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E X P E R IM E N T A L

Materials

A l l  r e a g e n ts  a re  a n a ly t i c a l  g r a d e  a n d  u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t io n .

1. C h i t o s a n ,  M w  =  1 0 0 ,0 0 0  ; 9 5 % D D  : S e a f r e s h  C h i t o s a n  ( L a b )  C o . ,

L t d .

2 . N - m e t h y l - 2 - p y r r o l i d o n e ะ F lu k a

3 . S o d iu m  C h lo r id e : M e r c k

4 . S o d iu m  io d id e : R ie d e l - d e t t a e n

5 . M e t h y l  io d id e : R ie d e l - d e t t a e n

6 . A c e t i c  a c id ะ M e r c k

7 . E t h a n o l : M e r c k

8 . S o d iu m  c y a n o b o r o h y d r id e : F lu k a

9 . H y d r o c h l o r i c  a c id : M e r c k

1 0 . A n i o n i c  e x c h a n g e  r e s in : C o m e x  5 0 w x  2 - 1 0 0 ,  A l d r i c h .

1 1 . B e n z a ld e h y d e : M e r c k

1 2 . B u t y r a ld é h y d e : M e r c k

1 3 . D i a l y s i s  t u b e : A l d r i c h
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2.2 Nuclear magnetic resonance (NMR) spectroscopy

N M R  s p e c t r a  o f  c h i t o s a n  w e r e  o b ta in e d  f r o m  1 %  c h i t o s a n  d is s o lv e d  in  1 %  

C F 3 C O O F  in  D 2 O  u s in g  4 0 0  M F I z  (*1 4 ) o n  V a r i a n  m e r c u r y  4 0 0  s p e c t r o m e t e r .  

C h e m ic a l  s h i f t s  a re  in  p p m .

2.3 Synthesis o f /V-alkyl chitosan derivatives

1 g  c h i t o s a n  w a s  d is s o lv e d  in  9 0  m l  o f  1 %  a c e t ic  a c id  ( v / v ) .  W h e n  

d i s s o lu t i o n  w a s  c o m p le t e ,  5 m l  e t h a n o l  w a s  a d d e d .  T h is  s o lu t i o n  w a s  s t i r r e d  a t  r o o m  

t e m p e r a t u r e  f o r  4  h . T h e n  th e  s o lu t io n  o f  a ld e h y d e  ( b u t y r a ld é h y d e  o r  b e n z a ld e h y d e  

a t  0 .5 ,  1 o r  2  e q /N H H h ) i n  e t h a n o l  w a s  a d d e d  in t o  th e  c h i t o s a n  s o lu t io n  a n d  s t i r r e d  f o r  

1 h .  T h e  p H  o f  t h i s  m ix t u r e  w a s  a d ju s te d  t o  4  w i t h  1.4 M  N a O H .  I n  t h i s  s o lu t io n ,  

s o d iu m  c y a n o b o r o h y d r id e  (0.0174 m m o l ;  3  e q /N H 2 )  w a s  a d d e d  a n d  s t i r r e d  f o r  6  h .  

T h e  p r é c ip i t a n t s  o f  t h e  iV - a lk y l  c h i t o s a n  d e r iv a t i v e s  w e r e  o b ta in e d  f r o m  a d ju s t in g  th e  

p H  o f  t h e  s o lu t io n  t o  10 w i t h  1.4 M  N a O H .  T h e s e  p r é c ip i t a n t s  w e r e  w a s h e d  w i t h  

30% e t h a n o l  ( v / v )  a n d  in c r e a s in g  w a t e r  c o n t e n t  t o  100%. T h e  u n r e a c te d  a ld e h y d e  

a n d  i n o r g a n i c  p r o d u c t s  w e r e  r e m o v e d  f r o m  t h e  p r e c ip i t a n t  b y  r e f l u x i n g  w i t h  e t h a n o l  

a t  40°c f o r  4  h  a n d  c h a n g e d  e th a n o l  s o lu t io n  e v e r y  2  h . T h e  p r é c ip i t a n t s  w e r e  

w a s h e d  a g a in  b y  D I  w a t e r  t w ic e .  T h e  p r o d u c t  w a s  c h a r a c t e r iz e d  b y  N M R  

s p e c t r o s c o p y .

