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ABSTRACT

T i t le :  In te ra c t io n  o f ch itosan- w ith  c e llu lo s e  and i t s  use in  paper.

By: J u lia n  G. Domszy.

The aims o f th is  s tudy were to  in v e s t ig a te  the a d so rp tio n  o f 
c h ito sa n  onto c e llu lo s e  and to  app ly the  knowledge ob ta ined  to  the 
a p p lic a t io n  o f ch ito s a n  to  paper.

The m o lecu la r w e igh t and s tru c tu re  o f ch ito sa n  are im p o rta n t in  
i t s  a d s o rp tio n . The v is c o m e tr ic  cons tan ts  o f the m o d ifie d  S taud inger 
equa tion  were th e re fo re  determ ined in  Q.1M a c e t ic  ac id /0 .2M  sodium , 
c h lo r id e  s o lu t io n  and found to  be _a -  0.93 and 1.Q1 x1Q~ cm g~ .

[\lavel methods fa r  de te rm in ing  the  e x te n t o f  re s id u a l N -a c e ty la tio n  
have been developed based on the  re a c t io n  between s a lic y la ld e h y d e  and 
c h ito s a n , to g e th e r w ith  sp e c tro sco p ic  d e te rm in a tio n  o fv th e  JM -s a lic y l-  
idene ch ito sa n  produced o r o f  the re s id u a l s a lic y la ld e h y d e  f o r  homo
geneous and heterogeneous re a c t io n  re s p e c t iv e ly .  The re s u lts  ob ta ined  
agree w e ll, w ith  those ob ta ined  by in fra re d  spectroscopy and by a l k a l i -  
m e tr ic  t i t r a t io n s  o f ch ito s a n  hydrabrom ide. Measurement o f the 
iM -sa lic y lid e n e  ch ito sa n  chromophore has been extended to  de te rm in ing  
the c o n c e n tra tio n  o f c h ito s a n  in  s o lu t io n  and, through use o f r e f l e c t 
ance spectroscopy, to  measurement o f c h ito sa n  adsorbed an paper hand- 
shee ts . The a d so rp tio n  o f c h ito s a n  on c e llu lo s e  was found to  be an 
e q u il ib r iu m  process dependant an po lym e r-adso rbe n t, p o lym e r-so lve n t 
and so lv e n t-a d s o rb e n t in te r a c t io n s .

Facto rs  th a t decrease the e f fe c t iv e  volume o f the  ch ito sa n  mole
cu le  in  s o lu t io n ,  such a s ■in c re a s in g  degree o f N -a c e ty la tio n  and 
a d d it io n  o f e le c t r o ly te ,  tend to  in c rease  the e q u il ib r iu m  uptake. 
N e u tra l e le c t r o ly te  has a second e f fe c t ,  namely suppress ion  o f the 
su rfa ce  charge, th a t  predom inates a t h ig h e r co n c e n tra tio n s  and reduces 
the  up take . A lthough in c re a s in g  the  su rface  charge o f the c e llu lo s e  
increases the e x te n t o f a d s o rp tio n , the  expe rim en ta l evidence suggests 
th a t  very few io n ic  l in k s  are farmed between ch ito s a n  and c e l lu lo s e .  
The proposed mechanism in v o lv e s  i n i t i a l  e le c t r o s ta t ic  a t t r a c t io n  o f 
the ch ito sa n  to  the  v ic in i t y  o f  the  c e llu lo s e  su rfa ce  where i t  is  
adsorbed p redom ina te ly  through van der Idaals fo rc e s  and hydrophobic 
in te r a c t io n .  The in f lu e n c e  o f m o lecu la r w e igh t o f the  ch ito sa n  
in d ic a te s  th a t the c e llu lo s e -  is  a c tin g  as a porous s u b s tra te .
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CHAPTER 1

INTRODUCTION

The e x is ten ce  c f  c h i t in  as a c o n s t itu e n t  o f l i v in g  m a tte r has

been w e ll e s ta b lis h e d  s in ce  i t s  i n i t i a l  is o la t io n  by Bracannot
2

in  1611. I t  was d u rin g  work on c h i t in  th a t  Rouget in  1859 d iscovered  

c h ito s a n , the m o d ifie d  p roduc t o f  c h i t in ,  and thus in i t ia t e d  the 

d ive rse  research programmes th a t  the polymer now a t t r a c t s .

Both c h i t in  and ch ito s a n  are  p o ly s a c c h a rid e s . C h it in  in  i t s  

id e a l form is  palyC (1 -*>A )-2-.ace tam ida-2 -deaxy- 3 -D -g lucose ] and 

ch ito s a n  is  polyC ( 1 -*-A )-2-am ino-2-deoxy~ ^ D -g lu c o s e ] . F igure  1 

shaus the  id e a lis e d  s tru c tu re s  o f c h i t in  ( I )  and ch ito s a n  ( I I ) .

However in  p ra c t ic e  i t  is  u n l ik e ly  th a t  c h i t in  o r ch ito s a n  w i l l  e x is t  

e n t i r e ly  in  th e ir  id e a lis e d  fo rm s. In  ch ito sa n  th e re  is  u s u a lly  a 

c e r ta in  p ro p o rt io n  o f  the u n its  th a t  e x is t  as the acetam ido and thus 

the term c h ito sa n  u s u a lly  denotes a ca -po lym e ric  system c o n s is t in g  

o f both u n its . .  In  gen e ra l i t  is  assumed th a t  the am ine -co n ta in ing  

u n its  are dominant in  c h ito s a n . S im ila r ly  most c h i t in  samples 

c o n ta in  a sm a ll p ro p o rt io n  o f de-_N-acetylated sugar re s id u e s , the 

c o n c e n tra tio n  o f these depending an the  source and is o la t io n  procedures 

used, and hence are a lso  copo lym ers. A rough in d ic a t io n  to  whether 

a p a r t ic u la r  sample should be la b e lle d  as c h i t in  o r ch ito s a n  is  i t s  

s o lu b i l i t y  in  d i lu te  a c id .  C hitosan is  assumed to  be s o lu b le  whereas 

c h i t in  is  n o t.  Thus f o r  accura te  work i t  is  necessary to  determ ine 

the degreesof _N -ace ty la tian  fa r  any s p e c if ic  ch ito s a n  sample.

C h it in  is  a c r y s ta l l in e  po lysaccha ride  tha thbas a h ig h ly  ordered 

s t ru c tu re .  I t  occurs in  th re e  polymorphic fa rm s , namely a - ,  3 -  and 

Y f c h i t in s ,  which d i f f e r  in  the arrangement o f  the m o lecu la r cha ins
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V i*
w ith in  the c r y s ta l c e l l ,  as shown by X-ray c ry s ta l lo g ra p h ic  s tu d ie s '7? . 

a - C h i t in  is  the most c r y s ta l l in e  po lym orph ic form and has the cha ins 

arranged in  an a n t ip a r a l le l  fa s h io n . In  3 - c h i t in  the chains are

5p a r a l le l  w h i ls t  in  Y- c h i t in  two cha ins are "up" to  every one "down". 

a - C h it in  is  by fa r  the mast abundant fo rm .

0
The occurence o f c h i t in  is  w idespread th roughou t na tu re  in  both

anim al and p la n t kingdoms. I t s  mode o f  is o la t io n  and the  q u a li ty  o f

the  f i n a l  p roduc t w ith  re sp e c t to  e x te n t o f  re s id u a l N -a c e ty la tio n

and m o lecu la r w e igh t i s  dependant upon the  na tu re  o f the source o f

the  c h it in o u s  m a te r ia l.  In  na tu re  c h i t i r t ’5i¥ 'B q rm a lly  found in  c lo se

a s s o c ia tio n  w ith  o th e r m a te r ia ls ,  and in  o rde r to  separa te  them the

use o f harsh c o n d it io n s  are o fte n  re q u ire d , which have a d e tr im e n ta l
7

e f fe c t  an the fiBsl p ro d u c t. I t  has been found th a t  o f  a l l  the

sources o f c h i t in  the  crustaceans form the  best p o te n t ia l source fo r

commercial m anufactu re - Chitmn p ro d u c tio n  from such sources in v o lv e s

the removal o f  the ca lc ium  carbonate and p ro te in s  assoc ia ted  w ith  the
cl in

c h i t in ,  and the m a jo r ity  o f  methods employed “  in v o lv e  an a c id

tre a tm e n t f a r  d e c a lc i f ic a t io n  and an a lk a l i  trea tm en t f o r  dep ro te ine

a t io n .  However the re  are a lso  m ild e r  methods o f tre a tm e n t us ing

11a thy lened iam ine  te t r a a c e t ic  a c id  f o r  d e c a lc i f ic a t io n  and p r o te o ly t ic

12enzymes fo r  d e p ro te in a t io n  .

P re p a ra tio n  o f c h ito s a n  from  c h i t in  in v o lv e s  the  ipjLeavage o f  the

amide lin k a g e  to  form  the fre e  amine. The N -a c e ty l group cannot be

removed under a c id ic  c o n d it io n s  because the a c id  w i l l ,  r e a d i ly  hyd ro lyse

the g ly c o s id ic  bonds in  the  p o lysa cch a rid e , so a lk a lin e  techn iques

are used fo r  de -N _ -ace ty la tion . Under bas ic  c o n d it io n s  acetamido

groups next to  c is  re la te d  h yd ro xy ls  may undergo d e -N -a c e ty la tio n

13but tra n s  re la te d  analogues are more re s is ta n t  . C h it in  has a



C2 -  C3 tra n s  arrangement o f  the  acetamido and h y d ro x y l groups and

thus is  s ta b le  to  most re age n ts . Hence d ra s t ic  c o n d it io n s  are re q u ire d

14fo r  de -J \[-a ce ty la tia n , e .g .  W in te rs te in  showed th a t  fu s io n  o f  c h i t in  

w ith  potassium  hydrox ide  ah 180 0 le d  to  c h ito s a n . O ften d e a c e ty la tio n  

is  in com p le te , bu t w ith  ho t concen tra ted  sodium hydrox ide  an alm ost 

com p le te ly  de-JM -acetylated p roduc t can be ob ta ined  a lthough  i t  is  h ig h ly  

degraded and o f  low m o lecu la r w e ig h t. Hence in  most cases in  o rd e r to  

preserve the h igh  m o lecu la r w e igh t the f i n a l  p roduct is  o fte n  n o t z 

com p le te ly  d e -N -a c e ty la te d . The v a r ia t io n  i n >the  degree o f  N -a c e ty la tio n  

and in  the m o lecu la r w e ig h t, due to  p rocess ing  v a r ia t io n s ,  is  one 

reason why a s u b s ta n t ia l amount o f  t h is  th e s is  has been concerned w ith  

the  accura te  c h a ra c te r is a t io n  o f c h ito s a n .

V a r ia tio n s  An the  degree o f J\N -acetylation and in  m o lecu la r w e igh t 

o f ch ito s a n  samples are ju s t  two o f  the  fa c to rs  considered  to  be im p o rt

ant in  the in te r a c t io n  between ch ito s a n  and c e l lu lo s e ,  from the  view 

p o in t o f  ch ito s a n  as a s tre n g th  improvement a d d it iv e  f o r  paper.

I t  is  assumed th a t  in  paper the  : f ib re s  are he ld  to g e th e r by hydrogen 

bonds, thus when in  the, presence o f  water,.-they are more l i k e l y  to  be 

hydrogen bonded to  w ater m olecu les than to  them selves. Thus w ith  

w ater p resen t the f ib r e s  are jo in e d  to g e th e r by a f l u i d  b ridg e  o f 

hydrogen bonded w ater m o lecu les , the  weakness o f which is  shown by 

the wet s tre n g th  o f the  paper. An a d d it iv e  th a t  improves the wet 

s tre n g th  opera tes by a llo w in g  the  in te r f ib r e  banding areas to  remain 

lin k e d  in  the presence o f  w a te r. The dry  s tre n g th  is  a lso  improved 

by m a te r ia ls  th a t  a id  the in t e r f ib r e  banding. C h itosan , due to  i t s  

c a t io n ic  na tu re  in  s o lu t io n ,  has been suggested as a s tre n g th  a d d it iv e  

because o f  i t s  p o te n t ia l banding a b i l i t y  w ith  c e l lu lo s e .  In  th is  th e s is  

a d e ta ile d  study has been c a r r ie d  ou t in to itb e z a d s o rp t io n  o f ch ito sa n



onto- c e llu lo s e  from s o lu t io n .  S o lu t io n  a d so rp tio n  as a techn ique 

fo r  the uptake o f ch ito s a n  by c e l lu lo s e  was chosen because o f i t s  

re levence to  the wet end process o f p r a c t ic a l paper making, w ith  

respec t to  ease o f a d d it io n .

,1.1 The paper making system

A schem atic diagram o f a t y p ic a l  paper making system is  shown 

in  F igu re  2 .

The in p u t is  composed o f v i r g in  f ib r e  and broke o r scrap from  the 

paper making o p e ra tio n . I t  a lso  in c lu d e s  o th e r a d d it iv e s  such as 

f i l l e r s ,  chem ica ls, dyes, e tc .  These are a l l  run through the s tock 

p ro p o r t io n a te r  and then s to re d  in  the machine chest u n t i l  needed.

The th ic k  s tock from the  machine chest is  added to  the w h ite  water 

which comes fxfim the  i n i t i a l  p a r t  o f the  fo u r d r in ie r  w ire .  This goes 

through a fan pump and va rio u s  c le a n in g  and screen ing  devices in to  a 

head box. The s tack is  now rough ly  a t a c o n c e n tra tio n  o f  0.5% and is  

a llow ed to  f lo w  onto the  fo u r d r in ie r  w ire  where most o f  the w ater is  

d ra ined  in  the tra y  s e c t io n  and re c irc u la te d ..  The vacuum drainage 

devices on the w ire  a llo w  w ater to  be c o lle c te d  in  the sea l p i t .

This w ater is  u s u a lly  o f a low er s o l id s  con ten t than th a t  o f the tra y  

w ater and is  used to  feed the s a v e a ll,  a lthough  some o f i t  may be 

used fo r  r e s lu r r y in g  the b roke . The s a v e a ll is  e s s e n t ia lly  a s o l id s -  

l iq u id  sep a ra te r used to  remove a d d it io n a l s o l id s  from the process 

w ater be fo re  i t  leaves the system . Far h igh  co s t papers the 

recovered s o lid s  are re tu rn e d  to  the  p rocess. The t r im  from the 

edges o f the sheets coming o f f  the w ire  are dropped in to  the couch 

p it .  where they are removed to  the  s a v e a ll fo r  s o lid s  re co ve ry .

Once the sheet leaves the  w ire  i t  goes through a press s e c t io n ,

-5 -
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where i t  is  wedged between two f e l t s  be fo re  being run through 

m echanical p resses. Mare w a te r is  pressed out a t  t h is  stage and 

is  p icked up by the f e l t s ,  which run through washers to  remove any 

f ib r e s  o r chem ica ls p icked up from the  shee t. The sheets then run 

over a number o f steam heated d r ie r  drums to  evaporate the rem ain ing 

w a te r, be fo re  being wound onto the  r e e l .  Paper making ^eaTv^b^-^-^.v 

c a r r ie d  out a t a pH o f between £+.5 -  5 f which is  id e a l f o r  c h ito sa n  

s in ce  i t  is  s o lu b le  in  d i lu t e  ac id  s o lu t io n s .

W ith in  the  system th e re  are v a rio u s  p a in ts  where a d d it io n s  o f 

chem ica ls can be made. These are u s u a lly  a t the i n i t i a l  in p u t o r 

a f te r  the  th ic k  s tack  has been added to  the r e c ir c u la t in g  tra y  w a te r, 

o r a f te r  p a in ts  o f h igh  shear. In  the la t t e r  case the  a d d it io n  must 

be made fa r  enough ahead o f the  headbax ta  g ive  goad m ix ing  e .g . a t 

the o u t le t  o f  the screens.



CHAPTER 2 

HISTORICAL. REVIEW

2.1  M o lecu la r w e igh t measurements on c h i t in  and ch ito s a n

2 .1 .1  Average m o lecu la r w e igh ts

High polym ers, in  c o n tra s t to  low m o lecu la r w e igh t compounds, 

c o n ta in  m olecules w ith  many d i f f e r e n t  m o lecu la r w e ig h ts . Therefore  

a p a r t ic u la r  sample is  l i k e l y  to  have a spread o f m o lecu la r w e igh ts  

(F ig u re  3 ) ,  and the  expe rim e n ta l d e te rm in a tio n  o f m o lecu la r w e igh t 

w i l l  on ly  g ive  an average v a lu e . S evera l d i f f e r e n t  averages are o f 

im portance e .g . some methods o f m o lecu la r w e igh t measurement count 

the number o f m olecu les in  a known mass o f m a te r ia l.  This leads to  

the  number average, m o lecu la r w e igh t fin . This is  de fin ed  as:

fin = SIM. M.l  i

where l\L is  the number o f m olecu les o f m o lecu la r w e igh t M.,.

In  o th e r experim ents such as l i g h t  s c a t te r in g  the  c o n tr ib u t io n  

o f a m olecu le to  the  observed e f fe c t  is  a fu n c t io n  o f  i t s  mass.

Heavy m olecu les are favoured  in  the averag ing p rocess, g iv in g  a 

w e igh t average m o lecu la r w e igh t fiw de fin ed  as:

fiw= ZIM..M,2l  l
SIM. M.l  l

S ince fiw is  more s e n s it iv e  to  the  h e a v ie r m olecules i t  i s  la rg e r  

than fin . The r a t io  fiw/fin f o r  a polymer is  used as a measure o f  the 

bread th  o f the m o lecu la r w e igh t d is t r ib u t io n .

I t  is  p a s s ib le  ta  d e fin e  any number o f m o lecu la r w e igh t averages,



F igure  3

D is t r ib u t io n  o f m o lecu la r w e igh ts  in  a ty p ic a l polymer showing the  

p o s it io n s  o f im p o rta n t averages.
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bu t th e re  is  l i t t l e  p a in t  un less they have a s p e c i f ic  use if

e .g . 2 -  average m o lecu la r w e igh t Mz

Mz = SIM. M.3 1 1

SIM. M. 2l  i

The techn ique o f u l t r a c e n t r i fu g a t ia n  lends i t s e l f  to  the measurement 

o f  t h is  average.

D e te rm ina tion  o f the  in t r in s i c  v is c o s ity  o f  a polym er leads to  

the v is c o s ity  average m o lecu la r w e igh t Mv d e fin e d  as:

Mv - IN H
, 1/a

1+a

m .  M. 1 x

A

I
where a is  the  cons tan t in  the  m o d ifie d  S tayd inger equa tion  fo r  the

■

e m p ir ic a l re la t io n s h ip  between m o le cu la r w e igh t and v is c o s ity .  *4

I  
3

2 .1 .2  End group a n a ly s is  techn iques

2 .1 .2 .1  In tro d u c tio n

M olecu la r w e igh t d e te rm in a tio n  v ia  end group a n a ly s is  re q u ire s  

th a t  the  polymer c o n ta in  a known number o f de te rm inab le  groups per 

m o lecu le . The long cha in  na ture  o f  polymers l im i t s  such groups to  the  |

ends o f the m olecu les and hence the method is  u s u a lly  re fe rre d  to  as 

end group a n a ly s is .  Such methods measure the number o f m olecules 

in  a g iven  w e igh t o f sample and y ie ld  the  number average m o lecu la r 

w e ig h t. The techn ique tends to  became in s e n s it iv e  a t h igh m o lecu la r 

w e igh ts  as the f r a c t io n  o f end groups becomes too sm a ll to  be measured 

w ith  p re c is io n .  The procedure in  genera l re q u ire s  some chem ical 

o r p h y s ic a l d e te rm in a tio n  o f the  end groups on the polymer c h a in .

- 1 U -
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2 .1 ,2 .2  Copper Plumber techn iques

The d e te rm in a tio n  o f the  m o lecu la r w e igh t o f c h i t in  samples was

15f i r s t  c a r r ie d  ou t by Meyer and W ehrli . They determ ined the copper 

number o f c h i t in  and re la te d  t h is  to  the cha in  le n g th  which was found 

to  be 103 glucosamine u n its  f o r  the p a r t ic u la r  sample examined. 

A lthough the  au tho rs  on ly  considered  th is  va lue  to  be a minimum, 

due to  polymer d eg ra da tion , the  va lues are s t i l l  ex trem e ly low .

The copper number techn ique measures the number o f reduc ing  groups 

in  a system and can on ly  be a p p lie d  to  m o lecu la r w e igh ts  i f  the

reduc ing  groups are the  end groups. Copper in  the form  o f the

2+ +Cu s a l t  is  reduced to  Cu by the  aldehyde o f  a c h i t in  end group:

R -  CHQ + Cu2+ ----------- =► RC00H + Cu+
h2o

This method has been a p p lie d  in  c e llu lo s e  chem is try  and found to  

be too in s e n s it iv e  f o r  q u a n t i ta t iv e  m o lecu la r w e igh t s tudy , e s p e c ia lly  

w ith  h igh m o lecu la r w e igh t po lym ers. I t s  main use is  to  determ ine 

the e x te n t o f  ac id  h y d ro ly s is  o f h y d ro c e llu lo s e s . O ther e r ro rs  

th a t  w i l l  e f fe c t  the copper number method may be due to  the presence 

o f non-reducing  end groups on the c h i t in  as a d ir e c t  r e s u l t  o f the 

a lk a lin e  p rocess ing  c o n d it io n s  which may o x id is e  the  te rm in a l ca rbony l 

group to  a ca rb o x y l ( I I I )  o r a la c to n e  group ( IV )

□H
0

NIHCOCH.

(\iaOH

□

DH IMHCOCH.

OH

COOIMa
□

NHCOCH.

(IV ) ( I I I )
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Also th e •amine groups along the polymer cha in  w i l l  form

16a complex w ith  copper , hence the extrem ely low va lue  o f between 

20 -  3D fo r  the degree o f  p o ly m e ris a tio n  o f ch ito sa n  found by Meyer 

and U e h r l i.  They a lso  c a r r ie d  ou t a com parative v is c o m e tr ic  s tudy 

o f c h i t in  w ith  c e l lu lo s e  in  50% n i t r i c  a c id  and found th a t  the 

K va lues in  the  o r ig in a l  S taud inger v is c o s ity  equa tion  fo r  bath 

c h i t in  and wood c e llu lo s e  were s im ila r  thus in d ic a t in g  a s im i la r i t y  

in  m o lecu la r w e ig h ts .

2 .1 .2 .3  H ypo iod ite  method

Foe low molecular weight chitosans, resu ltin g  from severe

polymer deg rada tion  by s u lp h u r ic  a c id , the number average m o lecu la r

17w e igh t Mn was determ ined by the  h y p o io d ite  method . This is  a 

techn ique  th a t  was developed f o r  measuring c e llu lo s e  m o lecu la r w e igh ts  

and in v o lv e s  the  d e te rm in a tio n  o f the  aldehyde end group by o x id a t io n .  

