
CHAPTER IV
PRERARATION AND CHARACTERIZATION OF HEXANOYL CHITOSAN

4.1 ABSTRACT

H e x a n o y l c h ito sa n  (H -c h ito sa n )  w a s  s y n th e s iz e d  to  o b ta in  th e  o r g a n ic  so lv e n t  
s o lu b le  c h ito sa n  d e r iv a t iv e s . H -c h ito sa n  w a s  s y n th e s iz e d  d ir e c t ly  b y  rep eatin g  
reac ted  c h ito sa n  w ith  h e x a n o y l c h lo r id e  in  th e  m ix tu r e  o f  a n h y d ro u s p y r id in e  and  
c h lo r o fo r m  to  o b ta in  p ro d u cts  w ith  v a r io u s  d e g r e e s  o f  h e x a n o y la t io n  [D e g r e e  o f  
su b stitu tio n  =  2 .0 6 ,  3 .7 8 , 3 .9 1  and  3 .9 2  for th e  n u m b er  o f  r ep ea ted  r ea c tio n  =  1, 2 , 3 
and 4 , r e s p e c t iv e ly ] . T h e  c h e m ic a l stru ctu res o f  h e x a n o y l c h ito sa n  w er e  
ch a r a c te r iz e d  b y  F T -IR , 'H -N M R , and e le m e n ta l a n a ly s is . T h e  o b ta in e d  H -ch ito sa n  
e x h ib ite d  m u c h  im p r o v e m e n t in  th e  s o lu b i lity  in  o r g a n ic  s o lv e n ts  su ch  as 
c h lo r o fo r m , d ic h lo r o m e th a n e  an d  tetrah yd rofu ran . T h erm a l a n a ly s is  re su lts  in d ica ted  
lo w e r  th erm a l s ta b ility  o f  H -c h ito sa n  than  that o f  c h ito sa n . W A X D  in d ic a te d  that 
lo w e r  p a c k in g  o f  c h ito sa n  m a in  ch a in s  in  H -c h ito sa n . T h e  th erm a l s ta b ility  and  
c r y s ta ll in ity  o f  H -c h ito s a n  w e r e  lo w e r  than  th o se  o f  c h ito sa n  d u e  to  th e  lo s s  o f  intra- 
and in te r -m o le c u la r  h y d r o g e n  b o n d s  and  la rg e  su b stitu e n ts  grou p  re su lt in g  in  p oor  
p a c k in g  o f  H -c h ito s a n  m a in  ch a in s .
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4.2 INTRODUCTION

C h itin  is  a h ig h -m o le c u la r  w e ig h t  lin ea r  p o ly m e r  o f  J V -a cety l-D -g lu co sa m in e  
and is  th e  s e c o n d  m o s t  ab u n d an t n atural p o ly m e r s . It o c c u r s  in  n atu re as th e  fibrous  
c o m p o n e n t  o f  th e  e x o s k e le to n  o f  in se c ts , c ru sta c e a n s , and  in v er teb ra tes  an d  a lso  in  
c e ll  w a ll  o f  fu n g i. C h itin  h as e x c e lle n t  p ro p er tie s  su c h  as b io c o m p a tib ility ,  
b io d e g r a d a b ility , n o n - to x ic i ty  an d  so  o n  (M u z z a e r e lli , 1 9 7 7 ). H o w e v e r , in tractab ility  
o f  c h it in  su c h  a s  p o o r  s o lu b ility , rea c tiv ity , and d if f ic u lt  p r o c e s s a b ility  h a s  lim ited  its  
u tiliz a tio n  as a p o ly m e r ic  m ater ia l. C h ito sa n  is  th e  TV -deacetylated d e r iv a tiv e  o f  
c h it in , th o u g h  th is  A -d e a c e ty la t io n  is  a lm o st  n e v e r  c o m p le te  (R o b er t, 1 9 9 2 ). A  sharp 
n o m e n c la tu r e  b o rd er  h a s  n o t b e e n  d e fin e d  b e tw e e n  ch it in  and  c h ito sa n  b a se d  on  the  
d e g r e e  o f  A -d e a c e ty la t io n .

E ff ic ie n t  p r o c e d u r e s  for  th e  p rep ara tio n s o f  o r g a n ic  s o lu b le  ch itosan  
d e r iv a t iv e s  h a v e  b e e n  e s ta b lish e d  o n  th e  b a s ic  o f  c h e m ic a l m o d if ic a t io n s . S o lu b ility  
o f  c h ito sa n  d e r iv a t iv e s  in  o r g a n ic  so lv e n ts  in  e s se n tia l req u irem en t for  e f fe c t in g  fin e  
m o le c u la r  d e s ig n  le a d in g  to  n o v e l ty p e s  o f  fu n c tio n a l m a ter ia ls . T h e  r e m o v a l o f  the  
tw o  h y d r o g e n  a to m s  o f  a m in o  gro u p s o f  c h ito sa n  and in tro d u ctio n  o f  som e  
h y d r o p h o b ic  n atu re  b y  c h e m ic a l m o d if ic a tio n  c a u se  c h a n g e  th e  c h ito s a n ’s inherent 
c r y s ta llin e  stru ctu re  an d  p o la r ity . T h ere  are se v e r a l r e se a r c h e s  that h a v e  b een  
e m p h a s iz e d  o n  c h e m ic a l m o d if ic a t io n  o f  th e  stru ctu re o f  c h ito sa n .

