
CHAPTER II 
LITERATURE REVIEW

2.1 Chitin

2 .2 .1  S tru c tu re  a n d  p ro p e r t ie s  o f  c h i t in
C h it in  is  th e  s e c o n d  m o s t  a b u n d a n t  n a tu ra l  p o ly s a c c h a r id e  in  th e  

w o r ld  n e x t  to  c e l lu lo s e  a n d  is  a  h ig h -m o le c u la r  w e ig h t  l in e a r  p o ly m e r  o f  jty -a c e ty l-D - 
g lu c o s a m in e  ( jV -a c e ty l-2 -a m in o -2 -d e o x y -D -g lu c o p y ra n o s e )  u n i t s  l in k e d  b y  P -D  
( 1 —>4) b o n d s  (D u t ta  e t a l ,  2 0 0 4 )  T h e  s t r u c tu r e  o f  c h i t in  s h o w s  in  f ig . 1. C h i t in  is  a 
h ig h  m o le c u la r  w e ig h t  b io p o ly m e r  fo u n d  p r e d o m in a n t ly  in  e x o s k e le to n  s h e l ls  o f  
a r th r o p o d s  a s  w e l l  a s  th e  in te r n a l  f le x ib le  b a c k b o n e  o f  c e p h a lo p o d s .  C h i t in  is  k n o w n  
to  b e  n o n - to x ic ,  o d o r le s s ,  b io c o m p a t ib le  w ith  l iv in g  t is s u e s ,  a n d  b io d e g r a d a b le  
( K u m a r  e t a i ,  2 0 0 0 ) .

Figure 2.1 S tr u c tu re  o f  c h i t in .  (D u t ta  e t a i ,  2 0 0 4 )

C h it in  is  th e  m a in  c o m p o n e n t  in  th e  s h e l ls  o f  c r u s ta c e a n s  a n d  
c la s s i f ie d  in to  a - ,  P- a n d  y - c h i t in .  a - C h i t in  h a s  a s tru c tu re  o f  a n t ip a r a l l e l  c h a in s  s u c h  
a s  s h r im p  s h e l l  a n d  c ra b  s h e l l  w h e re a s  P -c h it in  h a s  in t r a s h e e t  h y d r o g e n - b o n d in g  b y  
p a ra l le l  c h a in s  s u c h  a s  s q u id  p e n . H o w e v e r ,  y - c h i t in  h a s  a p a r a l le l  a n d  a n t ip a ra l le l  
s t r u c tu r e ,  th a t  is  a  c o m b in a t io n  o f  a - c h i t in  a n d  P -c h itin  (Y e n  e t a i ,  2 0 0 9 ) .  P -C h it in  
h a s  m o re  o p e n  s tru c tu re  ( p a r a l le l  c h a in  a l ig n m e n t)  th a n  y -c h i t in  ( a n t ip a r a l le l  c h a in
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a l ig n m e n t) .  T h e  r e s u l t in g  P -C h i t in  is  m u c h  w e a k e r  in te r m o le c u la r  h y d r o g e n  b o n d in g  
o f  th e  m a in  c h a in . I t, th e re f o r e ,  s h o w s  h ig h e r  s o lu b i l i ty ,  s w e l l in g , a n d  r e a c t iv i ty  th a n  
y - c h i t in  ( M e th a c a n o n  e t a l ,  2 0 0 9 ) .  y - C h it in  h a s  b e e n  p r o p o s e d  to  f o r m  a  m u c h  
t ig h te r  c r y s ta l l in e  s tru c tu re  th a n  P -c h itin . T h e  c ry s ta l l in e  s t r u c tu r e  o f  c h i t in  s h o w s  
F ig u re  2 .2  In  g e n e ra l ly ,  c h i t in  is  a h ig h ly  in s o lu b le  in  g e n e ra l  s o lv e n ts  a n d  lo w  
c h e m ic a l  r e a c t iv i ty .  B y  r e a s o n  o f  its  h ig h  r ig id  c ry s ta l l in e  s tru c tu re ,  w h ic h  is  b a s e d  
o n  th e  h y d ro g e n  b o n d in g  th ro u g h  th e  a c e ta m id e  g ro u p  a n d  h y d r o g e n  b o n d s  ( T a m u ra  
e t a l ,  2 0 1 0 ) .

a -c h it in  p -ch itin

o rth o rho m b ic
tw o ch a in /u n it cell a = 4.74/4 

Antiparallel b  -18.86Â 
c  =10.32Â

m onoclin ic
o ne ch a in  /u n it cell a =4.85 A 

Parallel b =9.26 A
c =10.38Â

Figure. 2.2 C r y s ta l l in e  s t r u c tu r e  o f  c h i t in . (T a m u ra  e t a l ,  2 0 0 6 ) .

