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CHAPTER IV

In th e  p r e s e n c e  o f  w a te r ,  t i ta n iu m  i s o p r o p o x id e  ( T T I P )  u n d e r g o e s  h y d r o ly s i s  

r e a c t io n  t o  fo r m  t i ta n iu m  o x id e  ( T i 0 2 )  a n d  p r o p a n o l  a s  s h o w n  in  F ig u r e  4 .1  

( A g o u d j i l  et al., 2 0 0 7 ) .
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F i g u r e  4 .1  H y d r o ly s i s  r e a c t io n  o f  t i ta n iu m  i s o p r o p o x id e .

B e c a u s e  th e  m o la r  r a t io s  o f  T T I P  t o  w a t e r  m a y  a f f e c t  m o r p h o lo g y  a n d  

p r o p e r t ie s  o f  th e  s y n t h e s iz e d  t i ta n iu m  d i o x id e ,  in  th is  s t u d y  m o la r  r a t io s  o f  T T I P  to  

w a t e r  in  E tO H  w e r e  v a r ie d  a s  s h o w n  in  ta b le  4 .1 .

T a b l e  4 .1  T h e  m o la r  r a t io s  o f  T T I P  to  w a t e r  fo r  p r e p a r a t io n  T i 0 2 im p r e g n a te d  

b a c t e r ia l  c e l l u l o s e

N u m b e r  o f  

s a m p le
E tO H  ( m l) T T I P  ( m l) T T I P  ( m o l e )

M o la r  r a t io  o f  

T T I P  t o  H 20  in  E tO H

1 3 0 0 0 .2 9 0 .0 0 0 9 3 0 .0 3 1

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

3 3 0 0 1 .1 4 0 .0 0 3 7 5 0 .1 2 5

4 3 0 0 2 .2 9 0 . 0 0 7 5 0 0 .2 5 0

5 3 0 0 4 .5 7 0 . 0 1 5 0 0 0 .5 0 0

6 3 0 0 9 .1 5 0 . 0 3 0 0 0 1 .0 0 0

7 3 0 0 1 7 .1 6 0 . 0 6 0 0 0 2 .0 0 0
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* E tO H  3 0 0  m L  c o n t a in s  w a te r  0 .0 3  m o le .
* E tO H  w a s  in c lu d e d  a v e r a g e  E tO H  in  B C  p e l l i c l e  ( 1 2 5 .5 1  %  v / w )

4.1. Morphology of Pure Bacterial Cellulose and Ti02 Impregnated Bacterial 
Cellulose

F r o m  S E M  im a g e s  o f  s u r f a c e  ( s e e  F ig u r e s  4 .2 A  a n d  4 .2 B )  a n d  c r o s s - s e c t i o n a l  

( s e e  F ig u r e  4 .2 C )  m o r p h o lo g y  o f  p u r e  b a c t e r ia l  c e l l u l o s e ,  th e  a v e r a g e  f ib e r s  d ia m e t e r  

o f  p u r e  b a c te r ia l  c e l l u l o s e  w a s  f o u n d  to  b e  3 7  ±  12 n m  B a c t e r ia l  c e l l u l o s e  h a s  th e  

f ib r o u s  n e t w o r k  s tr u c tu r e  w h e r e a s  th e  S E M  im a g e  o f  th e  c r o s s - s e c t i o n a l  m o r p h o lo g y  

s h o w s  th e  m u lt i la y e r  a n d  p o r o u s  s tr u c tu r e  o f  b a c t e r ia l  c e l l u l o s e .

Figure 4 .2  S E M  im a g e s  o f  s u r f a c e  ( A ,  B )  a n d  c r o s s  s e c t io n a l  ( C )  m o r p h o lo g y  o f  

f r e e z e  d r ie d  p u r e  b a c t e r ia l  c e l l u l o s e  w i t h  a v e r a g e  f ib e r s  d ia m e t e r  o f  3 7  ±  12 n m

F ig u r e  4 .3 ,  4 .4 ,  4 .5 ,  4 .6 ,  4 .7  a n d  4 .8  s h o w  S E M  im a g e s  o f  s u r f a c e  

m o r p h o lo g y  o f  T iC b  im p r e g n a te d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  b y  u s i n g  v a r io u s  m o la r  

r a t io s  o f  T T IP : H 2O  in  E tO H . It c o u ld  b e  o b s e r v e d  th a t  Ü O 2 p a r t ic le s  c o v e r e d  o n
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r a t io s  o f  T T I P :  H 20  in  E tO H . It c o u ld  b e  o b s e r v e d  th a t  T i 0 2 p a r t ic le s  c o v e r e d  o n  

n a n o f ib e r s  o f  b a c t e r ia l  c e l l u l o s e ,  r e s u lt in g  in  th e  in c r e a s in g  o f  th e  a v e r a g e  d ia m e te r s  

w h e n  r a t io s  o f  T T IP : H 20  in  E tO H  w e r e  a c c r u e d . H o w e v e r ,  w h e n  m u c h  e x c e s s  in  th e  

a m o u n t  o f  T T I P  w a s  u s e d  in  th e  h y d r o ly s i s  r e a c t io n  a t th e  m o la r  r a t io  o f  T T I P : H 20  

in  E tO H  e q u a l s  to  7 .5 ,  T i 0 2 w a s  n o t  o n ly  d e p o s i t e d  o n  b a c t e r ia l  c e l l u l o s e  f ib e r s  b u t  

a ls o  a g g lo m e r a t e d  to  fo r m  s p h e r ic a l  p a r t ic le s  e m b e d d e d  in  p o r o u s  s tr u c tu r e  o f  

b a c t e r ia l  c e l l u l o s e  m a tr ix  ( s e e  F ig u r e  4 .8 ) .