The h y p o io d ite  s o lu t io n  c o n s is ts  o f  an a lk a lin e  s o lu t io n  o f io d in e  

w ith  the  o x id is in g  species being u n d isso c ia te d  hypaiodaus a c id .

The re a c tio n s  in vo lve d  may be represen ted  by equa tions (1 ) and (2 )

I  + QH“  *  HID + I""  (1 )

R -CH0 + HID > RC02H + HI ...................   (2 )

The amount o f  io d in e  converted  to  io d id e  is  determ ined by th ia s u lp h a te  

t i t r a t i o n  and is  ubed to  c a lc u la te  the  number o f aldehyde groups 

o x id is e d . In  i t s  a p p lic a t io n  to  c e l lu lo s e  the method has been the 

s u b je c t o f co n s ide rab le  c r i t ic is m ,  awing to  the fa c t  th a t  when using 

scoured co tton ,, which has no aldehyde groups, io d in e  is  s t i l l  consumed, 

which makes the techn ique too  in s e n s it iv e  fa r  low aldehyde co n te n ts .



A second f la w , o f  im portance w ith  o x id is e d  samples, is " th e  a b i l i t y

□ f the  a lk a lin e  reagent to  produce new reduc ing  groups, by cha in

s c is s io n ,  w h ile  the measurement is  being made. When co n s id e rin g

ch ito sa n  ra th e r  than c e l lu lo s e ,  due to  i t s  a lk a lin e  p ro d u c tio n

techniques, end groups are l i k e l y  to  be in  non-reducing  forms and

th is ,  a l l ie d  to  the fa c t  th a t  io d in e  has been shown to  have an

18e x c e lle n t  a f f i n i t y  fo r  ch ito s a n  , cas ts  same doubt an the accuracy 

o f the re s u lts  u s in g u tb is  method.

2 .1 .3  L ig h t s c a t te r in g  techn iques

2 .1 .3 .1  In tro d u c tio n

The s c a t te r in g  o f  l i g h t  occurs whenever a beam o f l i g h t  encounters 

m a tte r . The n u c le i and e le c tro n s  undergo induced v ib ra t io n s  in  phase 

w ith  the  in c id e n t l i g h t  and a c t as sources o f l i g h t  which is  propagated 

in  a l l  d ire c t io n s ,  w ith  the same wavelength as the  e x c it in g  beam.

The theo ry  o f  l i g h t  s c a t te r in g  when a p p lie d  to  the m o lecu la r w e igh t 

o f la rg e  m olecules is  complex bu t is  expressed in  the m o d ifie d  

Debye equa tion  (3 ) .

K .c /R g0 » H .c / t = 1/Mw P(9) + 2A2c ........................... .(3)

t as t u r b id i t y  -  the  t o t a l  s c a t te r in g  in te rg ra te d  over a l l  angles 

n r- r e f r a c t iv e  index 

1 -  wavelength o f the  l i g h t  

IM = Avo.gadro's number

where K = ^
N X

dn 2

o dc 3 N X dc o

c = c o n c e n tra tio n

Mw » w e igh t average m o lecu la r w e igh t



Rgo = Rayle igh r a t io  a t 90°

A,., a second v i r i a l  c o e f f ic ie n t  

dn s p e c i f ic  r e f r a c t iv e  increm ent
n

P'l 0) 2 -  average dim ension

In  p ra c t ic e  the  l e f t  hand s id e  o f  the  equa tion  is  p la t te d  aga inst.
2

S in 9 /2  + kc r e s u lt in g  in  a r e c t i l in e a r  g r id  known as a Simm p lo t  

(F ig u re  A ). E x tra p o la tio n  o f t h is  p lo t  to  both c =  o and -  o 

g ives  c o n d it io n s  where P(e) » 1 and thus

K .c /R g o « J L  + 2A2c .............................(A)

Mw

Thus beyond the  measurement o f  t o r  R6 on ly  the  r e f r a c t iv e  index and 

the  s p e c if ic  r e f r a c t iv e  increm ent re q u ire  expe rim en ta l d e te rm in a tio n . 

The. la t t e r  q u a n tity  is  a co ns tan t f o r  a g iven  polym er, s o lv e n t and 

tem pera ture  and is  measured w ith  an in te r fe ro m e te r  o r a d i f f e r e n t ia l  

re fra c to m e te r. t is  re la te d  to  the  in te n s ity  o f the  p rim ary beam 

be fo re  and a f te r  passing th rough the  s c a t te r in g  medium.

I / I Q = e ' T 1  (5 )

where I  = i n i t i a l  in te n s ity  

I = reduced in te n s it y  

, 1 -  path le n g th

The l i g h t  s c a t te r in g  in s tru m e n t measures the  s c a tte re d  l i g h t  

in te n s ity  a t d i f f e r e n t  ang les , us ing  p h o to e le c tro n ic  in s tru m e n ta tio n .

Samples prepared f o r  l i g h t  s c a t te r in g  must be fre e  from extraneous 

m a te r ia ls  th a t  may them selves cause s c a t te r in g ,  and re q u ire  to  be
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c la r i f i e d  by f i l t r a t i o n  o r u l t r a c e n t r ig u fa t io n .  The s o lv e n t cho ice  

is  also, im p o rta n t, w ith  the  d if fe re n c e  in  r e f r a c t iv e  index between the  

polymer and s o lv e n t being as la rg e  as p o s s ib le . In  the  2imm p lo t  

Mu is  the in ve rse  o f the  in te rc e p t  a t  c -  Q and 9 = 0 . The second 

v i r i a l  c o e f f ic ie n t  is  c a lc u la te d  from  the  s lopes o f the  9 -  □ l in e  

by equa tion  O ) .  The ra d iu s  o f g y ra t io n  is  de rive d  from the s lope  o f 

th e ; zero c o n c e n tra tio n  l in e  as a fu n c t io n  o f a n g le . The ra d iu s  o f 

g y ra t io n  g ives  a rough in d ic a t io n  o f the  s iz e  o f the  random polymer 

c o i l .

2 .1 .3 .2  L ig h t s c a t te r in g  s tu d ie s  on c h i t in  and c h ito sa n

19Wan Duin and Hermans in  experim ents in v e s t ig a t in g  the e f fe c t  

o f io n ic  s tre n g th  on the  m o lceu la r w e igh t o f c h ito s a n , used l i g h t  

s c a t te r in g  as a techn ique  fo r  m o lecu la r weight d e te rm in a tio n s .

Using, the  w ater s o lu b le  ch ito sa n  h yd ro c h lo r id e  in  aqueous sodium 

c h lo r id e  they re p o rte d  th a t  the m o lecu la r w e igh t increased w ith  

decreasing io n ic  s tre n g th  and th a t  the  ra d iu s  o f g y ra t io n  a lso  increased 

w ith  decrease in  io n ic  s tre n g th . The la t t e r  tre n d  is  one th a t  would 

be expected because o f the  osm otic e f fe c t  which increases w ith  decreas

in g  s a l t  c o n ce n tra tio n .. The s p e c i f ic  m o lecu la r w e igh ts  were found to

5be o f the  o rde r o f 2 x1D g w ith  the  increase  in  m o lecu la r w e igh t 

w ith  decrease, in  io n ic  s tre n g th  being a t t r ib u te d  to  a s s o c ia tio n  o f  

the  polym er.

The use o f aqueous sodium c h lo r id e  s o lu t io n s  as a l i g h t  s c a t te r in g
20

s o lv e n t was re p o rte d  by IMagasawa e t a l . in  t h e i r  in v e s t ig a t io n

o f the supij^hation o f po lysaccha rides  by s u lp h u r ic  a c id .  The m o lecu la r

5w e igh t Mw was re po rte d  to  be 1.2 x10 g fo r  c h ito s a n . The assumption 

th a t  c h i t in  a lso  had the  same m o lecu la r w e igh t was made a lthough 

i t  w i l l  alm ost c e r ta in ly  be h ig h e r as a r e s u l t  o f  the in e v ita b le  

degrada tion  in  producing ch ito s a n  from c h i t in .
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21M u z z a re ll i,  F e rre ro  and P iz z o l i  determ ined the  m o lecu la r w e igh t 

□ f ch ito sa n  by l i g h t  s c a t te r in g  in  8.5% fo rm ic  a c id  p lu s  Q.5M sodium 

form ate and found good, agreement w ith  the re s u lts  ob ta ined  by Nagasawa' 

f o r  com m erc ia lly  prepared c h ita s a n s . However s ince  the methods o f 

is o la t io n  and de -J \[-a ce ty la tio n  w i l l  , a f fe c t  the m o lecu la r w e igh t, exact 

agreement between two groups o f workers must be fo r tu i to u s  un less 

they both used the same samples. The sodium form ate  was' added to  the', 

s o lv e n t to  reduce the  p o ly e le c t r a ly te  e f fe c t .  Th is is  caused b y  

the  a b i l i t y  o f the  amino groups on the polymer to  became p ro to n a te d .

At h igh  co n c e n tra tio n s  the  ch ito s a n  m olecules are c lo se  to g e th e r 

and the  form ate coun te r ions remain in  the m o lecu la r domain.

At low er c o n c e n tra tio n s  the coun te r ions  tend to  d i f fu s e  away from 

the polymer m olecu les, to  a l im ite d  e x te n t.  This causes an increase  

in  the e f fe c t iv e  charge r e s u lt in g  in  a mare extended po lym eric  

s t ru c tu re .  The presence a f sodium fo rm ate  he lps to  reduce t h is .

2 .1 .3 .3  L ig h t s c a t te r in g  s tu d ie s  on c h i t in  and ch ito s a n  d e r iv a tiv e s .

The re lu c ta n c e  o f c h i t in  to  d is s o lv e  in  co n ve n tio n a l s o lv e n t 

systems appeared to  be the  m ajor drawback fo r  the d e te rm in a tio n  o f

2Pm olecu la r w e igh t by l i g h t  s c a t te r in g .  However Hackman and Goldberg *” 

used w ater s o lu b le  c h i t in  d e r iv a t iv e s  fo r  l i g h t  s c a t te r in g  s tu d ie s . 

They used two d e r iv a t iv e s ,  C T-carboxym ethylch itin  and Q_-(2-hydroxy- 

e t h y l ) c h i t in .

Carbaxymethyl c h i t in  can be prepared by the a c t io n  o f  m onochlaro-

23a c e t ic  a c id  on a l k a l i  c h i t in  . The c h i t in - has to  be p re tre a te d  w ith  

a l k a l i  p r io r  to  re a c t io n ,  and th is  may cause d e g ra d a tio n . For goad 

w ater s o lu b i l i t y  the  sodium co n te n t o f  the carboxym ethyl c h i t in  must



be in  excess o f 6%. I t  is  a ls o  p o s s ib le  to  produce carboxym ethyl

c h ito s a n  from carboxym ethyl c h i t in  v ia  d e -N -a c e ty la tio n . The c h ito sa n

2kanalogue has been produced by Dkimasu and used f a r  l i g h t  s c a t te r in g  

experim ents .

H yd roxye thy l c h i t in s  can be prepared by the  e th e r i f ic a t io n  o f

25a lk a l i  c h i t in  w ith  e thy le ne  oxide . For l i g h t  s c a t te r in g  work the

two w a te r-s o lu b le  c h i t in  d e r iv a t iv e s  were d is s o lv e d  in  aqueous sodium

c h lo r id e .  The s a l t  c o n c e n tra tio n  range in v e s tig a te d  was between

□ .□1 and 2.5M. In  a d d it io n  to  the  two s o lu b le  d e r iv a tiv e s , c h i t in

i t s e l f  was d isso lve d  in  aqueous l i th iu m  th io cya n a te  and from the

Zimm p lo ts  o b ta ined , the  w e igh t-average  m o lecu la r w e igh ts , the

Z- average r a d i i  o f  g y ra t io n  and the second v i r i a l  c o e f f ic ie n ts

were, c a lc u la te d . For carboxym ethyl c h i t in  in  2.5M WaCl and c h i t in

in  5.5M LiSCIM the  average degree o f p o ly m e ris a tio n  was found to  be

app rox im a te ly  52D0. At these h igh  s a l t  c o n ce n tra tio n s  the re  is  l i t t l e

lik e ly h a a d  o f a s s o c ia tio n  o f the  m o lecu la r cha ins and thus no o r ve ry

l i t t l e  deg rada tion  has occured in  the  m anufacture o f the  carboxym ethyl

c h i t i n .  For com parative  s tu d ie s  the  degree o f p o ly m e ris a tio n  is  a

more re le v e n t va lue  than m o lecu la r w e igh t s ince  the repea t u n i t

m o lecu la r w e igh ts  f o r  the c h i t in  d e r iv a t iv e s  are h ig h e r than th a t  fo r

c h i t in  a lone . When the  s a l t  c o n c e n tra tio n  was reduced the  measured

degree o f p o ly m e ris a tio n  increased  due to  m o lecu la r a s s o c ia t io n .

S im ila r  tren ds  were observed fo r  the h yd ro xye th y l c h i t i n .  These

tren ds  along w ith  the decrease in  the ra d iu s  o f  g y ra t io n  w ith  in c re a s in g

19s a l t  c o n c e n tra tio n  were s im ila r  to  those observed by VanlDbin .

The va lues ob ta ined  fo r  the  second v i r i a l  c o e f f ic ie n t  were low 

in d ic a t in y  th a t  l i t t l e  in te r a c t io n  between polymer and s o lv e n t had 

occured. From t h e i r  r e s u lts  Hackman and Goldberg concluded th a t  in  

s o lu t io n  c h i t in  and i t s  two d e r iv a t iv e s  e x is te d  as random c o i ls  and



were p a lyd isp e rse  in  m o lecu la r w e ig h t.

The c o n tr ib u t io n  o f l i g h t  s c a t te r in g  s tu d ie s  to  the  m o lecu la r

w e igh t o f c h ito sa n  and c h i t in  confirm ed th a t  the m o lecu la r w e igh ts

o f  c h i t in  and c h ito sa n  were very d i f f e r e n t .  These d iffe re n c e s  are

a t t r ib u te d  to  the  severe deg ra da tion  o f  the  c h a in . th a t  takes p lace

d u rin g  the  p ro d u c tio n  process caused by the  s tro n g ly  a lk a lin e

c o n d it io n s  re q u ire d  fo r  d e a c e ty la t io n . By the  use o f le ss  severe 

11 12reagents ’ and c o n d it io n s  i t  is  p o s s ib le  to  reduce th is  deg rada tion  

to  some e x te n t.

2 .1 .4  U lt r a c e n tr ifu g a t io n  techn iques

2 .1 .4 .1  D e s c r ip tio n

U lt r a c e n tr i fu g a t io n  techn iques are the most in t r ic a t e  o f the  

e x is t in g  methods fo r  de te rm in ing  the  m o lecu la r w e igh t o f h igh  polym ers, 

a lthough  they are fa r  more s u c ce ss fu l in  a p p lic a t io n  to  compact 

p ro te in  m olecules than to  random c o i l  po lym ers. The u lt r a c e n tr i fu g e  

method opera tes on the p r in c ip le  th a t  heavy p a r t ic le s  sediment 

fa s te r  in  a g r a v ita t io n a l f i e l d  than l i g h t  ones. The polymer s o lu t io n  

is  spun in  a c e l l  which is  he ld  in  a r o to r .  Both c e l l  and r o to r  are 

p rov ided  w ith  windows th a t  p e rm it o b se rva tio n  o f the course o f 

sed im en ta tion  by o p t ic a l methods. E xperim enta l data is  ob ta ined 

in  the  form  o f a curve o f d n /d r versus r  where n is  the  r e f r a c t iv e  

index and r  is  the d is ta n ce  from the  ce n tre  o f r o ta t io n  to  the p o in t 

o f  o b se rva tio n  in  the c e l l .  I t  is  p a s s ib le  to  re la te  th is  data to  

a m o lecu la r w e igh t va lu e , u s u a lly  Mw. There are two modes o f o p e ra tio n  

o f the  u l t r a c e n t r i fu g e .



a) Sed im enta tion  e q u il ib r iu m ;

In  the  sed im en ta tion  e q u il ib r iu m  method the u l t r a c e n tr i fu g e  is  

operated a t  law speeds a f r o ta t io n  f a r  up to  two weeks under cons tan t 

c o n d it io n s . A thermodynamic e q u il ib r iu m • is . reached in  

which the polymer is  d is t r ib u te d  in  the  c e l l  s o le ly  accord ing  to  

m o lecu la r w e igh t and m o lecu la r w e igh t d is t r ib u t io n ,  the  fo rc e  o f 

sed im en ta tion  an each species being ju s t  balanced by t h e ir  tendency 

to  d if fu s e  back a g a in s t the  c o n c e n tra tio n  g ra d ie n t.  Under these 

c o n d it io n s  i t  is  p o s s ib le  to  d e r iv e  an equa tion  based on thermo

dynamic p r in c ip le s  th a t  c o r re la te s  the  m o lecu la r w e igh t w ith  the 

r e f r a c t iv e  index data from the  u l t r a c e n t r i fu g e .  I t  is  a lso  p o s s ib le  

to  reduce the  tim e o f the experim ent by ta k in g  read ings  a t the 

meniscus and a t the bottom o f the  c e l l ,  where i t  is  assumed th a t  

c o n d it io n s  approach those o f e q u il ib r iu m . A s e r ie s  o f measurements 

o f d n /d r are made a t these two p a in ts  a t va ry in g  tim e in te r v a ls  and 

e x tra p o la te d  to  zero tim e . Far th is  m o d ifie d  techn ique h ighe r speeds 

are used.

b) S ed im entation v e lo c ity ;

In  t h is  experim ent the  u l t r a c e n t r i fu g e  is  operated a t h igh speeds. 

A t the  s t a r t  o f  sed im e n ta tion  the c o n c e n tra tio n  o f polymer in  s o lu t io n  

is  un ifo rm  th roughou t the  c e l l .  As the  s o lu t io n  is  spun the m olecules 

move downwards. A f te r  a tim e , t ,  th e re  is  a band <5:x ce n tim e tre s  

long a t the  top o f the  c e l l  where th e re  are no m o lecu les . Also 

du rin g  the  tim e in te r v a l  t  a l l  the m olecules i n i t i a l l y  in  a band 6 x 

cen tim e tre s  above the bottom o f  the c e l l  become packed a t the  bottom . 

The p o lym e r-fre e  volume o f the  c e l l  is  separated from the bu lk  o f the 

s o lu t io n  by a boundary known as the sed im en ta tion  boundary. The 

boundary moves towards the  bottom o f the c e l l  as sed im en ta tion
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proceeds. I t  is  the  v e lo c ity  and p o s it io n  o f the  boundary th a t is  

measured in  an a n a ly t ic a l u l t r a c e n t r i fu g e .  The theo ry  assumes th a t  

d i f fu s io n  is  n e g lig ib le  a lthough  t h is  is  n o t u s u a lly  the  case. At 

the  s t a r t  o f  sed im e n ta tion  the  m olecu les are a cce le ra te d  but la te r  

when c e n t r i fu g a l fo rc e  is  balanced by f r i c t i o n a l  re s is ta n c e  the 

v e lo c ity  o f  sed im e n ta tion  becomes c o n s ta n t. Under these c o n d it io n s  

i t  is  p o s s ib le  to  o b ta in  an exp ress ion  fo r  the  m o lecu la r w e igh t in  

term s o f measurable q u a n t i t ie s .

2 .1 .A .2 U lt r a c e n tr ifu g a t io n  s tu d ie s  on c h i t in  and ch ito s a n  

26Lee re p o rte d  both  the  w e igh t average and the number average 

m o lecu la r w e igh ts  v ia  u l t r a c e n t r i fu g a t io n  fo r  th re e  samples o f c h ito s a n . 

The w e igh t average m o lecu la r w e igh t was used fo r  the d e te rm in a tio n  o f 

K and.;ja, the  cons tan ts  from the  m o d ifie d  S taud inger equa tion  

(see S e c tion  2 .1 .6 .2 ) .

2 .1 .5 .  High pressure  l iq u id  chromatography techn iques

2 .1 .5 .1  D e s c r ip tio n

High pressure  l iq u id  chromatography (HPLC) a p p lie d  to  m o lecu la r 

w e igh t d e te rm in a tio n s , is  b a s ic a l ly  a h igh pressure  m o d if ic a t io n  o f 

g e l perm eation techn iques (GPC). High pressures are used to  o b ta in  

s h o r te r  a n a ly s is  tim es and fa s te r  f la w  ra te s .  Columns are u s u a lly  

packed w ith  e i th e r  c ro s s - lin k e d  po lys ty re n e s  o r s i l i c a s .

In  genera l chrom atographic processes may be d e fin e d  as those in  

which the  s a lu te  is  tra n s fe r re d  between two phases, one o f which is  

s ta t io n a ry  and the  o th e r m o b ile . In  GPC both phases are l iq u id  bu t



in  c o n tra s t to  most l i q u id - l iq u id  chrom atography, where the  two 

l iq u id s  are im m is c ib le , the  two phases are the  same l iq u id  ( s o lv e n t) .  

The column is  packed w ith  porous g e l p a r t ic le s  w ith  the two l iq u id  

phases being d i f fe r e n t ia te d  on ly  in  th a t  the s ta t io n a ry  phase is  th a t  

p a r t  o f  the  s o lv e n t which is  in s id e  the  parous g e l,  w h ile  the m obile  

phase is  o u ts id e . The pores in  the  g e l should be the  same s iz e  as the 

dimensions o f the polymer m o lecu le .

A sample o f  d i lu te  polymer s o lu t io n  is  in tro d u ce d  in to  the  s o lv e n t 

stream , as i t  f lo w s  past the  porous g e l the polymer m olecu les can - ' f ' n  

d i f fu s e  in to  the in te r n a l pore s tru c tu re  c f  the  g e l to  an e x te n t 

depending on t h e i r  s iz e  and an the  p o re -s iz e  d is t r ib u t io n  o f the  g e l.  

Larger m olecules can on ly  e n te r a sm a ll f r a c t io n  o f the  in te r n a l 

p o r t io n  o f the  g e l,  o r are com p le te ly  excluded, whereas sm a lle r 

m olecu les pen e tra te  a g re a te r f r a c t io n  o f the in t e r io r  o f the g e l.

Hence the  la rg e r  the  m olecu le the  le s s  tim e i t  spends in s id e  the g e l 

and the  q u ic k e r i t  f lo w s  through the column. The d i f f e r e n t  m o lecu la r 

spec ies are e lu te d  from  the column in  o rde r o f t h e ir  m o lecu la r s iz e , 

the  la rg e s t  emerging f i r s t .

