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M a r z é n , J .L .G .R .L .M ., a n d  L a n c e r o s - M e n d e z .  ร . ( 2 0 0 8 )  In f lu e n c e  o f  
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th e  P h y s ic a l  P ro p e r t ie s  o f  S i lv e r  N a n o p a r t ic le s  D o p e d  P o ly ( v in y l id e n e
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APPENDICES

Appendix A p-phase Crystallinity Calculation

T h e  P -p h a s e  c r y s ta l l in i ty  o f  B C /P V D F  b le n d  f i lm s  a n d  A g N P - B C /P V D F  
n a n o c o m p o s i te  f i lm s  w e re  c a lc u la te d  a s  f o l lo w  th e  e q u a t io n  3.1

B e e r - L a m b e r f  s L a w  F(B)= ■XP' = — — —  (3  1 )
Xa +X(, 1.26Aa +Ap  '  ’

W h e re  x„ a n d  Xp a re  th e  d e g re e  o f  c r y s ta l l in i ty  o f  a a n d  p  p h a s e s ,  A a an d  
Ap a re  th e  a b s o rb a n c e s  o f  a  a n d  p p h a s e s  a t 76 5  a n d  8 4 0  c m 1, r e s p e c t iv e ly . .

Table A 1  T h e  id e n t if ic a t io n  o f  F T -IR  p e a k s  a n a ly z e d  o f  B C /P V D F  b le n d  f ilm s  
c o m p a re d  w ith  n e a t P V D F

Sample A„ (763 cm 1) Ap (840 cn f1) F(p)
N e a t P V D F 0 .2 0 0 0 .4 1 1 0 .6 2
B C 2 .5 P V D F 9 7 .5 0 .1 3 6 0 .3 0 5 0 .6 4
B C 5 P V D F 9 5 0 .2 7 7 0 .7 1 0 0 .6 7
B C 1 0 P V D F 9 0 0 .3 7 9 0 .8 8 7 0 .6 5
B C 1 5 P V D F 8 5 0 .2 0 4 0 .3 4 0 0 .5 7

Table A 2  T h e  id e n t i f ic a t io n  o f  F T -IR  p e a k s  a n a ly z e d  o f  A g N P - B C /P V D F  
n a n o c o m p o s i te  f i lm s  c o m p a re d  w i th  B C 2 .5 P V D F 9 7 .5

Sample Aa (763 cm 1) Ap (840 cm'1) F(p)
B C 2 .5 P V D F 9 7 .5 0 .1 3 6 0 .3 0 5 0 .6 4
A B P ( 0 .1 2 5 /2 .3 7 5 ) 0 .2 3 5 0 .1 7 0 0 .3 6
A B P (0 .2 5 /2 .2 5 ) 0 .1 8 0 0 .1 3 2 0 .3 7
A B P (0 .5 /2 .0 ) 0 .3 1 5 0 .2 2 3 0 .3 6
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Appendix B "/«Crystallinity Calculation

T h e  " /« c ry s ta llin ity  o f  B C 7 P V D F  b le n d  f i lm s  a n d  A g N P - B C /P V D F  
n a n o c o m p o s i te  f i lm s  w e re  c a lc u la te d  a s  f o l lo w  th e  e q u a t io n  3 .2

%  c r y s ta l l in i ty  (X c )  -  - เ ^ 0  X 1 0 0 %  (3 .2 )

W h e re  A FI 111 is  th e  m e lt in g  e n th a lp y  o f  th e  m a te r ia l  u n d e r  s tu d y , AFFC is  th e  
c r y s ta l l iz a t io n  e n th a lp y  o f  th e  m a te r ia l  u n d e r  s tu d y  a n d  A H®n is  th e  m e l t in g  e n th a lp y  
o f  to ta l ly  c r y s ta l l in e  m a te r ia l  (1 0 0 %  c r y s ta l l in e ) ,  A H,°n fo r  P V D F  =  9 2 .4  J /g , a n d  a is 
f ib e r  w e ig h t  c o n te n t.