Y e n  et a l  ( 2 0 0 9 )  p re p a re d  th e  c ra b  c h i to s a n  b y  a lk a l in e  N - 
d e a c e ty la t io n  o f  c r a b  c h i t in  f o r  6 0 , 9 0  a n d  1 2 0  m in  a n d  th e  y ie ld s  w e r e  3 0 .0 - 3 2 .2 %  
w ith  th a t  o f  c h i to s a n  C 1 2 0  b e in g  th e  h ig h e s t .  T h e  d e g re e  o f  N - d e a c e ty la t io n  o f  
c h i to s a n s  (8 3 .3 9 3 .3 % )  in c re a s e d  b u t th e  a v e r a g e  m o le c u la r  w e ig h t  ( 4 8 3 5 2 6  k D a )  
d e c r e a s e d  w ith  th e  p ro lo n g e d  r e a c t io n  t im e . C r a b  c h i to s a n s  s h o w e d  lo w e r  l ig h tn e s s  
a n d  W I  v a lu e s  th a n  p u r i f ie d  c h i t in ,  c h i to -  s a n s  c c  a n d  c s  b u t h ig h e r  th a n  c ru d e  
c h i t in .  W ith  th e  p ro lo n g e d  r e a c t io n  t im e , th e  n i t r o g e n  (8 .9 9 .5 % ) ,  c a rb o n  ( 4 2 .2 4 5 .2 % )  
a n d  h y d r o g e n  c o n te n ts  ( 7 .9 8 .6 % )  in  c h i to s a n s  p re p a re d  c o n s is te n t ly  in c re a s e d  
w h e re a s  N /C  r a t io s  r e m a in e d  th e  s a m e  (0 .2 1 ) .  C ra b  c h i to s a n s  p r e p a r e d  s h o w e d  a 
m e l t in g  e n d o th e r m ic  p e a k  a t  1 5 2 .3 1 5 9 .2  c. T h re e  c h i to s a n s  s h o w e d  s im ila r
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m ic r o f ib r i l la r  c ry s ta l l in e  s tru c tu re  a n d  tw o  c r y s ta l l in e  r e f le c t io n s  a t  2 h  =  8 .8 9 .0  a n d
1 8 .9 1 9 .1 . O v e ra l l ,  th e  c h a r a c te r is t ic s  o f  th re e  c r a b  c h i to s a n s  w e r e  u n iq u e  a n d  d if f e re d  
f ro m  th o s e  o f  c h i to s a n  c c  a n d  c s  a s  e v id e n c e d  b y  th e  e le m e n t  a n a ly s is ,  d i f f e r e n t ia l  
s c a n n in g  c a lo r im e try ,  s c a n n in g  e le c t ro n  m ic r o s c o p y  a n d  X - ra y  d i f f r a c t io n  p a t te rn s .

M e th a c a n o n  e t al. ( 2 0 0 3 )  s tu d ie d  th a t  C h i t in  w a s  e x t r a c te d  f ro m  s q u id  
p e n s  a n d  its  h e te ro g e n e o u s  a lk a l in e  d e a c e ty la t io n  w a s  p e r f o rm e d  u s in g  v a r io u s  
c o n d i t io n s .  T h e  r e a c t io n f o l lo w e d  th e  p s e u d o - f i r s t -o rd e r  k in e t ic s  d u r in g  a n  in it ia l  
p e r io d . T h e  in f lu e n c e s  o f  a lk a l in e  c o n c e n t r a t io n ,  te m p e ra tu re ,  t im e  a n d  c h i t in  to  
s o lu t io n  ra t io  o n  th e  N - d e a c e ty la t io n  w e re  in v e s t ig a te d . T h e  d e g re e  o f  d e a c e ty la t io n  
(D D )  in c re a s e d  m a in ly  w ith  in c re a s in g  te m p e ra tu re ,  N a O H  c o n c e n t r a t io n  a n d  tim e . 
T h e  e f f e c t  o f  th e  c h i t in  to  s o lu t io n  r a t io  w a s  in s ig n if ic a n t .  In  th e  te m p e r a tu r e  r a n g e  o f  
4 0 - 1 0 0  8 C , th e  a p p a re n t  ra te  c o n s ta n t  an d  th e  a c t iv a t io n  e n e r g y  o f  th e  re a c t io n  
r a n g e d  f ro m  1 .0  to  2 .4  a n d  f ro m  5 .4  to  1 1 .9  k c a l /m o l ,  r e s p e c t iv e ly .  T h e  l in e a r  
r e g r e s s io n  a n a ly s is  w a s  p e r f o rm e d  to  p re d ic t  th e  o p t im u m  c o n d i t io n s  f o r  9 0 %  D D  
c h i to s a n  p ro d u c t .