I t  is  usua l to  measure the  re te n t io n  o f a s e r ie s  o f polymers o f 

narrow m o lecu la r w e igh t d is t r ib u t io n s  to  p rov id e  a c a l ib r a t io n  curve 

o f re te n t io n  volume versus m o lecu la r w e ig h t.

2 .1 .5 .2  HPLG s tu d ie s  w ith  ch ito s a n

In  o rde r to  study the  v a r ia b le s  in  the ch ito sa n  m anufactu ring

27 pflprocess in  r e la t io n  to  m o lecu la r w e igh t d is t r ib u t io n  f kJu e t a l .

developed a method using HPLC. A c a l ib r a t io n  curve was obta ined

using  a s e r ie s  o f dex tran  samples whose m o lecu la r w e igh ts  ranged

6from  10,000 to  2 x' 10 . The number average and w e igh t average



m o le cu la r w e igh ts  o f these samples had p re v io u s ly  been determ ined 

by g e l f i l t r a t i o n  and l i g h t  s c a t te r in g  techn iques re s p e c t iv e ly .

The c a l ib r a t io n  curve fa r  the  dex tran  standards was p lo t te d ,  based?' 

on the  peak e lu t io n  volumes a g a in s t the lo g a rith m  o f the  m o lecu la r 

w e ig h t. From these p la ts  the  e lu t io n  volumes o f c h ito s a n  samples under 

s im ila r  c o n d ito in s  cou ld  be re la te d  to  m o lecu la r w e ig h t. The techn ique  

makes the assumption th a t  dex tran  and c h ito sa n  have s im ila r  re la t io n - .-  

sh ips  between t h e ir  m o lecu la r volumes and m o lecu la r w e ig h ts . The 

c r i t e r i a  fo r  s e p a ra tio n  in  the column is  based on s iz e  and no t w e ig h t. 

C h itosan in  s o lu t io n  behaves as a p o ly e le c t r o ly te  and in  the absence 

o f  added e le c t r o ly te  w i l l  be mare expanded than fa r  the  n o n -io n ic  

d e x tra n . Thus the  assum ption may n o t be e n t i r e ly  v a l id .

2 .1 .6  W iscom etric techn iques

2 .1 .6 .1  D e s c r ip tio n

One o f  the  most u s e fu l methods fo r  the  e v a lu a tio n  o f polymer 

m o lecu la r w e igh ts , w ith  re sp e c t to  accuracy, speed and expense, 

is  d i lu t e  s o lu t io n  v is c o m e try . This is  b a s ic a l ly  a measure o f the  

s iz e  or ex tens ion  in  space o f polymer m olecules and is  e m p ir ic a lly  

re la te d  to  m o lecu la r w e igh t f o r  l in e a r  po lym ers.

Measurements o f s o lu t io n  v is c o s ity  are u s u a lly  made by comparing

the  e f f lu x  tim e , t ,  re q u ire d  f a r  a s p e c i f ic  volume o f polymer s o lu t io n

to  f lo w  through a c a p i l la r y  tube w ith  the correspond ing  e f f lu x  tim e ,

t  , f o r  the s o lv e n t.  Using t ,  t  and c , the  s o lu te  c o n c e n tra tio n ,o o 1

the  fo llo w in g  d e f in i t io n s  can be made:

= v is c o s ity  o f s o lv e n t 

n = v is c o s ity  o f  s o lu t io n

t̂ , = v is c o s ity  r a t io  = n / r i  n = t / t
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ri *  s p e c if ic  v is c o s ity  = n -1 = ( t  -  t  ) / t  sp • 7 r  a □

nred ~ ^sp^0 = v i scasi^ y  number

L 11]  = l im i t in g  v is c o s ity  number = C11 Sp /C^c _  a

V is c o s ity  is  re la te d  to  m o lecu la r w e igh t us ing the m od ifie d  

S taud inger equa tion  (e qua tion  6)

[n  ]  = HMva ....................................(6 )

where Mv == v is c o s ity  average m o le cu la r w e igh t, and K_ and â  are 

c o n s ta n ts . They are fu n c t io n s  o f both  the polymer and s o lv e n t.

The cons tan t a is  a measure o f the  ex tens ion  o f the polymer cha ins , 

and v a r ie s  between 0 .5  f o r  com p le te ly  c o ile d  polymers to  2 f o r  

t o t a l l y  extended ch a in s . I f  the  va lue  o f a_ is  u n ity  then the w e igh t 

average m o lecu la r w e igh t can be s u b s t itu te d  in to  the eq u a tio n .

I f  however a_ is  no t u n ity  and the  polymer is  p o lyd isp e rse  then on ly  

the  va lue o f Mv is  a p p lic a b le  to  the  e q u a tio n .

For the d e te rm in a tio n  o f and £  i t  is  necessary to:, measure 

the  v is c o s it ie s  o f a s e r ie s  o f f ra c t io n a te d  samples o f known m o lecu la r 

w e igh ts  and haying narrow m o lecu la r w e igh t d is t r ib u t io n s ,  where 

Mv » Mw and a = 1.

29P r io r  to  t h is  th e s is  and the  au tho rs  p u b lic a t io n  th e re  has

been on ly  one re p o r t  in  the l i t e r a t u r e  concern ing v is c o m e tr ic  cons tan ts

26 ? 1 f o r  c h ito sa n  . The and a_ va lues were re p o rte d  as 8.93 x 10 cm g

and 0.71 re s p e c t iv e ly  in  a s o lv e n t system o f 0.2M a c e t ic  a c id  -

□.1M sodium c h lo r id e  -  ^M u rea . The cons tan ts  were determ ined using

th re e  samples o f  c h ito s a n  o f va ry in g  m o lecu la r w e igh ts  produced by

m echanical shear d e g ra d a tio n . The l im i t in g  v is c o s ity  number o f each

sample was determ ined and re la te d  to  the  w e igh t average m o lecu la r

w e igh t o f  the sample which was found by u l t r a c e n t r i fu g a t io n  methods
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in  the  same s o lv e n t system . However the  re s u lts  from the  u l t r a -  

c e n tr ifu g e  techn ique show th a t  the  ch ito s a n  samples used d id  no t

haVe narrow m o lecu la r w e igh t d is t r ib u t io n s  and thus Mw cannot be

assumed to  be the  same as Mv. Thus a t best the  cons tan ts  can on ly

be a p p lie d  to  the  d e te rm in a tio n  o f m o lecu la r w e igh t fo r  samples

w ith  a s im ila r  m o lecu la r w e igh t d is t r ib u t io n  to  those used in  the

d e te rm in a tio n  o f and a_.

2 .2  S tru c tu ra l c h a ra c te r is a t io n  o f ch ito sa n

2 .2 .1  In tro d u c tio n

There are two approachs to  the  d e te rm in a tio n  o f the  e x te n t o f  

N -a c e ty la tio n  o f c h ito s a n  -  e i th e r  d i r e c t  e s tim a tio n  o f  the amide 

group o r d e te rm in a tio n  o f  the  re s id u a l f re e  amine c o n te n t. The 

la t t e r  approach is  more o fte n  used because in  gene ra l the amine 

groups are more abundant in  c h ito s a n , and are more v e r s a t i le  w ith  

re sp e c t to  t h e ir  a b i l i t y  to  re a c t w ith  a range o f reage n ts . Various 

methods have been developed to  determ ine the degree o f _N -ace ty la tian , 

a lthough  few o f them have been d i r e c t ly  -compared. The va riou s  

techn iques may be c o n v e n ie n tly  d iv id e d  in to  chem ica l and p h y s ic a l 

methods.

2 .2 .2  Chemical techn iques

2 .2 .2 .1  T i t r im e t r ic  methods

a) P o te n tio m e tr ic  methods;

12This method was developed by Broussignac and fo llo w s  the  t i t r a 

t io n  o f a s o lu t io n  o f ch ito sa n  in  the presence o f excess a c id , w ith  

a lk a l i ,  by p o te n t io m e tr ic  means. Broussignac re p o rte d  th a t  the 

t i t r a t i o n  curve has two in f le c t io n  p o in ts .  The f i r s t  p o in t  was 

in te rp re te d  as being e q u iv a le n t to  the  amount o f  a lk a l i  re q u ire d
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to  n e u tra l is e  the excess a c id  p re s e n t. The volume- d if fe re n c e  between 

the  two in f le c t io n  p o in ts  was assumed to  correspond to  the amount

o f a lk a l i  re q u ire d  to  n e u tra l is e  the p ro tana ted  amine groups and
!

from  th is  the fre e  amine groups arid thus the  degree o f ftk -ace ty la tio n  

cou ld  be assessed.

The e x te n t o f  de -ftH -ace ty la tion50 o f  an a lk a l i  c h i t in  prepared^ 

by s teep ing  c h i t in  in  aqueous sodium hydrox ide  and d is s o lv in g  by the 

a d d it io n  o f  crushed ice ,w as found by fa llo w in g  the  uptake o f hydro

c h lo r ic  ac id  by the  f re e  amine groups using a pH m e te r. This te c h -

32nique is  a m o d if ic a t io n  o f the  method fo r  the d e te rm in a tio n  o f the 

degree o f d e -N -a c e ty la tio n  o f g ly c o l c h i t in .

b) In d ic a to r  t i t r a t io n s  

33Moore made use o f the  in s o lu b i l i t y  o f c h ito s a n  in  r e la t iv e ly  

concen tra ted  a c id  s o lu t io n s  to  e va lua te  the  fre e  amine con ten t o f 

the sample. Heterogeneous tre a tm e n t o f  c h ito sa n  was c a r r ie d  out 

us ing  0.5M h y d ro c h lo r ic  a c id  w ith  tre a tm e n t tim es o f 72 hours.

The excess a c id  was then t i t r a t e d  a g a in s t sodium hydrox ide  using 

p h e n o lp h th a le in  as in d ic a to r ,  the reby  enab ling  the volume o f ac id  

re q u ire d  to  n e u tra l is e  the  p rim ary  amine groups to  be de term ined .

The re s u lts  f o r  the  degree o f  N _-ace ty la tion when compared to  o th e r 

methods were o o n s is ta n t ly  h igh  and were exp la ined  on the bas is  o f the 

Donnan membrane e f fe c t .  Th is  theo ry  is  a p p lic a b le  to  sem i-permeable 

membranes, and in  the  case o f  heterogeneous a c id im e try  the  ch ito s a n  

can be considered to  a c t in  a s im ila r  way to  a sem i-permeable 

membrane. The theo ry  takes in to  account the r e la t io n s h ip  o f the  

io n ic  co n c e n tra tio n s  on e ith e r  s id e  o f the membrane as fo llo w s :



In  the e x te rn a l phase

[ C l - ] e x t = [H +] Ext

w h i ls t  in  the in te r n a l phase

[ C T ] .  , = [H +] .  , + [-NH + ]. . m t  m t  3 m t

s in ce

c a - 3 l f l t  X CH+] i n t  = [ C l - ] e x t  X [H +3e x t

i t  fe llo w s  th a t

CH+]e x t  > CH+] ln t

Hence uhe in te r n a l aqueous phase w i l l  have a low er c o n c e n tra tio n  

o f hydrogen ions than w i l l  the  e x te rn a l phase and hence the  re s u lts  

w i l l  in d ic a te  a low er f re e  amine c o n te n t.

The problem o f the  Donnan e f fe c t  can be r e a d i ly  negated by the

34use o f w a te r-s o lu b le  d e r iv a t iv e s .  Hayes and Davies used the 

w a te r-s o lu b le  ch ito sa n  h y d ro c h lo r id e  s a l t  in  t i t r a t io n s  a g a in s t 

sodium h yd ro x id e . These were c a r r ie d  ou t both p o te n t io m e tr ic a l ly  

and by the  use o f p h e n o lp h th a le in  as in d ic a to r  to  y ie ld  id e n t ic a l 

r e s u lts .  The method has the  advantage th a t  i t  is  d i r e c t ly  measuring 

the  p ro tona ted  fre e  amine groups, w ith o u t having to  i n i t i a l l y  n e u tra l is e  

any excess a c id .  Furtherm ore th e re  is  no problem o f ensuring  th a t  

the  amine groups are a cce s s ib le  du rin g  the  p ro ta n a tio n  s te p . The 

h y d ro c h lo r id e  s a l ts  were prepared from ch ito sa n  s o lu t io n s  in  aqueous 

a c e t ic  a c id  by the  a d d it io n  o f concen tra ted  h y d ro c h lo r ic  ac id  which 

causes the  c h ito sa n  to  p r e c ip i ta te  as the h yd ro c h lo r id e  s a l t .



c ) C o llo id  t i t r a t i o n ;

35The term c o l lo id  t i t r a t i o n  is  the  name g iven  to  the  t i t r a t i o n  

between p o s i t iv e ly  and n e g a tiv e ly  charged h igh  m o lecu la r w e igh t 

io n ic  compounds. The io n ic  com bination  between the  ions  g e n e ra lly  

occurs s to ic h io m e t r ic a l ly  and r a p id ly ,  even in  d i lu te  s o lu t io n s ,  

and hence can be used fa r  v o lu m e tr ic  t i t r a t io n s .  The end p o in ts  

o f  such re a c tio n s  can be fo llo w e d  by the  metachromic e f fe c t  o f the 

polymer ions an c e r ta in  dyes which e x h ib i t  la rg e  s h i f t s  in  max 

an a d d it io n  o f m inute excesses o f a p a r t ic u la r  polymer io n .

There are two methods used f o r  the  t i t r a t io n s .  The f i r s t  in v o lv e s  

the  d i r e c t  t i t r a t i o n  o f  a c a t io n ic  p o ly e le c t r o ly te  w ith  an a n io n ic  

p a ly e le c tm ly te  using a metachromic c a t io n ic  dye as an in d ic a to r .

The m o la r ity  o f  the- t i t r e  s o lu t io n  must be known and is  de fined  as 

the  c o n c e n tra tio n  o f d is s o c ia b le  groups o f the  a n io n ic  p o ly e le c t-  

r o ly te  in  one l i t r e  o f s o lu t io n .  A b lank t i t r a t i o n  is  a lso  c a r r ie d  

ou t w ith  the  d if fe re n c e  between the  two t i t r e s  a t the  same pH being 

taken as a measure o f the  c o n c e n tra tio n  o f d is s o c ia b le  groups o f the  

c a t io n ic  p a ly e le c t r o ly te  in  s o lu t io n .

The second method in v o lv e s  the  a d d it io n  o f an excess o f a s tandard  

reagent o f appos ite  charge to  the  sample, fo llo w e d  by t i t r a t i o n  o f 

the  excess w ith  a s tandard  o f the  same charge as th a t  o f the sample.

A b lank is  c a r r ie d  ou t between the two s tandard  s o lu t io n s .

C hitosan in  a c id ic  media is  a c a t io n ic  p o ly e le c t r o ly te  due to  

p ro to n a tio n  o f the f re e  amine groups and thus w i l l  combine w ith  

an a n io n ic  polymer in  s o lu t io n .

Chitosan in  the form o f  i t s  h y d ro c h lo r ic  s a l t  was t i t r a t e d  by 

T e rayan a^ using the  potassium  s a l t  o f p o ly (v in v ls u lp h o n ic  a c id )



(PUSH) as the  t i t r e  s o lu t io n .  The s o lu t io n  was m a in ta ined  a t an 

a c id  pH by a d d it io n  o f h y d ro c h lo r ic  ac id  and the  c a t io n ic  dye 

T o liu d in e  Blue was used as an in d ic a to r .  The dye changes from a

b lue  c o lo u r to  red d ish  p u rp le  in  the  presence o f excess PUSH.

At the  end o f  the  t i t r a t i o n  the  pH o f the  s o lu t io n  is  recorded and 

a b lank c a r r ie d  ou t a t  the  same pH v a lu e . The amount o f  PUSH re q u ire d  

inc reases  w ith  in c rease  in  the e x te n t o f  de-JM -ace ty la tion  o f the  

c h ito s a n , in  a q u a n t i ta t iv e  manner.

d) P r e c ip ita t io n  t i t r a t io n s ;

Standard ac id -base  techn iques in v o lv in g  ch ito sa n  are  concerned

w ith  p ro to n a tio n  o r d e p ro to n a tio n  o f the  fre e  amine g roups. However -

when the  amine groups are p ro tona ted  they are. assoc ia ted  w ith  a r

neg a tive  coun te r io n .. Far ch ito s a n  h y d ro c h lo r id e  th is  coun te r io n ,

the  c o n c e n tra tio n  o f which can be re la te d  q u a n t i ta t iv e ly  to- the amine

34c o n te n t, has been determ ined by t i t r a t i o n  w ith  s i l v e r  n it ra te ,  

us ing  the a d so rp tio n  in d ic a to r  d ic h lo ro f lu o re s c e in  to  e s ta b lis h  

the  end p o in t .  Th is is  an example o f  a p r e c ip i ta t io n  t i t r a t i o n  

in v o lv in g  a p r e c ip ita te  o f s i l v e r  c h lo r id e .  The r e s u lts  fo r  the  amine 

group con ten t correspond w e ll to  those determ ined by p o te n tio m e tr ic  

and in d ic a to r  t i t r a t io n s ,  us ing  ch ito sa n  h y d ro c h lo r id e  and sodium 

hyd ro x id e .

2 .2 .2 .2  O x id a tio n  and h y d ro ly s is  methods

a) In tro d u c t io n ;

General methods fa r  the  e s tim a tio n  o f a c e ty i. groups have been 

developed fo r  use in  po lysaccha ra ide  c h e m is try . Three such techn iques
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have been in v e s tig a te d  f a r  p a s s ib le  use in  de te rm in ing  the 

-NHCOCH  ̂ r a t io  in  c h ito s a n .

b) O x id a tio n  o f te rm in a l m ethy l groups;

A sem i-m icro  sca le  method fa r  the d e te rm in a tio n  o f a c e ty l groups,

36developed by Lemieux and Purves , in v o lv e s  the o x id a t io n  o f the  term^* 

in a l  m ethy l group and re co v e rin g  the a c e t ic  a c id  thus form ed. The 

o x id a t io n  is  achieved by h ea ting  the  sample w ith  a 30% aqueous 

s o lu t io n  o f chromium t r io x id e .  The s o lu t io n  is  then d i s t i l l e d  and 

the  d i s t i l l a t e  c o n ta in in g  the  l ib e ra te d  a c e t ic  a c id  is  t i t r a t e d  

a g a in s t sodium hydrox ide  to  a p h e n o lp h th a le in  end p o in t .  A c o r re c t io n  

has to  be made due to  a c id i t y  caused by entrapped chromium t r io x id e .  

The t i t r a t e d  s o lu t io n  is  t re a te d  w ith  sodium carbonate and s u lp h u r ic  

a c id .  The sodium carbonate conve rts  the  chromium hyd rox ide , produced 

d u rin g  the t i t r a t i o n  w ith  sodium h yd rox ide , to  chromium t r io x id e  and 

carbon d io x id e . A d d it io n  o f potassium  io d id e  causes the  l ib e r a t io n  

o f  io d in e  through o x id a t io n  by the chromium t r io x id e . .  The io d in e  

is  t i t r a t e d  w ith  th io s u lp h a te  to  determ ine the a c id i t y  due to  

entrapm ent o f chromium t r io x id e .

c )  H y d ro ly s is  o f  J\H-acetyl groups;

The method fo r  the  m ic ra e s tim a tio n  o f  a c e ty l groups by h y d ro ly s is

37was developed by E lek and H arte  and a p p lie d  to  ch ito s a n  by Sannan 

3S 39e t a l . ’ . The h y d ro ly s is  o f  the a c e ty l group is  achieved by

hea ting  w ith  a s o lu t io n  o f £ - ta lu e n e  su lphon ic  a c id .  A c e tic  ac id  

is  l ib e ra te d  as a r e s u l t  o f  the h y d ro ly s is  to g e th e r w ith  su lphu r 

d io x id e  as su lphurous a c id .  A d d it io n  o f potassium io d a te  causes the 

l ib e r a t io n  o f io d in e  which is  t i t r a t e d  a g a in s t sodium th io s u lp h a te
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to. determ ine the  ac id  p re s e n t. S ince some o f t h is  w i l l  in e v ita b ly  

be su lphurous a c id  a llow ance f o r  t h is  has to  be made. Th is  is  

achieved by d i s t i l l a t i o n  o f the  t i t r a t e d  s o lu t io n ,  which l ib e ra te s  

su lp h u r d io x id e  in to  the  d i s t i l l a t e ,  in to  s tandard  io d in e  and t i t r a t i o n  

Df the  excess io d in e .

d) O x id a tio n  o f ce-am inoglycol groups

The techn ique developed by Moore is  based upon the  o x id a t io n , 

by sodium p e r io d a te , o f  the  anhydro-D -g lucose u n its  on c e l lu lo s e  

to  y ie ld  d ia ldehyde  u n its  w ith o u t the occurrence o f  any s ide  re a c t io n s . 

D e te rm ina tion  o f the  oxygen consumption enables the  percentage o f 

anhydro-D -g lucase u n its  to  be c a lc u la te d .  When a p p lie d  to  ch ito sa n  

the  dea ce ty la te d  anhydro-D -g lucosam ine u n its  would a lso  undergo th is  

o x id a t io n ,  the  <*■-am inoa lcaho i^g roop , behaving ana logously  to  th e "  

o -g ly c o l group in  c e l lu lo s e .  However the u n its  c o n ta in in g  the 

acetam ido groups are r e s is ta n t  to  the  o x id a n t, thus d e te rm in a tio n  o f 

the  amount o f  oxygen consumed enables the  percentage o f JM-acetylated 

groups to  be c a lc u la te d .  R esu lts  ob ta ined  from th is  method were 

c o n s is ta n t ly  low when compared w ith  re s u lts  from in fra re d  a n a ly s is .

Th is was exp la ined  in  term s o f a lk a l in e  h y d ro ly s is  o f  o x id is e d  

anhydro-D-glucosam ine u n its  by the  ammonia l ib e ra te d  as a by -p roduc t 

o f  the  o x id a tio n  o f the  a-a m in o g ly c o l group. H y d ro ly s is  w i l l  a lm ost 

c e r ta in ly  lead to  the  fo rm a tio n  o f new a - g ly c o l groups re s u lt in g  

in  an inc rease  in  the p e r io d a te  consumption and hence an o ve r- 

e s tim a tio n  o f the  e x te n t o f  d e a c e ty la t io n .