F i g u r e  4 ,3  S E M  i m a g e s  o f  s u r f a c e  m o r p h o lo g y  o f  T i 0 2 im p r e g n a t e d  b a c t e r ia l  

c e l l u l o s e  w i t h  a v e r a g e  f ib e r s  d ia m e t e r  o f  19  ±  6  n m  p r e p a r e d  b y  u s in g  

m o la r  r a t io  o f  T T I P : H 20  in  E tO H  =  0 .0 3 1  ( w a t e r  in  e x c e s s ) .

F i g u r e  4 .4  S E M  i m a g e s  o f  s u r f a c e  m o r p h o lo g y  o f  T i 0 2 im p r e g n a t e d  b a c t e r ia l  

c e l l u l o s e  w it h  a v e r a g e  f ib e r s  d ia m e te r  o f  2 4  ±  6  n m  p r e p a r e d  b y  u s in g  

m o la r  r a t io  o f  T T IP : H 20  in  E tO H  =  0 .0 6 3  ( w a t e r  in  e x c e s s ) .
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Figure 4 .5  S E M  i m a g e s  o f  s u r f a c e  m o r p h o lo g y  o f  T i 0 2  im p r e g n a t e d  b a c t e r ia l  

c e l l u l o s e  w it h  a v e r a g e  f ib e r s  d ia m e t e r  o f  7 4  ±  2 1  n m  p r e p a r e d  b y  u s in g  

m o la r  r a t io  ô f  T T I P :  H 2O  in  E tO H  =  0 .1 2 5  ( w a t e r  in  e x c e s s ) .

Figure 4.6 S E M  i m a g e s  o f  s u r f a c e  m o r p h o lo g y  o f  T iC b  im p r e g n a t e d  b a c t e r ia l  

c e l l u l o s e  w it h  a v e r a g e  f ib e r s  d ia m e t e r  o f  1 1 9  ±  41 n m  p r e p a r e d  b y  u s i n g  m o la r  r a t io  

o f  T T I P :  H 20  in  E tO H  =  0 .5 ( s t o i c h io m e t r i c  m o la r  r a t io ) .

Figure 4.7 S E M  i m a g e s  o f  s u r f a c e  m o r p h o lo g y  o f  T i 0 2  im p r e g n a t e d  b a c te r ia l  

c e l l u l o s e  w it h  a v e r a g e  f ib e r s  d ia m e t e r  o f  2 8 1  ±  7 6  n m  p r e p a r e d  b y  u s in g  

m o la r  r a t io  o f  T T I P :  H 2O  in  E tO H  =  2  (T T I P  in  e x c e s s ) .



31

F i g u r e  4 .8  S E M  i m a g e s  o f  s u r f a c e  m o r p h o lo g y  o f  T iC E  im p r e g n a t e d  b a c te r ia l  
c e l l u l o s e  w it h  a v e r a g e  in d iv id u a l  s p h e r ic a l  p a r t ic le s  o f  T iC >2 d ia m e t e r  o f  2  ±  1 pm . 
p r e p a r e d  b y  u s i n g  m o la r  r a t io  o f  T T 1 P : H 2O  in  E tO H  =  7 .5  (T T I P  in  e x c e s s ) .

F ig u r e  4 . 9 A - 4 .9 G  s h o w  S E M  i m a g e s  o f  c r o s s - s e c t i o n a l  m o r p h o lo g y  o f T i C >2 

im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  b y  u s in g  v a r io u s  m o la r  r a t io s  o f  T T IP : H 2O  

in  E tO H . It w a s  fo u n d  th a t  T i Û 2 w a s  s y n t h e s iz e d  n o t  o n l y  o n  B C  s u r f a c e  b u t a l s o  at 

in te r io r  p a rt o f  B C .
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F i g u r e  4 .9  S E M  i m a g e s  o f  c r o s s - s e c t i o n a l  m o r p h o lo g y  o f  T i 0 2 im p r e g n a t e d  

b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t v a r io u s  m o la r  r a t io s  o f T T I P : H 20  in  E tO H , ( A )  0 .0 3 1 ,  
( B )  0 .0 6 3 ,  ( C )  0 .1 2 5 ,  ( D )  0 .2 5 ,  ( E )  0 .5 ,  ( F )  1, ( G )  2 .