Table B1 T h e  id e n t i f ic a t io n  o f  D S C  p e a k s  a n a ly z e d  o f  B C /P V D F  b le n d  f i lm s  w ith  
n e a t P V D F

S a m p le AHm

(J/g) T O ( 5 ,
AHC

(J/g) T O <£>
N e a t P V D F 4 5 .1 0 1 7 0 .7 4 8 .8 1 4 5 .5 8 13 8 .5 5 0 .5 3

B C 2 .5 P V D F 9 7 .5 3 8 .5 5 1 7 1 .8 4 2 .7 9 38 .61 1 4 6 .6 4 3 .9 0
B C 5 P V D F 9 5 3 6 .7 2 1 7 4 .4 4 1 .8 3 3 5 .1 8 1 4 7 .7 4 1 .0 5

B C 10 P V D F 9 0 3 4 .5 7 17 3 .3 4 1 .5 7 3 3 .0 8 1 4 9 .0 4 0 .7 4
B C 1 5 P V D F 8 5 3 7 .4 9 1 7 2 .9 4 7 .7 3 4 0 .2 5 149.1 '  5 2 .4 9

Table B2 T h e  id e n t i f i c a t io n  o f  D S C  p e a k s  a n a ly z e d  o f  A g N P - B C /P V D F  b le n d  f i lm s  
w ith  B C 2 .5 P V D F 9 7 .5

S a m p le AHni T,„ Xc AHC Tc Xc
(J/g) ( ° C ) ( % ) (J/g) ( ° C ) ( % )

B C 2 .5 P V D F 9 7 .5 3 8 .5 5 1 7 1 .8 4 2 .7 9 38 .6 1 1 4 6 .6 4 3 .9 0
A B P ( 0 .1 2 5 /2 .3 7 5 ) 3 4 .7 3 1 7 2 .0 3 8 .5 5 3 6 .2 4 14 7 .8 4 1 .2 1
A B P (0 .2 5 /2 .2 5 ) 3 3 .4 3 1 7 3 .8 37 .11 3 3 .0 8 1 4 6 .9 3 7 .6 1
A B P (0 .5 /2 .0 ) 3 2 .0 5 1 7 1 .9 3 5 .5 7 3 3 .5 2 1 4 7 .9 3 8 .1 1
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T h e  c r y s ta l l in e  s iz e  o f  B C /P V D F  b le n d  f i lm s  a n d  A g N P - B C /P V D F  
n a n o c o m p o s i te  f i lm s  w e r e  c a lc u la te d  a s  f o l lo w  th e  e q u a t io n  3 .3  (H a r to n o  et al, 
2 0 1 3 )

Appendix c Crystalline Size Calculation

P a ' y s t  ~  น ิ ^ 0 (3 .3 )

W h e r e  Pciyst is  th e  p e a k  w id th  o f  th e  d i f f r a c t io n  p e a k  p ro f i le  a t  h a l f  
m a x im u m  h e ig h t  r e s u l t in g  f ro m  s m a ll c r y s ta l l in e  s iz e  in  r a d ia n s .  X is  th e  w a v e le n g th  
o f  th e  x - ra y  u s e d  in  n a n o m e te r  (0 .1 5 4  n m ) , e  is th e  B ra g g  a n g le . L is th e  " a v e r a g e ” 
c ry s ta l l i te  s iz e  m e a s u r e d  in  a  d i re c t io n  p e r p e n d ic u la r  to  th e  s u r fa c e  o f  th e  s p e c im e n , 
a n d  k  is a  c o n s ta n t .  T h e  c o n s ta n t  k  h a s  b e e n  d e te rm in e d  to  v a ry  b e tw e e n  0 .8 9  a n d  
1 .39 . b u t is u s u a l ly  ta k e n  a s  c lo s e  to  u n i ty ,  th e  a s s u m p t io n  th a t k =  1 .0  is g e n e ra l ly  

ju s t i f ia b le .