2 .2 .3  P h ys ica l methods

2 .2 .3 .1  In fra re d  techn iques

A recen t development in  the  s t r u c tu r a l  a n a ly s is  o f ch ito s a n  has



been the  use o f in f r a re d  methods to  determ ine the  amide group co n te n t 

in  c h ito s a n . Amides may be c h a ra c te r is e d  by means o f the  a b so rp tio n  

bands due to  the  (\I-H and C = Oi (s tre tc h in g  v ib ra t io n s  and !\I-H deform

a t io n s .  The amide I  band is  e s s e n t ia l ly  due to  the  C ^ g  s t re tc h in g

and f o r  secondary amides in  th e  s o l id  s ta te  occur in  the  re g io n  

-1  -11630 cm to  1680 cm . The amide I I  band is  due to  IMĤ  de fo rm a tions

in  p rim ary  amides and due to  a mixed v ib ra t io n  o f f\l-H bending and

C-W s tre tc h in g  in  the  case o f secondary amides. For secondary amides

-1 -1the  band occurs in  the  re g io n  1510 cm to  1570 cm . For a ty p ic a l

—1spectrum o f  ch ito s a n  (F ig u re  5) the  amide I  band occurs a t 1665 cm

-1and the  amide I I  band a t 1550 cm .. A lthough amides show o th e r 

c h a ra c te r is t ic ,  bands in  the  spectrum most o f the  in fra re d  techn iques 

use the  amide I  o r amide I I  bands fo r  t h e ir  s t r u c tu r a l assessment. 

C onsiderab le  work has been c a r r ie d  ou t on in fra re d  methods because 

they p rov id e  a more ra p id  assay f o r  the. acetamido group an c h ito sa n  

when compared w ith  o th e r a v a ila b le  p rocedures.

. - ...Sannan e t  a l . used the  absorbance in te n s ity  o f the  'amide band

-1a t 1550 cm , from  the  spectrum o f a c h ito s a n  sample in c o rp o ra te d  

in  a KBr d is c , and p lo t te d  th is  a g a in s t the degree o f d e a c e ty la t io n

as determ ined by a c id im e try ,  A base, l in e  fa r  the measurement o f the

-1 -1 absorbance was taken from  a p a in t  a t 1900 cm to  one a t 1200 cm .

These i n i t i a l  r e s u lts  showed a co n s id e ra b le  amount o f  s c a t te r

a t t r ib u te d  to  the  e f fe c t  o f  the  hygroscop ic  na tu re  o f the  c h i t in ,

on the  accuracy o f  w e igh ing  the  m a te r ia l.  To e lim in a te  such e r ro rs

-1 -1 the  absorbance a t  1550 cm was d iv id e d  by th a t a t 2878 cm and

-1p la t te d  a g a in s t the degree o f d e a c e ty la t io n . The band a t 2878 cm 

due to  C-H s tre tc h in g  v ib ra t io n s  was assumed tD be 'un a ffe c te d  by the 

extent, o f  d e a c e ty la t io n  and was measured using a base l in e  from
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-1  -13QD0 cm to  1900 cm . A reasonable  l in e a r  re la t io n s h ip  uas found 

betueen the r a t io  anc* 'the degree o f d e a c e ty la t ia n .

The method o f Sannan uas a p p lie d  to  ch itosa ns  having h igh  degrees

A1o f d e a c e ty la t ia n  by Miya e t a l . , uha found th a t  a t degrees o f

d e a c e ty la t io n  g re a te r  than 90% the  in fra re d  re s u lts  d ive rg e  from those

35ob ta ined  by the  method o f c o l lo id  t i t r a t i o n  . For t h is  reason
. 'I

the amide I  band a t 1665 cm , p re v io u s ly  suggested by Moore and 

AORoberts , uas chosen fa r  the  measurement o f absorbance, us ing a

-1base l in e  from the  shou lde r a t 1700 cm to  the  tu rn in g  p o in t a t

-1 -11620 cm . The second absorbance band a t 2878 cm uas re ta in e d  bu t

the base l in e  uas draun from the  shou lde r at:3G1Q cm to  the  tu rn in g  

-1p o in t  a t  2800 cm . Using these c r i t e r i a  a p lo t  o f  the  r a t io  

^1665^2878 versU5 Degree o f d e a c e ty la t ia n  revea led  a smooth curve 

uh ich  is  n e a rly  l in e a r  in  the  range 90 -  100% d e a c e ty la te d .

The use o f the  amide I  band a t 1665 cm uas i n i t i a l l y  suggested 

A0by Moore and Roberts uho in v e s tig a te d  the in fra re d  spectrum o f

c h ito sa n  in  bath f i lm  and KBr d is c  form  u i th  re sp e c t to  the degree

-1o f d e a c e ty la t ia n . The band a t 1665 cm uas chosen in  p re fe rence

to  the  amide I I  band because a t  lo u  e x te n ts  o f N -a c e ty la tio n  the

-1  -1 amide I I  band appears a t 1595 cm and s h i f t s  to  1550 cm as the

e x te n t o f  N -a c e ty la tio n  in c re a s e s . This e x p la in s  the  d ivergence

betueen the  in f ra re d  and t i t r a t i o n  re s u lts  subsequently  re p o rte d  

A1by Miya e t a l . . Th is s h i f t  uas a t t r ib u te d  to  the g ra d u a l d is ru p t io n

o f hydrogen banding in v o lv in g  the  amide group. Hydrogen bonding in

A2sim ple  secondary amides has been found to  in c rea se  the  a b so rp tio n  

frequency o f the amide I I  band.

As an in te r n a l re fe re n ce  to  compensate fo r  f i lm  th ickn e ss  the
"I

band a t 3A50 cm Was chosen. This band is  a t t ib u te d  to  a b so rp tio n



by the  h yd ro xy l groups and uas se le c te d  fo r  bath i t s  prominence

and the  fa c t  th a t  i t  is  r e la t iv e ly  is o la te d  from o th e r bands.

A s in g le  s lo p in g  b a se lin e  uas used fo r  both absorbance measurements

-1runn ing  from the  shou lde r a t  3800 cm to  the tu rn in g  p o in t a t  

-1800 cm . Far f u l l y  N -a ce ty la te d  c h ita sa n  the r a t io  A ^ g ^ /A ^ , - Q 

uas found to  be 1.33 and thus the  percentage o f the  amine groups 

a c e ty la te d  in  any g iven  sample is  g iven by: x 100/1*33.

Th is method re q u ire s  no c a l ib r a t io n  a g a in s t o th e r techn iques fo r  

d e te rm in ing  the e x te n t o f P y -a ce ty la tio n . A lso the  r a t io  ^ g g g /A ^ ^ g  

f o r  f u l l y  PjF-acylated ch ito sa n s  uas a lso  found to  be 1.33 re g a rd le ss  

o f the  p a r t ic u la r  jV -acy l group in v o lv e d . Thus t h is  method a llo u s  

the  e x te n t o f  any JM -acylation o f c h ita s a n  to  be eva lua ted  ra th e r  than 

being s p e c if ic  f a r  J^ -a ce ty l groups, o n ly . This uou ld  n o t be the  case 

i f  the  a b so rp tio n  band a t  2878 cm is  chosen as the  re fe re n ce  band 

s in ce  i t s  in te n s ity  u i l l  in c re a s e , a t  cons tan t e x te n t o f  N_-acylation, 

u i th  in c rea se  in  the  hydrocarbon p o r t io n  o f the  a c y l group.

2 .2 .3 .2  Gas ,£ta'omato.grap.l?.y

A3M u z z a re lli e t a l . in v e s t ig a te d  the gas chrom atographic behaviour

o f a number o f compounds us ing  c h i t in  and ch ita sa n  as the  s ta t io n a ry

12phase. Samples uere i n i t i a l l y  c h a ra c te r is e d  by a lk a lim e try  and by

38in fra re d  spectroscopy . A l in e a r  r e la t io n s h ip  uas e s ta b lis h e d

betueen the  re te n t io n  tim es o f m ethanol and the  degree o f M -a c e ty la tio n

□ fa the rsam ple . The g re a te r  the  degree o f JV -ace ty la tion  th e ilo n g e r
uu

the  re te n t io n  tim e . I t  has been e s ta b lis h e d  th a t  m ethanol farm s 

a complex u i th  c h i t in  and a lthough  the  complex is  u n s ta b le , i t s  

presence is  s u f f i c ie n t  to  cause a la rg e  d if fe re n c e  betueen the



re te n t io n  tim es on c h i t in  and c h ita s a n , and thus is  a f fe c te d  by the 

number c f  N_-acetyli groups p re s e n t.

2 .2 .3 .3  Mass spectroscopy

The mass spec tra  o f  c h i t in  and c h ita s a n  were ob ta ined  by Hayes 

3kand Davies a t s e v e ra l d i f f e r e n t  tem pera tures to  determ ine the 

deg rada tion  tem pera tu re . The spectrum o f ch ita sa n  was found to  

have r e la t iv e ly  complex fra g m e n ta tio n  p a tte rn s  even a t low temp

e ra tu re s ; however i t  was p o s s ib le  to  ass ign  some o f the  peaks to  

s p e c i f ic  fragm ents, in c lu d in g  one f a r  the j\ [-a c e ty l g roup . Hence 

the  e x te n t o f  N -a c e ty la tio n  cou ld  be es tim a ted , a lthough  i t  was no t 

p a s s ib le  to  o b ta in  a d i r e c t  measure o f the  -NH^AIMHCOCH^ r a t io .

2.2.3.*+  Nuclear m agnetic resonance (1MMR) spectroscopy

The use o f 1MMR spectroscopy as a techn ique fo r  the  e s tim a tio n

o f the  N -a c e ty l co n te n t o f c h ito s a n  was re p o rte d  by H irano and 

'k5Yar^aguchi . The. e x te n t o f N -a c e ty la tio n  was c a lc u la te d  from the

r a t io  o f  the  N -a c e ty l m ethy l p ro tons  to  the m ethine (C-H) and

m ethylene (CH^) p ro tons  using fo rm ic  a c id  as a s o lv e n t.. However

*+5the techn ique was o fte n  a p p lie d  to  po lyhyd ra ted  c h i t in  ge ls  which 

c o n ta in  w ater and thus w i l l  e f fe c t  the  p ro ton  r a t io  in  a non -rep rod - 

usable way. Hence f o r  t h is  method o f i\iMR d e te rm in a tio n  to  be e f fe c t iv e  

the  sample must be com p le te ly  dehydra ted .

2.3 C h it in ,  ch ito s a n  and paper

2 .3 .1  C h itasan as a w ater r e s is ta n t  a d d it iv e

The use o f c h ita s a n  as a cementing agent fo r  paper was re p o rte d
. g

by Rigoy who in v e s tig a te d  the  w ater re s is ta n c e  o f such bonded
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papers. A s o lu t io n  o f c h ito s a n  in  the  form o f i t s  ace ta te  uas used 

to  cement to g e th e r sheets o f paper. When d ry , the  e f fe c t  o f u a te r 

on the sheets uas s tu d ie d  in  comparison u i th  o th e r adhesives. The 

c h ito s a n  sheets separated on ly  a f te r  se ve ra l hours o f soaking uhereas 

those banded u i th  o th e r adhesives separated im m ed ia te ly . On such 

sheets th e  ch ita s a n  e x is ts  in  the  u a te r -s o lu b le  ace ta te  form and hence 

even tua l se p a ra tio n  must o ccu r. Houever m o d if ic a t io n  o f  the  ch ita sa n  

on the sheet y ie ld e d  a t o t a l l y  u a te r re s is ta n t  p ro d u c t. Th is uas 

achieved by e ith e r  d ry in g  a t h igh  tem pera tures, uh ich  breaks doun 

the  ace ta te  s a l t  to  a c e t ic  a c id  and fre e  amine, o r conve rts  i t  to  

an amide, o r by chem ica l m o d if ic a t io n .  This c o n s is ts  o f n e u tra l is a t io n  

us ing  ammonia o r o th e r a lk a l is  to  l ib e r a te  the  f re e  amine, o r by the 

use o f amine s p e c i f ic  reagents e .g . a ldehydes.

The u a te r r e s is ta n t  p ro p e r t ie s  o f ch ito sa n  tre a te d  paper uas
47

used in  the  m anufacture o f l i th o g ra p h ic  paper p la te s .  A su rface  

c o a tin g  c o n ta in in g  c h ito s a n  and o th e r a d d it iv e s  uas a p p lie d  to  

produce a paper uh ich  accepts and ho lds  bath u a te r and in k .

2 .3 .2  Chitosan and c h i t in  as s tre n g th  a ids

The use o f ch ito s a n  as a s tre n g th  improvement a d d it iv e  fo r  paper
4a

uas i n i t i a l l y  in v e s tig a te d  by M e r r i l l  . He found th a t  trea tm en t

o f unsized sheets o f paper by immersion in  aqueous s o lu t io n s  o f

ch ita s a n  a c e ta te , and subsequent h igh  tem perature d ry in g  re s u lte d  

in  paper having s e v e ra l tim es the  ue t and dry b u rs t in g  s tre n g th  o f 

the unsized shee ts , as u e l l  as e x c e lle n t  u a te r re s is ta n c e , a f fo rd in g  

a good su rface  f o r  u r i t in g  and p r in t in g .

A second mode o f a p p lic a t io n  in v o lv in g  the a d d it io n  o f a ch ita sa n  

s o lu t io n  to  a u a te r s lu r r y  o f a pu lp  uas in v e s tig a te d .  A f te r



a g ita t io n  d i lu te  ammonia uas added in  o rde r to  p r e c ip ita te  the 

c h ito s a n . The re s u lt in g  pu lp  uas farmed in to  sheets and d r ie d  a t 

1QQ°C. The p ro p e rt ie s  o f th is  paper uere compared u i th  those fa r  

a s im ila r  rq s in -s iz e d  paper and uere found to  have h ig h e r ue t and 

dry  b u rs t in g  s tre n g th s , equal u a te r re s is ta n c e  and a g re a te r  te a r  

re s is ta n c e .

Far the tre a te d  papers the  amount o f ch ita sa n  taken up uas 

based upon the d ry  u e ig h t o f  the  s ta r t in g  m a te r ia ls .  The increases 

in  ue t and dry s tre n g th  p ro p e r t ie s  uere dependant on the  ch ito sa n  

co n te n t e .g . the  u e t and d ry  s tre n g th  increase  o f a paper c o n ta in in g  

0% ch ita sa n  uas found to  be more than tu ic e  as g re a t as a paper 

c o n ta in in g  on ly  2% c h ita s a n .

Since the  i n i t i a l  s tudy by M e r r i l l  the re  have been a number o f

re p o r ts  concern ing the a b i l i t y  o f  ch ita s a n  to  a c t as a s tre n g th

49-52a id  f o r  c e l lu lo s ic  m a te r ia ls  . These are a l l  e s s e n t ia l ly  v a r ia t io n s  

on the c h ita sa n  s o lu t io n  tre a tm e n t o f  paper and add l i t t l e  o f  fund

amental im portance o r o f o r ig in a l i t y  to  the i n i t i a l  in v e s t ig a t io n s .

CT2 CC
Hauever an ex te n s ive  study has been c a r r ie d  ou t by A lle n  e t a l . 

to  eva lua te  ch ito sa n  and c h i t in  as s tre n g th  a d d it iv e s  fo r  paper 

u i th  respec t to  i t s  made o f a p p lic a t io n  and a lso  to  determ ine the  mode 

o f bonding betueen c e l lu lo s e  and c h ito s a n .

Three systems o f polymer a d d it io n  uere in v e s tig a te d :

a) E q u ilib r iu m  a d s o rp tio n ;

Th is in v o lv e s  the a d d it io n  o f  a s o lu t io n  o f c h ita sa n  ace ta te  to  

a suspension o f f ib r e s ,  fo llo u e d  by a g ita t io n  and fo rm a tio n  o f 

handshee.ts in  accordance u i th  TAPPI standard T2D5 m-5Q.
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b) P re c ip ita t io n ;

Th is is  s im ila r  to  the method o f e q u il ib r iu m  a d s o rp tio n  except 

th a t  a f te r  a g ita t io n  the  pH o f the  system is  ra is e d  to  10 w ith  

sodium hydrox ide  p r io r  to  sheet fo rm a tio n .

c ) Spray a p p lic a t io n ;

Th is in v o lv e s  sheets o f u n tre a te d  f ib r e s  being formed in  the 

standard  manner and, w h ile  s t i l l  w et, being sprayed w ith  a ch itosa n  

s o lu t io n .  Chitasan a d d it io n  le v e ls  were v a r ie d  by a d ju s t in g  the 

d u ra tio n  o f s p ra y in g .

For th is  work a h igh  a -c e llu lo s e  d is s o lv in g  pulp was used.

These m a te r ia ls  have some a n io n ic  ch a ra c te r due to  the presence o f 

ca rb o xy l groups from the  h e m ic e llu lo s e  u ro n ic  ac id  res idu es  o r from 

o x id a tio n  re a c tio n s  assoc ia ted  w ith  b leach ing  processes.

The e q u il ib r iu m  techn ique , which corresponds to  normal wet end 

a d d it io n  in  commercial paper making, was found to  g ive  r is e  to  a 

modest increase  in  the  dry b reak ing  le n g th  a t low ch ito sa n  le v e ls  

o f a d d it io n ,  which were determ ined by m ic ro -k je ld a h l a n a ly s is , 

fo llo w e d  by a decrease a t h ig h e r c h ito sa n  le v e ls .  The re d u c tio n  in  

the dry b reak ing  le n g th  was assumed to  be caused by in c re a s in g  f ib r e  

f lo c c u la t io n  re s u lt in g  in  poor sheet fo rm a tio n  and concom itant 

lasses in  p h y s ic a l p ro p e r t ie s .

P re c ip ita t io n  o f c h ita s a n  onto the f ib r e s  p r io r  to  sheet fo rm a tio n  

removes the  f lo c c u la t io n  problem and a llow s  the e f fe c ts  o f a broader 

range o f ch ita sa n  re te n tio n s  to  be s tu d ie d . The dry  b reak ing  le n g th  

o f sheets formed in  t h is  way were found to  in crease  and then le v e l 

o f f  w ith  in c re a s in g  ch ita s a n  r e te n t io n .  A s im ila r  p a tte rn  was
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observed fo r  the  sprayed sheets*

As a techn ique sp ray in g  was the  most conven ien t in  th a t  i t  

e lim in a te d  s h e e t-fo rm a tio n  problems and a lso  a llow ed the ch ito sa n  

to  be added in  an io n is e d  form u n lik e  p r e c ip i ta t io n  methods where 

the  ch ita sa n  e x is ts  as the in s o lu b le  fre e  amine. S im ila r ,  a lthough 

no t id e n t ic a l r e s u lts ,  were observed f o r  a t y p ic a l  unbleached s u lp h ite  

p u lp . The d if fe re n c e  was a t t r ib u te d  to  the co n s ide rab le  n a tu ra l 

a n io n ic  ch a ra c te r o f these pu lps due to  the ca rb o xy l groups o f the 

h e m ic e llu lo s e , and su lp h o n ic  ac id  groups o f the re s id u a l l ig n in .

56A lla n  e t a l . have a ttem pted to  e x p la in  t h e ir  r e s u lts  in  terms o f 

the  bonding fo rc e s  o p e ra tin g  between the  f ib r e  and polymer a d d it iv e .

I t  is  assumed th a t paper is  he ld  to g e th e r by hydrogen bands which 

must span the d is tan ce  between the  separa te  segments o f c ro ss in g  

f ib r e s .  T h e ir conc lus ions  were th a t in  the presence o f w ater the 

hydrogen bonding s ite s  on the  f ib r e  w i l l  be f u l l y  occupied by w ater 

m olecu les which are in  tu rn  hydrogen bonded to  a la rg e  excess o f 

w a te r. Hence the f ib r e s  can on ly  be regarded as being lin k e d  by a 

la y e r  o f w ater m o lecu les . The weakness o f t h is  l i n k  is  shown by the 

low wet s tre n g th  o f the paper. P o lym eric  m a te r ia ls  have been used to  

improve these low s tre n g th s  by ena b ling  the in t e r f ib r e  bonding areas 

to  remain lin k e d  in  the presence o f w ater e .g . palyam ines improve 

the  wet s tre n g th  o f papers by io n ic a l ly  bonding to  the  a n io n ic  

s ite s  on the f ib r e  producing  a l i n k  th a t  is  no t re a d i ly  ru p tu re d  by 

excess w a te r. Ch itosan in  s o lu t io n  is  a c a t io n ic  p o ly e le c t ro ly te  

and th e re fo re  should have the a b i l i t y  to  io n ic a l ly  band w ith  the 

a n io n ic  s ite s  on the  f ib r e .  Th is can be shown by the improvement 

in  the  wet s tre n g th  o f ^ c e l lu lo s e  papers tre a te d  by sp ray ing  

compared to  th a t  by p re c ip ita t io n .T h a  la t t e r  techn iques a ffo rd s  a
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n o n -io n ic  p roduct whose a b i l i t y  to  bond v ia  the  s ite s  on the  pu lp  

is  n e g l ig ib le .  There is  a lso  the  p o s s ib i l i t y  o f the amine, groups^on
-J

the ch ita sa n  re a c tin g  w ith  the  ca rb o xy l groups an the pu lp  to  y ie ld  

a co va le n t amide l i n k ,  o r w ith  a ca rbon y l group to  y ie ld  an im ine 

s t ru c tu re .

However l i t t l e  account has been g iven  to  the lik e ly h o o d  o f 

l/an der Waals fa rce s  o r to  hydrophobic bonding in  the  wet end 

tre a tm e n t o f the pu lps  w ith  c h ito s a n *

The dry  s tre n g th  improvements can be more e a s ily  a t t r ib u te d  to

the  a b i l i t y  o f the c h ito s a n  to  form  hydrogen bonds between i t s e l f

and the  f ib r e s  as w e ll as io n ic  lin k a g e s . The s tre n g th  o f a sheet

o f paper is  determ ined by the  f ib r e  and in te r f ib r e  bond s tre n g th s

and thus c h ito sa n  cannot be expected to  s ig n i f ic a n t ly  improve the

p h y s ic a l p ro p e r t ie s  o f a w e ll beaten p u lp , s ince  f ib r e  breakage is

53a lrea dy  the dominant fa c to r .  This e x p la in s  the r e s u lts  ob ta ined  

w ith  ch ito sa n  on beaten and unbeaten pu lps i . e .  f o r  an unbeaten pu lp  

the b reak ing  le n g th  o f the  paper increases s ig n i f ic a n t ly  be fo re  

le v e l l in g  o f f  w ith  in c re a s in g  c h ito s a n  a d d it io n ,  bu t f o r  beaten pu lp  

th e re  is  on ly  a sm a ll in c rease  a t correspond ing  a d d it io n  le v e ls .

B eating  is  a m echanical tre a tm e n t o f a pu lp  r e s u lt in g  in  the mod

i f i c a t i o n  o f the  f ib r e  p ro p e r t ie s  e .g . sh o rte n in g  the f ib r e s ,  a l te r in g  

the  f ib r e  f l e x i b i l i t y  through in te r n a l f i b r i l a t i o n  ( s p l i t t in g  oftethe 

f ib r e s  in te r n a l ly )  and changes in  the su rface  area by e x te rn a l 

f i b r i l a t i o n .