F r o m  s c a n n in g  e le c t r o n  m i c r o s c o p y  t e c h n iq u e ,  it w a s  d e m o n s t r a t e d  th a t  th e  

h y d r o ly s i s  r e a c t io n  b y  u s in g  T T I P  a s  t i ta n iu m  p r e c u r s o r  a n d  u s i n g  a u t o c la v e  a t 1 2 7  

d e g r e e  C e l s iu s  fo r  7  h o u r s  s u c c e e d  to  c o n t r iv e  T i 0 2 c o a t i n g  o n  n a n o f ib r i l s  a n d  

e x i s t in g  in  in te r io r  m u lt i la y e r  o f  b a c t e r ia l  c e l l u l o s e  a s  w e l l  a s  It w a s  f o u n d  th a t  m o la r  

r a tio  o f  T T I P :  H 20  in  E tO H  e f f e c t s  u p o n  m o r p h o lo g y  o f  T i 0 2 im p r e g n a t e d  b a c te r ia l  

c e l l u l o s e .  T h e  d ia m e t e r  o f  T i 0 2 im p r e g n a t e d  in B C  i n c r e a s e d  w i t h  th e  in c r e a s in g  o f  

m o la r  r a t io s  o f  T T I P  t o  H 20  in  E tO H  a n d  f o r m a t io n  o f  in d iv id u a l  s p h e r ic a l  p a r t ic le s
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o f  T iC >2 in  t h e  p o r o u s  s tr u c tu r e  o f  b a c t e r ia l  c e l l u l o s e  w a s  o c c u r r e d  w h e n  u s in g  th e  

la r g e  e x c e s s  in  t h e  m o le  o f  T T I P  to  H 2O  in  E tO H .

4.2 XRD Analysis

F ig u r e  4 . 1 0  s h o w s  th e  X R D  s p e c tr a  o f  T iC >2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  

p r e p a r e d  b y  u s i n g  m o la r  r a t io  o f  T T IP : H 2O  in  E tO H  e q u a l s  t o  0 .5  a n d  h e a t in g  a t 1 2 7  

d e g r e e  C e l s iu s  in  a n  a u t o c la v e  fo r  d i f f e r e n t  h e a t in g  t im e  o f  3 ,  5 ,  a n d  7  h o u r s .  It w a s  

f o u n d  th a t  c r y s t a l l in e  s tr u c tu r e  o f  T i 0 2  im p r e g n a t e d  in  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  

b y  h e a t in g  a t 1 2 7  d e g r e e  C e l s iu s  fo r  3  a n d  5 h o u r s  w a s  a m o r p h o u s .  H o w e v e r ,  w h e n  

t h e  h e a t in g  t im e  w a s  in c r e a s e d  t o  7  h o u r s ,  t h e  a n a ta s e  fo r m  o f  D O 2 w a s  o b t a in e d  a s  

e v i d e n c e  b y  th e  o c c u r r e n c e  o f  p e a k s  a t 2  th e ta  e q u a l  t o  2 5 .1 8 ,  3 7 .8 4 ,  4 7 .7 6 ,  5 4 .0 6 ,  
6 2 .4 4  c o r r e s p o n d in g  t o  (1 0  1 ) , (1  0  3 ,  0  0  4  a n d  1 1 2 ) ,  ( 2  0  0 ) ,  ( 1 0  5 a n d  2  1 1 ) ,  
(2  0  4 )  c r y s ta l  p la n e s ,  r e s p e c t i v e ly  ( X i e  et a i ,  2 0 0 7 ) .

Figure 4.10 X R D  s p e c tr a  o f  T iC >2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  b y  u s in g  

m o la r  r a t io  o f  T T I P :  H 2O  in  E t O H  e q u a ls  t o  0 .5  a n d  h e a t in g  a t 1 2 7  d e g r e e  C e l s iu s  in  

a n  a u t o c la v e  fo r  d i f f e r e n t  h e a t in g  t im e  o f  3 ,  5 ,  a n d  7  h o u r s .

F ig u r e  4 .1 1  s h o w s  th e  X R D  s p e c tr a  o f  D O 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  

p r e p a r e d  a t d i f f e r e n t  m o la r  r a t io  o f  T T IP : H 2O  in  E tO H  b y  h e a t in g  at 1 2 7  d e g r e e  

C e l s iu s  in  a n  a u t o c la v e  fo r  h e a t in g  t im e  o f  5  h o u r s . It w a s  f o u n d  th a t  c r y s t a l l in e  

s tr u c tu r e  o f  T i 0 2  im p r e g n a te d  in  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  b y  h e a t in g  a t 1 2 7  

d e g r e e  C e l s iu s  fo r  5 h o u r s  w e r e  a f f e c t e d  b y  t h e  m o la r  r a t io  o f  T T IP : H 20  in  E tO H ,
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t h e  m o la r  r a t io s  o f  T T I P :  H 2O  in  E tO H  w e r e  1 a n d  2  th a t  r e v e a l  t h e  fo r m a t io n  o f  

a m o r p h o u s .  H o w e v e r ,  w h e n  t h e  th e  m o la r  r a t io  o f  T T I P :  H 2O  in  E tO H  w a s  in c r e a s e d  

to  7 .5  h o u r s ,  th e  a n a ta s e  fo r m  o f  T i 0 2  w a s  o b t a in e d  a s  e v i d e n c e  b y  t h e  o c c u r r e n c e  o f  

p e a k s  a t 2  th e ta  e q u a l  t o  2 5 . 1 8 ,  3 7 .8 4 ,  4 7 . 7 6 ,  5 4 .0 6 ,  6 2 . 4 4  c o r r e s p o n d in g  t o  (1 0  1 ), 
(1  0  3 ,  0  0  4  a n d  1 1 2 ) ,  ( 2  0  0 ) ,  (1  0  5  a n d  2  1 1 ) , ( 2  0  4 )  c r y s ta l  p la n e s ,  r e s p e c t i v e ly  

( X i e  et ๔ . ,  2 0 0 7 ) .