T a b l e  C l  T h e  c r y s ta l l in e  s iz e  o f  B C /P V D F  b le n d  f i lm s  c o m p a re  w i th  n e a t  P V D F

Sample 2 0
(degree) cos 0 p(degree) (rad)

Crystalline 
size (nm)

Crystalline
size»ve (ท m)

n e a t P V D F
1 8 .4 7 0 .9 8 7 0 .3 8 7 0 .0 0 7 2 3 .0 9

1 7 .9 42 0 .0 5 0 .9 8 5 0 .3 5 4 0 .0 0 6 2 5 .2 9
2 6 .6 1 0 .9 7 3 1 .6 6 9 0 .0 2 9 5 .4 3

B C 2 .5 P V D F 9 7 .5
1 8 .43 - 0 .9 8 7 0 .4 7 7 0 .0 0 8 1 8 .7 4

1 6 .1 02 0 .0 2 _ 0 .9 8 5 0 .3 7 3 0 .0 0 7 2 4 .0 3
2 6 .6 5 0 .9 7 3 1 .643 0 .0 2 9 5 .5 2

B C 5 P V D F 9 5
1 8 .4 0 0 .9 8 7 0 .4 0 2 0 .0 0 7 2 2 .2 3

17 .4 71 9 .9 9 0 .9 8 5 0 .3 6 9 0 .0 0 6 2 4 .2 6
2 6 .6 7 0 .9 7 3 1 .535 0 .0 2 7 5 .91

B C 10 P V D F 9 0
18.51 0 .9 8 7 0 .4 2 6 0 .0 0 7 2 0 .9 8

1 7 .0 72 0 .0 9 0 .9 8 5 0 .3 9 2 0 .0 0 7 2 2 .8 5
2 6 .7 5 0 .9 7 3 1 .2 3 0 0 .0 2 1 7 .3 8

B C 1 5 P V D F 8 5
1 8 .4 9 0 .9 8 7 0 .2 9 2 0 .0 0 5 3 0 .5 7

1 9 .0 41 9 .9 8 0 .9 8 5 0 .4 2 9 0 .0 0 7 2 0 .8 6
2 6 .4 1 0 .9 7 4 ' 1 .590 0 .0 2 8 5 .7 0
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Table C 2  T h e  c r y s ta l l in e  s iz e  o f  A g N P - B C /P V D F  n a n o c o m p o s i te  f i lm s  c o m p a re  
w i th  B C 2 .5 P V D F 9 7 .5

Sample 2 0
(degree) cos 0 p(degree) p(rad)

Crystalline 
size (nm)

Crystalline
sizeilve
(nm)

2 .5 B C 9 7 .5 P V D F
18 .43 0 .9 8 7 0 .4 7 7 0 .0 0 8 1 8 .7 4

16 .1 02 0 .0 2 0 .9 8 5 0 .3 7 3 0 .0 0 7 2 4 .0 3
2 6 .6 5 0.97-3 1 .6 4 3 0 .0 2 9 5 .5 2

A B P ( 0 .1 2 5 /2 .3 7 5 )
18 .3 6 0 .9 8 7 0 .4 0 9 0 .0 0 7 2 1 .8 7

1 7 .4019 .9 4 0 .9 8 5 0  3 6 6 0 .0 0 6 2 4 .5 1
26 .51 0 .9 7 3 1 .5 5 7 0 .0 2 7 5 .8 3

A B P (0 .2 5 /2 .2 5 )
18 .4 4 0 .9 8 7 0 .4 0 0 0 .0 0 7 2 2 .3 7

1 7 .2620 .01 0 .9 8 5 0 .3 6 5 0 .0 0 6 2 4 .5 5
2 6 .5 3 0 .9 7 3 1 .8 6 7 0 .0 3 3 4 .8 6
18 .45 0 .9 8 7 0 .2 9 9 0 .0 0 5 2 9 .8 6

