
CHAPTER I 
INTRODUCTION

N o w a d a y s , n a tu ra l p o ly m e ric  m a te ria ls  h a v e  b e c o m e  in c re a s in g ly  im portan t 
d u e  to  th e ir  n a tu ra l ab u n d a n c e  an d  low  co sts . C h ito sa n  is th e  jV -deacetylated 
d e r iv a tiv e  o f  ch itin , th o u g h  th is  iV -deacety la tion  is a lm o st n e v e r c o m p le te  (R obert, 
1992). C h ito sa n  is k n o w n  to b e  n o n -to x ic , o d o rle ss , b io c o m p a tib le  w ith  liv ing 
tis su e s , b io d e g ra d a b le , an d  c h e m ic a lly  fu n c tio n a liz ab le . D u e  to  th e se  advan tages, 
c h ito sa n  an d  its  d e r iv a tiv e s  are  seen  in  a p p lic a tio n s  su ch  as b io m e d ic a l m ateria ls , 
b io d e g ra d a b le  p a c k a g in g , co sm e tic s , m e ta l io n -c a p tu rin g  m a te ria ls  fo r w as te -w a te r 
tre a tm en t, an d  so on  so fo rth  (R av i K u m ar, 2000).

D is so lu tio n  o f  ch ito sa n  in o rg an ic  so lv en ts  is im p o rtan t in  m a n y  app lica tions. 
It is w e ll k n o w n  th a t ch ito san  is g e n e ra lly  in so lu b le  in m a n y  co m m o n  so lven ts: 
w a te r, a lk a li an d  o rg an ic  so lv en ts , b u t it is so lu b le  in  so lu tio n s  o f  o rg an ic  ac id s  on ly  
w h e n  th e  p H  o f  th e  so lu tio n  is less th an  6 (M u z z a e re lli, 1977). A ce tic  an d  form ic 
ac id s  a re  tw o  o f  th e  m o s t w id e ly  u sed  so lv en ts  fo r d is so lv in g  ch ito san . H ow ever, 
th e se  so lv e n ts  o ffe r  v e ry  lim ited  ap p lica tio n s  in  p ro d u c in g  c h em ica l d e riv a tiv e s  in 
h o m o g e n e o u s  so lu tio n , in  p a r tic u la r  the  la rg e -sc a le  ap p lica tio n s . P o o r  so lu b ility  o f  
c h ito sa n  in  c o m m o n  o rg an ic  so lv en ts  can  b e  tra ced  to  its r ig id  c ry s ta llin e  structu re  
th ro u g h  in tra m o le c u la r  an d  in te rm o le c u la r  h y d ro g e n  b o n d in g s  (R o b erts , 1992). T his 
is th e  p r im a ry  re a so n  fo r lim ited  u sefu l ch ito sa n  ap p lica tio n s . In o rd e r  to  so lv e  this 
p ro b le m , so m e  c h em ica l m o d ific a tio n s  to  in tro d u c e  h y d ro p h o b ic  n a tu re  to  ch itosan  
su ch  as p h th a lo y la tio n  (N ish im u ra  e t  a l . ,  1991), a lk y la tio n  (Y a lp an i and  H a ll, 1984), 
a n d 'a c y la t io n  (H iran o  e t  a l . ,  1976; M o o re  an d  R o b e rts , 1981; Z o n g  e t  a i ,  2000) 
re a c tio n s  can  b e  do n e . O rg a n ic a lly  so lu b le  d e riv a tiv e s  o f  c h ito sa n  can  b e  used  to 
fo rm u la te  b y -d e s ig n e d  m a te ria ls  fo r b io m e d ic a l a p p lic a tio n s  su ch  as p o ly m e ric  d rugs 
an d  a rtif ic ia l o rg a n s  w ith  h ig h  sp e c if ic ity  an d  w id e  ap p licab ility .