F i g u r e  4 .1 1  X R D  s p e c tr a  o f  T i 0 2  im p r e g n a t e d /b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t  

d i f f e r e n t  m o la r  r a t io  o f  T T I P :  H 2O  in  E tO H ;  1, 2 ,  a n d  7 .5  b y  h e a t in g  a t 1 2 7  d e g r e e  

C e l s iu s  in  a n  a u t o c la v e  fo r  h e a t in g  t im e  o f  5  h o u r s .

F i g u r e  4 . 1 2  X R D  s p e c tr a  o f  T i 0 2  im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  fr o m  

p u r e  T T I P  b y  h e a t in g  a t 1 2 7  d e g r e e  C e l s iu s  in  a n  a u t o c l a v e  fo r  h e a t in g  t im e  o f  7 

h o u r s .
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F ig u r e  4 .1 2  s h o w s  th e  X R D  s p e c tr a  o f  T i 0 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  

p r e p a r e d  fr o m  9 7 %  T T 1 P  ( w i t h o u t  w a te r ) .  It w a s  f o u n d  th a t  t h e  fo r m a t io n  o f  T i 0 2  

w a s  n o t  g e n e r a t e d  s e e i n g  th a t w a t e r  h a s  n o n e  fo r  th e  h y d r o ly s i s  r e a c t io n  s o  a s  to  

c o n v e r t  T T I P  to  T i 0 2 .
F r o m  X R D  a n a ly s i s ,  It w a s  s u g g e s t e d  th a t  T iC >2 in  c r y s ta l  s t r u c tu r e  o f  a n a ta s e  

in to  b a c t e r ia l  c e l l u l o s e  b y  u s in g  T T I P  a s  t i ta n iu m  s o u r c e  a n d  u s i n g  a u t o c la v e  a t 1 2 7  

d e g r e e  C e l s iu s  c a n  in v e n t  d e p e n d e d  o n  m o la r  r a t io  o f  T T I P :  H 20  in  E tO H  a n d  

h e a t in g  t im e  o f  a u t o c la v in g .  W h a t ’ร m o r e ,  w a t e r  is  im p o r t a n c e  f a c to r  fo r  

s y n t h e s i z i n g  T i 0 2 im p r e g n a te d  b a c t e r ia l  c e l l u l o s e  b y  th e  h y d r o ly s i s  r e a c t io n  

p a t h w a y .

4.3 Thermogravimetric Analysis of Pure Bacterial Cellulose and TiC>2 

Impregnated in Bacterial Cellulose

T h e  r e s u lt  o n  th e r m o g r a v im e t r ic  a n a ly s i s  o f  p u r e  b a c t e r ia l  c e l l u l o s e  in  a ir  at 

h e a t in g  r a te  o f  2 0  ๐c  /  m in  s h o w  th e  d i f f e r e n t ia l  th e r m o g r a m  o f  p u r e  b a c te r ia l  

c e l l u l o s e  a n d  T i 0 2 im p r e g n a te d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t d i f f e r e n t  m o la r  r a t io  

o f  T T I P :  H 20  in  E tO H  s h o w  th e  l o s s  o f  w a t e r  a t  t e m p e r a tu r e  b e l o w  1 2 0  °c a s  w e l l  

t h e y  w a s  c o m p l e t e ly  d e g r a d e d  a t a b o u t  5 0 0  ๐c .  ( s e e  f ig u r e s  4 . 1 3 A ,  4 . 1 4 A - 4 . 1 4 E )  In  

a d d it io n ,  th e  to ta l  w e i g h t  lo s s  o f  9 7 .5  %  o n  h e a t in g  a t 1 0 0 0  °c w a s  o b s e r v e d  in  T G A  

t h e r m o g r a m  o f  p u r e  b a c t e r ia l  c e l l u l o s e ,  ( s e e  f ig u r e  4 . 1 3 B )  a n d  t h e  to ta l  w e i g h t  l o s s  

o n  h e a t in g  a t 1 0 0 0  ๐c  o f  th e  T i 0 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t m o la r  

r a t io s  o f  T T IP : H 20  e q u a l  to  0 .0 3 1 ,  0 . 0 6 3 , 0 . 1 2 5 ,  0 .5 ,  a n d  2  w e r e  8 6 .0 % , 8 5 .8 % ,  
8 1 .7 % , 5 2 .1 %  a n d  4 0 .7 % , r e s p e c t i v e ly  ( s e e  f ig u r e s  4 . 1 5 A - 4 . 1 5 E ) .
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2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0
Temperature (°C)