2 .1 .2  C h it in  h y d ro g e l
T a m u r a  e t al. ( 2 0 0 6 )  s tu d ie d  th e  s o lu b i l i ty  o f  c h i t in  in  c a lc iu m  

c h lo r id e  d ih y d r a te - s a tu r a te d  m e th a n o l  w a s  fo u n d  to d e p e n d  b o th  o n  th e  d e g re e  o f  N -  
a c e ty la t io n  a n d  th e  m o le c u la r  w e ig h t  o f  th e  c h i t in  (F ig u re  2 .3 ) . S e v e ra l  N - a c e ty la te d  
c h i to s a n s  w e re  o b ta in e d  in  a h o m o g e n e o u s  s y s te m  u s in g  c h i to s a n s  w i th  a  m o le c u la r  
w e ig h t  o f  1 . 2 x l 0 4, 4 . 0 x l 0 4a n d  1 .6 x l 0 5 r e s p e c tiv e ly , w h e re  th e  d e g re e  o f  
d e a c e ty la t io n  w a s  c o n tro l le d  b y  th e  a m o u n t o f  a c e t ic  a n h y d r id e  a d d e d  ( H ir a n o  a n d  
O h e  1 9 7 5 ). T h e  l im ite d  s o lu b i l i ty  o f  h ig h e r  m o le c u la r  w e ig h t  c h i t in  s e e m s  to  b e  a 
p r o p e r ty  o f  i ts  h ig h  v is c o s i ty  d e s p i te  th e  fa s t  d is s o lu t io n  o f  N -a c e ty la te d  c h i to s a n . 
C h i to s a n  w i th  h ig h  d e g re e  o f  d e a c e ty la t io n  w a s  in s o lu b le  in  c a lc iu m  c h lo r id e -  
s a tu ra te d  m e th a n o l ,  th u s , f ib e r  s p in n in g  u s in g  th e  s o lv e n t  w a s  s u c c e s s f u l  u n d e r  
th e m i ld e r  c o n d i t io n  (T a m u ra  e t a l., 2 0 0 4 ) .  H o w e v e r , th e  e x i s te n c e  o f  w a te r  m o le c u le s  
w a s  a ls o  fo u n d  to  b e  im p o r ta n t  to  th e  d is s o lu t io n  o f  c h i t in  (F ig u re  2 .4 ) .  T h e  
o b s e r v a t io n  w a s  s u p p o r te d  b y  th e  f a c t  th a t C a - M e O H  p r e p a r e d  b y  a n h y d ro u s  
c a lc iu m  c h lo r id e  d o e s  n o t d is s o lv e  c h i t in  a t a ll . T h e  c o n c e n t r a t io n  o f  c a lc iu m  w a s  
a ls o  a  v e r y  im p o r ta n t  f a c to r  fo r  th e  d is s o lu t io n  o f  c h i t in .T h e s e  r e s u lt s  s u g g e s t  th a t 
m a n y  f a c to r s  c o n tr ib u te  to  th e  d is s o lu t io n  p ro c e s s  o f  c h i t in .  O n e  p o s s ib le  m a n n e r  to
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e s t im a te  th e  c h i t in  m o le c u la r  c o n fo rm a t io n  s e e m s  to  b e  th e  a r b i t ra l  v is c o s i ty  e q u a t io n  
w h ic h  u s e s  s ta n d a rd  c h i t in s  o f  v a r io u s  m o le c u la r  w e ig h ts  ( p re p a re d  b y  N - a c e ty la t io n  
o f  c h i to s a n s  fo r  w h ic h  th e  m o le c u la r  w e ig h ts  a re  k n o w n ) . A c c o r d in g  to  th is  a r b i t ra l  
v is c o s i ty  e q u a t io n ,  c h i t in  s e e m s  to  h a v e  a  p a r t ia l ly  r a n d o m  c o i l  s tru c tu re .

Degree of N-acetylation (%)

Figure 2.3 D e p e n d e n c e  o f  th e  s o lu b i l i ty  o f  c h i t in  o n  th e  d e g re e  o f  a c e ty la t io n  ( D A )
a n d  o n  th e  m o le c u la r  w e ig h t  o f  th e  c h i t in  its e lf . S o l id  s q u a re ,  1 .2 x l 0 4, s o l id  t r ia n g le ,
4 . 0 x l 0 4, s o l id  c i r c l e ,1 .6 x l 0 5.
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Figure 2.4 D e p e n d e n c e  o f  c h i t in  s o lu b i l i ty  o n  w a te r  c o n te n t  a n d  c a lc iu m  io n  
c o n c e n t r a t io n .