A modest bea ting  process serves to  improve the s tre n g th  o f the 

paper because o f b e t te r  banding between f ib r e s  b rought about by 

increased  f ib r e  f l e x i b i l i t y  and increase  in  the su rfa ce  o f the  f ib r e s  

a v a ila b le  fo r  bonding.
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2 .3 ,2 .1  E f fe c t  o f m o lecu la r u e ig h t o f ch ito sa n  on paper s tre n g th

Increase in  the  m o lecu la r u ie ight o f  ch itasa n  samples uas

56 *found to  b r in g  about an inc rease  in  both u e t and d ry  s tre n g th

p ro p e rt ie s  o f a sa ftuood  graunduaod pu lp  a t s im ila r  re te n t io n  le v e ls ,

the  ch ita sa n  being a p p lie d  by sp ray ing  onto preform ed shee ts .

The m o lecu la r s iz e  e f fe c t  is  a t t r ib u te d  to  the c o n s tru c tio n  o f a

more ex te n s ive  in t e r f ib r e  b r id g in g  n e tu o rk . The h ig h e s t m o lecu la r

u e ig h t ch ita sa n  sample had a Mv o f 180,000, a lthough  in  o rde r to

o p tim ise  the  e f fe c t  i t  uou ld  be d e s ira b le  to  use h ig h e r m o lecu la r

u e ig h t m a te r ia ls .

2.3 .2 .2  E f fe c t  o f iM -deace ty la tion

Both the  in s o lu b i l i t y  o f G h it in  and the s tre n g th  o f paper can 

be a t t r ib u te d  to  the presence o f hydrogen bonding.. Thus in  p r in c ip le  

c h i t in  p a r t ic le s  should be re a d i ly  banded to  f ib r e s .  Hauever even 

pu lp  f ib r e s  do no t band w e ll, to  themselves un less the area o f co n ta c t 

has been increased by b e a tin g . Due to  the r e la t iv e  in e f f ic ie n c ie s  

o f the  bea ting  p rocess, c h i t in  has been m od ifie d  by su rfa ce  a lk a lin e  

h y d ro ly s is  to  t r y  and improve the  bonding. This opera tes by exposing 

fre e  amine groups on the  c h i t in  su rfa ce  by d e a c e ty la t ia n , and these 

are ab le  to  form  in te r f ib r e  l in k s .  R e la tiv e  improvements in  the  d ry  

b reak ing  le n g th  o f a W estern-hemlock s u lp h ite  p u lp , uas observed 

u i th  in crease  in  the  d e a c e ty la t ia n  o f c h i t in .  Hauever a t h igh le v e ls  

o f a d d it io n  and above) th e re  is  a d e c lin e  in  the  s tre n g th  improve

ment caused by d is ru p t io n  o f the  f ib r e - f ib r e  in te ra c t io n s .

When the hand sheet s tock uas beaten p r io r  to  a d d it io n  o f the 

d e a ce ty la te d  c h i t in s ,  th e re  uas a re d u c tio n  in  s tre n g th  u i th  in c re a s in g



c h i t in  a d d it io n .  This adverse e f fe c t  w ith  beaten s tock  was assumed 

to  be re la te d  to  the  dimensions o f the d e a ce ty la te d  c h i t in  p a r t ic le s  

which are la rg e  in  terms o f the  in d iv id u a l vo ids  w ith in  the  s t ru c tu re  

o f the  handsheet. Evidence to  support th is  was p rov id ed  by the use 

o f a paper-m aking grade c la y  coated w ith  ch tio s a n  by p r e c ip i ta t io n .  

Such c la y s  c o n s is t o f  p a r t ic le s  much f in e r  than the c h i t in  de rive d  

m a te r ia l.  Handsheets prepared from beaten s tocks w ith  the c la y  

f i l l e r  show s ig n i f ic a n t  inc reases  in  b reak ing  le n g th  when the c la y  

p a r t ic le s  are surrounded by p re c ip ita te d  c h ita s a n .

2 .3 .3  M od ifie d  d e r iv a t iv e s  o f c h i t in  and ch ito sa n  as s tre n g th  a ids

I t  is  p a s s ib le  to  c a r ry  ou t a f te r - tre a tm e n ts  on c h ito s a n -  im preg-
LQ

nated papers so as to  m od ify  the  p ro p e r t ie s .  I t  is  re p o rte d  th a t

ch ito s a n  can be a c e ty la te d  to  o b ta in  regenera ted  c h i t in  by re a c t io n

w ith  a c e t ic  anhydride a lthough  t h is  c la im  is  h ig h ly  u n l ik e ly  w ith o u t

57the  presence o f m ethanol to  s w e ll the  polymer . The use o f fo rm - 

aldehyde as a p r e c ip i ta n t  f o r  ch itasan -im pregna ted  c e llu lo s e s  was 

the  f i r s t  example o f the  fo rm a tio n  o f ca rbony l d e r iv a t iv e s  o f ch ito sa n  

an paper.

5B 59A g r a f t  co-polym er o f c h ita s a n  has been produced ’ in  an 

a ttem pt to  make an a d d it iv e  to  improve the dry s tre n g th  o f paper.

I t  was a lso  designed to  opera te  w e ll in  both a c id ic  and a lk a lin e  

media. The a c r y l ic  monomers 2 -acry lam k la -2 -m e thy lp rapane  su lphon ic  

ac id  and a c r y l ic  a c id  were used fo r  g r a f t  c o p o lym e risa tio n  onto a 

ch ita s a n  subs tra te ;. The method re p o rte d  is  based upon the e e r ie  

s a l t  redox system. I t  is  known th a t  e e r ie  s a l ts  form a redox system 

when coupled w ith  c e r ta in  reduc ing  agents such as a lc o h o ls  o r amines. 

The re a c t io n  proceeds by a s in g le  e le c tro n  s te p , r e s u lt in g  in  cerous 

ions and a p a r t ia l l y  o x id is e d  reduc ing  agent in  fre e  ra d ic a l fo rm .



The fre e  ra d ic a l is  produced cn the  ch ito sa n  macromolecule and, 

in  the  presence o f a monomer, p o ly m e ris a tio n  occu rs . Since the fre e  

ra d ic a l is  on the s u b s tra te  on ly  g r a f t  polymers are form ed. Hauever 

no m ention is  made o f  the  c h e la t in g  a b i l i t y  o f ch ita s a n  u i th  cerium  

s a l t s ^  and i t s  p o te n t ia l e f fe c t  on the  p o ly m e ris a t io n .

N everthe less, ..us ing/a  polymer c o n ta in in g  40% c h ita s a n , 5A% a c r y l ic  

a c id  and 6% 2-a c ry lam ido ~ 2-m ethylpropane su lphan ic  a c id , as an 

a d d it iv e ,  hand sheets uere prepared u i th  a d d it io n  va lues rang ing  

from 0.1% to  5% on dry  u e ig h t o f  p u lp , u i th  a p re fe rre d  range betueen 

0.2% and 1%. The sheets uere formed under both a c id ic  and a lk a lin e  

c o n d it io n s .  Improvements in  bo th  b u rs t and te n s i le  s tre n g th s  uere 

observed in  the  a c id ic  mode, compared to  un tre a te d  paper and a lso  

to  ch ita sa n  tre a te d  paper. A lk a lin e  c o n d it io n s  tended to  produce a 

d e c lin e  in  s tre n g th  r e la t iv e  to  c h ito sa n  tre a te d  papers, bu t s t i l l  

shoued an improvement over u n tre a te d  s to c k .

2 .3 .A Other a p p lic a t io n s  o f c h ito sa n

2 .3 .  A. 1 E f fe c t  on board

The e f fe c t  o f  ch ito s a n  on paper has been extended to  the manu-

61fa c tu re  o f ca rdboard . Feldman e t  a l . used c h ita sa n  ace ta te  to  s ize

pu lp  fa r  making board, a t h igh le v e ls  o f a d d it io n  o f betueen 15% and
62

20%. A mare q u a n t i ta t iv e  approach in v o lv e d  the  measurement o f - th e  

f l a t  crush s tre n g th  o f cardboard m anufactured using c h ito sa n  as a 

u e t end a d d it iv e .  An increase  in  the  f l a t  crush s tre n g th  uas observed 

compared to  s im ila r  boards prepared u ith a u t  c h ito s a n .

2 .3 .A .2 E le c t r ic a l  p ro p e r t ie s

AGThe adhesive p ro p e r t ie s  o f ch ito sa n  uas found to  be poor fo r
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conducting  m a te r ia ls  such as m e ta l l ic  su rfaces bu t e x c e lle n t  fo r

r e la t iv e ly  nan-conducting  m a te r ia ls  such as paper. Use o f th is

63p ro p e rty  has le d  to  the  development o f a ca p a c ito r- paper c o n ta in in g  

c h ita sa n  w ith  an improved e le c t r ic a l  re s is ta n c e . The use o f a
QL

ch ito sa n  d e r iv a t iv e ,  cya no e th y l c h ito s a n , a ffo rd e d  a paper w ith  

enhanced e le c t r ic a l  in s u la t io n  and m echanical p ro p e r t ie s .

2 .3 .4 .3  C hitosan as a f lo c c u la n t

The p o s s ib i l i t y  o f  the  use o f ch ita sa n  as a f lo c c u la n t  in  paper

making to  improve re te n t io n  and w ater dra inage has been mentioned

in  terms o f i t s  a b i l i t y  to  a c t as a c a t io n ic  p o ly e le c t r o ly te  in

s o lu t io n .  The w a te r-s o lu b le  palym ers th a t are used as re te n t io n

a id s , to  improve the re te n t io n  o f f ib r e  f in e s ,  f i l l e r s  and o th e r

p a r t ic u la te  m a tte r , g e n e ra lly  opera te  by f lo c c u la t in g  the sm a ll

m a tte r in  the  system to  the  la rg e  f ib r e s .  The re te n t io n  o f s ta rch

in  papers c o n ta in in g  up to  3k% s ta rc h  was improved by the  use o f 

51c h ita s a n  .

F lo c c u la n ts  tend a lso  to  improve dra inage o f w ater by r e d is t 

r ib u t in g  the  f in e s  th roughou t the  shee t, p re ve n tin g  them from  being 

re ta in e d  v ia  a f i l t r a t i o n  mechanism, whereby they tend to  p lug  the 

po res . In  a d d it io n  c o lla p s e  o f the h y d ra tio n  s h e l l  around the 

f ib r e s  due to  a c t io n  Df the f lo c c u la n t  may be in v o lv e d .

There is  a problem , when using c h ito s a n , o f o v e r - f lo c c u la t io n  

causing the sm a ll p a r t ic u la te  m a tte r to  b ind to  each o th e r ra th e r  than 

to  the lo nge r f ib r e s  o r even causing f ib r e  f lo c c u la t io n .  This re s u lts

in  poor sheet fo rm a tio n  and re d u c tio n  in  p h y s ic a l p ro p e r t ie s  a t h ighe r
-  - . .. 5 3 . . . - -

c h ito sa n  a d d it io n  le v e ls



CHAPTER 3 

• results and DISCUSSION

3.1  D e te rm ina tion  o f the v is c o m e tr ic  constan ts  f o r  ch ita sa n

3 .1 .1  In tro d u c tio n

One o f  the s im p le s t and most ra p id  methods fo r  the d e te rm in a tio n  o f 

the  m o lecu la r w e igh ts  o f polymers is  v isca m e try , a l t hough, th is  is  no t 

an abso lu te  method and re q u ire s  the d e te rm in a tio n  o f cons tan ts  through 

c o r re la t io n  o f l im i t in g  v is c o s ity  numbers (LVIV) w ith  m o lecu la r w e igh ts  

(see S ection  2 .1 ,6 .1 ) . .

There is  on ly  one re p o r t  in  the  l i t e r a t u r e  d e a lin g  w ith  the 

d e te rm in a tio n  o f the v is c a m e tr ic  cons tan ts  f o r  c h ito s a n . The va lues 

ob ta ined  are 0.71 and K_- 8.93 x 1Q~2 erring""1 using D.2M a c e t ic  

a c id  -  0.1M sodium c h lo r id e  -  AM urea as the s o lv e n t.  The va lue  fo r  

a_ is  very  low when compared w ith  the  va lues in  the  l i t e r a t u r e  fo r

o th e r io n ic  3 - ( 1 A ) -  l in k e d  po lysaccha rides  e .g . sodium ca rboxy-

66 67m ethy l c e llu lo s e  and sodium c e llu lo s e  su lpha te  (see Table 1 ),

w h i ls t  the va lue  fo r  is  ra th e r  h ig h . Furtherm ore o n ly  th re e  

f ra c t io n s  o f c h ita s a n  were used in  the  d e te rm in a tio n  and fa r  from 

having narrow m o lecu la r w e igh t d is t r ib u t io n s ,  as re q u ire d  fo r  e v a l

u a tio n  o f the v is c a m e tr ic  cons tan ts  by the methods used, Dne f r a c t io n  

had Mw/Mn = 1.76 and ano the r had Mw/Mn = 3 .5 1 . In  view o f these 

fa c ts  i t  was considered u s e fu l to  redeterm ine the va lues o f and a .

The non-abso lu te  na tu re  o f v is c a m e tr ic  techn iques re q u ire s  the 

m o lecu la r w e igh t o f  the  samples to  be determ ined by means o f a 

second, abso lu te  tech n iq u e . In  t h is  th e s is  number average m o lecu la r 

w e igh t va lues (M n), as determ ined by a method o f sp e c tro sco p ic  end-
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Table 1

V isco m e tr ic  cons tan ts  (K and a) f o r  $ - ( l - > L ) -  l in k e d  p o lysa cch a rid e s .

3 - 1Polymer S a lt  co n ce n tra tio n /M  . K/cm g a

C hitasan 0 .1  a . 93 x10~2 0.71
ace ta te

Sodium
carbaxy m ethyl 0 .1  1.23 x 10 0.91
c e llu lo s e

Sodium c e llu lo s e  0 .5  7.91 x10“ 2 0.93
su lpha te



group a n a ly s is , are used to  determ ine and au

3 ,1 .2 .  End group a n a ly s is  o f c h ito sa n

3 .1 .2 .1  In tro d u c tio n

The most common method f o r  d e te rm in ing  Mn va lues o f  polymers 

is  osmometry bu t th is  techn ique  is  d i f f i c u l t  to  app ly to  p a ly e le c t-  

r o ly te s  because o f the  decreased a c t iv i t y  o f the  coun te r ions  r e la t iv e  

to  t h e i r  a c t iv i t y  in  s o lu t io n s  o f s im p le  s a l t s .  I t  uas th e re fo re  

decided to  use the  techn ique  o f  end group a n a ly s is  and to  measure 

the  c o n c e n tra tio n  o f end groups through the fo rm a tio n  o f  the  phe ny l- 

asazone d e r iv a t iv e  by re a c t io n  o f the  reducing  cha in  ends u i th  

p h e n y lh yd ra z in e .

The re a c tio n  betueen pheny lhyd raz ine  and c e llu lo s e  has p re v io u s ly  

6Bbeen s tu d ie d  . The p roduc t uas found to  be s im ila r  to  D-glucose

phenylosazone in  s p e c tra l p ro p e r t ie s  and chem ica l beh a v io u r. Th is

69—73and re la te d  re a c t io n s  uere e x te n s iv e ly  s tu d ie d  by B la i r  e t a l .

uho shDued that there uas a correlation betueen the molecular ueights

o f the  h y d ro c e llu lo s e  samples used, as determ ined by v isco m e try , and

69the  a b so rp tio n  in te n s ity  o f  the  phenylosazone d e r iv a t iv e s  . The 

re a c t io n  betueen pheny lhyd raz ine  and the  reduc ing  end groups are 

o u t lin e d  in  F igu re  6 . In  s o lu t io n  the  c y c l ic  h e m i-a ce ta l form o f 

the  end group is  ab le  to  m utacdta te  to  the open cha in  aldehydo 

fo rm . The pheny lhyd raz ine  re a c ts  u i th  the ca rbon y l group producing 

i n i t i a l l y  the  phenylhydrazone. A second pheny lhyd raz ine  m olecule 

then o x id is e s  the  C(2) h yd ro x y l to  a ketone uh ich  in  tu rn  re a c ts  

u i th  a t h i r d  pheny lhyd raz ine  m olecu le  to  y ie ld  the phenylosazone.

The re a c tio n  s tops a t t h is  p o in t .  A more d e ta ile d  d isc u s s io n  o f the
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p ro p e rt ie s  and re a c tio n s  o f ary losazones is  g iven  in  S ection  3 .1 .4 .

The phenylosazones are y e llo w  in  c o lo u r  and have a h igh  e x t in c t io n  

c o e f f ic ie n t  and thus- lend  them selves w e ll to  uv sp e c tro sco p ic  a n a ly s is .

The s i tu a t io n  w ith  re sp e c t to  ch ita sa n  is  s l ig h t ly  d i f f e r e n t .

The C(2) h yd ro xy l group on c e l lu lo s e  is  rep laced  w ith  e i th e r  an amine

o r an acetamido group . Thus fo r  com plete end group phenylosazone

fo rm a tio n  both these species must undergo the re a c t io n  w ith  p he ny l-

74hyd ra z in e . Tieman has shown th a t  D-glucasamine w i l l  form  the  same 

phenylosazone as D -g lucose, the  on ly  d if fe re n c e  between the s ta r t in g  

m a te r ia ls  being the replacem ent o f  the  C(2) h yd ro xy l in  D-glucose 

w ith  an amine group in  D -glucosam ine. Thus the  end group on ch ito sa n  

in  the  fre e  amine form should undergo phenylosazone fo rm a tio n .

75M ichee l and Dallmann in v e s tig a te d  the re a c t io n s  o f N -a c e ty l-  

D-glucasamine w ith  pheny lhyd raz ine  in  the absence o f oxygen. They 

found th a t  the re a c t io n  stopped a t the  phenylhydrazone stage and 

th a t  the  a c e ty l group an the  n itro g e n  was removed. From th is  stage, 

in  th e o ry , l it ; ;s h o ii i ld ! be;'passable to  complete the  phenylosazone form 

a t io n  by in c lu d in g  a tm ospheric oxygen.

3 .1 .2 .2  Phenylosazone fo rm a tio n  from  N -ace ty l-D -g lucosam ine

To con firm  the theo ry  th a t  jM -acety l-D -g lucasam ine should y ie ld

D-glucasephenylosazone, IN -acety l-D -g lucosam ine , prepared by the

76method a flnouye  e t a l . , was reac ted  w ith  a th re e - fo ld  excess o f 

pheny lhydraz ine  in  the  presence o f a c e t ic  ac id  and sodium a c e ta te .

The ye llo w  c r y s ta l l in e  p roduc t ob ta ined  was compared to  D-glucase 

phenylosazone, prepared from D -g lucase, us ing th in  la y e r  chromato

graphy (w ith  5D/50 e th a n o l/e th e r  as e lu a n t) ,  in f ra re d  spectroscopy 

and m e ltin g  p o in t d a ta . The comparison showed th a t  the  two p roducts
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uere id e n t ic a l ,  a lthough  the  y ie ld  fo r  D-glucosephenylosazone fo rm a tio n  

from N_-acetyl-D-glucosam ine uas lo u  (10%) compared to  th a t  from 

D -g lucase.

A com parative  s tudy o f the  ra te  o f phenylosazone fo rm a tio n  from

N -ace ty l-D -g lucasam ine  and D -g lucose , se t up under id e n t ic a l  m olar

c o n c e n tra tio n s  o f  reagents  and tem pera tu re , shoued th a t  the  r a te - o f

phenylosazone fo rm a tio n  from  N -ace ty l-D -g lucosam ine  is  s lo u e r (Table 2 ) .

The e x te n t o f re a c t io n  uas fo llo u e d  by m o n ito r in g  the  in te n s ity  o f

the  u v /v is ib le  absorbance band a t  app rox im a te ly  390 nm uh ich  is

77 78
c h a r a c te r is t ic  o f  phenylosazones ’ . The s lo u e r ra te  may be exp le  r.

a ined due to  the  e x tra  stages invo lved , in- the reac tion 'com pared  to  

th a t  f o r  D -glucose i . e .  h y d ro ly s is  o f  the  N -a c e ty l group and subse

quent dehydrogenation and ammonia la s s  be fo re  the  second phenyl

hydraz ine  re s id u e  can e n te r .

When the  asazone fo rm a tio n  re a c t io n  uas a p p lie d  to  ch ita s a n  the 

s lo u e r ra te  o f re a c t io n  uas taken in to  account by in c re a s in g  the 

re a c t io n  tim e (days ra th e r  than h o u rs ) .

3 .1 .2 .3  Phenylosazone fo rm a tio n  from  ch ito sa n

I n i t i a l  a ttem pts  to  produce c h ito s a n  phenylosazone in v o lv e d  

the  re a c t io n  o f a h igh  m o lecu la r u e ig h t ch ita s a n  (K ytex H ), d is s o lv e d  

in  a s to ic h io m e tr ic  q u a n tity  o f a c e t ic  a c id , based on the  fre e  amine 

co n te n t, u i th  pheny lhyd raz ine  in  the  presence o f sodium a ce ta te  a t 

70aC. The p roduc t ob ta ined  on r e p r e c ip i ta t io n  resembled th a t  o f the  

s ta r t in g  m a te r ia l.  Hauever m o d if ic a t io n  o f the  re a c t io n  by the use 

o f  an ac id-degraded c h ito s a n , uh ich  has more reduc ing  end groups, 

to g e th e r u i th  the use o f excess a c e t ic  a c id , a ffo rd e d  a p roduct 

uh ich  uas pa le  y e l lo u  in  appearance. In fra re d  a n a ly s is  o f the
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Table 2

R e la tiv e  ra te  study an phenylosazone fo rm a tio n  between IM -acety l- 

D-glucasamine and D-glucose by m o n ito r in g  uv absorbance a t 395 nm

in  1 cm c e l ls .

IM -acetyl-D-■glucosamine D-glucose

Tim e/M inutes Absorbance Time/m inutes Absorbance

15 0.085 15 0.16

30 0.135 25 0 .2A

50 0.185 A0 0.A5

90 0.28A 85 1.0

200* 0.65 195 2 .7

300 0.83 300 3 .7

I

*■■4.-4
•■3

1
A
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s o l id  showed no s ig n  o f the  a ro m a tic ity  one would expect due to  the 

phenylhydraz ine  re s id u e s . However in f ra re d  spectroscopy is  a ra th e r  

in s e n s it iv e  techn ique , and would re q u ire  a t le a s t  1% o f  the t o ta l  

w e igh t o f  the m a te r ia l to  e x is t  as a phenylosazone end group . Th is  

corresponds app rox im a te ly  to  a m o lecu la r w e igh t o f 30 ,000 . The 

c h ita s a n  samples used were o f co n s id e ra b ly  h ig h e r m o lecu la r w e igh ts  

and thus i t  is  u n l ik e ly  th a t  the  phenylosazone a b s o rp tio n  bands would 

be observab le  in  the in f r a r e d .