N ish im u r a  et al. ( 1 9 9 1 )  p rep ared  iV -p h ath a loy l c h ito sa n  b y  th e  reac tio n  o f  
c h ito sa n  w ith  p h th a lic  a n h y d r id e  in  A ,7V -d im eth y lform a m id e (D M F )  at 130°c. The  
m o d if ie d  c h ito sa n  o b ta in e d  e x h ib ite d  m u ch  im p r o v e d  s o lu b i l ity  in  c o m m o n  organic  
s o lv e n t  su c h  a s  D M F , N , 7V -d im eth y lacetam id e , d im e th y l s u lfo x id e , and  pyrid ine. 
Y a lp a n i and  H a ll ( 1 9 8 8 )  in d ic a te d  that th e  a tta ch m en t o f  ca rb o h y d ra te  to  th e  2 -am in o  
fu n c tio n s  o f  c h ito sa n  tra n sfo rm s lin ear  p o ly m e r  in to  b r a n c h e d -c h a in  p o ly m e r s , w h ich  
w er e  s o lu b le  in  b o th  a q u e o u s  an d  org a n ic  s o lv e n ts . T h is  c o n v e r s io n  c a n  b e  a ch iev ed  
b y  r e d u c tiv e  a lk y la t io n  u s in g  so d iu m  c y a n o b o r o h y d r id e  an d  a n y  a ld e h y d e  or keto  
su gar, b y  S h ift  b a s e  fo r m a tio n , or b y  a m id a tio n  r e a c tio n s  u s in g  c a r b o x y lic  acid  or  
la c to n e  d e r iv a t iv e s . T h e s e  p ro ced u res  fa c ilita te  th e  c h ito sa n  e x h ib ite d  a nu m ber o f  
u se fu l and  u n c o m m o n  p ro p er tie s  in  term s o f  th eir  so lu t io n  c h a ra c ter is tic s .
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A  s im p le  an d  im p r o v e d  m eth o d  o f  p rep a r in g  h ig h ly  s o lu b le  c h ito sa n  (h a lf  N- 
a c e ty la te d  c h ito s a n )  w a s  d e v e lo p e d  u s in g  a c h ito sa n  s a m p le s  o f  lo w  m o lecu la r  
w e ig h t , and  th e  s o lu b i l ity  o f  th e  h a l f  A -a c e ty la te d  c h ito sa n  in  w a te r  and  organic  
s o lv e n ts  w a s  in v e s t ig a te d . T o  red u ce  th e  m o le c u la r  w e ig h t , c h ito sa n  w a s  treated  
w ith  N a B O î u n d er  th e  c o n d it io n  that c h ito sa n  w a s  h o m o g e n e o u s ly  d is s o lv e d  in  
a q u e o u s  a c e t ic  a c id . C h ito sa n  w a s  y v -a cety la ted  w ith  a c e t ic  a n h y d r id e  u nder the  
c o n d it io n  that c h ito s a n  w a s  h o m o g e n e o u s ly  d is s o lv e d  in  a q u e o u s  a c e t ic  a c id  again. 
T h e  resu lts  in d ic a te d  that h a l f  A -a c e ty la te d  c h ito sa n  h ad  in c r e a se d  w a te r  so lu b ility  
w ith  d e c r e a s in g  m o le c u la r  w e ig h t  and g o o d  s o lu b i l ity  in  a q u e o u s  d im e th y la c e ta m id e  
and d im e th y ls u lfo x id e  (K u b o ta  et a l ,  2 0 0 0 ) .