F i g u r e  4 .1 3  D i f f e r e n t ia l  th e r m o g r a m  o f  p u r e  b a c t e r ia l  c e l l u l o s e  ( A ) ,  
T G A  th e r m o g r a m  o f  p u r e  b a c te r ia l  c e l l u l o s e  ( B ) .
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DTG (ug/min)

F i g u r e  4 . 1 4  D i f f e r e n t ia l  t h e r m o g r a m  o f  T iO a  im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  

p r e p a r e d  a t d i f f e r e n t  m o la r  r a t io  o f  T T I P : H 2O  in  E tO H ; 0 .0 3 1  ( A ) ,  0 .0 6 3  ( B ) ,  0 .1 2 5  

( C ) ,  0 .5  ( D ) ,  a n d  2  (E ) .
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Figure 4.15 T G A  th e r m o g r a m  o f  T i 0 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  at 

d i f f e r e n t  m o la r  r a t io  o f T T l P :  H 2O  in  E tO H ; 0 .0 3 1  ( A ) ,  0 .0 6 3  ( B ) ,  0 .1 2 5  ( C ) ,  0 .5  ( D ) ,  
a n d  2  (E ) .

F r o m  D i f f e r e n t ia l  t h e r m o g r a m  o f  p u r e  b a c t e r ia l  c e l l u l o s e  a n d  T i 0 2 

im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e ,  It w a s  fo u n d  th a t  p u r e  b a c t e r ia l  c e l l u l o s e  w a s  

c o m p l e t e ly  d e g r a d e d  a t  a b o u t  5 0 0  °c, s o  th e  w h i t e  r e s id u a l  i s  T i 0 2 im p r e g n a te d  

b a c t e r ia l  c e l l u l o s e  w h i c h  c a n  f in d  c o n t e n t  o f  o n e  in  B C  b y  u s i n g  te m p e r a tu r e  a b o v e  

5 0 0  °c to  l o s s  o f  B C  t e m p la t e  a n d  w e i g h i n g  w h i t e  r e s id u a l  ( a s  s h o w n  in  s e c t i o n  4 .4 )  

in  a d d it io n ,  m o la r  r a t io  o f  T T I P : H 2O  in  E tO H  e f f e c t  o n  c o n t a m in a n t  in  T i 0 2 

im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e ,  d e g r a d in g  at a r o u n d  4 0 0  °c, w h e n  in c r e a s in g  m o la r  

r a t io  o f  T T I P :  H 20  in  E tO H .
F r o m  T G A  t h e r m o g r a m  o f  T i 0 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e ,  It w a s  

o b s e r v e d  th a t  m o la r  r a t io  o f  T T I P : H 20  in  E tO H  a f f e c t  th e r m a l  s t a b i l i t y  o f  m a te r ia ls .  
T h e  th e r m a l  s t a b i l i t y  o f  T i 0 2 im p r e g n a t e d  in  B C  in c r e a s e d  w i t h  th e  in c r e a s in g  o f  

m o la r  r a t io s  o f  T T I P  t o  H 20  in  E tO H .

4.4 The content of the Synthesized T1O2 in Bacterial Cellulose

T h e  c o n t e n t  o f  th e  s y n t h e s i z e d  T 1O 2 in  b a c t e r ia l  c e l l u l o s e  w a s  d e t e r m in e d  b y  

c a lc in a t io n  in  a fu r n a c e  a t 1 0 0 0  d e g r e e  C e lc iu s .  It w a s  fo u n d  th a t  w h e n  t h e  m o la r  

r a t io s  o f  T T I P  to  w a te r  in  E tO H  w e r e  in c r e a s e d  fr o m  0 .0 3 1  to  2 ,  th e  c o n t e n t  o f  T i 0 2 

in c r e a s e d  fr o m  6 .4 5 %  t o  4 8 .4 4 % , th e r e f o r e  m o la r  r a t io  o f  T T I P : H 20  in  E tO H  e f f e c t s
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u p o n  c o n t e n t  o f  th e  S y n t h e s i z e d  T i Û 2 in  B a c t e r ia l  C e l l u l o s e .  T h e  f o r m a t io n  o f  T iC >2 

im p r e g n a t e d  in  B C  in c r e a s e d  w i t h  th e  in c r e a s in g  o f  m o la r  r a t io s  o f  T T I P  to  H 20  in  

E tO H .

4.5 Study on Titanium tetraisopropoxide Convert to Titanium dioxide into 
Bacterial Cellulose by Using FTIR

F ig u r e  4 . 1 6  s h o w s  t h e  F T I R  s p e c t r u m  o f  T it a n iu m  t e t r a i s o p r o p o x id e  th e  

p o s i t i o n s  o f  C H X s t r e t c h in g  m o d e s  in  th e  - 3 0 0 0  c m ’ 1 r e g io n ;  C - C  s t r e t c h in g ,  1 1 3 2  

c m ' 1; C - 0  s t r e t c h in g  in  T T I P , 1 0 0 8  cm " 1 ; C - 0  s t r e t c h in g  in  i s o p r o p a n o l ,  9 5 0  c m  

C - H  s t r e t c h in g  in  p r o p e n e ,  9 1 5  c m ’ 1; C H  r o c k in g ,  8 5 0  c m ’ 1 ; T i - 0  s t r e t c h in g ,  6 2 6  

c m ’1 ( A h n  et ฝ ิ/ . , 2 0 0 3 ) .