U v /v is ib le  s p e c tro sco p ic  a n a ly s is  o f the p roduc t a ffo rd e d  b e t te r

r e s u lts .  In  1% a c e t ic  a c id  a broad band was observed in  the 400 nm

re g io n . However us ing  1% hydrabrom ic a c id  as the s o lv e n t gave a w e ll

d e fin ed  spectrum and a sharp a b s o rp tio n  band (F ig u re  7) was found a t

7B395 nm. Th is peak is  c h a r a c te r is t ic  o f  sugar phenylosazones and 

con firm s  the fo rm a tio n  d f  the  phenylosazone o f the  reducing  end groups 

an c h ita s a n .

The e x te n t o f  phenylosazone fo rm a tio n  was fo llo w e d  by the  removal 

o f a l iq u o ts  from the re a c t io n  m ix tu re  a t d i f f e r e n t  tim e in te r v a ls ,  

r e p r e c ip i ta t io n  o f the polymer by a d d it io n  o f a lk a l i  and u v /v is ib le  

a n a ly s is  o f  the  re d is s o lv e d  p ro d u c t. A p la t  a f R e la tiv e  absorbance 

(absorbance per g o f m a te r ia l)  versus Reaction tim e (F ig u re  8 ) 

showed th a t  the  re a c t io n  was: com plete a f te r  48 hou rs . Thus a l l  

fu r th e r  phenylosazone fo rm a tio n  re a c tio n s  were c a r r ie d  o u t r fo r  48 

hou rs . During the re a c t io n  th e re  is  the lik e ly h D o d  th a t  the a c e tic  

a c id  w i l l  a lso  degrade the polym er, p a r t ic u la r ly  a t  the  re a c t io n  

tem pera ture  used. However a c e t ic  a c id  is  on ly  a weak ac id  and thus 

the deg rada tion  should be slow in  r e la t io n  to  the asazone fo rm a tio n  

o f the new reducing  end groups produced by th is  deg ra d a tio n .
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3 .1 .2 .^ - D e te rm ina tion  o f the  e x t in c t io n  c o e f f ic ie n t  f o r  D-glucose 

phenylosazone in  a c id  media

In  o rde r to  determ ine the  m o lecu la r u e ig h t o f  ch ito s a n  by spec t

ro sco p ic  end group a n a ly s is ,  the  e x t in c t io n  c o e f f ic e n t  o f  the phe ny l-

79osazone res idues  must be knoun. B arry e t  a l . have re p o rte d  th a t  

the e x t in c t io n  c o e f f ic ie n ts  o f a la rg e  number o f monosaccharide and 

d isa cch a rid e  phenylosazones, measured fa r  fre s h  s o lu t io n s  in  m ethanol, 

are very s im ila r  and are independant o f  m o lecu la r u e ig h t .  The average 

va lue ob ta ined  fo r  the  e x t in c t io n  c o e f f ic ie n t  (e ) uas 2 0 ,200.

Hauever c h ito sa n  is  no t s o lu b le  in  m ethanol and thus the  e x t in c t io n  

c o e f f ic ie n t  o f the phenylosazone must be measured in  an aqueous 

system . The m a jo r ity  o f  sugar phenylosazones are u a te r 'in s o lu b le  

and thus a u a te r -s a lu b le  phenylosazone uas prepared by re a c t io n  o f 

the  sodium s a l t  o f D -g lu c u ro n ic  a c id  u i th  phe ny lh yd ra z ine . The 

p roduc t ob ta ined uas m odera te ly s o lu b le  in  u a te r due to  the  s o lu b i l 

is in g  e f fe c t  o f  the  c a rb o xy l g roup . U n fo rtu n a te ly  the  d e te rm in a tio n  

o f an accura te  e x t in c t io n  c o e f f ic ie n t  uas h indered by the ease o f 

h y d ra tio n  o f the  p ro d u c t, so th a t  the  exact m o lecu la r u e ig h t o f  the  

hyd ra te  uas n o t knoun.

Hauever by the  use o f a mixed s o lv e n t system c o n ta in in g  m ethanol 

and aqueous hydrobrom ic ac id  i t  uas p a s s ib le  to  determ ine the e x t in c t io n  

c o e f f ic ie n t  o f D-glucase phenylosazone. The cho ice  o f the  s o lv e n t 

system uas based an the  fa c t  th a t  s o lu t io n s  o f c h ito s a n  in  d i lu te  

hydrobrom ic ac id  can to le r a te  d i lu t io n  u i th  co n s ide rab le  volumes o f 

m ethanol. The s o lv e n t must c o n ta in  s u f f ic ie n t  m ethanol to  p reven t 

the u a te r - in s o lu b le  D-glucose phenylosazone p r e c ip i t ia t in g  out o f 

s o lu t io n  and enough a c id  to  render the  ch ito sa n  phenylosazone s o lu b le .

- 55-



Thus a s o lv e n t system o f m ethanol/0.1M  hydrobrom ic a c id  (7 /3 )  uas 

chosen as the standard  s o lv e n t f o r  a d so rp tio n  measurements, and used 

to  prepare a s e r ie s  o f s o lu t io n s  o f D -glucose phenylosazones a t 

d i f f e r e n t  c o n c e n tra tio n s . The absorbance values uere measured a t 

395 nm max) and a p lo t  o f  Absorbance verses C oncen tra tion  (F ig u re  9) 

gave an e x t in c t io n  c o e f f ic ie n t  o f  20 , 200, id e n t ic a l to  th a t  fa r  

D -glucose phenylosazone in  m ethanol a lone .

3 .1 .2 .5  S t a b i l i t y  o f c h ita sa n  phenylosazone in  a c id  media

One o f the  a*p£r±menta§> d i f f i c u l t i e s  encountered by S la ir  and 

70Cromie , namely the  g radua l o x id a t iv e  deg rada tion  o f the  phenylosazone 

chromophore in  the  s tro n g ly ' a lk a lin e . Cadoxen s o lu t io n  used as a so lv e n t 

fo r  the  h y d ro c e llu lo s e  phenylosazdnes, uou ld n o t app ly to  ch ito s a n  

because i t  is  a c id -s o lu b le .  Hauever phenylosazones are s u s c e p tib le  

to  a c id  h y d ro ly s is  and so the  s t a b i l i t y  o f  the  ch ita s a n  phenylosazone 

chromophore in  the  m ethanol/0 .1M  HBr s o lv e n t a t 25°C uas assessed.

No change in  the  absorbance uas observed over a p e r io d  o f 20 hours, 

in d ic a t in g  th a t  the  phenylosazone is  s u f f i c ie n t l y  s ta b le  under these 

c o n d it io n s  o f a c id i t y  and tem pera ture  to  be used f o r  m o lecu la r u e ig h t 

d e te rm in a tio n s .

3 .1 .2 .6 D e te rm ina tion  o f Mn va lues o f ch ito sa n  phenylosazones

Using the  m ethanol/0.1M  HBr mixed s o lv e n t system and measuring 

the  u v /v is ib le  absorbance a t 395 nm enables the number average

72m o lecu la r u e ig h t o f  a sample to  be c a lc u la te d  using the re la t io n s h ip

Mn = 20,200 x c x 1  (7 )
A

uher.e Mn = number average m o lecu la r u e ig h t, c = c o n c e n tra tio n  in  

g dm 1 = path le n g th  in  cm and A= abscrbance. A l l  measurements
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were made in  m atched',1 cm c e l ls .

Tuio s e r ie s  (1 and 2) o f p ro g re s s iv e ly  degraded c h ito s a n  p h e n y l- 

osazones uere p repared . The f i r s t  used a commercial h igh  m o lecu la r 

w e igh t c h ito sa n  (Kytex H) as s ta r t in g  m a te r ia l and was degraded by 

p re p a rin g  and h ea ting  a 1% s o lu t io n  o f the c h ito sa n  in  10% a c e t ic  

a c id .  A liq u o ts  were removed a f te r  va rio u s  tim e in te r v a ls  and tre a te d  

by d i lu t io n  w ith  w ater p r io r  to  re a c t io n  w ith  phe ny lb yd ra z ine . The 

d i lu t io n  was necessary to  m in im ise  the  s id e  re a c t io n  th a t  can occur 

between the  pheny lbyd raz ine  and the a c e t ic  a c id  to  y ie ld  N -a c e ty l-  

J \[-phenylhydrazine. A t h igh  a c e t ic  a c id  co n c e n tra tio n s  th is  p roduc t 

tends to  c r y s ta l l i s e  ou t o f  s o lu t io n  and was id e n t i f ie d  by in f r a re d ,  

IMMR and m e lt in g  p o in t  d e te rm in a tio n s . A t o t a l  o f  6 su cce ss ive ly  

degraded samples o f ch ito s a n  phenylosazones were produced in  t h is  way.
v

The in te n s ity  o f the  y e llo w  c o lo u r o f  the  p roducts  increased  v is ib ly  

w ith  the  e x te n t o f deg ra d a tio n , and thus w ith  decrease in  m o lecu la r 

w e ig h t. The samples were la b e lle d  1 -6 .

The second s e r ie s  o f ch ito s a n  phenylosazones were prepared in  a 

s im ila r  manner except the  s ta r t in g  m a te r ia l was ch e m ica lly  t re a te d  

p r io r  to  the  h y d ro ly s is  s te p . Th is  p re tre a tm e n t in v o lv e s  the re a c t io n  

o f  a s o lu t io n  o f K ytex  H in  d i lu te  hydrabrom ic a c id  w ith  sodium 

borohydride  a t □°C. F u rth e r a c id  is  redded d u rin g  the  re a c t io n  to  

m a in ta in  the pH o f the system a t  about 3 and thus keep the ch ito s a n  

in  s o lu t io n .  Sodium borohyd ride  is  a pow erfu l reduc ing  agent and in  

th is  case serves to  co n ve rt any o f the  end groups on the  ch ito s a n  th a t  

e x is t  in  e i th e r  the  la c to n e  o r sodium ca rb a x y la te  forms to  reduc ing  

end groups. In  view o f the  s tro n g ly  a lk a lin e  c o n d it io n s  no rm a lly  

used in  the  p ro d u c tio n  o f ch ito s a n  from  c h i t in  i t  is  p robab le  th a t  

many, i f  no t a l l ,  o f the  reduc ing  end groups o r ig in a l ly  p resen t in
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the c h i t in  are converted  to  e i th e r  la c to n e  ( IU ) o r sodium c a rb o xy la te  

groups ( I I I ) ,  n e ith e r  o f which would form a phenylosazone d e r iv a t iv e .  

The use o f sodium borohydride  to  conve rt these groups in to  t h e ir
o n

reduc ing  forms has been s tu d ie d  fo r  sugars by Wolfrom and B la ir  

who found th a t  the re d u c tio n  cou ld  be prevented from c o n tin u in g  to  

the  a lc o h o l d e r iv a t iv e  i f  i t  was c a r r ie d  ou t a t  0DC. Subsequent 

a c id  deg rada tion  o f the ch ito s a n  y ie ld s  new end groups in  the c o r re c t 

reduc ing  fo rm s.

A second s e r ie s  o f 7 degraded ch ito sa n  phenylosazones were thus 

prepared a l l  la b e lle d  7-13 .

The number average m o lecu la r w e igh ts  o f a l l  13 samples were 

determ ined by u v /v is ib le  spectroscopy using equa tion  (7 ) and the  

r e s u lts  are g iven in  Table 3 . From th is  the m o lecu la r w e igh t is  seen 

to  decrease w ith  in c rease  in  tim e o f h y d ro ly s is ,  as would be expected. 

The ex te n s ive  tim es o f h y d ro ly s is  are a consequence o f us ing the 

weakly a c id ic  a c e t ic  a c id  , causing a slow ra te  o f deg rada tion  o f 

c h ito s a n . An a ttem pt was made to  in c rease  the  ra te  o f  degrada tion  

by the  use o f hydrabrom ic a c id , bu t subsequent Dsazane fo rm a tio n  in  

th is  a c id ic  media was no t p o s s ib le , p robab ly  due to  the  h y d ro ly s is  o f 

the p roduc t by the  s tro n g e r hydrabrom ic ac id  a t the  e leva ted  re a c t io n  

tem pera tu re .

3 .1 .3  \Jis c o s ity  measurements on ch ito sa n

3 .1 .3 .1  In tro d u c tio n

In  a c id ic  s o lu t io n  c h ito s a n  is  a p o ly e le c t ro ly te  in  th a t  i t  has 

io n is a b le  groups along the  c h a in . P o ly e le c tro ly te s  no rm a lly  e x h ib i t  

p ro p e r t ie s  in  s o lu t io n  which are q u ite  d i f f e r e n t  from those e x h ib ite d
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Table 3

Number average m o lecu la r w e igh t 

□sazones (s e r ie s  1 and 2 ) .

(Mn) fa r  degraded ch ito sa n  phenyl-

Sample

number

H y d ro ly s is

tim e /h o u r

Sample

u e ig h t/g

S o lven t

volume/cm3

Polymer 

cone. /g l~

Absorbance Mn/g

1 75 0.1396 50 2.792 0.145 388,954

2 100 0.0864 50 1.728 0.104 336,439

3 125 0.1337 100 1.337 0.091 295,971

4 150 0.0603 50 1. 2D6 0.095 256,423

5 200 0.0875 50 1.750 0.270 130,926

6 250 0.1079 50 2.158 0.430 101,376

7 40 0.1774 .50 3.548 0.164 630,062

a 64 0.2901 100 2.901 0.130 450,771

9 136 0.2063 50 4.126 0.345 241,580

10 164 0.1807 50 3.614 0.405 180,253

11 200 0.1415 50 2.830 0.365 156,619

12 250 0.2628 50 5.254 1.090 96,585

13 380 0.0145 50 0.290 0.123 47,820
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by n o n - io n ic  po lym ers. When they are s o lu b le  in  n o n - io n is in g  so lv e n ts  

p o ly e le c tro ly te s  behave in  com p le te ly  normal fa s h io n . bu t in  aqueous 

s o lu t io n  they are io n is e d , w ith  th re e  m ajor consequences. F i r s t  the 

m utual re p u ls io n  o f t h e i r  charges causes expansions o f the c o ile d  

polymer c h a in . The s iz e  o f the  p o ly e le c t ro ly te  random c o i l  is ,  

moreover, a fu n c t io n  o f  the  c o n c e n tra tio n s  o f polymer and added s a l t  

s in ce  both in flu e n c e  the  degree o f io n is a t io n .  Secondly, the  io n is a 

t io n  o f the  e le c t r o ly te  groups leads to  s e v e ra l unusual e f fe c ts  in  the 

presence o f sm a ll amounts o f added s a l ts  e .g . the  in te n s it y  o f l i g h t  

s c a t te r in g  decreases because o f  the o rd e rin g  o f the m o lecu less in  

s o lu t io n .  F in a l ly  the  io n ic  charges a ttached  to  the  cha ins c re a te  

reg io ns  o f h igh  lo c a l charge d e n s ity  a f fe c t in g  the a c t iv i t y  c o e f f ic 

ie n ts  and p ro p e r t ie s  o f  sm a ll ions in  these lo c a l i t i e s .

A lthough the  v a rio u s  e f fe c ts  cannot be com p le te ly  separated thei - 

r e s u lts  o f cha in  expansion are o f p rim ary  in te r e s t  f o r  the measure

ment o f  m o lecu la r w e igh t and s iz e .  Those p ro p e r t ie s  dependant on the 

s iz e  o f the cha in , such-as v is c o s ity ,  are s tro n g ly  a f fe c te d  by cha in  

expansion. The e f fe c t  o f cha in  expansion fo r  s o lu t io n s  o f p o ly -  

e le c t r o ly te s  in  the absence o f added s a l t  is  shoun in  the  n o n - lin e a r  

r e la t io n s h ip  between the  V is c o s ity  Number and polymer c o n c e n tra tio n . 

However a d d it io n  o f low m o lecu la r w e igh t e le c t r o ly te  ( s a l t )  to  the  

aqueous s o lu t io n  increases the  io n ic  s tre n g th  o f the  s o lu t io n  o u ts id e  

the  polymer c o i l  r e la t iv e  to  th a t  in s id e  and a lso  reduces the th ickn e ss  

o f the  la y e r  o f  "bound" co u n te r io n s  around the c h a in . B o th ^ e ffe c ts  

cause the  cha in  to  c o n tra c t and a t a c e r ta in  c o n c e n tra tio n  o f added 

s a l t  the s o lu t io n  behaviour w i l l  no rm a lise  r e s u lt in g  in  a l in e a r  

r e la t io n s h ip  between V is c o s ity  Number and polymer c o n c e n tra tio n .



For ch ito sa n  the a p p l ic a b i l i t y  o f  a CJ.1M a c e t ic  a c id  -  0.2M

sodium c h lo r id e  s o lv e n t was te s te d  on the  l i n e a r i t y  o f  the V is c o s ity

Number versus C o ncen tra tion  p lo t ,  us ing  an undegraded sample o f

c h ito s a n . The s o lv e n t system was found to  g ive  the  necessary s t r a ig h t

l in e  p la t  (F ig u re  10) and was th e re fo re  used in  p re fe rence  to  the  one 

26re p o rte d  by Lee , o f  0.2M a c e t ic  a c id  -  Q.1M sodium c h lo r id e  -  

AM urea, because o f the g re a te r  s im p l ic i t y  in  working w ith o u t la rg e  

c o n c e n tra tio n s  o f u rea . The a p p l ic a b i l i t y  o f a second s o lv e n t system 

c o n ta in in g  D.1M a c e t ic  a c id  -  0.Q2M sodium c h lo r id e ,  was a lso  te s te d  

and found to  have a l in e a r  V is c o s ity  Number versus C oncen tra tion  

re la t io n s h ip  (F ig u re  1 1 ). Th is second s o lv e n t was chosen in  o rde r 

to  s tudy the e f fe c ts  o f  the  c o n c e n tra tio n  o f s a l t  on the  v is c o m e tr ic  

co n s ta n ts .

3 .1 .3 .2  Measurements o f L im it in g  V is c o s ity  iMumber (LVIM) values

fo r  ch ito sa n  phenylosazones

V is c o s ity  measurements were c a r r ie ’d ou t an both s e r ie s  o f degraded 

ch ito s a n  phenylosazones using  a c a p i l la r y  v iscom eter a t  25°C and the  

s o lv e n t system o f Q.1M a c e t ic  a c id  -  0.2M sodium c h lo r id e .  The 

V is c o s ity  Number versus C o ncen tra tion  p lo ts  fo r  samples 1-6 are shown 

in  F igu re  12 and those f o r  samples 7-13 in  F igu re  13. Tabulated 

data  f a r  in d iv id u a l sample f lo w  tim es are in c lud ed  in  Appendix I .

A lso the v is c o s it ie s  o f samples 7, 9, 11, and 12 were redeterm ined 

in  the  0.1M a c e tic  a c id  -  0.02M sodium c h lo r id e  s o lv e n t (F ig u re  1A). 

From the  l in e a r  V is c o s ity  Number versus C oncen tra tion  p lo ts  the LVN 

f o r  each ch ito s a n  sample in  the p a r t ic u la r  s o lv e n t system used was 

found by e x tra p o la t in g  to  zero c o n c e n tra tio n  (Tables A, 5 and 6 ) .
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Table 4

L im it in g  V is c o s ity  IMumber (LVIM) data f a r  c h ito s a n  phenylosazones 

(s e r ie s  1) in  Q .1M a c e t ic  a c id /0 .2M sodium c h lo r id e .

Sample number LVIM

1 570.4

2 215.8

3 262.9

4 170.7

5 102.1

6 119.4

Table 5

LVIM data fo r  ch ito s a n  phenylosazones (s e r ie s  2) in  Q.1M a c e t ic  a c id /  

0 . 2M sodium c h lo r id e .

Sample number LVIM

7 780

8 549

9 389

10 272

11 198

12 156

13 75
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Table 6

LVIM data fa r  ch ita sa n  phenylasazanes (s e r ie s  2) in  0.1M a c e tic  a c id /  

0 .Q2M sodium c h lo r id e .

Sample number

7

9

11

13

t r n

1360

653

zua

162

- 69 -
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3 .1 .3  .3 Treatment o f  data

I t  is  p o s s ib le  to  use the  data ob ta ined , namely Mn and the 

correspond ing  LVIM's to  o b ta in  the  v is c o m e tr ic  cons tan ts  fo r  c h ito sa n  

us ing  the  m o d ifie d  S taud inger equa tion  (6 ) .  However t h is  would 

p ro v id e  cons tan ts  th a t  cou ld  on ly  be a p p lie d  a c c u ra te ly  to  c h ito sa n  

samples w ith  the  same m o lecu la r w e igh t d is t r ib u t io n s  as the  degraded 

samples used in  the  e v a lu a tio n  o f  the  LWIM's s in ce  the  samples are no t 

narrow f ra c t io n s  and cannot be considered to  be m onodisperse.
Q A

Attem pts to  f ra c t io n a te  ch ito s a n  have been t r ie d  using the  method 

02o f Doczi bu t proved unsuccess fu l in  th a t  on ly  p a ly d isp e rse  p roducts  

were o b ta in e d .

However an a l te r n a t iv e  approach to  the  m o lecu la r w e ig h t/v is c o s ity

83re la t io n s h ip  has been in tro d u ce d  by Charlesby . Use is  made o f  the

p ro p e rt ie s  o f d is t r ib u t io n s  which are l i k e l y  to  be encountered in

p ra c t ic e  ra th e r  than fo r  th e o r e t ic a l monodisperse systems. One

example is  th a t  r e s u lt in g  from the  random deg rada tion  o f l in e a r  h igh

po lym ers. M o d if ic a t io n  Q f the  method o f Charlseby by Sharp ies and 

QAM ajor enables both  K_ and a_ to  be eva lua ted .

85Equation (8 ) was d e rive d  r e la t in g  the v is c o s ity  average degree 

o f p o ly m e ris a tio n , Pv, w ith  the  number average degree o f polymer

is a t io n ,  Pn, based on the  p r o b a b i l i t y ,  b, o f bond breakage r e s u lt in g

86from random deg rada tion

Pv= PnCr  (2 + a ) ]1 /a .............................. (8 )

where V is  the Gamma fu n c t io n .  The equa tion  is  v a l id  p ro v id in g  th a t  

the  v is c o m e tr ic  cons tan t a_ 0 and 1/b -  P n » 1 .

The o r ig in a l  m o d ifie d  S taud inger equa tion  (6 ) can be expressed

-7 0 -



in  term s o f the  degree o f  p o ly m e ris a t io n .