TV-acyl c h ito sa n  had  h ig h  s u sc e p tib ility  to  ly s o z y m e  an d  s h o w e d  m o r e  b lo o d  
c o m p a tib le  p ro p e r tie s  th an  A -a c e ty l c h ito sa n , in  p articu lar , 7V -h exan oyl c h ito sa n  w a s  
th e  m o st  b lo o d  c o m p a tib le  (L e e  et al, 1 9 9 5 ). N o v e l  A -a c y lc h ito s a n  fib ers  w ere  
o b ta in e d  b y  trea tm e n t th e  fila m e n t su r fa ce  o f  c h ito sa n  fib er  w ith  a ser ie s  o f  
c a r b o x y lic  a n h y d r id e s  in  m e th a n o l at ro o m  tem p era tu re . T h e ir  f ila m e n t te n a c ity  and  
e lo n g a t io n  v a lu e s  w e r e  litt le  in f lu e n c e d  b y  th e  jV -a cy la tion  (H ira n o  et a l ,  19 98 ). 
Z o n g  et al. ( 2 0 0 0 )  s y n th e s iz e d  three k in d s  o f  a c y la te d  c h ito sa n s  b y  r e a c tin g  ch ito san  
w ith  h e x a n o y l, d e c a n o y l and la u roy l c h lo r id e s . In c o n tra st to  th e  c h ito sa n , all o f  
a c y la te d  c h ito sa n s  s h o w e d  e x c e lle n t  s o lu b ility  in  c o m m o n  o r g a n ic  s o lv e n ts  su ch  as  
h a lo g e n a te d  h y d r o c a r b o n s  and arom atic  s o lv e n ts ,  b u t p o o r  s o lu b i l ity  in  polar  
s o lv e n ts . T h in  tran sp aren t f ilm s  c o u ld  b e  o b ta in e d  b y  c a s t in g  th e ir  so lu t io n s  in  
c h lo r o fo r m . T h e  w h ite  c h ito sa n  film  w a s  r ig id  an d  to u g h ; th e  f i lm s  o f  th e  acy la ted  
c h ito s a n s  w e r e  so f te r  an d  b e c a m e  e v e n  m o re  s t ic k y  an d  e la s t ic  at r o o m  tem perature  
w ith  in c r e a s in g  c h a in  len g th  o f  th e  a c y l  su b stitu e n ts . A m o n g  v a r io u s  acy la ted  
c h ito sa n s , h e x a n o y l c h ito sa n  (H -c h ito sa n )  w a s  fo u n d  to  b e  a n ti- th r o m b o g e n ic  and  
res is ta n t to  h y d r o ly s is  b y  ly s o z o m e  (L e e  et al. 1 9 9 5 ; H ira n o  an d  N o is h ik i  1 9 8 5 ). A s  
a r e su lt , H -c h ito s a n  is  a v e r y  in terestin g  d e r iv a t iv e  o f  c h ito sa n  to  b e  u sed  in  
b io m e d ic a l a p p lic a t io n s .

T h is  w o r k  is  in v e s t ig a te d  o n  c h e m ic a l m o d if ic a t io n  o f  c h ito sa n  to  prepare an 
o r g a n ic  s o lv e n t  d e r iv a t iv e  o f  c h ito sa n , H -c h ito sa n . H -c h ito s a n  w a s  prep ared  b y  
r e p e a tin g  rea c te d  c h ito sa n  w ith  h e x a n o y l c h lo r id e . C h e m ic a l stru ctu re and  p rop erties
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4.3 EXPERIMENT

Materials and Sample Preparation
S h rim p  sh e ll  w a s  k in d ly  su p p lie d  b y  S u ra p o l F o o d  C o ., L td. S od iu m  

h y d r o x id e  s o lu t io n  50 %  (พ /พ )  w a s  k in d ly  su p p lie d  b y  K P T  C o o r p o r a tio n , T hailand . 
H e x a n o y l c h lo r id e  w a s  p u rch a sed  from  F lu k a  C o ., L td. M e th a n o l w a s  purch ased  
from  L a b sca n  C o ., L td . P y r id in e  and c h lo r o fo r m  o b ta in e d  fro m  A ld r ic h  C o ., Ltd. 
w e r e  d is t ille d  an d  d ried  o v e r  m o le c u la r  s ie v e  prior to  u se . T h e  o th er  c h e m ic a ls  w ere  
a n a ly tic a l gra d e  and  w e r e  u sed  w ith o u t  further p u r ifica tio n .

C h itin  w a s  p rep ared  b y  a c id  and a lk a li treatm en t. B r ie f ly , sh r im p  s h e lls  w ere  
c le a n e d  and  d ried  b e fo r e  g r in d in g  in to  sm a lle r  p ie c e s .  D e m in e r iz a t io n  w a s  
p er fo rm ed  b y  im m e r s in g  sh rim p  s h e lls  in  1 N  HC1 s o lu t io n  fo r  2  d a y  w ith  o cca s io n a l  
stirrin g . T h e  d e m in e r a liz e d  p rod u ct w a s  n eu tr a liz e d  b y  w a s h in g  w ith  d e io n iz in g  
w a ter  and  p r o te in  r e m o v a l w a s  p erfo rm ed  in  4%  (พ /พ )  o f  N a O H  s o lu t io n  b y  b o ilin g  
at 8 0 -9 0 ° C  for  4  h. T h e  d e p r o te in iz e d  p o r tio n  w a s  w a sh e d  w ith  d e io n iz e d  w a ter  until 
n eu tra l. C h itin  o b ta in e d  w a s  d ried  at 60°c for 2 4  h.

