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Synthesis, Structures and Characterization of Triarm PPO-PDLA-
PLLA Block Copolymers and Its Stereocomplex
Crystallization Behavior

Zhao, Chenyang Shi, Wenpeng Ma, Yan Li, Suming Fan, Zhongyong™
(Department of Materials Science, Fudan University, Shanghai 200433)

Abstract The triarm poly(propylene oxide)-poly(D-lactide) (PPO-PDLA) copolymer was prepared by
ring-opening polymerization (ROP) of D-lactide (DLA) with low unsaturated poly(propylene oxide) triols
(PPO) as an initiator. The terminal hydroxyls of the prepolymer were activated by stannous octanoate
[Sn(Oct),]. Then a series of novel triarm poly(propylene oxide)-poly(D-lactide)-poly(L-lactide)
(PPO-PDLA-PLLA) block copolymers were synthesized by ROP of L-lactide (LLA) with functioned
PPO-PDLA prepolymer as a macroinitiator. Fourier transform infrared (FTIR), nuclear magnetic resonance
spectroscopy (NMR) and gel permeation chromatography (GPC) results confirmed the configuration of
triarm PPO-PDLA-PLLA block copolymers with high isotacticity, and the number average molecular weight
of the samples could be greater than 100 kDa. The block structure of copolymer chain could be readily ad-
justed in terms of LLA units and molecular weight of PPO-PDLA prepolymer. Differential scanning calo-
rimetry (DSC) and wide-angle X-ray diffraction (WAXD) demonstrated that the stereocomplex PLAs
(sc-PLAs) were formed between intermolecular PLLA and PDLA blocks without PLLA crystallization
process. The melting temperature (T7,) of sc-PLA crystal was about 200 ‘C, which was much higher than
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that of pure PLLA. These results show that the triarm PPO-PDLA-PLLA block copolymers could be prom-

ising as a heat-resistant poly(lactic acid) (PLA) material.
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Scheme 1 Synthesis and molecular structures of triarm PPO-PDLA-PLLA block copolymers
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Figure 1 FTIR spectra of triarm PPO-PDLA and PPO-PDLA-
PLLA block copolymers
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Table 1 Molecular weight and characterization of the samples
Sample Mn®  Ma(PPO)* Mo(PDLA)* Ma(PLLA)* 1 m [ Ma® My" My /My
PD-1/5 24800 3200 21600 — 18 100 — 22600 39800 1.8
PDL-1/5/8 59400 3200 21600 34600 18 100 160 8500 21900 2.6
PDL-1/5/14 85300 3200 21600 60480 18 100 280 11500 23800 2.1
PDL-1/5/25 132800 3200 21600 108000 18 100 500 24000 51900 2.2

“ Determined by 'H NMR. ® Determined by GPC.
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Table 2 The results of triarm PPO-PDLA and PPO-PDLA-
PLLA block copolymers calculated from DSC curves

Sample T/)C TJC AH/(Jeg ") TW/'C AHu/(Jog ") fi/%
PLLA 59.7 1025 639 1709 712 76
PD-1/5 459 83.1 298 1647 529 57
PDL-1/5/8 450 773 379 1981  57.6 41

PDL-1/5/14 49.3 81.0 29.2 202.1 47.4 33
PDL-1/5/25 544 89.4 26.5 199.7 37.5 26
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Figure 5 Plots of T, and T versus //m of the samples
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A K(110), (300)A1(220)2E K M. M4, 78 WXAD
TEE 20 0 16.8°F1 19.204b JCATHFFAEVE I, HiF
W17 7 sb-PLA Zidiad b, #E8 s W PLLA #EB
AbTHE LS.

PD-1/5
h PD-1/5/8
PD-1/5/14
A ) PD-1/3/25
5 I 1IO ' IIS ‘ 2|0 I 2|5 I 36 ' 3|5 ‘ 40

20/(°)

B 6 —f PPO-PDLA I PPO-PDLA-PLLA fikBILEMM
WAXD i

Figure 6 WAXD profiles for triarm PPO-PDLA and PPO-
PDLA-PLLA block copolymers

B R S Ty 1 g e N TR S ]
) R~ (L) af LR YE Scherrer APk, W) L=
KA/(Bcos®). A A2 X WP, B 2T n
Vs, 0 JEfTH A, K=0.89 M4 m b S AE
FEANEAEAC T )~ 38 0 ) RO 91 336 3. R 3 s
AL, = PD-1/5/8 1] sb-PLA f4A&#i(110), (300)F
(220) 2 K TR it A4 RS dge Dy, 3% 5 3 Sl A o 23 1B I
WK, tH DSC g9 Ran, H £ sk, Tn BfiKh
198.1 °C, UtH PD-1/5/8 ARt dtki BRI, (H 255
%Z. =1 PD-1/5/14 &R RO R, RTS I IRIEE, A
UEAHRPE DSC BRI sidsem. B 1 0m (HIFHEK,
ESRASN PLLA BEBLX sb-PLA BEBLIHAY HOAF, BH
37 sb-PLA dfARM AR, I =H PD-1/5/25 A Bl dh
WL ST AT ik > < i AR (1) 5635 SE AT T BRAIK. B DSC il
3L T W= PD-1/5/14 K4 2.6 °C, f. IRFF N
fiCfA.
# 3 = PPO-PDLA fll PPO-PDLA-PLLA kB354 14
45t (nm)
Table 3 The crystal structures (nm) of triarm PPO-PDLA and
PPO-PDLA-PLLA block copolymers

Sample 110 203 110 300 220
PD-1/5 273 16.6 — — —
PD-1/5/8 — — 18.4 11.7 13.6
PD-1/5/14 — — 304 19.0 20.1
PD-1/5/25 — — 232 13.1 20.1

3 #Hi

(1)LL PPO MR, A T = A% PPO-PDLA
TRERAA. g B PR AR BE R o PR L5 P, KM Sn(Oct),
PRy 1 PR PIEAT v S AL, PR LA R K515 R
HEHAT LLA JFIR RS, mehiil#s 7 = PPO-PDLA-PLLA
BRI HA L.

(Q)FE 130 C, AuiEiG I K> 7 IR P kA7 %
W IR ] S ek R AS 4 SN, il 4% (1) PDLA-
PLLA kB SR ) F AT BE BT A IS . Sk T R
I - i PR AL

Q)X FE R Sl S RE I E LS R R, EA R =
T PPO-PDLA-PLLA ik Be LR M) 5 b B B W) 5 2
Ji sb-PLAs, H AN il BEA T PLLA, i HAE B 4
FIMs = T PLLA 30 °C, 29200 C. P PLLA Y
VARSI B G RIS, X T4 5 sc-PLA
PR i B 23 A ).

(4) sk - PLLA #EBO KT PDLA BB, =
PPO-PDLA-PLLA ik BOILIRYIN Ty A1 T, SIBE W b 74
M B ARG B2 LU et T . W AR IR ZS PLLA
BEXT sb-PLA (1145 & BE 7 AL AR R ST A AR K IR 5 .
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