Pv= K1[  n ] 1 /a  .................................. (9 )

Combination o f equa tions (8 ) and (9 ) leads to  the express ion  o f 

S harp ies and M ajor

lo g  Pn a ( 1/a )  lo g [n  ]  + lo g /K 1 -  ( 1/a )  logC r  ( 2+ a )] . . . . ( 10)

We have m o d ifie d  equations (8 ) and (9 ) to  take in to  account 

m o lecu la r w e igh t ra th e r  than degree o f p o ly m e ris a tio n , and on comb

in a t io n  they lead  to

lo g  f t i =  (1 /a )  logCn ]  + lo g  K11 -  (1 /a )  lo g [  r  (2+ a )] . . . ( 1 1 )

Hence a p lo t  o f  Log Mn versus Log C n ]  should g ive  a s t r a ig h t  l in e

11o f s lope 1/a  and in te rc e p t  equal to  lo g  K -  ( 1/a )  logC r  (2+ a ) ] .

11From the  in te rc e p t  and knowledge o f  a_, K can be found and re la te d  

to  the  v is c o m e tr ic  co n s ta n t K by equa tion  ( 12) .

K 1 / a = 1/K 11 ................................ ( 12)

Acid h y d ro ly s is  o f  c h ito s a n  in  s o lu t io n  under r e la t iv e ly  m ild  

c o n d it io n s  should g iv e  r is e  to  random deg rada tion  le a d in g  to  p roduc ts  

having the  re q u ire d  m o lecu la r w e igh t d is t r ib u t io n s  f o r  use w ith  

equa tion  (1 1 ). Thus equa tion  (11) is  a p p lic a b le  fo r  use w ith  the 

a c id  degraded ch ito sa n  phenylosazones.

For the f i r s t  s e r ie s  o f ch ito s a n  phenylosazones (Table 7 ) , a 

p lo t  o f Log Mn versus LogCn ]  d id  no t g ive  a s t r a ig h t  l in e ,  (F ig u re  15), 

w ith  the  p o in ts  showing a cons id e ra b le  degree o f s c a t te r .  This was 

a t t ib u te d  to  the  fa c t  th a t  the  o r ig in a l  s ta r t in g  m a te r ia l possessed 

non-reducing  end groups, as a consequence o f the  a lk a lin e  trea tm en t 

in  i t s  p ro d u c tio n , which are incapab le  o f phenylosazone fo rm a tio n .
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Table 7

L im it in g  V is c o s ity  Number (LVIM) and m o lecu la r w e igh t da ta  fo r  ch ito sa n  

phenylosazones (s e r ie s  1) .

Sample S o lven t LVN/cm*** g~  ̂ Log LVN Mn/g Log Mn

number

1 Q .1M a c e t ic 570.4 2.75618 388954 5.58990

2 acid/Q .2M 215.8 2.33405 336439 5.52691

3
NaCl.

ii 262.9 2.40979 295971 5.47125

4 it 170.7 2.23223 256423 5.40896

5 ii 102.1 2.00902 130926 5.11706

6 it 119.4 2.07700 101376 5.00594

Table 8

L im it in g  V is c o s ity  Number (LVN) and m o lecu la r w e igh t data f o r  cl

phenylosazones (s e r ie s  2 ) .

3 -1Sample S o lven t LVN/cm g Log LVN Mn/g Log Mn
number

7 0.1M a c e t ic 780 2.89709 630062 ’ 5.79938

8 ac id /0 .2M 549 2.73597 450771 5.65396

9
NaCl

it 389 2.58995 241580 5.38306

1D n 272 2.43457 180253 5.25588

11 ii 198 2.29667 156619 5.19484

12 ii 156 2.19313 96585 4.98491

13 it 74 1.86923 47820 4.67961

7 0.1M a c e t ic 1360 3.13354 630062 5.79938

9 acid/O.02M 652 2.81458 241580 5.38306

11
NaCl

ii 248 2.39410 156619 5.19484

12 it 182 2.26D07 96585 4.9849,1
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This w i l l  lead to  erroneous v/alues fo r  the number average m o lecu la r 

w e ig h t. However f o r  the  second s e r ie s  (Table 8 ) a good l in e a r  

re la t io n s h ip  between lo g  Rn and logCn ]  (F ig u re  16) was observed, 

as one would expect due to  the sodium borohydride  re d u c tio n  o f the 

non-reducing  end groups in to  a form , s u ita b le  f o r  re a c t io n  w ith  

phe ny lh yd ra z ine . Thus f o r  the second s e r ie s  a l l  o f  the  end groups, 

bath o r ig in a l  and new ones produced d u rin g  d e g ra da tion , are ab le  to  

form  a phenylosazone d e r iv a t iv e ,  re s u lt in g  in  a more r e l ia b le  va lue  

f o r  the number average m o lecu la r w e ig h t. Regression a n a ly s is  o f the 

p lo t  a ffo rd e d  a s lope o f  1.075 and an in te rc e p t  o f  2 .655 . Thus:

1 /a *  1.075 and a *  0.93

Using t h is  va lue  o f _a the  Gamma fu n c t io n , r  , o f (2+a) was found by 

a g ra p h ic a l method. Th is was achieved through use o f the  fa llo w in g  

r e la t io n s h ip :

T ( x ) *  ( x - 1 ) !  ................................ (13)

From th is  a p lo t  o f  the  r  va lues fo r  the  in te rg e r  p o in ts  can be

c o n s tru c te d  and in te rm e d ia te  n o n - in te rg e r  va lues can be read o f f .

11Thus the  in te rc e p t  va lue  o f 2.655 leads to- a va lue  f o r  K o f 888

-3 3 - 1and through equa tion  ( 12) to  a va lue  fo r  K o f 1.81 x 1Q_ cm ' g 

These va lues were fo r  ch ito s a n  in  the  0.1M a c e t ic  a c id  -  0.2M sodium 

c h lo r id e  s o lv e n t.  The L im it in g  V is c o s ity  Number data  (Table 8 ) , 

determ ined in  Q .1M a c e t ic  a c id  -  0 .02M sodium c h lo r id e  were tre a te d  

in  a s im ila r  way (F ig u re  16) to  g ive  a s lope o f 0.7925 and an in te rc e p t  

o f 3 .262 , le a d in g  to  an _a o f 1.26 and o f 3 .0L x 10”*5 cm3 g“ 1.

The va lues ob ta ined  fo r  the  cons tan ts  d i f f e r  co n s id e ra b ly  from 

26those re p o rte d  by Lee however they are fa r  c lo s e r  to  the  va lues



66 67ob ta ined  f o r  o th e r re la te d  lin k e d  io n ic  po lysaccha rides  ’ -

under s a l t  c o n c e n tra tio n s  o f a s im ila r  o rde r (Tab le  9 ) .  The e f fe c t  

an the  v is c a m e tr ic  cons tan ts  o f re d u c tio n  in  the s a l t  c o n c e n tra tio n

66fo llo w s  a s im ila r  tre n d  f o r  ch ito s a n  and sodium ca rb o x y m e th y lc e llu lo s e  , 

in  th a t  the  va lue  o f £  inc reases  w h i ls t  th a t o f  decreases. The 

increase  in  the  va lue  o f £  is  as expected from the  th e o r ie s  r e la t in g  

to  the expansion of. the  p o ly e le c t r o ly te  polymer c o i l .  The cons tan t 

£  is  a measure o f the  s iz e  o f  t h is  c o i l  and inc reases  the more 

expanded the  c o i l  becomes. As the  s a l t  c o n c e n tra tio n  is  reduced 

cha in  expansion (see S e c tion  3 .1 .3 .1 )  increases and thus £  w i l l  a lso  

in c re a s e .

3 .1 .4  f lry lh y d ra z in e  d e r iv a t iv e s  o f ch ito sa n

3 .1 .4 .1  In tro d u c t io n

In  th e o ry  i t  shou ld be p a s s ib le  to  use d i f f e r e n t  absorb ing end 

groups on ch ito s a n  to  o b ta in  i t s  number average m o lecu la r w e igh t 

s p e c tro s c o p ic a lly .  Because o f t h is  o th e r a ry lh y d ra z in e  d e r iv a t iv e s  

as w e ll as phenylosazones were in v e s tig a te d .

3 .1 .4 .2  Phenylhydrazone and phenylosazone d e r iv a t iv e s

The phenylosazone o f ch ito s a n  has been re a d i ly  produced (see 

S e c tion  3 .1 .2 .3 )  by homogeneous re a c t io n  o f c h ito s a n , in  aqueous 

a c e t ic  a c id , w ith  p h e n y lh yd ra z ine . However i t  is  d i f f i c u l t  to  s top  

the  re a c t io n  a t the  i n i t i a l  phenylhydrazone stage in  such an homo

geneous system, because o f the  presence o f  a c id . Thus the  pheny l

hydrazone was produced by heterogeneous re a c t io n  a t room tem pera ture 

between a ch ito sa n  f i lm ,  and a s o lu t io n  o f pheny lhydraz ine  in  m ethanol. 

U v /v is ib le  sp e c tro sco p ic  a n a ly s is  o f the  c o lo u r le s s  p roduc t in  both



Table 9

Comparison o f  the  new v is c o m e tr ic  cons tan ts  f o r  ch ito s a n  w ith  o th e r 

$ - ( 1 - * 4 ) ~  lin k e d  p o lysa cch a rid e s , showing the e f fe c t  o f  s a l t  c o n c e n tra tio n ,

3 -1Polymer S a lt  c o n c e n tra tio n  K/cm g a

Chitosan ace ta te  0 .2  1.81 x10~'5 0.93
e

Chitosan a ce ta te  0.02 3.04 x10 1.26

Sodium ca rbaxy-
-4m ethy l c e llu lo s e  0 .1 1.23 x1Q 0.91

Sodium carboxy-

m ethy l c e l lu lo s e  0.01 6.46 x10- ^ 1.2

Sodium c e llu lo s e

su lpha te  0 .5  7.91 x10~2 0.93



f i lm  form  and d is s o lv e d  in  m ethanol/0 .1M  HBr (7 /3  v /v )  revea led  a

band a t  280 nm (F ig u re  17 ). T h is  maximum is  in  agreement w ith  the

u v /v is ib le  spec tra  o f phenylhydrazone d e r iv a t iv e s  o f low m o lecu la r

87w e igh t sugar compounds . The m ethanol/aqueous hydrabrom ic a c id  

s o lv e n t system was used f o r  u v /v is ib le  a n a ly s is  o f the  ch ito sa n  

d e r iv a t iv e s  in  o rde r to  o b ta in  a comparison w ith  the  sp e c tra  o f the  

low m olecu lar, w e igh t analogues, which were recorded an s o lu t io n s  

in  m ethanol.

3 .1 .4 .3  p -IM itropheny lhyd raz ine  d e r iv a t iv e s

The £~n itrapheny losazone  o f  c h ito s a n  was produced in  a s im ila r

way to  the  phenylosazone, by homogeneous re a c t io n  w ith  £ -n it r o p h e n y l-

hyd raz ine  in  the presence o f a c e t ic  a c id , and p r e c ip i ta t io n  d f the

p roduct by the  a d d it io n  o f a l k a l i .  £ - l\ litro p h e n y lh y d ra z in e  is  le s s

s o lu b le  than pheny lhdyraz ine  and re q u ire s  to  be d is s o lv e d  in  a

r e la t iv e ly  la rg e  amount o f m ethanol be fo re  a d d it io n  to  the  ch ito s a n

s o lu tio n ..  A n a lys is  o f the  u v /v is ib le  spectrum (F ig u re  18) o f  the

deep red p roduc t in  the  m ethanol/0 .1M  HBr s o lv e n t revea led  a sm a ll

shou lde r in  the  re g io n  o f  A30 nm and a maxima a t 385 nm. These two

bands are in  reasonable agreement w ith  the  u v /v is ib le  c h a ra c te r is t ic s

88o f D -g lucase-£~n itropheny lasazone  , a lthough  the fa c t  th a t  th e re  is  

on ly  a shou lde r ra th e r  than a w e ll d e fin e d  peak a t A3Q nm suggests the  

p roduc t e x is ts  as a m ix tu re  o f  th e p V iitro p h e n y lh yd ra zo n e  as w e ll as 

the  £ -n itro p h e n y la s a z o n e .

The £ -n itrophe ny lhyd ra zD ne  o f  ch ito sa n  was produced in  a s im ila r  

way to  the  phenylhydrazone by heterogeneous re a c t io n  an ch ito sa n  

f i lm .  The u v /v is ib le  spectrum o f the  ye llo w  p roduc t revea led  a 

maximum a t 395 nm in  f i lm  form  and a t 385 nm in  the mixed m ethano l/
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U v /v is ib le  spectrum o f ch ito s a n  phenylhydrazone in  f i lm  form 

( O )  and in  7 /3 ( v /v )  methanol/1% HBr ( □ ) .
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F igu re  16

U v /v is ib le  spectrum o f ch ito s a n  j^ -n itropheny lasazone  in  

70/30 ( v /v )  methanol/1% HBr.
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Q.1M HBr s o lv e n t (F ig u re  1 9 ). These aga in were in  good agreement w ith

89the u v /v is ib le  spectrum o f D -g lucase -£ -n itra p h e n y lh yd ra zo n e  . The 

s h i f t  in  the  spectrum o f 10 nm from  f i lm  form  to  s o lu t io n  form.,, must 

be a consequence o f the  in te r a c t io n  o f  the  p o la r  s o lv e n t w ith  the 

n i t r o  group s ince  n o .s h i f t  is  observed in  the absence o f the n i t r o  

group i . e .  in  the phenylhydrazone d e r iv a t iv e .

The re lu c ta n c e  o f ch ito s a n  to  undergo complete £ -n itrophen.y losazone 

fo rm a tio n  in  the  homogeneous system is  a lso  m an ifes ted  in  the  he te ro 

geneous re a c t io n .  The e x tens ion  o f  the  re a c t io n  between ch ito sa n  f i lm  

and pheny lhydraz ine  in  m ethanol e v e n tu a lly  r e s u lts  in  the  fo rm a tio n  

o f  some phenylosazone as in d ic a te d  v is u a l ly  by the  change in  c o lo u r 

o f  the  f i lm  to  y e llo w  and s p e c tro s c o p ic a lly  by the  g radua l appearance 

o f  the  c h a ra c te r is t ic -p b e n y lo s a z o n e  band a t 395 nm. However f o r  the  

correspond ing  re a c t io n  w ith  p -n itro p h e n y lh y d ra z in e  no osazone- fo rm a tio n  

is  observed even a f te r  co n s id e ra b le  tim es o f re a c t io n  (up to  a week).

I t  is  d i f f i c u l t  as y e t to  e x p la in  the  e f fe c t  o f  the  n i t r o  group on 

the  re a c t io n  because the mechanism o f osazone fo rm a tio n  has no t been 

com p le te ly  e s ta b lis h e d . However the  co n s id e ra b ly  low er s o lu b i l i t y  

o f  the  £ -n itra p h e n y lh y d ra z in e  reagent compared to  pheny lhydraz ine  

may have some bea ring  on the  r e la t iv e  e x te n t o f  the two re a c t io n s .

3.1.*+.** S t ru c tu ra l in v e s t ig a t io n s  o f a ry lh y d ra z in e  d e r iv a t iv e s  o f

ch ito s a n

□ne o f the  im p o rta n t p ro p e r t ie s  o f a ry lhyd razones and arylosazones

is  t h e i r  a b i l i t y  under c e r ta in  c o n d it io n s  to  undergo farmazan fo rm a tio n .

This re a c t io n  has been e x te n s iv e ly  used in  the in v e s t ig a t io n  o f  the
an

s t r u c tu r a l arrangements o f a ry losazones and ary lhyd razones
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F igure  19

U v /v is ib le  spectrum o f c h ito s a n  £ -n itro p h e n y lh yd ra zo n e  in  

f i lm  form  ( O )  and in  7 /3  ( v /v )  methanol/1% HBr ( □ ) .
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Formazan fo rm a tio n  occurs by re a c t io n  between the hydrazone group 

and a d ia z o tis e d  a ry lam ine :

.  IM = N-Ar
!jl  ̂ e S +HX
c *  |\|-l\l-Ar + X l\L -A r ----------- > X IM~I\1-Ar
R 2 1K H

a r y l hydrazone diazonium  s a l t  formazan

For the re a c t io n  to  proceed two s t r u c tu r a l fe a tu re s  are needed;

i )  a S c h i f f 's  base s t ru c tu re ,  -C H =I\I-;

i i )  a f re e  im ino hydrogen on the  a ry lhyd razone  group.

Both ch ito sa n  phenylhydrazone and chitQ san £ -n itro p h e n y lh yd ra zo n e

s a t is f y  these requ irem en ts and should undergo the formazan re a c t io n .

The re a c tio n  was c a r r ie d  ou t us ing  d ia z o tis e d  a n i l in e  and the a r y l -

hydrazones o f ch ito sa n  in  f i lm  fo rm . The s o lv e n t medium used was

m e th a n o l/p y r id in e , Q0/2D, and the  re a c t io n  m ix tu re  was kep t a t 0DC

fo r  24' hours, the le n g th  o f  tim e used r e f le c t in g  the  heterogeneous

c o n d it io n s  in v o lv e d . For the ch itQ san phenylhydrazone formazan

u v /v is ib le  analyses were c a r r ie d  ou t in  f i lm  form  and in  the mixed

m ethanol/aqueous hydrobram ic a c id  s o lv e n t.  The spectrum o f the

p roduc t in  f i lm  form showed a sm a ll shou lde r a t 420 nm and a la rg e

band a t 280 nm. Th is main band was s im ila r  to  the  one in  the  s ta r t in g

m a te r ia l,  except i t s  in te n s it y  was much g re a te r (F ig u re  2D). In  the

mixed s o lv e n t the main band occured a t 265 nm w ith  a shou lde r a t

420 nm (F igu re  21) which is  s im ila r  to : th e  spectrum o f D -g lucose- 

91d iphenylform azan , in d ic a t in g  th a t  the  formazan re a c t io n  has taken 

p la c e . The sp e c tro sco p ic  evidence f o r  the  p ro d u c tio n  o f the c h ito sa n  

£ -n itro p h e n y lh yd ra zo n e  formazan was much c le a re r  due to  the more 

pronounced s h i f t s  in  the  a b s o rp tio n  bands, between s ta r t in g  m a te r ia l 

and product.The  u v /v is ib le  spectrum in  the mixed s o lv e n t showed a
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Formazan o f ch ito s a n  phenylhydrazone in  7/3 ( v /v )  m e th ano l/1% HBr,
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s h i f t  f a r  the  main band a t 385 nm in  the  s ta r t in g  m a te r ia l to  one 

a t 265 nm fo r  the  formazan (F ig u re  2 2 ). A second s m a lle r shou lder 

mas observed a t about A00 nm. Both these peaks are in  reasonable 

agreement w ith  the u v /v is ib le  spectrum o f D -g lu c o s e -£ -n itro p h e n y l-  

hydrazone formazan, produced by the  re a c t io n  between d ia z o tis e d  

a n i l in e  and D -g lu co se -£ -n itro p h e n y lh yd ra zo n e .

The a p p lic a t io n  o f the  formazan re a c t io n  to  a ry losazone d e r iv a t iv e s

90is  o f g re a t s ig n if ic a n c e .  M ester has shown th a t  D -g lucosepheny l- 

osazone w i l l  on ly  undergo the formazan re a c t io n  in  s tro n g ly  a lk a lin e  

m edia. He concluded th a t  the re a c t io n  does no t proceed in  none.' *-.= 

a lk a lin e  systems because one o f  the  requ irem ents f o r  formazan fo rm a tio n , 

namely the presence o f an im ino*hydrogen is  no t s a t is f ie d .  He e xp la ined  

th is  in  terms o f the invo lvem ent o f  th is  hydrogen in  the  fo rm a tio n  o f 

an in te r n a l c h e la te  s t ru c tu re  (I/) v ia  hydrogen bonding.

H ^ P h  
N

S tro n g ly  a lk a lin e  c o n d it io n s  w i l l  ru p tu re  the c h e la te  r in g  and 

thus a llo w  the formazan re a c t io n  to  take p la ce .

The heterogeneous re a c t io n  o f ch ito sa n  phenylosazone w ith  d ia z o t

ised  a n i l in e  in  m e th a n o l/p y r id in e  showed a s im ila r  tre n d  in  th a t  no 

formazan fo rm a tio n  was observed, as m on itored by u v /v is ib le  spec t

roscopy. This g ives  support to  a ch e la te  s tru c tu re  being p resen t in
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Formazan o f c h ito sa n  j> -n itrapheny lhyd razone  in  7/3 ( v /v )

methanol/1% HBr

87-



the  c h ito sa n  phenylosazone. U n fo rtu n a te ly  uhen-the re a c t io n  was 

c a r r ie d  ou t under a lk a lin e  c o n d it io n s , th is  and the  le n g th  o f the 

re a c t io n  tim e caused the  g radua l o x id a t iv e  deg rada tion  o f the  ph e n y l- 

osazone system, to  y ie ld  in c o n c lu s iv e  s p e c tra l r e s u lt s .

The presence o f an in te r n a l ch e la te  r in g  in  the  s tru c tu re  o f

c h ito s a n  phenylosazone is  in  agreement w ith  i t s  u v /v is ib le  c h a ra c t-

sse r is t ic s  accord ing  to  the  in te r p r e ta t io n  o f Roberts . He represen ted  

the  s t ru c tu re  o f a ry losazones as (V I)

H Ar 
N \ K

(V I)

where the e le c tro n s  o f the  C(2) a ry lhyd razone  group are h ig h ly  

d e lo c a lis e d . and form a mesameric band system. I t  is  t h is  d e la c a l-  

is a t io n  th a t  causes the  c h a r a c te r is t ic  a b so rp tio n  band around 390 nm, 

whereas the C(1) a ry lhyd razone  is  no t d e lo c a lis e d  and g ives  the normal 

d a w n fie ld  a b so rp tio n  o f an a ry lhyd razone  group a t about 280 nm.

Thus the  c h ito sa n  phenylosazone end group can be represen ted  by ( V I I ) .



CH2QH CH20H

(V I I )

3 .1 .4 .5  O ther end group d e r iv a t iv e s

Two o th e r end group d e r iv a t iv e s  o f ch ito sa n  were in v e s tig a te d , 

the  p h e n y lf la v a z o le  ( V I I I )  and the  p h e n y lo s a tr ia z o le  ( IX ) .

