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Table 1 Synthesis and characterization of PDLA and PS-b-PDLA diblock copolymers

Molecular weight

Samples * M,/M,° Optical rotation (°) Furcn®
M, e M, cpc® M, cpc” ,
PS4 27.3 30.0 26.9 1. 11 — —

PS,60-b-PDLA | 29.8 33.2 29.9 1. 11 14 0.11
PS,¢y-b-PDLA ¢ 32.5 38.8 35.1 1. 11 24 0.18
PS,40-b-PDLA 37.6 37.9 33.3 1. 14 40 0.29
PSy0-b-PDLA 3 42.1 38.4 34. 1 1.12 47 0.36
PS,60-b-PDLA 14, 50.6 43.5 37.5 1. 16 71 0.47
PS,¢-b-PDLA 1 68.7 58.9 47.9 1.23 94 0.61

PDLA,,, — 9.3 7.2 1.29 147 1. 00

PDLA,; — 89.8 74.4 1.20 150 1.00

@ The subscript values indicate degree of polymerization for styrene and DLA in diblock copolymers; * Number average molecular weights were

calculated with the integrated intensity ratio of ' H-NMR signals of PLA methylene protons (CH, & at 5.2) and PS methylene protons (CH, & at

7.5); © Molecular weights were determined by GPC with chloroform eluent and PS standards; ¢ PDLA weight fractions in diblock copolymers were

determined by thermal gravimetric analysis (TGA).
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Fig. 1 TMDSC heating traces for diblock PS,q,-

b-PDLA,, (f, = 0.29) at 3 K/min with a

temperature modulated amplitude of +0.72°C and

modulated period of 60 s
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Fig. 2 TMDSC cooling traces for diblock PS,q,-

b-PDLA,, (f, = 0.29) at 3 K/min with a

temperature modulated amplitude of +0.72°C and

modulated period of 60 s
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Table 2 Thermal properties for a series of PS-b-PDLAs diblock copolymers

PS block PDLA block

Sample T* AC,® T,* AC,* T." AH,” T,° AH,© T,% AH,° e X!
(C) (J/gC) (C) (J/gC) () (Vg () Ve (O Wy (%)

PS,q0 92.9  0.32 — — — — — — — — — —
PS40 -b-PDLA 14 97.0 0.25 5.2 0.09 77.1 0.48 143.6 0.50 91.0 0.69  0.05 1.9
PS40 -b-PDLA 96.4 0.19 47.7 0.14 79.7 0.69 150.2 0.75 89.5 1.19  0.07 3.8
PS,40-b-PDLA,, 98.3 0.17 539 0.20 8.9 1.33 159.7 2.77 941 2.50 0.18 5.0
PSy-b-PDLA;g; 955 0.11 52.8 0.22 783 508 158.0 891 111.1 681  0.27 6.8
PS,-b-PDLA;,  94.3  0.10 54.4 0.28 853 8.8  159.2 10.44 114.3 10.76  0.29 10.7
PSy0-b-PDLA%s  n.d.  n.d. 588 0.33 91.0 16.19 165.0 25.64 112.7 20.95 0.31 10.0
PDLA,,, — — 547 0.51 81.8 37.00 164.5 60.30 111.4 54.44 0.39 30. 1

* T, and AC, for individual block component were measured by reversible heat flow curve during heating from 0°C to melt; b1 .and AH,, of PDLA

blocks were determined by non-reversible heat flow during heating from 0°C to melt;“ T, and AH, were determined by total heat flow during heating

from 0°C to melt;¢ T, .and AH,,. of PDLA blocks were determined by non-reversible heat flow of TMDSC during cooling from melt; © f, values were

me

evaluated according to the equation (1) ; ' Relative degrees of crystallinity were calculated by equation (2).



6 1]

PN AR LI -b- TR AT LR —

Ly

i B IR 0 PP BE AN S, AT R AT

743

&

B4l bt 8 A 52 .
2.2 PS-b-PDLA #0 PDLA ¥ B8 4% R 3h
hE

Bl 3 JroR AN A H R DSC A5 i 45 i il 32
T s ﬁﬁ%& Pszeo 'b'PDLAzss ( a) il PDLA142 ( b) H
X4 fm BE (X, ) Bl A5 U0 45 A s Ta] (o) 1Y) 728 1k it £k
BER I PS5 -b-PDLA g 15 S A5 ik 25 i Tk B 518
FEL PN, it o A5 T 35 o U B e, 45 it e B e, 38
B4 1 1 25 1 IR [A) 5 T34 2R 4 PDLA,,, 1Y
SEEREEAE T, = 117°C B H B KA, 3X 5 3Tk
ARG PLLA &5 5 X ek T 5 10 A 4% A5 JR % 118°C
FEAR AT SR A SRS R, PSyg0-0-
PDLA I 45 ft 3 £ [ PDLA, 075 22, B 45 4
P PDLA 4% Bz i 37 & 5 00 0 HE 51 S 2% 52 21 W 4
PS HEBe iy s PR YR (5) THEATF PS,q0-
b-PDLA . 55 R 25 i I 25 R 8 KB 45 R
/Hﬁ tl/zﬂl Avrami ?E‘ﬁ n,zlj:l: %EUﬂﬂ@ 4 ~6 Fr.

