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Abstract: In this study, star-shaped PLLA was synthesized by using 2, 3 and 4 OH group-contained amine initiators to
improve hydrophilicity and to decrease crystallinity of poly(L-lactide) (PLLA) drug delivery system. Tin(Il) 2-eth-
ylhexanoate (Sn(Oct),) was selected as a polymerization catalyst and N-butyldiethanolamine (NBDA), triethanolamine
(TEA), N,N,N',N-tetrakis(2-hydroxyethyl)ethylendiamine (TEED) were used as initiators. PLLA polymerization was car-
ried out through bulk polymerization and solution polymerization. The synthesized polymers were characterized by dif-
ferential scanning calorimetry (DSC) and crystal morphology and crystal growth behavior were confirmed by X-ray
diffraction (XRD) and polarized optical microscopy (POM). Star-shaped PLLA synthesized by bulk polymerization
showed lower melting point and crystallinity, smaller crystal size, and slower crystal growth rate than linear PLLA. The
PLLA synthesized by solution polymerization showed no significant difference in melting point, crystallinity, and crystal
growth rate between linear PLLA and star-shaped PLLA.
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Table 1. Monomer, Catalyst, and Initiators Employed in This Study
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Table 2. Results on Bulk Polymerization of L-lactide with Various [LA]/[Cat.] Molar Ratio”

Polymer Initiator [LAJ/[Cat.] Con(\(f)zr)sion ( g/Ar/[rrl]f)l) (oTé) (OTEC) A(gg)] ()0(;(:)
2LPLLA NBDA 85.5 8500 46.8 148.0 514 54.9
3SPLLA TEA 400 79.3 8700 472 143.4 34.2 36.5
4SPLLA TEED 79.8 9000 40.7 127.2 22.8 24.4
2LPLLA NBDA 84.0 8700 -/ 154.1 50.9 54.4
3SPLLA TEA 200 76.9 8900 45.0 130.3 32.5 34.8
4SPLLA TEED 72.2 9100 31.9 -/ -/ -

“Polymerization condition; L-lactide=2 g(14 mmol), polymerization temperature=130 °C, polymerization time=15 min, [LA]/[I]=50. "Determined by
GPC analysis with polystyrene standard. ‘T,,, 7, denote the maximal glass transition temperatures and melting temperatures of the polymer in
second heating runs. “Determined by DSC analysis. “X.=AH,/AH,’x100; AH,,°=93.6 J/g. Not detected.

Table 3. Results on Solution Polymerization of L-lactide with Various Initiator

a

Polymer Initiator ~ [LAJ/[Cat] CO“(VOZ)SiO“ (gﬁ“ﬁ)l) (% (TC) ?J]fg)d ()0(/0)
JLPLLA NBDA 85.3 7800 423 146.6 4.6 46.6
3SPLLA TEA 200 86.1 9500 46.7 145.9 407 43.5
4SPLLA TEED 754 9800 464 1453 37.0 39.5

“Polymerization condition; L-lactide=1 g(6.9 mmol), [LA]/[1]=200, polymerization time=3 h, polymerization temperature=105 °C, toluene=5 mL.
"Determined by GPC analysis with polystyrene standard. °T,,, 7, denote the maximal glass transition temperatures and melting temperatures of the
polymer in second heating runs. ‘determined by DSC analysis. “X;=AH,/AH,°x100; AH,°=93.6 J/g.
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Figure 1. DSC curves of PLLA prepared with various initiators:
(a) bulk polymerization ([LA]/[Cat.]=400, [LA]/[1]=50); (b) bulk
polymerization([LA]/[Cat.]=200, [LA]/[I]=50); (c) solution polym-
erization([LA]/[Cat.]=200, [LA]/[1]=200).
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Figure 3. XRD patterns of PLLAs with different numbers of arms:
(a) bulk polymerization [LA]/[Cat.]=400, [LA])/[1]=50; (b) bulk
polymerization [LA]/[Cat.]=200, [LA)/[1]=50; (c) solution polym-
erization ([LA]/[Cat.]=200, [LA]/[1]=200).
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Figure 4. POM photomicrographs of PLLAs with different num-
bers of arms in bulk polymerization ([LA]/[Cat.]=400, [LA]/[1]=50):
(a) 2LPLLA crystallized at 120 °C; (b) 3SPLLA crystallized at
110 °C; (c) 4SPLLA crystallized at 110 °C.