C h ito sa n  w a s  o b ta in e d  from  d e a c e ty la t io n  o f  a - c h it in  b y  u s in g  a - c h it in  flasks  
in  50%  ( พ /พ )  N a O H  s o lu t io n . N a B H 4 0 .5%  (พ /พ )  w a s  ad d ed  b a se d  o n  th e  w e ig h t o f  
c h it in  to  p r ev en t d e p o ly m e r iz a tio n . T h e  m ix tu re  w a s  h ea te d  in  an  a u to c la v e  at 110°c 
for  1 h. T h e  d e a c e ty la te d  p ro d u ct w a s  w a sh e d  th o r o u g h ly  w ith  d e io n iz e d  w a ter  until 
n eu tra l. T h e  r e su lt in g  c h ito sa n  f la k e s  w e r e  d ried  in  an o v e n  at 60°c for 2 4  h. 
C h ito sa n  p o w d e r  w a s  s ie v e d  u s in g  R e s tc h  S e iv e d  M a c h in e  ty p e  V ib r o  and the  
p o rtio n  w ith  th e  s iz e  o f  7 0 -7 5  p m  w a s  c o lle c te d .

Hexanoyl Chitosan Preparation
H -c h ito s a n  w a s  s y n th e s iz e d  b y  r e a c tin g  c h ito sa n  w ith  h e x a n o y l c h lo r id e  in a 

m ix tu re  o f  a n h y d ro u s p y r id in e  and  c h lo r o fo r m , as sh o w n  in  F ig u r e  4 .1 . T he  
h e x a n o y la t io n  o f  c h ito sa n  w a s  th o r o u g h ly  d e sc r ib e d  in  an  ea r lie r  w o r k  b y  Z o n g  et

of the product were characterized. The solubility of the H-chitosan was also
investigated.
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al., 2 0 0 2 . C h ito sa n  ( 3 .2 0 , 1 9 .1 3  m m o l)  w a s  so a k e d  in  p y r id in e  for o n e  w e e k , and  
filtered  o f f  b e fo r e  fu rth er so a k in g  in  a m ix tu re  o f  p y r id in e  (9 0  m l)  and  ch loroform  
(4 5  m l)  fo r  o n e  d a y . T h e  m ix tu re  w a s  c o o le d  to  -10°c in  an  ic e -sa lt  bath, and  
h e x a n o y l c h lo r id e  ( 2 1 .1 8  g , 1 6 0 .6 7  m m o l)  d is s o lv e d  in  c h lo r o fo r m  (1 5  m l) w as  
a d d ed  d r o p w is e  in  2  h . T h e  m ix tu re  w a s  th en  stirred  for  2 h  at r o o m  tem p era tu re and  
further r e f lu x e d  for  6 h . at 98°c. A  h e te r o g e n e o u s  a g g r e g a t io n  o f  th e  p rod u ct w a s  
o b se r v e d  in  th e  m ix tu r e . T h e  resu ltan t m ix tu re  w a s  p o u r e d  in to  m e th a n o l (3 0 0  m l), 
and  th e  p r e c ip ita te d  p ro d u ct w a s  filtered  o f f . T h e  p ro d u ct w a s  d is s o lv e d  again in  
c h lo r o fo r m , th e n  p r e c ip ita te d  b y  p o u r in g  in to  m e th a n o l, f ilte r e d  o f f ,  ex tra cted  in a 
S o x h le t  ex tr a c to r  w ith  m e th a n o l for 8 h, and d ried  in  v a c u u m  o v e n  at 40°c for 24  h. 
T h e s t ic k y  y e l lo w is h  p rod u ct w a s  ob ta in ed .

T h e  d r y in g  a c y la te d  d e r iv a t iv e s  o f  c h ito sa n , fresh  p y r id in e , and  ch loroform  
w e r e  p la c e d  in  a f la sk  in  th e  a m o u n t d e sc r ib e d  a b o v e . T h is  p ro c e d u r e  w a s  repeated  
se v e r a l t im e s  in  o rd er  to v a ry  th e  d e g r e e  o f  su b stitu tio n  o f  resu ltan t h exa n oy l 
c h ito sa n .

Instruments
F T -IR  sp e c tr o s c o p ic  a n a ly s is  w a s  c o n d u c te d  u s in g  B ru k er  Instrum ent  

(E Q U I N O X 5 5 )  w ith  a  r e so lu tio n  o f  4  c m '1. T h e  s o l id  s a m p le s  w e r e  p repared  b y  
m ix in g  1%  o f  s a m p le  w ith  d ried  K B r, w h ile  th e  liq u id  sa m p le s  w e r e  a n a ly z e d  u sin g  
Z n -S e  w in d o w  c e l l  and  th e  film  sa m p le s  w e r e  p rep ared  w ith  th e  th ic k n e ss  o f  10 -20  
p m  and  a tta ch ed  to  th e  sa m p le  h o ld er .