W a v e n u m b e r  (c m ~ 1 )

Figure 4.16 F T I R  s p e c tr u m  o f  t i ta n iu m  t e t r a i s o p r o p o x id e .

F ig u r e  4 .1 7  s h o w s  th e  F T I R  s p e c tr u m  o f  T it a n iu m  d i o x id e .  It w a s  fo u n d  th a t  

C H X s t r e t c h in g  m o d e s  in  th e  - 3 0 0 0  c m ’1 r e g io n ,  C - 0  s t r e t c h in g ,  1 0 0 8  c m ' 1 a n d  C - H  

s t r e t c h in g  in  T T I P  w e r e  a b s e n t .  B e s i d e s ,  v ib r a t io n  o f  th e  T i - 0  b o n d s  w a s  o b s e r v e d  at 

r a n g e  o f  6 0 8 - 6 2 0  c m ’ 1 a n d  n e a r  4 0 0  c m ’ 1 ( E r k o v .  et a l.,2 0 0 0 ) .
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F i g u r e  4 .1 7  F T I R  s p e c t r u m  o f  T ita n iu m  d io x id e .

G la d f e l t e r  et al., ( 1 9 9 4 )  s t u d ie d  t h e  r e a c t io n  m e c h a n i s m  fo r  t h e  fo r m a t io n  o f  

b y  u s in g  T T I P . T h e y  id e n t i f i e d  th e  f o l l o w i n g  r e a c t io n :

T i ( O C 3H 7) 4 •— ►  T i 0 2+ 4 C 3H 6+ 2 H 20  ( > 4 0 0  ° C )  ( 1 )

T i ( O C 3H 7) 4 — ►  T i 0 2+ 2 C 3H 6+ 2 H O C 3H 7 ( < 4 0 0  ° C )  ( 2 )

T h e  F T I R  s p e c tr u m  o f  p u r e  b a c t e r ia l  c e l l u l o s e  i s  s h o w n  in  F ig u r e  4 .1 8 .  It w a s  

o b s e r v e d  t h e  O H  s t r e t c h in g  ( 3 5 0 0  c m ' 1) ,  C - H  s t r e t c h in g  v ib r a t io n  ( 2 9 1 0  c m ' 1)  0=c 
v ib r a t io n  ( 1 6 4 2  c m ' 1) ,  C - O H  s t r e t c h in g  ( 1 0 6 0  c m ' 1) a n d  C - O - C  b e n d in g  v ib r a t io n  

( 1 1 6 3  c m ' 1) .  R e s u l t i n g  fr o m  c o v e r a g e  b y  th in  la y e r  o f  T i 0 2, th is  C - H  in - p la n e  

s t r e t c h in g  w a s  b l o c k e d ,  C - H  s t r e tc h in g  v ib r a t io n  ( 2 9 1 0  c m ' 1) o f  F T I R  s p e c tr u m  o f  

T i 0 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  is  w e a k e n e d  ( s e e  f ig u r e s  4 . 1 8  a n d  4 . 1 9 )  (ร น ท . et 

al.,2 0 0 9 ) .
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Wavenumber (crrf1)

F i g u r e  4 . 1 8  F T I R  s p e c t r u m  o f  p u r e  b a c t e r ia l  c e l l u l o s e .

F i g u r e  4 .1 9  F T I R  s p e c tr u m  o f  T iC >2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  at 

d i f f e r e n t  m o la r  r a t io  o f  T T I P : H 2O  in  E tO H  e q u a l  to  0 .5 .

F ig u r e  4 . 2 0 A - 4 . 2 0 D  s h o w  th e  A T R - F T I R  s p e c tr a  o f  T iC >2 im p r e g n a te d  

b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t m o la r  r a t io  o f  T T I P : H 2O  in  E tO H  e q u a l  to  0 .5  a f te r  

w a s h e d  b y  s o n ic a t io n  in  a b s o lu t e  E tO H  fo r  d i f f e r e n t  t im e .  It w a s  fo u n d  th a t  th e
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p a t te r n s  o f  A T R - F T I R  s p e c tr a  a r e  th e  s a m e  h e n c e ,  s o n i c a t i o n  t im e  n o n e  e f f e c t  fo r  

e l im in a t io n  e x c e s s  T T 1 P  c o n t a in in g  T i Û 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e .

Figure 4.20 A T R - F T I R  s p e c tr a  o f  T iC >2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  at 

m o la r  r a t io  o f  T T I P :  H 2O  in  E tO F l e q u a l  to  0 .5  a f t e r  w a s h e d  b y  s o n ic a t io n  in  

a b s o lu t e  E tO H  fo r  fo r  d i f f e r e n t  t im e  o f  15  m in  ( A ) ,  3 0  m in  ( B ) ,  4 5  m in  ( C )  a n d  6 0  

m in  ( D ) .

