibited excellent controllability.
When the feed ratio of [BLM"]:[z-BuP,]:[ I ] was 1000:2:1, the polymer P(BLM"") was obtained with a
number-average molecular weight (M,) as high as 337 kDa and a dispersity of only 1. 07. The resulting semi-

structure, successfully producing two aryl-substituted semi-aromatic polyamides,

aromatic polyamides exhibited good thermal stability with decomposition temperature at 5% weight loss
(T, s) of 353 and 305 °C, respectively. They also displayed excellent optical transparency, with transmit-
tance values ranging from 84 % to 88%. Moreover, the aryl-substituted polyamides showed high glass transi-
tion temperatures, achieving a T, of 110 °C for P(BLM"") and a notably high T, of 153 °C for P(BLM"™).
Overall, this work demonstrates a viable strategy for modulating material properties via monomer structural

design, provides design guidelines for developing semi-aromatic polyamides featuring high glass transition

temperatures, and holds great potential for advancing their application in high-temperature environments.
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Fig.1 The synthetic route of monomer BLM"

1.3 WMiXAEERLEFE

KA T AV T -400 MHz 8% i 34 48 St 3% X
X % Al AR R 5 W) 245 K 4T RAE , L DMSO-d;
WA, E RS LC R S A R RS HEBH 8 1% 1Y
(Size-Exclusion Chromatography, SEC) Xf & & )
gy Fm AT RAE WK S5 F . DMF 1R 2 Uk IR W (%
A AL, 0. 05 mol/L), i # 0. 8 mL/min, JIl i
HEEE 9 50 °C, R IR N 0 TR 1Y s (PMIMAD S % 1E
A . P(BLM™) (P(BLM™ By #4 B It 43 51
K # E 4 Br (Thermogravimetric Analysis,
TGA) AL | 22 /% 1 4 & #4 (Differential Scanning
Calorimetry, DSOUAE A S T #H47 . Hrp,
TGA Ft ik # % 5 10 “C/min, W B 15 B A 40~
600 °C, & & 73 fif 1 BE T 50 (8 DN BT 12 R AR 53 45 - 1R
JERh Zerh kA5, 0f o OO R 500 I TR BE o Bk 5
A5 AR R B T, 76 DSC 55 Lok LBy s 5,
NGRS 2 PO AT A R4S, AR 225 10 °C/min,
B R 10 °C/min, J12EPERE R 17 GEM
B HL AT R AE , B2 AR R 10 mm/min, 5
G W P BB Ak BL AR R AR B IR (K
50 mm X 5& 40 mm X J& 0. 4 mm) , R R E R A
W B 5 AL L AR R BE Ry 20 “C o B AR SRR BY A G A% A
CEVK 50 mm 41 #0420 mm ., 98 4 mm) #F 47
W, BMREYTREZMIR 4 MK, BHRRA
1264

LHN-TT DL S FE TR AT AR, P K TS B R 400~
800 nm , FE & i 5 L BE R (0. 05+0. 02) mm.,

2 #RE5{Tie

2.1 ARREE

PL-BuP, A AL T k5] &5, 7 2 mol/L
(T DMSO B h T HF AR A 45 Rk 1
Ji7s . R BLM™ i JF IR G R B R AF R R
WS AT e . M [BLM™ ] [~BuP,]:[ [ 1# K
el 2 50 1: 1B, B AE % N S 10 min P #%
1k R\l 3k 89%, fF 15 P (BLM™) () 2» T & N
32.1 kDa, 3+ HUE A (D=1.26)(F£ 1,entry 1),
W5 BORE FE 138 0 2 500 1: 17 , BRI AR 35 v 50K
G LR N 84Y . P(BLM™) B4 F B BE R L
5] 488 Jan i 184 hm, M, M 32, 1 kDa 34 A %) 170 kDa, 5
TR £ e 1 K R A R 2a) , HL 0 HIORE R 1 0 A 1
K (P=1.12~1.26) (% 1, entries 1~4) , SEC
SRR RAE W0 o A i SR I R
B BRLIGE | I Bk B B N R T 1) e X R R
(K 2b) . i — B3 [BLM" ] : [BuP,]:[ I ]
BB B E 1000: 2: 1, BG I I [R)#F BE w5 25 ik
7 BRI AL R 76 005 TR IR A5 ) P(BLM™) 1)
4y F i M, 535 337 kDa, 3 H A 8UE A 1. 07(%
1,entry 50,