’H -N M R  sp ec tr u m  w a s  reco rd ed  b y  u s in g  F T -N M R  5 0 0  M H z . sp ectro m eter  
(JE O L , J N M - A 5 0 0 ) .  H e x a n o y l c h ito sa n  w a s  d is s o lv e d  in  C D C I3 and  used  
te tr a m e th y ls ila n e  (T M S )  as r e fe r e n c e  for  c h e m ic a l sh if t  m e a su r e m e n t.

E le m e n ta l a n a ly s is  re su lts  w e r e  o b ta in e d  from  C H N S /O  a n a ly z e r  (Perkin  
E lm er  P E 2 4 0 0  S e r ie s  II: o p t io n  C H N ) w ith  c o m b u s t io n  tem p era tu re  at 950°c. T he  
sa m p le  ( 1-2 m g )  w a s  f i l le d  in  tin  fo il  and a n a ly z e d  u n d er  air w ith  o x y g e n  as a 
c o m b u s t io n  g a s  ( f lo w  rate o f  2 0  m l/m in )  and H e  as a carr ier  g a s  ( f lo w  rate o f  2 0 0  
m l/m in ).

T h e r m a l p r o p e r tie s  w e r e  a n a ly z e d  b y  th e r m o g r a v im e tr ic  a n a ly s is  (T G A ) and 
d iffe r e n tia l s c a n n in g  c a lo r im e tr y  (D S C )  m o d e . T G A  th e r m o g r a m s w e r e  perform ed
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u s in g  P erk in  E lm e r  in strum en t: T G A 7  a n a ly z e r  w h i le  D S C  th erm o g ra m s w ere
c o n d u c te d  o n  M e tt lo r  D S C  8 2 2 e /4 0 0  a n a ly zer  at a h e a t in g  rate o f  1 0 ° c /m in  under  
n itro g en  a tm o sp h e r e . A lu m in u m  p an s w e r e  u se d  in  D S C  a n a ly s is  w ith  sa m p le  s iz e  
o f  5 -  10 m g , w h i le  p la tin u m  p an  w a s  u sed  in  T G A  w ith  sa m p le  s iz e  o f  10 -  2 0  m g.

C r y s ta llin ity  o f  p ro d u cts  w a s  c h a ra c ter ized  u s in g  R ig a k u  X -ray  
D iffr a c to m e te r  at s c a n n in g  sp e e d  o f  5 d e g r e e /s e c  u s in g  C u K a  as a so u r c e  and  C uK p  

as a filter . T h e  w o r k in g  ran g es w e r e  o v e r  th e  2 0  ran g e  o f  2  to  4 0 ° .

4.4 RESULTS AND DISCUSSIONS

Characterization of Chitin, Chitosan, and H-chitosan
a -C h it in  w a s  p repared  from  sh rim p  c e l ls . C h ito sa n  w a s  p repared  b y  

d e a c e ty la t io n  o f  a - c h it in  in  co n cen tra ted  a lk a li s o lu t io n . T h e  d e g r e e s  o f  

d e a c e ty la t io n  o f  a - c h it in  and  ch ito sa n  o b ta in ed  fo rm  F T -IR  m e a su r e m e n t w e r e  10.71  
and  9 1 .0 0 % , r e s p e c t iv e ly  (F ig u re  4 .2 )  (S a b n is , 1 9 9 7 ) . T h e  m o le c u la r  w e ig h ts  o f  
c h it in  and  c h ito sa n  w e r e  d eterm in ed  b y  v is c o m e tr ic  m e th o d . T h e  v is c o s ity -a v e r a g e  
m o le c u la r  w e ig h t  o f  c h it in  and c h ito sa n  w e r e  8 . 2 1 x l 0 5 and  3 . 7 2 x l 0 5, r e sp e c tiv e ly .

H e x a n o y l c h ito sa n  (H -c h ito sa n )  w a s  s y n th e s iz e d  an d  its  c h e m ic a l structure  
w a s  ch a r a c te r iz e d  b y  F T -IR , ’H -N M R  and e le m e n ta l a n a ly s is .