A n  a p p ro a c h  to  in c re a s e  th e  c h e m ic a l  r e a c t iv i ty  o f  c h i t in  is  to  d e s t ro y  
th e  c r y s ta l l in e  s tru c tu re  o f  c h i t in  b y  d i s s o lv in g  c h i t in  in  c a lc iu m  c h lo r id e - s a tu r a te d  
m e th a n o l .  T h e  p r o d u c t  in  th e  f o rm  o f  c h i t in  h y d ro g e l  w i th  h ig h e r  c h e m ic a l  r e a c t iv i ty  
th a n  n a t iv e  c h i t in  is  o b ta in e d .  It h a s  b e e n  p r o p o s e d  th a t  c a lc iu m  c h lo r id e - s a tu r a te d  
m e th a n o l  c a n  d is s o lv e  c h i t in  b e c a u s e  o f  th e  fo rm a t io n  o f  c h i t in -c a lc iu m  io n  c o m p le x ,  
r e s u l t in g  in  th e  d is ru p tio n  o f  h y d ro g e n  b o n d  f o rm a t io n . B y  d i s s o lv in g  c h i t in  in  
c a lc iu m  c h lo r id e - s a tu ra te d  m e th a n o l  s o lv e n t  s y s te m , it h a s  b e e n  p r o p o s e d  th a t  
c a lc iu m  io n s  w il l  fo rm  c o m p le x  w ith  c h i t in  a t a c e ta m id e  g ro u p . A f te r  a d d in g  w a te r  
in to  c h i t in  s o lu t io n ,  th e  e x c h a n g e  b e tw e e n  w a te r  m o le c u le  a n d  c a lc iu m  io n s  o c c u r s  
a n d  c h i t in  h y d r o g e l  w i ll  b e  o b ta in e d .

S h im o jo h  e t al. (2 0 1 1 )  s tu d ie d  o n  c h i t in  h y d r o g e l  a n d  r e p o r te d  o n  i ts  
im p ro v e d  c h e m ic a l  r e a c t iv i ty .  It w a s  fo u n d  th a t c h i t in  h y d ro g e l  is  a n  a m o r p h o u s  
f o rm  o f  c h i t in .  T h e  r e s u l t in g  c h i t in  h y d r o g e l  e x h ib i te d  h ig h e r  c h e m ic a l  r e a c t iv i ty  a s  
e v id e n c e d  b y  a d s o rp t io n  o f  c o p p e r  (II)  a n d  a c e ty la t io n  r e a c t io n
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2.1.2.1 Absorption o f copper (II) ions by using chitin hydrogel in 
comparison with native chitin

F ig u re  2 .5  s h o w s  th e  a b s o rp tio n  o f  c o p p e r  (II )  io n s  b y  u s in g  
c h i t in  h y d ro g e l  in  c o m p a r is o n  w ith  n a t iv e  c h i tin . It w a s  fo u n d  th a t  a d s o rp t io n  o f  
c o p p e r  (II) io n s  b y  c h i t in  h y d ro g e l  w a s  m o re  f a c ile , e s p e c ia l ly  in  th e  e a r ly  s ta g e  o f  
a b s o rp t io n ,  b u t  th e  d i f fe re n c e  b e c a m e  s m a l le r  o n  p ro lo n g e d  a b s o rp t io n  t im e .

Figure 2.5 T h e  a b s o rp t io n  o f  c o p p e r  (II) io n s  b y  u s in g  c h i t in  h y d r o g e l ( ^ )  in  
c o m p a r i s o n  w i th  n a t iv e  c h i t in  ( H ) .
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2.1.2.2 Acetylation reaction
F o r  a c e ty la t io n  r e a c t io n  o f  c h i t in  h y d ro g e l  u s in g  a c e t ic  

a n h y d r id e  in  p y r id in e , th e  c h i t in  h y d ro g e l s h o w e d  a s h a r p  r is e  in  th e  d e g re e  o f  
a c e ty la t io n  w i th  th e  in c re a s in g  o f  s w e l l in g  t im e . T h e  r e s u lts  is  s h o w n  in  F ig u r e  2 .6

4 8
Swelling time (h)

Figure 2.6 A c e ty la t io n  r e a c t io n  o f  c h i t in  h y d r o g e l  ( # )  a n d  n a t iv e  c h i t in  ( M ) .



9

2.2 Deacetylation

C h ito sa n  is a  n a tu ra l, n o n - to x ic , b io d e g ra d a b le  c o p o ly m e r  o f  ( 1.4 -p -)-2 - 
a m in o -2 -d e o x y -D -g lu c o p ira n o s e  an d  (1 .4 -P -) -2 -a c e ta m id o -2 -d e o x y -D -g lu c o p ira n o se  
o r  a  h o m o p o ly m e r  o f  ( 1 .4 -p -) -2 -a m in o -2 -d e o x y -D -g lu c o p ira n o se . P a rtia lly  

,-d e a c e ty la t io n  o f  c h i t in  sh o w s  in F ig u re  2 .7 . It is u su a lly  o b ta in e d  from  ch itin  
th ro u g h  c h e m ic a l d e a c e ty la tio n  c a rrie d  o u t u n d e r  h e te ro g e n e o u s  an d  h o m o g e n e o u s  
c o n d itio n s .

Figure 2 .7  P a rtia lly  d e a c e ty la tio n  o f  ch itin . (P a ja k  an d  S z u m ile w ic z , 2 0 0 6 ).