Z o n g  e t  a l .  (2 0 0 0 ) sy n th e s iz e d  th re e  k in d s  o f  acy la tcd  c h ito sa n s  b y  reac ting  
c h ito sa n  w ith  h ex a n o y l, d ecan o y l and  lau ro y l ch lo rid e s . In  c o n tra s t to  th e  ch itosan , 
all o f  a c y la te d  c h ito sa n s  sh o w ed  ex c e lle n t so lu b ility  in  c o m m o n  o rg an ic  solven ts 
su ch  as h a lo g e n a te d  h y d ro c a rb o n s  an d  a ro m a tic  so lv en ts  su ch  as ch lo ro fo rm , 
b e n z e n e , p y rid in e , an d  te tra h y d ro fu ran  (T H F ), b u t p o o r  so lu b ility  in  p o la r  so lvents.
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A -a c y lc h ito sa n  h a s  b e e n  fab rica ted  as m em b ran es  (S eo  e t  a i ,  1995), f ib e rs  (H irano  e t  

a i ,  1998), an d  film s  (X u  e t  a i ,  1996). jV -hexanoyl c h ito sa n  w a s  fo u n d  to  ex h ib it the 
b e st b lo o d  c o m p a tib il i ty  in  co m p a riso n  w ith  iV -propionyl, A -b u ty ry l, and 
A -p en tan o y l c h ito sa n s  (L ee  e t  a i ,  1995). F u rth e rm o re , A -h e x a n o y l an d  A -octanoy l 
ch ito san s  w e re  fo u n d  to  b e  an ti- th ro m b o g en ic  an d  re s is ta n t to  h y d ro ly sis  by  
ly so zy m e  (H ira n o  an d  N o ish ik i, 1985). A s a  resu lt, h e x a n o y l-c h ito sa n  (H -ch ito san ) 
is a  v e ry  in te re s tin g  d e r iv a tiv e  o f  ch ito san  to  be  u sed  in  b io m é d ic a l ap p lica tio n s .

P o ly m e r b le n d in g  is  an  a ttrac tiv e  a lte rn a tiv e  fo r p ro d u c in g  n ew  po lym eric  
m a te ria ls  w ith  ta ilo re d  p ro p e rtie s  w ith o u t h a v in g  to  sy n th e s iz e  to ta lly  n ew  m aterials. 
O th e r a d v a n ta g e s  fo r p o ly m e r b le n d in g  are  v e rsa tility , s im p lic ity , and 
in e x p en s iv en ess . A m o n g  th e  v a rio u s  a lip h a tic  d e g ra d a b le  p o ly e s te rs , po ly lac tide  
(P L A ) h as  b e e n  c o n s id e re d  as o n e  o f  th e  m o st in te re s tin g  and  p rom ising  
b io d e g ra d a b le  m a te r ia ls  an d  has b een  u sed  in m ed ica l a p p lic a tio n s , su ch  as surgical 
su tu re s  (F am b ri e t  a i ,  1997), d ru g  d e liv e ry  sy stem s (K h a n g  e t  a i ,  2 0 0 3 ), and  bone 
f ix tu res  (B e rg sm a  e t  a i ,  1996).

B y  b le n d in g  P L A  w ith  o th e r p o ly m ers , p o ly m e rs  w ith  an  im p ro v e d  range o f  
ap p lica tio n s  a re  o b ta in e d . A  n u m b e r o f  s tu d ied  h av e  fo cu sed  o n  th e  b le n d in g  o f  PLA  
w ith  o th e r  p o ly m e rs  o r  co p o ly m ers . T h ese  b le n d s  in c lu d e  P L A  w ith 
p o ly (3 -h y d ro x y b u ty ra te ) , and  p o ly (3 -h y d ro x y b u ty ra te -c o -3 -h y d ro x y v a le ra te )  
(Ian n ace  e t  a i ,  1994; B lu m m  an d  O w en , 1995), b len d s  o f  P L A  w ith  p o ly (e th y len e  
g ly co l) (Y o u n e s  an d  C o h n , 1988), and  b len d s  o f  P L A  w ith  p o ly (s -c a p ro la c to n e )  (Cha 
and  P itt, 1990).