T h e  F T -IR  sp ectra  o f  c h ito sa n  and v a r io u s  h e x a n o y l c h ito sa n s  that w ere  
s y n th e s iz e d  b y  r e p e a te d ly  d o in g  th e h e x a n o y la t io n  r e a c tio n  for  o n e  (H I -c h ito sa n ) ,  
tw o  (H 2 -c h ito s a n ) , th ree  (H 3 -c h ito sa n )  and  fou r  (H 4 -c h ito s a n )  t im e s  are sh o w n  in  
F ig u re  4 .3 . T h e  c h a ra c ter is tic  ab so rp tio n  at 3 0 0 0 - 4 0 0 0  c m ' 1 (O H , N H 2) in  th e  F T -IR  
sp ec tru m  o f  c h ito sa n  w e r e  ab sen t in  H I - ,  H 2 - , H 3 - , and  H 4 -c h ito sa n  a fter first, 
s e c o n d , th ird  an d  forth  rep ea ted  reac tio n . T h e  sp ec tra  o f  h e x a n o y l c h ito sa n  also  
s h o w e d  n e w  ch a r a c te r is tic  a b so rp tio n  at 1 7 1 7  c m ' 1 ( C = 0  o f  N (C O R )2) , 1 7 4 9  cm ' 1 
( C = 0  o f  O C O R ), 2 9 5 8  c m '1, 2 9 3 2  c m ' 1 (Vas C H 2), 2 8 7 3  c m ' 1 ( v s C H 2), 1 4 5 8  c m ' 1 (5  
C H 2), and  11 7 1  c m ' 1 ( tw is t in g  v ib ra tio n  o f  C H 2). T h e s e  c h a ra c ter is tic  ab sorption  
p ea k s  o f  h e x a n o y l c h ito sa n  w e r e  stro n ger  and  sh a p er  as th e  n u m b er  o f  th e  repeated  
r e a c tio n  w e r e  in c r e a se d .
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T h e  ch a ra c te r is tic  a b so rp tio n  p ea k s  o f  c h ito sa n  w h ic h  w e r e  o b se r v e d  at 
3 0 0 0 - 4 0 0 0  c m ' 1 (O H , N H 2) w e r e  a b sen t in  th e  FT-ER sp e c tr a  o f  H -ch ito sa n , 
in d ic a tin g  that h e x a n o y la t io n  rea c tio n  o ccu rred  at th e  h y d r o x y l g ro u p s o f  ch itosan . 
T h e F T -IR  a n a ly s is  s u g g e s te d  that h e x a n o y l g ro u p s su b stitu te d  in to  h y d r o x y l and  
a m in o  gro u p s o n  th e  m o n o sa c c h a r id e  u n its  o f  c h ito sa n .

'H -N M R  w a s  u se d  to  c o n fir m  th e  c h e m ic a l stru ctu re o f  H -c h ito sa n . ’H -N M R  
sp ectra  o f  H -c h ito sa n  in  C D C I3 (F ig u re  4 .4 )  s h o w  s ig n a ls  at 5 .6  ( H I ) ,  5 .2  (H 3 ), 4 .2  
(H 4 ) , 3 . 4 - 3 .6 (H 6 , H 5 ) , and  2 .6  (H 2 ) p p m  d u e  to  th e  p r o to n s  o f  th e  p o ly sa cch a r id e  
r in g  and  th e  s ig n a ls  at 2 .4  ( -C O -C H 2) , 1 .3 -1 .6  ( -C H 2-)  an d  0 .9  ( -C H 3) p p m  are 
a ss ig n e d  to  th e  p e a k s  o f  h e x a n o y l ch a in s . T h e  d e g r e e s  o f  su b st itu tio n  o f  H 4 -ch ito sa n  
d eterm in ed  from  'H -N M R  w a s  2 .9 1 .

F rom  F T -IR  and  'H -N M R  a n a ly s is , the resu lts  in d ic a te d  that H -c h ito sa n  w as  
o b ta in ed  a fter  th e  c h e m ic a l m o d if ic a tio n  o f  c h ito sa n  b y  h e x a n o y la t io n  rea c tio n .

T h e  resu lts  o f  e le m e n ta l a n a ly s is  o f  H I - ,  H 2 - , H 3 -  and  H 4 -c h ito s a n  are listed  
in  th e  T a b le  4 .1 . E x p e r im e n ta l re su lts  w e r e  co m p a red  w ith  th e  c a lc u la te d  v a lu e s  and  
th e  d e g r e e  o f  su b stitu tio n  w a s  d e term in ed  b a se d  o n  th e  C /N  ratio  o f  th e  p rod u ct. The  
d e g r e e s  o f  su b stitu tio n  o f  H I - ,  H 2 - , H 3 -  and H 4 -c h ito sa n  w e r e  2 .0 6 ,  3 .7 8 , 3 .9 1 , and 
3 .9 2 , r e s p e c t iv e ly

Characteristic Properties of H-chitosan
In co n tra st to c h ito sa n , a ll o f  th e  H -c h ito sa n s  s h o w e d  e x c e lle n t  s o lu b ility  in  

c o m m o n  o r g a n ic  s o lv e n ts  (T a b le  4 .2 )  su ch  as c h lo r o fo r m , d ic h lo r o m e th a n e  and 
tetrah yd rofu ran , but p o o r  s o lu b i l ity  in  p o la r  so lv e n t.