2 .2 .1  H e te ro g e n e o u s  c o n d itio n s
D u e  to  its b io lo g ic a l a c tiv ity  an d  fu n c tio n a l fe a tu re s , th e re  are  

a p p lic a tio n s  fo r  c h i to sa n  in n u m e ro u s  fie ld s  (R in a u d o  e t al. 2 0 0 6 ). T h e  c h e m ic a l 
s tru c tu re  and d e g re e  o f  p o ly m e r iz a tio n  in f lu e n c e  th e  b io lo g ic a l an d  fu n c tio n a l 
p ro p e r t ie s  o f  th e  p o ly m e r  (C h a e  et al. 20 05 ).

T h e  c h e m ic a l an d  p h y s ic a l p ro p e r t ie s  o f  c h i to sa n  can  be m o d ifie d  by 
c o n tro ll in g  th e  m o le c u la r  w e ig h t o f  the  ra w  m a te r ia l and  th e  len g th  o f  tim e  and  
te m p e ra tu re  o f  d e a c e ty la tio n  (W o jta s  et a i ,  2 0 0 6 ). C h ito sa n  w ith  low  d e g re e s  o f  
p o ly m e r iz a t io n  an d  v a rie d  d e g re e s  o f  d e a c e ty la tio n  is d e s ira b le . In  o rd e r  to  o b ta in  
th is , c h itin  has to  be su b je c te d  to  d e g ra d a tio n  p r io r  to  th e  h y d ro ly s is  o f  a m id e  b o n d s  
(W o jta s  e t a i ,  2 0 0 7 ). C h itin  m o le c u la r  w e ig h t sh o u ld  be re d u c e d  in a c o n tro lle d  
m a n n e r  w ith o u t e f fe c tin g  su b s ta n tia l c h a n g e s  in th e  c h e m ic a l s tru c tu re  o f  th e  ra w
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m a te r ia l .  T h e  m e th o d  u s e d  s h o u ld  a ls o  n o t  b e  h a rm fu l  to  th e  e n v i r o n m e n t  ( P a ja k  a n d  
S z u m ile w ic z ,  2 0 0 6 ).

S tu d ie s  c o n d u c te d  th u s  f a r  h a v e  s h o w n  th a t  th is  c a n  b e  a c h ie v e d  b y  
d e g ra d in g  c h i t in  w ith  h y d r o g e n  p e r o x id e  in  a m ic r o w a v e  f ie ld  ( W o j ta s  e t  a l. 2 0 0 7 ) .  
T h e  m o le c u la r  w e ig h t  o f  th e  c h i t in  o b ta in e d  d i f f e r s  f ro m  th a t  o f  1 th e  s ta n d a rd  
m a te r ia l ,  b u t  th e re  a re  n o  s ig n if ic a n t  d i f f e r e n c e s  in  th e  c h e m ic a l  s t r u c tu r e  o f  th e  
p o ly m e r s .  T h is  m e th o d  m e e ts  th e  r e q u i r e m e n ts  o f  G r e e n  C h e m is tr y  th a n k s  to  th e  r a w  
m a te r ia ls  u s e d  ( h y d ro g e n  p e r o x id e  a n d  w a te r )  a n d  th e  s h o r t  p r o c e s s  p e r io d  ( 3 0 m in ) .  
T h e  q u e s t io n  is  r a is e d , h o w e v e r ,  i f  s im u l ta n e o u s ly  s u b je c t in g  c h i t in  to  h y d r o g e n  
p e r o x id e  a n d  a m ic ro w a v e  f ie ld  c a n  c a u s e  c h a n g e s  in  th e  s t r u c tu r e  o r d e r  o f  th e  
p o ly m e r . S u c h  c h a n g e s  c o u ld  in f lu e n c e  th e  c h i t in  d e a c e ty la t io n  r e s u l t s  in c lu d in g  
r e a c t io n  y ie ld  a n d  d e g re e  o f  p o ly m e r iz a t io n  in  c o m p a r is o n  to  c h i t in  th a t  is  n o t 
s u b je c te d  to  d e g ra d a tio n . T h e re  is  a  la c k  o f  in fo rm a t io n  in  th e  l i te r a tu r e  o n  th e  im p a c t  
c h i t in  d e g ra d a t io n  w ith  h y d r o g e n  p e r o x id e  in  a m ic r o w a v e  f ie ld  h a s  o n  th e  c o u rs e  
a n d  r e s u l t s  o f  d e a c e ty la t io n