P h y s ica l an d  m e c h a n ic a l p ro p e rtie s  o f  th e  b le n d s  a re  v e ry  m u c h  d ep en d en t on 
sta te  o f  m ix  an d  m isc ib ility  b e tw e e n  th e  c o n s titu e n t c o m p o n e n ts  as  w e ll as th e  phase 
m o rp h o lo g y  o f  th e  re su ltin g  b len d s . F o r so lu tio n -c a s t b le n d s  h o w e v e r, ano ther 
im p o rtan t fa c to r  d e te rm in in g  th e  final p ro p e rtie s  o f  th e  re su ltin g  b le n d s  is th e  choice 
o f  th e  c a s tin g  so lv e n t u se d  to  p rep a re  th e  b le n d  so lu tio n s  fo r c a s tin g .

E v en  th o u g h  a  la rg e  n u m b e r o f  s tu d ies  o n  so lu tio n -c a s t p o ly m e r  b len d s  are 
a v a ilab le  in  th e  o p e n  lite ra tu re , o n ly  lim ited  n u m b e r a re  d e d ic a te d  to  s tu d y  th e  effect 
o f  c a s tin g  so lv e n t o n  p ro p e rtie s  o f  th e  re su ltin g  b len d s . B a n k  e t  a i  (1 9 7 1 ) show ed 
th a t film s o f  p o ly s ty re n e  (P S )/p o ly (v in y l m e th y l e th er) (P V M E ) b le n d s  app eared  to 
b e  c o m p a tib le  w h e n  e ith e r  to lu en e  o r b en zen e  w as u se  as th e  c a s tin g  so lv en t, and
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th ey  a p p e a re d  to  b e  in c o m p a tib le  w h en  e ith e r  tr ic h lo ro e th y le n e  o r  c h lo ro fo rm  w as 
used . A sa le th a  e t  a l .  (1 9 9 5 ) rep o rted  th a t th e  n a tu re  o f  th e  c a s tin g  so lv en t had a 
p ro fo u n d  e ffe c t o n  th e  co m p a tib ility  b e h a v io r  o f  n a tu ra l ru b b e r  (N R )/p o ly sty ren e  
(P S ) b le n d s  c o m p a tib iliz e d  b y  N R -g -P S . R a d h a k rish n a n  an d  V en k a tach a lap a th y  
(1 9 9 6 ) sh o w e d  th a t th e  ch o ice  o f  th e  c a s tin g  so lv e n t u se d  (e .g . d ich lo ro m eth an e , 
te tra h y d ro fu ran , an d  to lu en e ) to  p re p a re  th e  b le n d  film s  o f  p o ly e th y le n e  ox ide) 
(P E O ) an d  p o ly (m e th y l m e th ac ry la te )  (P M M A ) n o t o n ly  a f fe c te d  th e  co m p a tib ility  
o f  th e  re su ltin g  f ilm s, b u t a lso  th e  c ry s ta lliz a tio n  o f  P E O .

R e c e n tly , m u c h  a tte n tio n  has b een  p a id  to  th e  e le c tro sp in n in g  p ro c e ss  w hich  
can  p ro d u c e  p o ly m e r  n an o  fibers w ith  d ia m e te rs  ty p ic a lly  in  th e  ra n g e  form  100 to  
500  nm  (D e itze l e t  a l ,  2001 ; D o sh i and  R en ek er, 1995). T h e  e le c tro sp u n  fiber m ats 
hav e  d is tin c tiv e  p ro p e rtie s  such  as h ig h  su rface  a re a - to -v o lu m e  ra tio , h ig h  porosity , 
and  h ig h  a b so rp tio n . T h e  m o rp h o lo g y  o f  e le c tro sp u n  fib e rs  c a n  b e  v a ried  acco rd ing  
to  e le c tro sp in n in g  c o n d itio n s , so lv en t and  so lu tio n  p ro p e rtie s , an d  a d d itiv e  type.

