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APPENDICES

Chapter III: Supporting information SI

T e m p e r a t u r e / ๐c

Figure SI DSC thermograms of neat PLA (a) and PLA/PLA or silane-starch 
10wt%: starch (b), GP-starch (c), AP-starch (d), and CP-starch (e).

Chapter III: Supporting information S2

Figure S2 ['H,‘H]-TOCSY-NMR spectra of PLA/starch in CDCI3 .
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Chapter III: Supporting information S3

. ppm

Figure S3 ['H,'H]-TOCSY-NMR spectra of PLA/GP-starch in CDCb.

Chapter III: Supporting information S4
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Figure S4 ['H.'HJ-TOCSY-NMR spectra of PLA/AP-starch in CDCb.
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Chapter IV: Supporting information SI

Supporting information SI WAXD intensity profile of PLA precursor sheet at 
room temperature obtained from azimuthal integration of 2D-WAXD pattern in Fig. 
5(a).

Chapter IV: Supporting information S2

ป็ 60 120 180 240 300 360

Azimuthal angle/ degree

Supporting information S2 Azimuthal scans of (200/110) planes converted from 
2D-WAXD patterns (through view) of PLA precursor sheet (a) at 25 ๐c  and (b) after 
annealing at 140 ๐c for 10 h.

The preferential MD orientation pattern o f 3x3-BOPLA could be the chain
orientation history initiated from the step of the cast-film extrusion o f PLA precursor
sheet as evidenced in Supporting information S2. Ideally, the perfect in-plane



orientation along MD is found at azimuthal angles of 90° and 270° from 2D-WAXD 
pattern of through view. In this study, the azimuthal scan of PLA precursor sheet 
presents the partial orientation of (200/110) diffraction at azimuthal angle of-85° and 
260°. Their intensities became significant by annealing at 140°c for 10 h, insisting 
the initial MD orientation in PLA precursor sheet.

Chapter IV: Supporting information S3

S u p p o rtin g  in fo rm a tio n  S3 Herman’s orientation function (f) estimated from 
(200/110) and (203) diffraction planes for PLA precursor sheet and BOPLA films at 
various draw ratios and stretching rates.

Sample
H erm an’s orientation function (/)
200/ 1 10 p l a n e s 2 0 3  p l a n e

/ f o r  <p =  0° ,  
( p a r a l l e l  t o M D )

/ f o r  =  9 0 °  
( p e r p e n d i c u l a r  to 

M D )
/ f o r  (p =  6 0 °  to 

M D

P L A  p r e c u r s o r  s h e e t 0 . 0 8  ± 0 . 0 4 N / A N / A

3 x 3 - B O P L A ,  3 m m / s 0 . 7 4  ± 0 . 0 1 N / A 0 . 3 3  ± 0 . 0 3
3 x 3 - B O P L A ,  16 m m / s 0 . 65  ± 0 . 0 1 N / A 0 . 5 0  ± 0 . 0 2
3 x 3 - B O P L A ,  3 7  m m / s 0 . 6 7  ± 0 . 0 2 N / A 0.71 ± 0 . 0 2
3 x 3 - B O P L A ,  75 m m / s 0 . 6 6  ± 0 . 0 2 N / A 0 . 7 6  ± 0 . 0 2

5 x 5 - B O P L A ,  3 m m / s 0 .83  ± 0 . 0 1 0 . 7 5  ± 0 . 0 2 0 . 7 0  ± 0 . 0 3
5 x 5 - B O P L A ,  16 m m / s 0 72 ± 0 . 0 1 0 . 7 3  ± 0 . 0 1 0 . 5 7  ± 0 . 0 4
5 x 5 - B O P L A ,  3 7  m m / s 0 . 5 4  ± 0 . 0 3 0 . 5 7  ± 0 . 0 1 0 . 3 4  ± 0 . 0 4
5 x 5 - B O P L A ,  75 m m / s 0.31 ± 0 . 0 2 0 . 3 3  ± 0 . 0 2 0.1 1 ± 0 . 0 3

Herman's orientation function (/) was applied to describe the degree of 
orientation of the chain axis relative to the other axis of interest (i.e. MD and TD) as 
defined : /=  3(cos2(Zb- l)/2 where cos2 (f) represents a square averaged cosine of angle <j) 
between the crystallographic axis and fiber-axis. In this study, the calculation of/was 
simplified by simply calculating the misorientation appearing in the azimuthal scan 
(tp). The value of/can then be calculated by



/=  (180 °-A^iæ)/180° where t\(pvi represents the half width of the azimuthally 
scanned profdes for (200/110) and (203) diffraction planes. The/value is 1 for 
polymer chains oriented parallel to MD and/or TD whereas the/value is close to 0 
for isotropic orientation.

Chapter IV: Supporting information S4

C a lc u la tio n  o f  long  p e rio d , size and th ickness o f  staeked la m e lla e  fo r  B O P L A

film s

The 2D-SAXS patterns in Figs. 5 and 6 were azimuthally integrated to collect 
the 1D-SAXS data (azimuthal integrated SAXS intensity vs scattering vector (q)) as 
demonstrated in Supporting information S4.1 (B).

(A) (B)น
p 

Inte
nsity

ห 0.02 0.03 0.04 0.(q/A'1

S u p p o rtin g  in fo rm a tio n  S4.1 (A) 2D-SAXS of 3x3-BOPLA by 3 mm/s stretching 
rate with azimuthal integration directions and (B) plot of its SAXS intensity as a 
function of the magnitude of the q, calculated from scattering angle (20): q = 4ฑ;(ร๒ 
0)/l.

The azimuthal integrated SAXS intensity (I) was multiplied by q2 (Iq2) to fit 
Lorentzian correction for determining long period of the stacked lamellae. The long 
period (Fig. 7a) was obtained from the maximum q value (qmax) by using 27r/qmax 
(Supporting information S4.2).



1 3 3

q / A'1
S u p p o rtin g  in fo rm a tio n  S4.2 Plot of Iq2 vs q of 3x3-BOPLA by 3 mm/s stretching 
rate.

The size (c)'1) and thickness (<T_I) of stacked lamellae for BOPLA films were 
calculated directly from 2D-SAXS patterns. The inversed size ((5) and thickness (a) 
of the stacked lamellae were measured in q-value scale as examples in Supporting 
information S4.3. The £and (rvalues were converted to length scale as follows: (5'1 = 
2ttIÔ and <7 =2n/<7 for size and thickness of stacked lamellae, respectively, as
presented in Fig. 7b-c.

S u p p o rtin g  in fo rm a tio n  S4.3 Inversed values of size and thickness of stacked 
lamellae measured directly from 2D-SAXS pattern of (A) 3x3-BOPLA, 3 mm/s and 
(B) 5x5-BOPLA, 75 mm/s.
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