P a ja k  a n d  S z u m ile w ic z  (2 0 0 6 )  r e p o r te d  th a t  tw o - s te p  p r o c e d u r e  o f  
o b ta in in g  c h i to s a n  w ith  ta i lo r e d  p r o p e r t ie s  h a s  b e e n  e la b o ra te d . In  th e  f i r s t  s te p  c h i t in  
f ro m  th e  s h e l l s  o f  k r il l  a n d  c o m m o n  s h r im p  w a s  s u b je c te d  s im u l ta n e o u s ly  to  a 
m ic r o w a v e  r a d ia t io n  f ie ld  a n d  h y d r o g e n  p e ro x id e . T h e  e f fe c t  o f  th is  k in d  o f  c h i t in  
t r e a tm e n t  w a s  o b ta in in g  in tr o d u c to ry  d e g ra d e d  c h i t in .  In  th e  s e c o n d  s te p  a lk a l in e  
h y d r o ly s is  o f  th e  d e g ra d e d  c h i t in  w a s  c a r r ie d  o u t. T h e  s u s c e p t ib i l i ty  o f  th e  a m id e  
b o n d s  o f  d e g ra d e d  c h i t in  to  a lk a l in e  h y d ro ly s is  w a s  e v a lu a te d  b y  e s t im a t in g  th e  
d e a c e ty la t io n  d e g re e  o f  th e  c h i to s a n s  o b ta in e d  f ro m  s ta n d a rd  a n d  d e g r a d e d  c h i t in .  It 
w a s  fo u n d , th a t  s u b je c t in g  c h i t in  in i t ia l ly  to  a  m ic ro w a v e  f ie ld  a n d  h y d r o g e n  
p e r o x id e  u n d e r  th e  c o n d i t io n s  p re s e n te d  in  th is  p a p e r  d id  n o t s u b s ta n t ia l ly  a l t e r  th e  
s u s c e p t ib i l i ty  o f  th e  c h i t in  a m id e  b o n d s  to  fu r th e r  a lk a l in e  h y d r o ly s is  a s  c o m p a r e d  
w i th  s ta n d a r d  c h i tin . T h e  in t ro d u c to ry  r e d u c t io n  o f  c h i t in  p o ly m e r iz a t io n  d e g re e  w i th  
h y d r o g e n  p e r o x id e  in  a  m ic r o w a v e  f ie ld  p e r m it te d  o b ta in in g  c h i to s a n  w i th  lo w  
m o le c u la r  w e ig h ts  w i th o u t  d i s a d v a n ta g e o u s  a l te r a t io n s  in  th e ir  c h e m ic a l  s t r u c tu r e .  It 
w a s  a ls o  d e te rm in e d  th a t  th e  y ie ld  o f  c h i to s a n  d e p e n d s  o n  th e  in i t ia l  d e g re e  o f  
p o ly m e r iz a t io n  o f  th e  c h i t in .
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In  g e n e ra l ,  th e  h ig h  v a lu e s  o f  d e g re e  o f  d e a c e ty la t io n  c a n  b e  a c h ie v e d  o n ly  
a t  h ig h  te m p e ra tu re  a n d  u s in g  h ig h  c o n c e n t r a t io n s  o f  a lk a l i  s o lu t io n s .  T h e s e  d a ta  a re  
s h o w n  in  T a b le  2 .1

Table 2.1 C h i to s a n  p r o d u c t io n  o b ta in e d  f ro m  l i te r a tu re  r e v ie w

A lk a l in e / s o lv e n t T e m p e ra tu re
________ m ________

D e g re e  o f  
D e a c e ty la t io n

R e fe re n c e

4 0 %  N a O H  
a q u e o u s  s o lu t io n 8 0 7 0  - 9 9  % K u r i ta  et aL,2 0 0 1
4 0 - 5 0 %  N a O H  

a q u e o u s  s o lu t io n 1 0 0 -1 6 0 95 H o r to n  et ai, 2000
4 0 %  K O H  

in  e th a n o l  a n d  
m o n o e th y le n e g ly c o l

8 0 7 5  - 8 3  % B r o u s s ig n a c  et al. 
1 9 6 8

5 0 %  K O H  
in  e th a n o l  a n d  

m o n o e th y le n e g ly c o l
1 2 0 9 5  - 9 8 .5 % B r o u s s ig n a c  et al. 

1 9 6 8
4 0 - 5 0 %  N a O H  
a q u e o u s  s o lu t io n  

(Microwave 
technique)

1 5 0 > 9 0 % L e r tw a t ta n a s e r i  et 
al.,2 0 0 9

4 0 %  N a O H  
a q u e o u s  s o lu t io n  

(Ultrasonic radiation)
6 0  -  10 0 4 0 - 9 5 % Z h a n g  et al.,2001
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2 .2 .2  H o m o g e n e o u s  c o n d i t io n s
D e a c e ty la t io n  u n d e r  h o m o g e n e o u s  c o n d i t io n s  is to  d i s s o lv e  c h i t in  in  