T h is  w o rk  in v e s tig a te d  ch em ica l m o d if ic a tio n  o f  c h ito sa n  to  p rep a re  an  
o rg an ic  so lv e n t-so lu b le  d e riv a tiv e  o f  ch ito san , h e x a n o y l c h ito sa n  (H -ch ito san ). H - 
ch ito sa n  w as p re p a re d  b y  re p e a te d ly  re a c tin g  c h ito sa n  w ith  h ex an o y l ch loride. 
C h em ica l s tru c tu re  an d  p ro p e rtie s  o f  th e  p ro d u c t w e re  c h a ra c te r iz e d . T h e  so lu tion  
p ro p e rtie s  o f  th e  H -c h ito sa n  d isso lv ed  in  ch lo ro fo rm , d ic h lo ro m e th a n e  and 
te tra h y d ro fu ra n  w e re  a lso  in v estig a ted . T h e re  a re  m a n y  s tu d ie s  o n  for so lu tion  
p ro p e rtie s  o f  c h ito sa n . T h e re  h av e  b een  re p o rte d  th a t so lu tio n  p ro p e rtie s  o f  ch ito san  
d ep en d  o n  d e g re e  o f  d eace ty la tio n , so lv e n t sy s tem  an d  te m p e ra tu re  (G am zazad e  e t  

a l ,  1985; W a n g  e t  a l ,  1991; A n th o n se n  e t  a l . ,  1993; R in a u d o  e t  a l ,  1993; and  O ttey  
e t  a l . ,  1996). H ow 'ever, th e  s tu d y  o n  so lu tio n  p ro p e rtie s  o f  c h ito sa n  d eriv a tiv es, 
e sp e c ia lly  a c y lc h ito sa n , is ra th e r  rare. T h e  in v e s tig a tio n  o f  so lu tio n  p ro p e rtie s  o f  
H -c h ito sa n  is in te re s tin g  b e c a u se  th e se  p ro p e rtie s  c a n  re v e a l to  th e  b eh av io r o f  
p o ly m e r in  so lv en t. T h e  p re se n t w o rk  fo cu sed  o n  th e  d ilu te  so lu tio n  b eh av io r o f  
H -c h ito sa n  in  o rg a n ic  g o o d  so lv en ts , i.e. ch lo ro fo rm , d ic h lo ro m e th a n e , o r 
te tra h y d ro fu ran , w h ic h  w e re  in v es tig a ted  b y  v isc o m e try  an d  d y n a m ic  lig h t sca tte ring  
te ch n iq u e . O u r  re su lts  d e m o n s tra te  th e  im p o rta n c e  o f  so lv e n t an d  p o ly m er-so lv en t 
in te rac tio n s  an d  p ro v id e  an  e x p lan a tio n  fo r so m e  p o o r ly  u n d e rs to o d  ex p erim en ta l
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o b se rv a tio n s  in  o rg a n ic  so lu b le  c h ito sa n  d e riv a tiv e s  s tu d ies . In  a d d itio n , th e  s tu d y  on  
th e  su rface  te n s io n  o f  H -c h ito sa n  in  v a rio u s  o rg an ic  so lv e n ts  w as  a lso  rep o rted .

T h e  b le n d  o f  H -c h ito sa n  and  P L A  w as p re p a re d  in  tw o  fo rm s, film s and 
fibers, b y  th e  so lu tio n -c a s tin g  an d  e le c tro sp in n in g , re sp e c tiv e ly . T h e  m a in  ob jec tiv e  
o f  th is  p a rt w a s  to  fin d  an  eco n o m ica l w a y  fo r im p ro v in g  th e  a p p lic a b ility  o f  
H -c h ito sa n  th ro u g h  th e  b le n d in g  w ith  P L A . In  c a se  o f  th e  b le n d  f ilm s, th e  e ffec ts  o f  
b le n d  c o m p o s itio n  an d  c a s tin g  so lv en t (c h lo ro fo rm , d ic h lo ro m e th a n e , o r  
te tra h y d ro fu ra n )  o n  m isc ib ility , m o rp h o lo g y , th e rm a l p ro p e r tie s , an d  m ech an ica l 
p ro p e rtie s  w e re  in v e s tig a te d . In  c a se  o f  th e  e le c tro sp u n  fib e rs , th e  m o rp h o lo g ica l 
fea tu res o f  th e  e le c tro sp u n  H -c h ito sa n /P L A  b len d  fib e rs  w e re  in v e s tig a te d  w ith  
d iffe ren t b le n d  ra tio s  an d  so lv en t.
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