4.6 Photocatalytic Activity of TiOî Impregnated Bacterial Cellulose

T h e  p h o t o c a t a ly t i c  a c t iv i t y  o f  T iC >2 im p r e g n a t e d  in  b a c t e r ia l  c e l l u l o s e  

p r e p a r e d  a t d i f f e r e n t  m o la r  r a t io s  o f  T T I P :  FI2O  in  E tO H  w a s  in v e s t ig a t e d  b y
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d e t e r m in in g  p h o to d e g r a d a t io n  o f  m e t h y le n e  b lu e  u n d e r  u v  l ig h t  ( s e e  F ig u r e s  4.21 
a n d  4 .2 2 ) .

Figure 4.21 P h o t o d e g r a d a t io n  o f  m e t h y le n e  b lu e  u n d e r  u v  l ig h t  b y  T iC >2 

im p r e g n a t e d  in  b a c te r ia l  c e l l u l o s e  p r e p a r e d  at m o la r  r a t io  o f  T T 1 P : H 2O  in  E tO H  

e q u a l  to  0 ,  0 .1 2 5 ,  0 .5  a n d  2 .

Figure 4.22 P h o t o d e g r a d a t io n  o f  m e t h y le n e  b lu e  u n d e r  u v  l ig h t  b y  T iC >2 

im p r e g n a te d  in  b a c te r ia l  c e l l u l o s e  p r e p a r e d  a t m o la r  r a t io  o f  T T I P :  H 2O  in  E tO H  

e q u a l  to  0 ,  0 . 0 3 1 , 0 . 0 6 3  a n d  0 .1 2 5 .
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It w a s  f o u n d  th a t  th e  p h o t o c a t a ly t ic  a c t i v i t y  o f  T iC >2 im p r e g n a t e d  in  b a c te r ia l  

c e l l u l o s e  p r e p a r e d  a t th e  m o la r  r a t io  o f  T T I P :  H 2O  e q u a l  t o  0 .1 2 5  h a d  th e  h ig h e s t  

p h o t o c a t a ly t i c  a c t iv i t y .  T h e  m o la r  r a t io  o f  T T I P :  H 2O  e q u a l  t o  0 .1 2 5  w a s  l e s s  th a n  

th e  s t o ic h io m e t r ic  m o la r  r a t io  o f  T T IP : H 2O  in  th e  h y d r o ly s i s  r e a c t io n  o f  T T I P  o r  

w a t e r  e x i s t e d  in  t h e  r e a c t io n  in  a n  e x c e s s  a m o u n t  c o m p a r e d  t o  T T I P . A c c o r d in g ly ,  
m o s t  o f  th e  a d d e d  T T I P  w a s  c o n v e r t e d  t o  T iC >2 a n d  d e p o s i t e d  o n  th e  s u r f a c e  o f  

b a c t e r ia l  c e l l u l o s e  n a n o f ib e r s .  F o r  th e  m o la r  r a t io s  o f  T T I P : H 2O  e q u a l  t o  0 .5  th a t  is  

th e  s t o ic h io m e t r ic  m o la r  r a tio , th e  s y n t h e s iz e d  T iC >2 w a s  d e p o s i t e d  m o r e  o n  b a c te r ia l  
c e l l u l o s e  a s  e v i d e n c e  b y  th e  in c r e a s in g  o f  th e  a v e r a g e  f ib e r  d ia m e t e r  a n d  th e  

in c r e a s in g  o f  T iC >2 c o n t e n t  in  b a c te r ia l  c e l l u l o s e .  H o w e v e r ,  it  d id  n o t  r e s u lt  in  th e  

in c r e a s in g  o f  p h o t o c a t a ly t i c  a c t iv it y .  T h is  m ig h t  b e  e x p la in e d  th a t  th e  d e n s e  T iC >2 

c o v e r e d  o n  th e  s u r f a c e  o f  b a c te r ia l  c e l l u l o s e  p r e v e n t in g  th e  p e n e t r a t io n  o f  u v  l ig h t  to  

th e  in te r io r  p a r t o f  b a c t e r ia l  c e l l u l o s e .  T h e n  o n l y  T iC >2 a t t h e  s u r f a c e  o f  b a c te r ia l  

c e l l u l o s e  c o u ld  e x p o s e  to  th e  u v  l ig h t  a n d  u n d e r g o  p h o t o c a t a ly t i c  r e a c t io n s .  In  c a s e  

o f  t h e  m o la r  r a t io  o f  T T IP : H 2O  w a s  d e c r e a s e d  t o  0 . 0 3 1 ,  T T I P  w a s  u s e d  in  a  t in y  

a m o u n t  in  th e  h y d r o ly s i s  r e a c t io n . T h e  fo r m a t io n  o f  TiC>2 w a s  o c c u r r e d  in  s o m e  a rea  

o n  t h e  s u r f a c e  o f  b a c t e r ia l  c e l l u l o s e  n a n o f ib e r s  ( s e e  f ig u r e  4 . 9 A )  a s  a  r e s u lt ,  th e  

ir r a d ia t io n  o f  u v  l ig h t  w a s  n o t  p r o m o t e  r e a c t iv e  s p e c i e s  fr o m  T iC >2 in  a r e a s  n o n e  o f  