a
100+ i
= - - —117
S gl --115
N 113
z T
£ oo s D 107
g 40 .......... 188
) ‘l
5 —97
4 --93
5 20 --89
<
2 -
o T
0 10 20 30 40 50
Time (min)
b
100 =
S
= 80
B
2
2
£ 00 120
2 40 - = -117
§ 114
£ - =111
=20
& —--= 108
0 ----- 105
4 5

Time (min)
Fig. 3 Plots of relative degree of crystallinity (X,) as a
function of isothermal crystallization time for PS,q-b-
PDLA ¢ (a) and PDLA 4, (b) under various crystallization
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Fig. 5 Plots of half-crystallization time (¢,,, )

versus Isothermal crystallization temperature (7', )

for (a) PDLA,,, and (b) PSyg-b-PDLA,g

W SERE MRS S, 7 117 °C BT A7 (e AR/ MEL. T —
HRBE PS160-b-PDLA o 5 it Y 45 i A0 AE 103C A
ARAG MR B2 45 i A3 ¢, B /IMEL 1T PS i
B B AL AR S A IR T, A% 95°C BT, A i
SFRAT IR T, KT PS By T, F, 46 il 25 Y
PDLA ik Btz PS 55 Bt i BR il AH xF 8¢/, PDLA
By oz s T8 5, WIZ AT PDLA B
%4 A5 PDLA YR milid T #5545 w47 o A
UL, FTRE T PDLA A3 A f) 249 R ok v Bl R 3k 38 Pir 422
1, e A5 Ul 4G At B AL R A TR s



74 o4 T

2y e 2010 4F

HEEREE RN T Topr B /INT PSR BLH) T,
B, ANFHZME PS Fil PDLA 4% BL ¥ THH A B, 76 A
[ £ poa A FE T, R 57 A AH L GIORH 70 15 45 A8 1Y
DI, AT BIR A ol X s P O 2 M PDLA S 99
Bz 3l A R, 25 AR bl T, AR T
TRE. B 6 Sy S5 M 45 (Y PS,q-b-PDLA L (a) Fl
PDLA,,, (b) B Avrami ¥ n 5 T, MR E &,
ZE IR R IR PS,e,-b-PDLA o 285 i 1Y) Avrami F5%%(n)
BEAFAEL0~2.0, I HFE T, Fhm, 76 T, p B
VTR BN RN, n S BRI fole S 388 0 A a9, 7
B T, T ,n 4880E T 2. 0. T PDLA $R Y1)
Avrami 15 80 n (B BE % 25 i 45 5 i B A0 52, ih
3.0 MLAPEHLEE INE) 4. 0. Avrami $555 n (H— bk
TAA FR 45 0 2 8] 2 550F0 A% BsF () 50 A, 25
TGS AR BAZ LI, 5 (B 4E R 1. 0, S AH Bl )
B[] 450k 0122 X6 45 vk PDLA 2454,
FIU R BR i = A, 1 on =3.0 ~ 4.0 ] DU
D s S TRL 45 At B2 T, , PDLA J J] T 25 41K 7%
A% 45 . TR T PS-0-PDLA. — i B3 R W),
PDLA iz Be i B i 45 it A2 3 PDLA BT 53 %
82 ), A 12 A X AT IR BE T 1) 45 TR 45 ol 4%
T, W PS 85 B A7 7E LA 3 AT G i RS
DI, Kl PDLA 509 B i3 HOT R, 45 A K
()75 ) [ R R 5 4 Bt 32 2 BRI fr 1 6
PS,60-b-PDLA o 7E AN ] S5 25 f iR FE T Avrami 4§
Bn WA S, AT DAHEI 52 BR AW =S 18] 1 77 76 W]
REREAI PDLA jix B i i 4E 5L

6
= 3T
b
£ A,A
5 4t
15} A
& A
5 A
- 3
g
s
= 2r oo
< %o
(o]e] O a
i O 00 o o
0 ) . . . .
70 80 90 100 110 120 130
Crystallization temperature (C)
Fig. 6  Plots of Avrami index (n) versus isothermal

crystallization temperature (7,) for (a) PSys-b-PDLA g
and (b) PDLA,,

2.3 PDLA ZRFEEA(T,")
iz Jil Hoffman-Weeks ¥, i T,-T, 1 T, =
T, VEIEIR] LLAMEERS 21 45 it 1) P-4 1, 25 R &

7 Ji7. PDLA 33 W) 1)1 45 5 0 223°C, HESC
Hk P HGE A58 205 ~ 215 °C A iy , T 7 ik Be At R
Py PDLA (i T,° B H IR TR T 38°C. Jnlfig
FO J PR R G 52 T8 WP PS i B (0 A7 76, BHLAR T
PDLA §5 i3z 3l 547 B U RE 22 T, PDLA S ik
AP B R BEREAR, SR R BEREAR. R il L5 B
LR R AT THEAT ] PDLA K54y 8 IR F ik Btk
Y PDLA LKA JE K1y 23 514 2.3 Fl
3.8, 55 SCHk 4R A — ST, U 0
Hoffman-Weeks SM{EF- #1455 (1977 58 T L ik
2 MR .