D S C  th erm o g ra m s o f  th e  c h ito sa n  and  h e x a n o y l c h ito s a n s  are sh o w n  in  
F ig u re  4 .5 . T h e  c h ito sa n  s h o w s  a b road  en d o th e r m ic  p e a k  aro u n d  120°c w h ile  H l -  
C h ito sa n  s h o w s  sm a lle r  en d o th e r m ic  p ea k  at th e  sa m e  p o s it io n  b ut th e  p ea k  absent  
w h e n  th e d e g r e e  o f  su b stitu tio n  o f  h e x a n o y l g ro u p s in c r e a se d . T h e  e x o th e r m ic  o f  
H I - ,  H 2 -, H 3 -  and  H 4 -c h ito sa n  at p o s it io n  c lo s e  to 240°c c o r r e sp o n d  to th e ir  therm al 
d e c o m p o s it io n .

F or  th e r m o g r a v im e tr ic  th erm o gra m  o f  h e x a n o y l c h ito sa n s , H I -c h ito sa n  
sh o w s  o n e  Td b u t H 2 - , H 3 -  and  H 4 -c h ito sa n  s h o w s  tw o  Tds. F ig u r e  4 .6  s h o w s  tw o  
Tds o f  H -c h ito sa n  at 2 5 5 -2 7 0 ° C  and 315-330°c w h ic h  c o r r e sp o n d  to  th e  Td o f
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h e x a n o y l g r o u p s  an d  g ly s id ic  lin k a g e  o f  c h ito sa n , r e s p e c t iv e ly . T h e  d e c o m p o s itio n  
b e h a v io r  o f  H -c h ito s a n  is  m o re  d ifferen t far from  c h ito sa n  w h e n  th e  d egree  o f  
su b st itu tio n  in c r e a se d . Z o n g  et al. (2000) in v e s t ig a te d  th erm a l p ro p er tie s  o f  ch itosan  
w ith  a d e g r e e  o f  d e a c e ty la t io n  o f  90%, H -c h ito sa n , d e c a n o y l c h ito sa n  (D -c h ito sa n ), 
and la u r o y l c h ito sa n  (L -c h ito sa n )  b y  D S C  a n a ly s is . It w a s  fo u n d  that th e  ex o th erm ic  
p ea k s  o f  c h ito sa n , H -, D - ,  and  L -c h ito sa n  o b se r v e d  at 298°c, 225°c, 246°c, and  
255°c, r e s p e c t iv e ly , w e r e  th eir  th erm al d e c o m p o s it io n  tem p era tu res. G rant et al. 
(1990) a ls o  rep o rted  that c h ito sa n  w ith  d e g r e e  o f  d e a c e ty la t io n  o f  86.4% and its 
la u ro y l d e r iv a t iv e  h ad  th e  e x o th e r m ic  d e c o m p o s it io n  p e a k s  at 322°c and  214°c, 
r e s p e c t iv e ly . T h e s e  e v id e n c e s  s u g g e s te d  that th e  th erm a l s ta b ility  o f  H -ch ito sa n  
d e c r e a se d  w h e n  th e  h e x a n o y l grou p s w e r e  in tr o d u c e d  to c h ito sa n  b a c k b o n e . T he  
h e x a n o y l c h ito sa n  is  s ta b le  b e lo w  255°c. In tro d u ctio n  o f  la tera l su b stitu en ts  or 
f le x ib le  u n its  in to  th e  p o ly sa c c h a r id e  stru ctu re sh o u ld  d isru p t th e  c r y s ta llin e  structure 
o f  c h ito sa n , e s p e c ia l ly  th ro u gh  th e  lo s s  o f  th e  h y d r o g e n  b o n d in g .

W A X D  p attern s o f  th e  H -c h ito sa n s  w e r e  m e a su r e d  to  c o m p a r e  w ith  the  
c r y s ta llin e  stru ctu re  o f  c h ito sa n  (F ig u re  4 .7 ) . H -c h ito s a n  s h o w s  a s tro n g  d iffra ction  
p ea k  at d if fr a c tio n  a n g le s  ( 2 9 )  o f  2 -6 °  to g e th e r  w ith  a b roa d  p e a k  at 2 0  o f  2 0 ° . W hen  
d e g r e e  o f  su b st itu tio n  o f  h e x a n o y l gro u p s in c r e a se d , th e  p e a k  at 20 ° b e c a m e  broader  
and th e  p e a k  at 2 -6 °  w a s  stron ger. T h is  su g g e s te d  that th e  p a c k in g  o f  h e x a n o y l s id e  
c h a in s  fo r m e d  a n e w  ty p e  o f  ord er in g  stru ctu re. T h e  lo s s  o f  10° r e f le c t io n  in d ica ted  
that c r y s ta l l in ity  o f  c h ito sa n  w a s  d e c r e a se d  from  th e  lo s s  o f  h y d r o g e n  b o n d s  due to 
th e  s u b st itu tio n  o f  h e x a n o y l gro u p s. S im ila r  r e su lts  h a v e  b e e n  rep orted  b y  Z o n g  et 
al. (2000 ) , w h o  s y n th e s iz e d  and  ch a ra c ter ized  th e  stru ctu re  o f  a c y la te d  ch ito sa n s  
w h ic h  w e r e  h e x a n o y l ,  d e c a n o y l, and la u roy l c h ito sa n . T h e y  fo u n d  that th e  (/-sp a c in g  
o f  d if fr a c tio n  a n g le s  ( 2 9 )  o f  2 -6° o f  ea c h  c h ito sa n  d e r iv a t iv e  in c r e a se d  as th e  n um ber  
o f  ca rb o n  a to m s  o f  a c y l su b sis te n t  in crea sed . A s  a re su lt , th e  s id e  c h a in s  w ere  
p a c k e d  w ith  e a c h  o th e r  fo r m in g  a la y ered  stru ctu re w ith  th e  m a in  c h a in s  e x ten d ed .
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4.5 CONCLUSION