Figure 5. POM photomicrographs of PLLAs with different numbers
of arms in bulk polymerization ([LA]/[Cat.]=200, [LA]/[1]=50): (a)
2LPLLA crystallized at 120 °C; (b) 3SPLLA crystallized at 110 °C;
(c) 4SPLLA crystallized at 110 °C.
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Figure 6. POM photomicrographs of PLLAs with different num-
bers of arms in solution polymerization ([LA]/[Cat.]=200, [LA]/
[[]=200): (a) 2LPLLA crystallized at 110 °C; (b) 3SPLLA crystal-
lized at 110 °C; (c) 4SPLLA crystallized at 110 °C.
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Figure 7. The spherulite diameter growth behavior depending on
the isothermal crystallization time: (a) [LA]/[Cat.]=400, [LA}/
[1]=50; (b) [LA]/[Cat.]=200, [LA]/[1]=50; (c) solution polymeriza-
tion (JLA]/[Cat.]=200, [LA]/[1]=200).
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Table 4. Isothermal Crystallization Kinetics Results for PLLAs with Various Initiator”
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JLPLLA NBDA 438 0.674 26 1.03
3SPLLA TEA 400 50 13 0.106 37 1.34
4SPLLA TEED 11 0.062 25 1.63
2JLPLLA NBDA 6.7 0373 31 118
3SPLLA TEA 200 50 1.8 0211 46 119
4SPLLA TEED 0.9 . s s

“Polymerization condition :

L-lactide=2 g(14 mmol), polymerization time=15 min, polymerization temperature=130 °C. “The spherulite diameter

growth behavior depending on the isothermal crystallization time; determined slope from figure 7. ‘Determined intercept of log(-In(1-X;)) versus
log ¢ from avrami equation of figure 8; defined as the isothermal crystallization rate constant; Avrami equation is log(-In(1-X)))=nlogt+InK.
“Determined slope of log(-In(1-X)) versus log ¢ from avrami equation of figure 8; defined as the Avrami exponent. “Defined as the time at which
the extent of crystallization is complete by 50%; #,,=(In 2/K)"™. /not detected.

Table 5. Isothermal Crystallization Kinetics Results for PLLAs with Various Initiator in Solution Polymerization”

Polymer Initiator [LAJ/[Cat.] ¢ K_] n’ hr’
(mm/s) (min™) (min)
2LPLLA NBDA 6.4 0.630 3.7 1.04
3SPLLA TEA 200 3.8 0.622 33 1.05
4SPLLA TEED 3.0 0.304 5.0 1.13

“Polymerization condition:L-lactide=1 g(6.9 mmol), [LA]/[Sn(Oct),]=200, [LA]/[1]=200, polymerization time=3 h, polymerization temperature=105 °C,
toluene=5 mL. "The spherulite diameter growth behavior depending on the isothermal crystallization time; determined slope from figure 7.
‘Determined intercept of log(-In(1-X;)) versus log ¢ from avrami equation of figure 8; defined as the isothermal crystallization rate constant; Avrami
equation is log(-In(1-X;))=nlogr+InK. “Determined slope of log(-In(1-X;)) versus log ¢ from Avrami equation of figure 8; defined as the Avrami
exponent. “Defined as the time at which the extent of crystallization is complete by 50%; #,,=(In 2/K)"".
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Figure 8. Plots of X; versus the isothermal crystallization time (£) and plots of log(-In(1-X;)) versus log ¢ for PLLAs with various initiator :

(a) bulk polymerization ([LA]/[Cat.]=400, [LA]/[I]=50); (b) bulk polymerization ([LA]/[Cat.]=200, [LA]/[1]=50); (c) solution polymerization
([LA)/[Cat.]=200, [LA]/[1]=200).
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Figure 8. Continued.
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