% 5

THRREHEZHBUHETREYGF T FH

# IR B M % 63 A

lz::ﬁtmmﬁdt R BLM™ 9 3 4 H R 5
18, T PR IR A AR R SN R EE T & 70 CER
%ﬁ%é%ﬁo 5 BLM" # ) , BLM™ ) IF 25 3R
AR S R T R R AR CEl 2. d) L Y
[BLM"™]:[-BuP,]: [ [ ¥k M 50 1: 13 Jm 5]
500: 1: 1A, FF S A% P(BLM™ B 4 F it M, )\
19.5 kDa 3 Jin %] 129 kDa, 4> % (D=1. 14~
1. 24)(F 1, entries 6~9). R, 4 BLM™]:

[-BuP,]: [ T JH ] & 1000: 2: 1 B}, FF 18 & W
P(BLM™) 73 7 & M, LA 221 kDa, 73 8% D722
oI E 2. 26, AR AL FEREAR 2 6300 (K 1, en-
try 100 . 3R i TR L B 4% 5IR AR o- Bk AH I |, 3L

W B, 5 80N A C—H B 0 1R P I 35 10 . TR AR
JE LS, A e 070 T B A O IR T A A B

i Fg R BNE 5 B A O 2R3 IR O AE IR
G %, BT fi 73 545 0 A A2 5

&1 BLM'MIFHRERE"
Tab.1 Ring opening polymerization results of BLM"

i +-BuP,, |
CCp =5 ™ CO:
0 R
BLMR P(BLMF)
entry M [M]/[Cat. ]/[ 1] T/min Conv. /%" M, ca/kDa M, sge/kDa’ B
1 BLM"" 50:1:1 10 89 11.5 32.1 1.26
2 BLM"" 100:1:1 10 92 23.5 47.8 1.20
3 BLM"" 200:1:1 10 87 44.3 82.9 1.19
4 BLM"" 500:1:1 40 84 107 170 1.12
5¢ BLM"" 1000:2:1 45 76 182 337 1.07
6 BLM™ 50:1:1 121 89 10.8 19.5 1.22
7 BLM™ 100:1:1 121 89 21.5 35.4 1.14
8 BLM™ 200:1:1 121 87 41.8 69.3 1.24
9 BLM™ 500:1:1 24 h' 85 102 129 1.22
10¢ BLM"™ 1000:2:1 24 ' 63 151 221 2.26
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one, Solvent=DMSO (2 mol/L), RT; "Monomer conversion measured by 'H NMR of the quenched solution; ¢ Calculated based on: ([M],/

[ T 1) XConv. % XMW, (molecular weight of monomer) +MW; (molecular weight of initiator) ; ¢ Number-average molecular weight (M,)

and dispersity index (D=M,/M,) ,
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Fig.3 Material performance of P(BLM"®) samples
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G¥ 5 BE AN B X R A WU M e Y R e, 2 R 3k 2
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S EE P S A Y R EEARE M P(BLM™ L
BOMERE B OB OT BE L B IRORE B AL O (1024
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Tab.2 Summary of mechanical properties of P(BLM"") and P(BLM"™)*

Polymers E/GPa oy/MPa Elongation/ % o/ MPa
P(BLM") 1.43+0.12 44.343.32 4.1340.26 42.6+2.55
P(BLM™ 1.0240. 22 — 4.56+1.51 37.7+4.60

VE MR 2% 2 R S , BT E R 10 mm/ming E SRR 5 oy N ARG EE 5 oy g TR AR

Note: * Condition: Tested by uniaxial tensile tests, strain rate of 10 mm/min; E: tensile modulus; oy : yield strength; oy,: break strength.
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W W ZRAE, 25 3 a1l 3d s o #E 400~800 nm (1) A]
LGS Y, P(BLM™) #il P(BLM™) iy 1% 5t 3R
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