T iC >2 a n d  t h e y  c o n c e a le d  th e  d ir e c t io n  o f  u v  l ig h t  r e s u l t in g  in  l o s s  o f  th e  

p h o t o c a t a ly t i c  a c t i v i t y  ( s e e  f ig u r e  4 .2 2 ) .  O n  th e  o th e r  h a n d , w h e n  th e  m o la r  r a t io  o f  

T T I P :  H 2O  w a s  in c r e a s e d  u p  to  2 ,  T T I P  w a s  u s e d  in  a  la r g e  e x c e s s  a m o u n t  in  th e  

h y d r o ly s i s  r e a c t io n  t o  th e  fo r m a t io n  o f  T i 0 2  o n  th e  s u r f a c e  o f  b a c t e r ia l  c e l l u l o s e  

n a n o f ib e r s ,  s o m e  T i Û 2 w a s  s y n t h e s iz e d  in  a fo r m  o f  s p h e r ic a l  p a r t ic le s  im p r e g n a te d  

in  t h e  p o r o u s  s tr u c tu r e  t h r o u g h o u t  th e  b a c t e r ia l  c e l l u l o s e  m a tr ix .  S i n c e  th e  a m o u n t  o f  

w a t e r  w a s  f ix e d  f o r  e a c h  m o la r  r a t io  o f  T T I P :  H 2O , th e  i n c r e a s in g  o f  th e  a d d e d  

a m o u n t  o f  T T I P  m ig h t  r e s u lt  in  th e  in c r e a s in g  o f  r a te  o f  t h e  r e a c t io n .  T h e n  th e  

c r y s t a l l in e  s tr u c tu r e  o f  T iC >2 w a s  n o t  g r a d u a l ly  fo r m e d  o n  t h e  s u r f a c e  o f  b a c t e r ia l  

c e l l u l o s e  f ib e r s  b u t  it fo r m e d  a s  a n  in d iv id u a l  s p h e r ic a l  p a r t ic le  o f  T iC >2 e m b e d d e d  in  

th e  p o r o u s  s tr u c tu r e  o f  b a c te r ia l  c e l l u l o s e .  T h e  d e c r e a s in g  o f  th e  p h o t o c a t a ly t ic  

a c t iv i t y  m ig h t  b e  d u e  t o  th e  fo r m a t io n  o f  t h e s e  la r g e  T iC >2 p a r t ic l e s ,  r e s u l t in g  in  th e  

d e c r e a s in g  o f  p h o t o c a t a ly t i c  e f f i c i e n c y  o f  TiC>2 .
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4.7 Antibacterial Activity of T i02 Impregnated Bacterial Cellulose

T h e  a n t ib a c te r ia l  a c t iv i t y  o f  T i 0 2 im p r e g n a te d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t  

d i f f e r e n t  m o la r  r a t io s  o f  T T I P : H 20 ,  w a s  d e t e r m in e d  b y  c o l o n y  f o r m in g  c o u n t  

m e t h o d .  In c a s e  o f  a n t ib a c te r ia l  a c t iv i t y  a g a in s t  E. coll, i t  w a s  f o u n d  th a t  th e  T i 0 2 

im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t m o la r  r a t io s  o f  T T I P : H 20  e q u a l  to  0 .5  

s h o w e d  th e  e f f e c t i v e  a g a in s t  E. co li ( s e e  F ig u r e s  4 . 2 3 A - 4 . 2 3 D ) .

( B )

Figure 4.23 T h e  a n t ib a c te r ia l  a c t iv i t y  o f  T i 0 2 im p r e g n a t e d  b a c t e r ia l  c e l l u l o s e  

p r e p a r e d  a t d i f f e r e n t  m o la r  r a t io s  o f T T I P : H 20  e q u a l to  0  ( A ) ,  0 .1 2 5  ( B ) ,  0 .5  ( C )  a n d  

2  ( D )  a g a in s t  E. coli.

In c a s e  o f  a n t ib a c te r ia l  a c t iv i t y  a g a in s t  ร. aureus, it w a s  f o u n d  th a t  th e  p e r c e n t  

r e d u c t io n  o f  v ia b le  c e l l s  fo r  th e  T i 0 2 im p r e g n a te d  b a c t e r ia l  c e l l u l o s e  p r e p a r e d  a t  

m o la r  r a t io s  o f  T T I P :  H 20  e q u a l  to  0 .1 2 5 ,  0 .5 ,  a n d  2 ,  w e r e  3 8 .2 1 % , 8 4 .8 6 % , a n d  

2 0 .3 5 % , r e s p e c t i v e ly .
F r o m  a n t ib a c te r ia l  a c t i v i t y  a g a in s t  E. co li a n d  ร. aureus, It w a s  o b s e r v e d  th a t  

n o t  o n l y  c o n t e n t  o f  T i 0 2, b u t a l s o  th e  d ir e c t io n  o f  u v  l ig h t  a n d  p o s i t i o n  o f  s u r f a c e  

a r e a s  o f  T i 0 2 im p r e g n a t e d  in  BC fo r  s u p p o r t in g  u v  l ig h t  a f f e c t s  a n t ib a c te r ia l  
a c t iv i t y .
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