Scheme 2.1 S y n th e s is  o f / V - a l k y l  c h i t o s a n

2.4 Quaternization 7V-alkyl chitosan

0.3 g ÿV-alkyl chitosan were dispersed in 12 ml NMP for 12 h at room
temperature. To each dispersion, 1.2 ml o f 15% NaOH were added and stirred for 15
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m in .  C H 3 I  a n d  N a l  ( 1 2  e q  a n d  2 .5  e q  o f  a l k y l  c h i t o s a n  g r o u p )  w e r e  a d d e d  in t o  th e s e  

m ix t u r e  s u b s ta n c e s  a n d  c a r r ie d  o u t  w i t h  50°c f o r  2 4  h .  T h e  s o lu t io n  w a s  c o l le c t e d  b y  

p r e c ip i t a t i o n  w i t h  a c e to n e .  T h e s e  p r e c ip i t a t e s  w e r e  d is s o lv e d  in  w a t e r  f o r  T- c r  
e x c h a n g e d  u s in g  c h lo r i d e  io n  r e s in .  T h e n  th e  s o lu t io n  w a s  f u r t h e r  d ia ly z e d  in  

d e io n iz e d  w a t e r  f o r  1 w e e k .  T h e  s o lu t io n  w a s  f r e e z e - d r ie d  t o  r e m o v e  w a te r .  W h i t e  

s o l id  w a s  o b ta in e d .

M e t h y l  i o d id e  w a s  a d d e d  t o  th e  r e a c t io n  m ix t u r e  i n  o n e ,  t w o  a n d  th r e e  s te p s  

a s  f o l l o w s :

1. T w e lv e  e q u iv a le n t s  o f  C H 3 I  w e r e  a d d e d  a t  o n e  t im e  a t  t h e  b e g in n in g  o f  

t h e  r e a c t io n  p e r io d .

2 .  C H 3 I  w a s  a d d e d  in  2  p o r t i o n s ;  8  e q u iv a le n t s  a t  t h e  b e g in n in g  a n d  4  

e q u iv a le n t s  a f t e r  6  h .

3 . C H 3 I  w a s  a d d e d  in  3  p o r t i o n s ;  8  e q u iv a le n t s  a t  t h e  b e g in n in g ,  2  

e q u iv a le n t s  a f t e r  6  h  a n d  a n o th e r  2  e q u iv a le n t s  a f t e r  1 2  h .

Scheme 2.2 S y n th e s is  o f  q u a te r n iz e d  A - a l k y l  c h i t o s a n

2.5 Estimation o f solubility o f QAC in water

F r e e z e - d r ie d  c h i t o s a n  d e r iv a t i v e s  (1  m g )  w e r e  a c c u r a t e ly  w e ig h e d  in  a  te s t  

t u b e .  1 m l  d i s t i l l e d  w a t e r  w a s  a d d e d  t o  th e  c h i t o s a n  d e r iv a t i v e .  T h e  te s t  t u b e  w a s  

s t i r r e d  u n t i l  a  c le a r  s o lu t io n  w a s  o b ta in e d .
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2.6 Determination o f degree o f methyl substitution

2.6.1 TV-alkyl chitosan derivatives

T h e  d e g re e  o f  iV - a l k y la t i o n  a t  t h e  a m in o  g r o u p  o f  c h i t o s a n  w a s  d e t e r m in e d  b y  

' H - N M R  s p e c t r o s c o p y .  T h e  s a m p le  w a s  d is s o lv e d  in  D 2O - C F 3C O O F .  T h e  d e g re e  o f  