A B P ( 0 .5 /2 .0 ) 19 .97 0 .9 8 5 0 .3 8 5 0 .0 0 7 2 3 .3 0 19 .90
2 6 .6 2 0 .9 7 3 1 .3 8 7 0 .0 2 4 6 .5 4
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T h e  m o rp h o lo g y  a n d  s u r fa c e  r o u g h n e s s  p a ra m e te r s  w e re  in v e s t ig a te d  b y  
a to m ic  fo rc e  m ic ro s c o p y  te c h n iq u e . T h e  im a g e s  w e re  p re s e n te d  in  4 0  p m  X  4 0  p m  
s c a n n in g  a rea .

Appendix D Surface Roughness

F ig u r e  D 1 A to m ic  fo rc e  m ic ro s c o p ic  to p o lo g y  im a g e s  o f  (a )  n e a t  P V D F , (b ) 
B C 2 .5 P V D F 9 7 .5 , a n d  (c )  A B P ( 0 .1 2 5 /2 .3 7 5 ).
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Appendix E Preparation and Characterization of Silver Nanoparticles Filled 
Bacterial Cellulose

Figure El T E M  in v e s tig a t io n  o f  lo a d e d  A g  N P  o n  b a c te r ia l c e l lu lo s e  s u s p e n s io n .

20%wtAg , x
.f'-V 4-

Figure E2 S E M -E D S  im a g e s  o f  v a r io u s  a m o u n t A g N P  in  A g N P -B C .
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Figure E 3  X R D  p a t te r n  o f  lo a d e d  A g N P  o n  b a c te r ia l  c e l lu lo s e .

Figure E 4  S T A  th e r m o g r a m s  o f  lo a d e d  A g N P  o n  b a c te r ia l  c e l lu lo s e
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T a b l e  E l  S T A  p a r a m e te r s  o f  v a r io u s  a m o u n t  o f  A g  lo a d in g  in  B C  c o m p a re d  w ith  
n e a t B C

S a m p le
A g

( v o l% )
V o R e s id u e T d ( ° C )

N e a t B C 0 .0 0 .0 0 3 6 0 .4
2 .5 % w tA g 0 .3 7 5 2 .6 0 3 5 9 ,8
5 % w tA g 0 .7 3 5 .9 7 3 5 5 .4

10 % w lA g 1.5 9 .8 9 3 5 0 .2
2 0 % w tA g 3 .4 5 19 .25 3 3 8 .5
3 0 % w tA g 5 .7 7 3 3 .8 6 3 2 1 .7

1e~7

น'-ร’

1 c-9 -

น'-ท) -

1 e-11

l e  t ะ

น '-13

C o n c e n t r a t i o n  o f  A g  (v o l% )

Figure E5 E lectrical co n d u c tiv ity  o f  n an o co m p o site  sh ee t at v a r io u s  am o u n t o f
A gN P .



Table E 2  E le c t r ic a l  p a r a m e te r s  a t v a r io u s  a m o u n ts  o f  s i l v e r  ill n a n o c o m p o s i te  sh e e t

Sample A g  (vol%) p (ohm-cm) CT (sement/cm) R2
N e a t  B C 0 8 .1 8 x 1 0 '° 1 .22x1  O’" 0 .9 9 2 4

2 .5 % w tA g 0 .3 7 5 1 .5 3 x 1 0 " 6 .5 5 x 1 0 ’" 0 .9 7 4 3
5 % w tA g 0 .7 3 1 .8 1 x 1 0 " 5 .5 3 x 1 0 ’" 0 .9 2 6 5
10 % w tA g 1.5 9 .9 6 x 1 0 " ’ 1 .0 0 x 1 0 ’" _ 0 .9 3 3 2
2 0 % \v tA g 3 .4 5 2 .0 8 x 1 0 '° 4 . 8 x l 0 ’n 0 .9 2 4 3
3 0 % w tA g 5 .7 7 9 .2 8 x 1 0 ' 4 .0 8 x 1  o 4 0 .9 9 2 2
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