240
T

2 e
wp e :
ol AM“A ..........

2160 g

g

= 40t

120 : ‘
. i

100 7,.’=185°C! Ty #223°C

80 | Il | Il ! Il 1! I
80 100 120 140 160 180 200 220 240
7.(C)
Fig. 7 Hoffman-Weeks plots for (a) PS,s-b-PDLA,g
and (b) PDLAgy,

2.4 KBREHSEKRINEE

&l 8 7R A W i B AL SR A il PDLA B R e
ARG, IR T R IE S, 85 R B, it
i BOIL IR Yk PDLA 355 WHe 5l 7 % 22 0 T
TP, ER S BNER AR IE AR, PS50 -b-PDLA g F1 PS -
b-PDLA o, ¥ i & A WELES 21 SCHk B (1) PS-b-PLLA
BR A WIPE R S54RI, R 6 AT KB, 7F
BAR T, T, fAZ R R ST/ BR b 7R S s [R] Y
KA R RN W R 2. RIS AT DL
(8) g, 2 T, B i), L ¥R BE AT /)N, ik i
|6 P B R AN, A AR, BR A AR K
BN, BRI Z MIANES 5 kAl (117525 2 W5
FNEEFGRLIN A K BR A (AR KT 200 wm) . fifi %
AT RGN, B T b, (R % B s 3
RAEAG, 2420 (8) r ks il Af i 4 il i 25
VS B KM, S I R K& A . i — 2
AR IR 25 FhIELEE T, h, PDLA BEBE L) K A A
KT HIGE 78 3 B2 R AIG, e 02 W PS 19 77
T, A5 Wi Be 3L B W 1) PDLA %5 Be 4% 5 ™ i %
B, HAEAE PDLA 3 AH R DX 350 P A7 78 AN ‘52 50 0



6 1]

745

Fig. 8 Spherulitic morphologies of diblock PS-6-PDLA and PDLA isothermally crystallized under different temperatures
a) PDLA ,, (110°C) 5 b) PS,50-b-PDLA g (110°C) ; ¢) PS,40-b-PDLA, (110°C) ; d) PDLA,, (115°C ) ; ) PS,0-b-PDLA g (120°C ) 5
) PS,50-b-PDLA 4, (120°C) ; g) PDLA,,, (125°C) ; h) PS,4-b-PDLA s (130°C) 5 i) PS,40-b-PDLA ¢, (130°C)
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THERMAL PROPERTIES AND CRYSTALLIZATION
BEHAVIOR OF PS-b-PDLA BLOCK COPOLYMERS

HOU Xiaodong, HE Yong, JIA Lin, ZHU Yingdan, SHENG Ruilong, CAO Amin
( Laboratory for Polymer Materials, Shanghai Institute of Organic Chemisiry, Chinese Academy of Sciences, Shanghai 200032)

Abstract A new series of diblock polystyrene-b-poly ( D-lactide) (PS-6-PDLA) were successfully synthesized
with narrow molecular weight distribution and a PDLA block weight fraction f, of 0 ~0.61. By means of
temperature-modulated differential scanning calorimeter ( TMDSC ), DSC and polarized optical microscopy,
thermal and crystallization kinetics of these diblock copolymers have been studied along with the semi-
crystalline PDLA homopolymer. It was found that the increase in rigid amorphous polystyrene block led to
remarked confinement effect on melting point, degree of crystallinity and crystallization kinetics for the semi-
crystalline PDLA blocks. The cold crystallization temperature and crystal equilibrium melting temperature for
the PDLA block chains were revealed to be 14°C and 38°C lower than those of PDLA homopolymers,
respectively. It was also noted that the crystallization behavior and apparent crystal growth rate were observed to
vary at a temperature near the glass transition temperature of PS block chains. In addition, POM results
indicated the diblock PS-b-PDLA organized spherulites, and apparent crystal growth rates not only depended on
isothermal crystallization temperature ,but the PDLA blocks weight fraction. Taking the effect of crystallization
of PDLA blocks into consideration , these evidences may be helpful for controlled fabrication of 3D mesoscopic
structures by self-assembling diblock PS-5-PDLA.

Keywords Polystyrene-b-poly( D-lactide) , Temperature-modulated differential scanning calorimeter,
Confined crystallization, Equilibrium melting points, Spherulite morphology