a n  a lk a l i  a t  in te r m e d ia te  c o n c e n t r a t io n s  th ro u g h  f r e e z in g  a n d  th a w in g , w h ic h  r e s u lt s  
in  th e  fo rm a t io n  o f  a lk a l in e  c h i t in  s o lu t io n s  (A C S s ) . L ik e  c e l lu lo s e , c h i t in  is  s w o l le n  
in  a lk a l is . T h e  d e g re e  o f  s w e l l in g  in c re a s e s  w i th  a  d e c r e a s e  in  te m p e ra tu re .  P re v io u s  
s tu d ie s  s h o w e d  th a t  r e p e a te d  f r e e z in g  a n d  th a w in g  o f  a  c h i t in  s u s p e n s io n  in  8%  
N a O H  le a d  to  th e  f o rm a t io n  o f  a n  A C S  . T h is  p r o c e s s  is  n o t a c c o m p a n ie d  b y  
d e a c e ty la t io n  o f  th e  p o ly m e r . D is s o lv in g  o f  c h i t in  in  a lk a l is  m a y  p r o c e e d  in  o n e  
s ta g e . S w e l l in g  a n d  d i s s o lv in g  o f  c h i t in  in  a lk a l is  le a d  to  th e  a c t iv a t io n  o f  th is  
p o ly m e r ,  w h ic h  b e c o m e s  a m o r p h o u s .  It m a y  b e  s u g g e s te d  th a t d e a c e ty la t io n  o f  
c r y o a c t iv a te d  c h i t in  o c c u rs  u n d e r  m o d e ra te  c o n d i t io n s  a n d  th e  ra te  o f  th is  p r o c e s s  is  
s im i la r  in  v a r io u s  r e g io n s  o f  th e  p o ly m e r  m o le c u le .  T h is  m e th o d  a l lo w s  o b ta in in g  o f  
c h i t in  w i th  a r e g u la r  d is t r ib u t io n  o f  a c e ta m id e  g ro u p s  a n d  f re e  a m in o  g r o u p s  a lo n g  
th e  c h a in . S w e l l in g  a n d  d i s s o lv in g  o f  c h i t in  in  a lk a li  d u r in g  f r e e z in g  a n d  th a w in g  
d e p e n d  o n  th e  p h y s ic a l  s ta te ,  m e th o d  o f  is o la t io n , a n d  d i s p e r s io n  o f  p a r t ic le s .  
Im m e d ia te ly  a f te r  is o la t io n , w e t  c h i t in  h a s  a g r e a te r  s o lu b i l i ty a n d  f o rm s  m o re  
h o m o g e n e o u s  s o lu t io n s  th a n  d ry  c h i tin . T h e  h o m o g e n e ity  o f  th e  A C S  d e p e n d s  
d i r e c t ly  o n  th e  d e g re e  o f  p o ly m e r  d is in te g r a t io n

N e m ts e v  e t a l ,  (2 0 0 2 )  i s o la te d  e n z y m a tic a l ly  f ro m  A n ta r c t ic  k r i l l  
s h e l l s  w a s  d i s s o lv e d  in  a q u e o u s  N a O H  b y  f r e e z in g  a n d  th a w in g  to  c re a te  
h o m o g e n e o u s  c o n d i t io n s .  D e a c e ty la t io n  w a s  p e r f o rm e d  a t ro o m  te m p e r a tu r e  o r  u n d e r  
h e a t in g .T h e  d e g re e  o f  d e a c e ty la t io n ,  m o le c u la r  w e ig h t ,  a n d  d y n a m ic  v i s c o s i ty  o f  
s o lu t io n s  w e re  e s t im a te d  in  c h i to s a n  s a m p le s .  D e a c e ty la t io n  o f  c h i t in  u n d e r  
h o m o g e n e o u s  c o n d i t io n s  w a s  o p t im iz e d .  C h i to s a n s  w i th  m o le c u la r  w e ig h ts  o f  1 8 0 -  
2 2 0  a n d  2 5 0 - 3 0 0  k D a  w e re  o b ta in e d  f ro m  th e  c h i t in s  o f  A n ta r c t ic  k r i l l  a n d  n o r th e r n  
s h r im p , r e s p e c tiv e ly .
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2.2.3 Chitosan
Chemical modification of chitin is an approach to obtain chitin 

derivatives with higher chemical reactivity and better solubility. Chitosan is one of 
the most studied chitin derivatives and chitosan is derived from chitin by 
deacetylation reaction. The number of D-glucosamine units in chitosan is higher than 
the number of N-acetyl-D-glucosamine units (m>ท).

When consider structural composition, chitin has the number of N - 
acetyl-D-glucosamine unit higher than the number of D-glucosamine unit whereas 
chitosan has the number of D-glucosamine unit higher than the number of W-acetyl- 
D-glucosamine unit. Chitin has relatively higher molecular weight and crystallinity 
than chitosan. While chitin does not dissolve in common solvents, chitosan is soluble 
in aqueous organic acids. Antimicrobial activity is a dominant biological activity of 
chitosan but this property of chitin is relatively low. These data are shown in Table 
2 .2.

Table 2,2 The different between chitin and chitosan

Structure and 
Properties

Chitin Chitosan reference

Ratio of A-acetyl- 
D-glucosamine to 

D-glucosamine

The number of N - 
acetyl-D-

glucosamine unit is 
higher

(Low value of 
%DD)

The number of D- 
glucosamine unit is 

higher
(High value of 

%DD)

Kurita et al., 2001

Molecular weight Relatively higher Relatively lower Methacanon et 
a l.,2003.

