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Intrinsic Birefringence of Poly (L-lactic acid)

Yutaka Ohkoshi, Hirohiko Shirai, Yasuo Gotoh and Masanobu Nagura

Faculty of Textile Science and Technology, Shinshu University
3-15-1 Tokida Ueda Nagano 386-8567 Japan

Abstract : The intrinsic birefringence value of Poly(L-lactic acid) was estimated experimentally for thedrawn
and annealed fiber, in which almost all of the crystals involved are the a-form. The value 0.030 - 0.033 was
obtained using Stein’s formula by substituting the results of structural analysis for highly drawn and annealed
samples. The extrapolated value 0.030 was also obtained by assuming the affine deformation. On the other
hand, as the intrinsic birefringence value of the a-form crystal, —0.013 was also obtained by summation of
bond polarizability using crystal structure data. The experimental value is more believable because the
contribution of convalent bond alone was included in the calculation.
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Table 1 Atomic coordinates of PLLA crystals

a-form/pm A-form/pm
x ¥ z X ¥ z
Otesten 0 —123.7 0 0 —1039 0
Ca -921 —-1099 1118 -884 -—-90.3 1155
C -259 -292 2232 ~112 -—-274 2318
0 910 -—245 2458 1023 —506 2593
Cs —128.7 —2475 1647 —1389 —2275 1569
H. —179.0 —-604 79.7 —1699 -—29.0 90.3
Ha -214.1 —2828 1149 —198.7 —2674 80.3

Hp —489 —313.7 1485 -—572 —-291.1 1741
Has —1485 —241.2 2676 —195.7 —219.0 2449
Table 2 Calculated refractive indices

a-form B-form
Na= Wb 1.476 1.467
e 1.463 1.467
7 1.472 1.467
An -0.013 0.000
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Fig. 1 Maximum draw ratio.
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Fig. 2 DSC thermograms of unconstrained Bl
and constrained B12 samples.
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Table 3 Treatment conditions and structural parameters.

Code Origin Draw Ratio Drawing Rate Annealing Conditions An X  faewn  foow
X100 s x1000 X100 X100 X100
Al A 1.0 - - 0.30
Al5-1 A 1.5 1 - 2.26
A2-1 A 2.0 1 - 4.03
A31 A 3.0 1 - 9.69
A5-1 A 5.0 1 - 16.8
A10-1 A 10 1 - 26.8
Al2-1 A 12 1 - 28.4
A35 A 3.0 5 - 18.1 47 97 -
A5-5 A 5.0 5 - 239 52 94 80
A8-5 A 8.0 5 - 26.4 71 94 85
A8H-5 A 8.0 5 180°C 60 min 27.2 94 99 98
Bl B 1.0 - - 0.16 - - -
B4 B 4.0 ) - 23.1 59 92 67
Bi2 B 12 5 - - 72 89 60
B12H1 B 12 5 170°C 60 min+175C 30 min 36.8 91 96 94
+180°C 30 min

B12H2 B 12 5 170°C 60 min+180C 90 min 37.0 93 99 94
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Fig. 3 Birefringence of samples measured with an
interference microscope (V) or a polarized
microscope (the other). Drawing conditions
are shown in the figure.

Fr2, BEALIC OO TFHEMEEIC L D AE LT
BITRIZT.MUTH -7, OB BER ORI EER
(R2BH) LN LRRNEL, ZOZEMBRBICHEL
T6%IZEITHET 2, AIRBOEMLEIINEWI &
HPOENERIIEEELEL L EHTE, FHEIZAY
RN PEHEINIITERER 2 WET 2.

4.2 X#MEF

X 4 12 BABH-5N TR H B I A X SR 47 565 7
U7 4= ERT, S THEIFA20=F131.001CR 5B
B E— 2 3R a & T &3] L D aWEERD (0 0 10)FH
EIfEEZLNE, —~HAEERD (0 0 3)HEIIFHEE
ENDZERTOK29.8°1CIIE— 23R ENT W, Lizdio
TI 0)5*4Le, INBHERIIITLTaRTHBERLE

mlERIC, ARIAE L 2T XTORRHIZDWT, oBlD
Ff‘uﬂﬂf TiBgIns:.
EHTH20=8~35DEM THRE 707 1 —Nh 53 6

Intensity

0 10 20 30 a0 50
20 /deg

Fig. 4 Wide-angle X-ray diffraction profile in the

meridional direction for the A8HS sample.
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Fig. 5 Small-angle X-ray scattering profiles.
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Table 4 Correction of form birefringence and
intrinsic birefringenge values estimated

using Stein’s formula.

Sample 1% Aw An  (Anbdw) AR
X100 x1000 x1000 Xx1000 %1000

B12 14 16 - -

Bi12H1 6 8 36.8 29 30—33

B12H2 6 8 37.0 30 31—-33
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Fig. 6 Birefringence plotted against the theoretical
segmental orientation by assuming affine
deformation. Marks are equal to those in Fig.3.
If the assumption is valid, the intrinsic
birefringence value should be obtained by
extrapolation of fu to unity.
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