V - a l k y l a t i o n  w a s  c a lc u la t e d  b y  u s in g  E q .  ( 1 )  f o r  th e  J V -b u ty l  c h i t o s a n  (Ô C F I2 o f  b u t y l  

g r o u p  a t  1 .6  p p m )  v s  ( 5 C - 2  o f  c h i t o s a n  a t  3 .2  p p m )  a n d  E q .  ( 2 )  f o r  t h e  V - b e n z y l  

c h i t o s a n .  ( S C F E a t  4 .3  p p m  f r o m  iV - b e n z y l )  v s  ( S C - 2  o f  c h i t o s a n  a t  3 .2  p p m )

% D S  =  1 0 0  X  ( p e a k  a re a  o f  N - C H 7 - C H 2R )  .........................................................( E q l )
2 x  ( p e a k  a re a  o f  H - 2  o f  c h i t o s a n )

% D S  =  1 0 0  X  ( p e a k  a re a  o f  N - C H ? - A r )  .........................................................( E q 2 )
2 x  ( p e a k  a re a  o f  H - 2  o f  c h i t o s a n )

2.6.2 Quaternization o f A ra lky l chitosan.

T h e  d e g re e  o f  q u a t e r n iz a t io n  o f  t h e  V - a l k y l  c h i t o s a n  d e r iv a t i v e s  w a s  

d e t e r m in e d  b y  N M R  s p e c t r o s c o p y .  T h e  s a m p le  w a s  d is s o lv e d  in  D 2O .  T h e  d e g re e  o f  

q u a t e r n iz a t io n  w a s  c a lc u la t e d  b y  u s in g  E q .  (3) f o r  t h e  iV - b u t y l  c h i t o s a n  (8 N+-(CH3)2R 
o f  q u a te r n iz e d  iV - b u t y l  g r o u p  a t  3.2 p p m  a n d  N-CH2-CH2-CH2-CH3 a t  1.6 p p m )  a n d  E q .  

(4) f o r  t h e  V - b e n z y l  c h i t o s a n  (Sn +-(CH3)2R o f  q u a te r n iz e d  V - b e n z y l  g r o u p  a t  3.2 p p m

a n d  N -C T b -A r  a t  4 .3  p p m ) .

% D Q  =  1 0 0  X 2  X ( p e a k  a re a  o f  N + - ( C H j ) r R ) )  ..............................................( E q 3 )
6  X  ( p e a k  a re a  o f  N - C H 2 - Ç H 2 - R  )

% D Q  =  1 0 0  X 2  X ( p e a k  a re a  o f  N +- ( C H f b - A r ) )  ..............................................( E q 4 )
6  X  ( p e a k  a re a  o f  N - C H ? - A r  )
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2.7 F ru it coating study

Banana was selected for fruit coating study o f chitosan and its quaternary 
ammonium derivatives. Shape, color, and size o f all banana samples were controlled 
to be uniform. For each compound four replicates were carried out. A ll test solution 
were brushed on banana peel and placed in a basket at ambient atmosphere. The 
methods o f fruit coating are as follows:

1. Green bananas were cleaned with tab water twice and left at room 
temperature t il l dry.

2. The test solution was applied on the peel o f each banana. A ll banana 
samples were left in a basket at room temperature for 1 h.

3. Weight and appearance o f banana at first time point was recorded.
4. Weight and appearance o f banana samples were monitored every 2 days for 

up to 10 days

Six experimental sets were designed to include two quatemized iV-butyl 
chitosan and iV-benzyl chitosan as follows:

. Banana without any coating.

. Banana coated with 0.5% acetic acid.
• Banana coated with 20% o f chitosan in 0.5% acetic acid.
. Banana coated with 20% o f quaternized /V-butyl chitosan in 0.5% acetic acid.
• Banana coated with 20% o f quaternized iV-benzyl chitosan in 0.5% acetic 

acid.
• Banana coated with 20% o f quaternized A-butyl chitosan in D I water.
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