Crystalline
structure

High rigid 
crystalline 
structure

Depend on 
physical state

Kurita et a l., 2001

Solubility Not soluble in 
common solvents

Soluble in aqueous 
organic acids, e.g. 

acetic
Kurita et al., 2001

Antimicrobial
activity

Relatively lower Relatively higher Aranaza et al. ,2009
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2.2.3 Degree of deacetylation
The properties of chitosan are largely affected by the degree of 

deacetylation (D.D.), which is one of the most basic structural parameters for 
chitosan When the degree of deacetylation (%DD) of chitin reaches more than 50%, 
it becomes soluble in aqueous acidic media and is called chitosan

Table 2.3 Determination of degree of deacetylation by using FTIR

%DD Absorbance
Ratio

Equation Reference
Low DD

A 1550 ' A 2878
%DD= 101- [35.71.(A,550 / A2878)] Sannan et al. 

(1977)
45 - 100

A 1655  ̂A 3450
%DD = 1 0 0-[(A1655 / Ajj50).115] Baxter et al. 

(1991)
70-95

A 1655 / A 3450
%DD = 97.67 - โ 26.486.(A /A  ) 1 Sanbnis et al. 

(1997)
>90

A 1655  ̂A 2867
Comparison of calibration curve Miya et al. 

(1979)

The degree of deacetylation of the chitin samples was calculated 
using baseline which was proposed by Sannan et ๗.(1977) and is shown in Figure
2.8. This method will be very inaccurate at low levels of N-acetylation.

Figure 2.8 .1.R. spectrum of chitosan showing the baselines for calculating the amide
I band absorbance for the ratio A1550 /A2878. Sannan et «/.(197V).
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Figure 2.9 indicated the I.R. spectrum of chitosan showing the 
baselines for calculating the amide I band absorbance for the ratio A1655 /A3450. 
The degree of deacetylation of the chitosan samples was calculated using baseline 
which was proposed by Baxter et al.( 1991) For DD appoximate range 45 - 100 % .

Figure 2.9 I.R. spectrum of chitosan showing the baselines for calculating the amide 
I band absorbance for the ratio A1655 /A3450. Baxter et a/.(1991).

The degree of deacetylation of the chitosan samples was calculated 
using baseline which was proposed by Sabnis et al. (1997). For DD appoximate 
range 70 - 95 % and the I.R. spectrum of chitosan showing the baselines for 
calculating the amide I band absorbance for the ratio A1655 /A3450, as shown in 
Figure 2.10.
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Figure 2.10 I.R. spectrum of chitosan showing the baselines for calculating the 
amide I band absorbance for the ratio A1655 /A3450. Sabnis et al. (1997).
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2.3 Solution plasma processing (SPP)

Plasma is a useful tool for promoting chemical reactions because plasma is 
composed of electrons, ions, radicals, and neutrals which are in either fundamental or 
excited states.

\  Temperature or Energy

Figure 2.11 Medel of changing state to from plama.

Solution plasma, glow discharge in the liquid phase, provides extremely 
rapid reactions using activated chemical species and radicals under pressure. The 
emission center of plasma is located in the gas phase surrounded by the liquid phase, 
as shown in Figure 2.12. The solution plasma has attracted a great attention because 
of its applicability to industrial material processing.
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Figure 2.12 Model of the solution plasma. (Takai et al. 2008).

Solution plasma is a plasma system that generates plasma in liquid. 
(Takai,2008). This system is able to produce highly active species such as hydroxyl 
radical, hydroperoxyl radical, free electron, superoxide anion, and atomic oxygen 
anion.

Potocky et al. (2009) reported the various active species are generated in 
water under plasma discharge. It was found that various active species are generated 
in water under plasma discharge. These active species plays an important role in 
chemical reactions.

Saito et. al. (2012) reported synthesis of ZnO nanoflowers by solution 
plasma. Since the IR-loss is concentrated at the cathode/solution interface, the 
solution near the cathode is heated to the boiling point. The gas-layer is generated at 
the surface of the cathode. The plasma sheath is located in the gas phase 
surrounded by the liquid phase and water 2 molecule generated 20H’,as shown in 
Figure 2.13.
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Figure 2.13 Model of synthesis of ZnO nanoflowers by solution plasma.

[Zn(OH)4]2” ions were formed around the electrode; the surface of the Zn 
electrode formed ZnO by the steam corrosion at a high temperature. The possible 
formation mechanism of the ZnO nanoflowers was demostrated in Figure 2.14.

1 /
r̂—Zn(OH)4:
•  •

Cathode
•  »

ZnO nuclei

*
[0001] Nanofiowers

Figure 2.14 The possible formation mechanism of the ZnO nanoflowers.
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