H e x a n o y l c h ito sa n s  w a s  sy n th e s iz e d  b y  r e a c tin g  c h ito sa n  w ith  h ex a n o y l  
c h lo r id e s  to  o b ta in  p ro d u c ts  w ith  v a r io u s  d e g r e e s  o f  h e x a n o y la t io n  [D e g r e e  o f  
su b stitu tio n  =  2 .0 6 ,  3 .7 8 ,  3 .9 1  and  3 .9 2  w h ile  th e  n u m b er  o f  r ep ea ted  r e a c tio n  =  1, 2, 
3 and 4 , r e s p e c t iv e ly ] . T h e  c h e m ic a l and c r y s ta llin e  stru ctu res o f  h e x a n o y l ch itosan  
w e r e  d e te r m in e d . W ith  in c r e a s in g  d e g r e e  o f  su b stitu tio n , s o lu b i lity  in  organic  
s o lv e n t  in c r e a se d . T h e  th erm a l s ta b ility  and  c r y s ta llin ity  o f  H -c h ito sa n  w e r e  low er  
than th o se  o f  c h ito sa n  d u e  to  th e  lo s s  o f  intra- an d  in te r -m o le c u la r  h y d r o g e n  bonds  
and la rge  su b stitu e n ts  gro u p  resu lt in g  in  p o o r  p a c k in g  o f  H -c h ito s a n  m a in  ch a in s.
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Table 4.1 E le m e n ta l a n a ly s is  and  th e  d e g r e e  o f  su b stitu tio n  o f  h e x a n o y l c h ito sa n

D e r iv a t iv e s c% H% N % D e g r e e  o f  su b stitu tion
C a lc u la te d  v a lu e s 6 4 .8 9 9 .1 7 2 .5 6 4 .0 0

H I -c h ito s a n 5 2 .5 5 8 .5 7 4 .0 2 2 .0 6
H 2 -c h ito sa n 6 6 .0 9 9 .4 1 2 .7 6 3 .7 8
H 3 -c h ito s a n 6 6 .8 4 1 0 .2 4 2 .7 4 3 .91
H 4 -c h ito s a n 6 6 .4 8 10.01 2.68 3 .9 2
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Table 4.2 S o lu b i l ity  o f  c h ito sa n  and H -c h ito sa n s

S a m p le
S o lu b ility

C H C I3 C H 2C12 T H F D M A c D M S O
C h ito sa n - - - - -

H I -c h ito s a n ± ± ± ± +

H 2 -c h ito sa n + + + - -

H 3 -c h ito s a n + + + - -

H 4 -c h ito sa n + + + - -

Note: + dissolvable ± swelling or partially dissolvable -  undissolvable
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Figure 4.1 S yn th esis reaction o f  hexanoyl-ch itosan.
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Figure 4.2 FT -IR  spectra o f  (a) a -ch itin , and (b) chitosan.
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Figure 4 .3  F T -IR  sp ectra  o f  (a) c h ito sa n , (b ) H l- c h i to s a n , (c )  H 2 -ch ito sa n , 
(d ) H 3 -c h ito s a n  an d  (e )  H 4 -c h ito sa n .
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Figure 4.4 'H -N M R  sp ectru m  o f  H 4 -c h ito sa n  in  C D C I3.
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Figure 4.5 D S C  th erm o g ra m s o f  (a ) H l-c h i to s a n , (b ) H 2 -c h ito sa n , (c )  H 3 -ch ito sa n , 
(d )  H 4 -c h ito s a n  and  (e )  c h ito sa n .
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Figure 4.6 T G A  th e r m o g r a m s  o f  (a )  H l - c h i t o s a n ,  (b )  H 2 - c h i to s a n ,  (c )  H 3 -c h i to s a n ,
(d )  H 4 - c h i to s a n  a n d  (e )  c h i to s a n .
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Figure 4.7 W A X D  p attern s o f  (a ) H l-c h ito s a n , (b )  H 2 -c h ito sa n , (c )  H 3 -c h ito sa n , 
(d ) H 4 -c h ito s a n  an d  (e )  ch ito sa n .
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