( V I I I )

I

H"“Cte=sW

'n - ' C6H5 
_ /

C~—IM

(IX )

The p h e n y lfla v a z o le  d e r iv a t iv e s  o f h y d ro c e llu lo s e  has been 

72prepared and i t s  u v /v is ib le  spectrum in v e s t ig a te d .  They are 

g e n e ra lly  prepared by the  re a c t io n  o f the  reducing  sugar end group 

w ith  jo-phenylenediam ine and pheny lhydraz ine  in  the presence o f a c e t ic  

a c id .  The re a c t io n  was a ttem pted fo r  ch ito sa n  both heterogeneously 

and homogeneously, however a n a ly s is  o f the  p roduct gave an a b so rp tio n
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spectrum c o n s is te n t on ly  w ith  phenylosazone fo rm a tio n .

P h e n y lo s o tria z o le s  can u s u a lly  be prepared by the  o x id a t io n  o f

92phenylosazones w ith  aqueous c u p r ic  su lpha te  , and have a lso  been •

63produced on h y d ro c e llu lo s e  end groups . Due ta  the  c h e la t in g

93a b i l i t y  o f c h ito s a n  w ith  copper ions  , the  o x id is in g  agent may be

changed to  bromine which has been used in  the  p re p a ra tio n  o f  phenylp 'sb

t r ia z o le s .  Chitosan phenylosazone in  f i lm  farm  was reac ted  w ith  a

s o lu t io n  o f bromine w a te r, which caused the f i lm  to  d is s o lv e .

U n fo rtu n a te ly  r e p r e c ip i ta t ia n  o f the  p roduc t and. sp e c troscop ic

a n a ly s is  in d ic a te d  the  presence o f o n ly  the  s ta r t in g  m a te r ia l.

13Bromine a b so rp tio n  by the  c h ito s a n  may be re s p o n s ib le  fo r  the 

la c k  o f re a c t io n .

3 .2  D e te rm ina tion  o f the  f re e  amine group co n te n t o f  ch ito sa n

3 .2 .1  In tro d u c tio n

V a r ia tio n s  in  the  degree o f  N -a c e ty la tio n  o f d i f f e r e n t  c h ito sa n

samples is  one o f the  consequences o f the  p ro d u c tio n  o f ch ito sa n

from c h i t in .  Thus fa r  accura te  q u a n t i ta t iv e  work i t  is  e s s e n tia l

fo r  the  c h ito sa n  sample to  be c h a ra c te r is e d . Severa l techn iques

have been re p o rte d  p re v io u s ly  (see S e c tion  2 .2 ) ,  bu t the  work c a r r ie d

ou t and re p o rte d  in  t h is  th e s is  in v o lv e s  the  a p p lic a t io n  o f nove l

40methods to  the  v a l id a t io n  o f the  techn ique  o f Moore and Roberts 

(see S ection  2 .2 .3 .1 ) .  Th is is  one o f the  in fra re d  methods and is  

o f s p e c ia l in te r e s t  because i t  re q u ire s  no p r io r  c a l ib r a t io n  and can 

be a p p lie d  to  any hP-acyl d e r iv a t iv e  o f c h ito s a n . These unique 

c h a ra c te r is t ic s  a l l ie d  w ith  i t s  s im p l ic i t y  and the r e la t iv e ly  s h o rt 

tim e re q u ire d , make i t  an id e a l techn ique fo r  the  e v a lu a tio n  o f the  

degree o f N -a c e ty la t io n . U n fo rtu n a te ly  no su cce ss fu l com parative



s tudy in to  i t s  accuracy has been c a r r ie d  cu t u n t i l  now. Severa l 

d i f f e r e n t  and nove l approaches to  the  d e te rm in a tio n  o f the  fre e  

amine group co n te n t have been in v e s tig a te d  fo r  comparison w ith  the 

va lues g iven  by in fra re d  spectroscopy, w ith  va ry in g  degrees o f success.

3 .2 .2  NMR s tu d ie s

36Previous NMR work has been c a r r ie d  out us ing concen tra ted

deu te ra ted  fo rm ic  ac id  as a s o lv e n t, however i t  would be d e s ira b le

to  use a more e s ta b lis h e d  o rgan ic  s o lv e n t f o r  th is  purpose. A lthough

c h ito s a n  is  no t s o lu b le  in  such s o lv e n ts , i t  is  p o s s ib le  to  prepare

arganoso lub le  d e r iv a t iv e s  o f c h ito s a n . Two such d e r iv a t iv e s  were

94prepared accord ing  to  the  method o f  Moore and Roberts namely 

d i-£ -pheny lca rbam ate-_N -pheny lu re idach itosan  and d i-O ^phenylcarbem ate- 

N _-benzylidenechitosan. These are the pheny lisocyana te  d e r iv a t iv e s  o f 

c h ito s a n  and _N-benzylidene ch ito s a n  (a S c h i f f 's  base d e r iv a t iv e  o f 

c h ito s a n ) re s p e c t iv e ly .  I t  was in tended  to  c a rry  ou t NMR s tu d ie s  

on these d e r iv a t iv e s  to  determ ine the  r a t io  o f a c e ty l p ro tons  to  o th e r 

p ro to n s . U n fo rtu n a te ly  the  samples thus prepared were no t s o lu b le  

enough to  g ive  re s o lv a b le  NMR sp e c tra , us ing deu te ra ted  DMSO as a 

s o lv e n t.  In ' o rde r to  t r y  and improve the s o lu b i l i t y  the polymer was 

d is s o lv e d  in  THF and p e rc h lo r ic  a c id  added to  degrade the  polymer 

c h a in . The re s u lta n t  p ro d u c t, an r e p r e c ip i ta t io n ,  y ie ld e d  l i t t l e  

improvement in  the  NMR spectrum . This r e la t iv e  la c k  o f s o lu b i l i t y  

a l l ie d  to  the d e tr im e n ta l e f fe c t  o f  the  po lym eric  m a te r ia l on 

expensive NMR tubes s e v e r ly  l im i t s  the  use o f  NMR in  the  proposed 

manner. I t  should however be p o s s ib le  to  produce samples o f increased 

s o lu b i l i t y  bu t the  e x te n t o f  polymer degrada tion  in v o lv e d  would be re 

severe, r e s u lt in g  in  a p roduc t bea ring  l i t t l e  r e la t io n  to  the  o r ig in a l  

h igh  m o lecu la r w e igh t c h ito s a n .



3 .2 .3  Use o f 2 ,^ -d in itro f lu o ro b e n z e n e  as an amine s p e c i f ic  reagent

3 .2 .3 .1  In tro d u c tio n

Th is  method u t i l i s e s  the  re a c t iv e  p ro p e rt ie s  o f the  f re e  amine 

group o f ch ito s a n  to  y ie ld  a p roduc t capable o f undergoing s p e c tro 

scop ic  a n a ly s is .  The reagent 2 ,^ -d in itro f lu a ra b e n z e n e  (DIMFB) has

p re v io u s ly  been used f o r  the  e s tim a tio n  o f amine groups o f low

95m o lecu la r w e igh t compounds . The reagent is  p a r t ic u la r ly  re a c t iv e  

towards n u c le o p h ile s  due to  the  e le c tro n  w ithd raw ing  a b i l i t y  o f  the 

f lu o r in e  atom, and thus w i l l  r e a d i ly  undergo re a c t io n  w ith  a nuc le o - 

p h i l i c  amine group, to  farm a bond between the amino n itro g e n  and the

96C(1) carbon o f the  benzene r in g .  I t  has a lso  been used w ith  c h ito sa n  

to  es tim a te  the e x te n t o f  enzymic d e a c e ty la tio n  o f c h i t in ,  by m o n it

o r in g  th e  p ro d u c tio n  o f f re e  amine groups. This was achieved by r- 

re a c t io n  w ith  DIMFB, h y d ro ly s is  o f the  p roduct to  the monomer, chroma

to g ra p h ic  se p a ra tio n  and then u v /v is ib le  sp e c tro sco p ic  a n a ly s is  o f 

the  J M -(2 ,4 -d in itro p h e n y l)-D -g lu co sa m in e  (DIMP-D-glucosamine) form ed.

In  the  p resen t study a method fo r  d ir e c t  sp e c tro sco p ic  d e te rm in a tio n  

was in v e s tig a te d .

3 .2 .3 .2  S pectroscop ic  p ro p e r t ie s  o f DIMFB- d e r iv a t iv e s  o f amines

In  o rde r to  app ly sp e c tro sco p ic  a n a ly s is  to  the  d e r iv a te d  c h ito sa n  

the  e x t in c t io n  c o e f f ic ie n t  o f  the  R-fMH DIMP system must be known.

Thus low m o lecu la r w e igh t analogues were prepared using the  ch ito sa n  

p re cu rso r D-glucasamine and cyc lohexy lam ine as examples o f prim ary 

amines. DIMFB w i l l  a ls o  re a c t w ith  secondary amines and thus the  

p roducts  o f re a c t io n  w ith  d ie thano lam ine  and m orpho line  were made 

to  study t h e ir  u v /v is ib le  c h a r a c te r is t ic s .  The re s u lts  are summ

a r is e d  in  Table 10. The e x t in c t io n  c o e f f ic ie n t  f o r  DIMP-D-glue os-
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amine was found g ra p h ic a lly  to  be 16,500 (F ig u re  23) from the data 

in  Table 10. A lthough the  p o s it io n  o f X max v a r ie s  accord ing  to  the  

s o lv e n t, the  p roducts  from the  p rim ary  amines g e n e ra lly  have max. 

a t  low er uave lengths than do those from  secondary am ines.:i The va lues 

fo r  the e x t in c t io n  c o e f f ic ie n t  seem to  be u n a ffe c te d  by the  na tu re  

o f the  s o lv e n t, bu t are dependant on the  type o f amine from uh ich  

the  p roduc t is  d e rive d  e .g . those from  secondary amines have va lues 

around 13,000 y h i ls t  those from  p rim ary  amines have e x t in c t io n  

c o e f f ic ie n ts  around 16,500.

Th is va lue  o f 16,500 found fo r  the  model compound DIMP-D- g lucos

amine, yas used fo r  a p p lic a t io n s  y i t h  the  re la te d  c h ito s a n  systems..

3 .2 .3 .3  S tud ies  on the  re a c t io n  betyeen DIMFB and ch ito sa n

The re a c t io n  betyeen c h ito s a n  and DIMFB yas c a r r ie d  ou t both 

he terogeneously , on c h ito s a n  in  f i lm  form , and homogeneously in

a c id  s o lu t io n s .

The heterogeneous re a c t io n  yas c a r r ie d  out in  m e thano lic  s o lu t io n  

c o n ta in in g  an excess o f  reage n t, and fa llo y e d  by m o n ito r in g  the  

in fra re d  sp e c tra  o f the  f i lm s  a t va rio u s  tim e in te r v a ls .  The g radua l 

change o f  c o lo u r o f  the  f i lm  to  y e l lo y ,  along y i t h  the  appearance 

o f  c h a r a c te r is t ic  a rom atic  and n i t r o  bands in  the  in fra re d  spectrum 

in d ic a te d  th a t  re a c t io n  yas o c c u r in g . The re a c t io n  appeared to  have 

stopped a f te r  72 hours, as shoyn by the  s t a b i l i t y  o f the  in fra re d  

a b s o rp tio n  bands f o r  re a c t io n  tim es in  excess o f 72 hou rs . Hoyever 

the  re a c tio n .h a d  no t gone to  com ple tion  as in d ic a te d  by the  a b i l i t y  

o f the  p a r t ia l l y  reac ted  c h ito s a n  f i lm  to  undergo JM -ace ty la tion  

y i t h  a c e t ic  anhydride- in  m ethanol. The IM -ace ty la tion  yas observed
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by m o n ito r in g  the  inc rease  in  the  amide I  band, in  the  in fra re d  

-1a t 1665 cm , a f te r  a c e ty la t io n  (compare F igu res  2k and 2 5 ) . The 

increase  in  absorbance o f the  amide I  band can be a t t r ib u te d  ta  the  

JM -ace ty la tian  o f unreacted fre e  amine groups ra th e r  than to  d is p la c e 

ment o f  the  JM -d in itropheny l res idu es  by a c e t ic  anhydride , p r io r  to  

a c e ty la t ia n .  This was shown by a sp e c tro sco p ic  s tudy o f the  model 

compound DIMP-D-glucosamine whose absorbance a t 360 nm in  a m e thano l/ 

a c e t ic  anhydride s o lu t io n  was measured as a fu n c t io n  o f  tim e and 

found to  be cons tan t f o r  a p e r io d  o f  72 hours, in d ic a t in g  the  s t a b i l i t y  

o f the  JM_-dinitrophenyl re s id u e s  toward a c e t ic  anhyd ride . A ttem pts 

to. improve the e x te n t o f  re a c t io n  by re f lu x in g  c h ito s a n  f i lm s  in  a 

m e thano lic  s o lu t io n  o f DIMFB aga in  y ie ld e d  a p roduc t which con ta ined 

unreacted amine g roups.

As the  JM -d in itropheny l res idu es  are r e la t iv e ly  la rg e  when compared 

to. the  JM-acetyl group i t  is  l i k e l y  th a t  s te r ic  h inderance is  respons

ib le : f o r  incom ple te  re a c t io n .  C h itosan is  a 3 - (1  -+k)-  l in k e d  p o ly 

saccharide  and thus successive JM -d in itropheny l groups on the  same s id e  

o f the polymer cha in  would be separa ted by d is tan ces  o f app rox im a te ly

1.03 nm and would appear to be unlikely to interact with eaGh other or
97w ith  an approaching DIMFB m o lecu le . However Moore and Roberts have 

shown th a t  in  the  J 3 -a c e ty la tio n  o f JM-acyl ch ito sa n s  and S c h i f f 's  base 

d e r iv a t iv e s  o f c h ito s a n , the  im ino hydrogen o f the  amide groups in  the 

fo rm er d e r iv a t iv e s  o f fe rs  s u f f ic ie n t  s te r ic  h inderance to  p reven t more 

than app rox im a te ly  50% o f  the  h yd ro xy l groups being e s te r i f ie d .

Another fa c t  th a t  may e x p la in  the  incom plete  re a c t io n  is  the

e f fe c t  o f the JM -d in itropheny l res idu es  an the s o lu b i l i t y  parameter

o f the  polymer and hence i t s  a c c e s s ib i l i t y  to  the  DIMFB reagent..

33 57 98Moore ’ ’ has shown th a t  the  e x te n t o f JM -ace ty la tian  o f c h ito sa n

-9 6 -
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is  dependant upon the  s o lu b i l i t y  param eter o f  the  s o lv e n t used.

I t  is  assumed th a t  the  most fa vo u ra b le  c o n d it io n s  fo r  J ^ -a c e ty la tio n , 

w ith  a c e t ic  anhydride , occur when the  s o lu b i l i t y  param eter o f  the 

s o lv e n t resembles th a t  o f  the  po lym er. Thus changes in  the so lub 

i l i t y  param eter o f the  polymer may make the  s o lv e n t a le s s  s u ita b le  

re a c t io n  medium. The r e la t io n s h ip  between the s o lu b i l i t y  parameter 

o f  the  polymer and the  reagent may a lso  be o f im portance . I t  is

d i f f i c u l t  to  p re d ic t  the  exact a f fe c t  o f the  N -d in itro p h e n y l groups

99except th a t  i t  has been found fo r  d ispe rse  dyes/fchat the  presence 

o f a n i t r o  group tends to  in c rease  the  s o lu b i l i t y  param eter f o r  these 

dyes.

A lthough due to  imcomplete heterogeneous re a c t io n  w ith  Df\iFB i t  

is  no t p a s s ib le  to  determ ine the  re s id u a l fre e  amine co n ten t o f  a 

ch ito sa n  sample, the a c tu a l e x te n t o f  re a c t io n  can s t i l l  be found 

by sp e c tro sco p ic  means. The p a r t ia l l y  reacted  j\k-C2 ,A-DIMP)-chitosan 

f i lm  was found to  be in s o lu b le  in  o rgan ic  s o lv e n ts , as w e ll as in  

d i lu te  a c id ic  media. However i t  cou ld  be d isso lve d  by r e f lu x in g  in  

concen tra ted  hydrobram ic a c id  (91\l) to  g iv e 'a  ye llo w  s o lu t io n  w ith  

A max in  the  uv a t about 360 nm, s im ila r  to  those fo r  low m o lecu la r 

w e igh t analogues. I t  is  l i k e l y  th a t  under these d ra s t ic  c o n d it io n s  

o f a c id  c o n c e n tra tio n  and tem pera ture  the polymer has become seve re ly  

degraded and e x is ts  in  the  form  o f ve ry  law m o lecu la r w e igh t spec ies . 

Continued r e f lu x in g  o f the  s o lu t io n  caused a cons id e ra b le  decrease 

in  the  absorbance o f the  system and a sm a ll do w n fie ld  s h i f t  in  the 

p o s it io n  o f the  a b s o rp tio n  band to  355 nm. Thus under the  extrem e 

c o n d it io n s  used to  d is s o lv e  the  polym er, chromophare d e s tru c t io n  is  

ta k in g  p lace and th e re fo re  fo r  a q u a n t i ta t iv e  sp e c tro sco p ic  a n a ly s is

- 9 9 —
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the  c o n d it io n s  o f d is s o lu t io n  must be m o d ifie d . (The d e s tru c tio n  

o f the  chramophore is  mare e x te n s iv e ly  s tu d ie d  in  S ec tion  3 .2 .4 ) .

The e f fe c t  o f  tem pera ture  v a r ia t io n  on the  s t a b i l i t y  and p o s it io n  

o f  the  uv maximum fo r  the  model compound DIMP-D-glucosamine has been 

in v e s tig a te d  in  a s o lv e n t system o f 50/50 9IM HBr/H^O. The re s u lts  

are summarised in  Table 11 and shou th a t  chromophore d e s tru c t io n  is  

tem pera ture  dependant and th a t  a t  50°C the  system appears to  be s ta b le  

f o r  up to  66 hou rs .

These c o n d it io n s  uere then a p p lie d  to  a sample o f DNP-chitosan 

f i lm .  D is s o lu tio n  was com plete a f te r  5 hours o f  h ea ting  a t  5Q°C.

From the  uv absorbance and d i lu t io n  data  (Tab le  12) i t  is  p o s s ib le  

to  determ ine the  e x te n t o f  re a c t io n  between ch ito s a n  and DIMFB:

Absorbance, A a t X max » .485

From the  Beer Lambert Law A -  e x c x 1

1 = 1

e = 16,500

!’ Thus c -  A/e

= .485/16,500 

« 2.94 x 10™̂  mol dm*"^

However ta k in g  in to  account the  i n i t i a l  10 fo ld  d i lu t io n

c a 10 x 2 .94  x 10~5

= 2.94 x 10~4 mol dm""5

3
There fo re  in  the  i n i t i a l  volume o f 250 cm th is  is

2 .94 x 10-Zf x 250 
1000

-5= 7.35 x 10 moles o f DIMP res idues  

- 100-



Table 11

E ffe c t  o f  tem pera ture an s t a b i l i t y  o f  DIMP-D-glue os amine chromophcre 

system in  50/50 ( \j/ \j ) 9IM HBr/H^O.

Temp./0°C Tim e/hour I n i t i a l F in a l I n i t i a l F in a l |

\nax/nm \nax/nm absorbance absorbance s
80 a 365 350 0.79 0.66 1

SO 8 365 360 0.79 0.76 i
50 8 365 365 0.79 0.79 i
50 24 365 365 1.16 1.16

Jb

J
50 66 365 365 1.16 1.10 4

Table 12

S pectroscop ic  data fo r  DIMP-chitosan samples in  50/50 ( v /v )  9iM HBr/H^Q 

a t a d is s o lu t io n  tem pera ture o f 50aC. Absorbance (A ba .) measurements 

were c a r r ie d  ou t at. 395 nm in  1 cm c e l ls .

Sample bJeight/g Volume o f D i lu t io n  D is s o lu t io n  Abs. % amine

source

Hetero
geneous
re a c t io n  0.0509

Homogeneous
syne rised
g e l 0.0327

Homogeneous 
g e l 0.0407

so lven t/cm  fa c to r  t im e /h o u rs

. 250

100

100

10

10

10

reac ted

0.485 41

48

48

1.0

1.2

54

51

- 101-



-5In  0.0509 g Df m a te r ia l th e re  is  7 .35 x 10 males a f D(\IP groups

-5These c o n tr ib u te  7.35 x 10 x 168 g to  the t o t a l

w e igh t 

= 1.235 x 1Cf2 g 

Thus w e igh t o f  s ta r t in g  m a te r ia l be fo re  re a c t io n

= 0.0509 -  0.01235 + 7.35 x 10~5

This la s t  term takes in to  account the  lo s s  o f a p ro ton  du rin g  the  

re a c t io n .

T he re fo re  w e igh t o f  s ta r t in g  m a te r ia l

-  0.0386 g.

The. degree o f  JM -ace ty la tian  o f the o r ig in a l  s ta r t in g  m a te r ia l was

4 0determ ined by the method o f Moore and Roberts and found to  be 

21%. The repea t u n i t  m o lecu la r w e igh t o f  an JM-acetyl c h i t in  u n i t  is  

203 g w h ile  th a t o f  the  amine u n i t  is  161 g. Thus the  e q u iv a le n t 

w e igh t o f  the  amine group is  g iven  by:

21 x 203 + 79 x 161 = 2 1 5  g/mole o f f re e  amine 
79

There fo re  in  0.0386 g we have 0.0386
215

= 1.795 x 10“  moles.

There fo re  percentage o f  f re e  amines reac ted

= * .?P..., x 1QD
1.795 X 10 

= 41%

Thus o n ly  41% o f the  a v a ila b le  fre e  amine groups have undergone



re a c t io n  w ith  the DIMFB reagent under the  heterogeneous c o n d it io n s  

a p p lie d .

In  o rde r to  t r y  and improve the  e x te n t o f  re a c t io n  an' homogeneous

system was devised along s im ila r  l in e s  to  the homogeneous JM -acetyl- 

57a t io n  o f ch ito s a n  . An aqueous a c e t ic  ac id /m e thano l s o lu t io n  o f  

c h ito s a n  was reac ted  w ith  a 1-J- fo ld  excess o f DIMFB re a g e n t. On 

s tand ing  fo r  se ve ra l days the  s o lu t io n  was found to  have g e lle d .

The a b i l i t y  o f  c h ito s a n  s o lu t io n s  to  undergo g e la t io n  has p re v io u s ly

100 101 A5 ”102been s tu d ie d  by Moore and Roberts ’ and by H irano e t a l . 1

G e la tio n  is  u s u a lly  brought about th rough  a c y la t io n  o f the  fre e

amino group on the c h ito s a n  and occurs when about 70% o f the  amine

groups have reacted*100. A p o r t io n  o f  the  g e l was tre a te d  by b lend ing

i t  w ith  methanol and then adding e th e r to  a id  polymer p r e c ip i ta t io n .

The p roduct thus ob ta ined , in  a s u ita b ly  washed form , had an in te n se

ye llo w  c o lo u r and a powdery appearance. A second p o r t io n  o f the  g e l

was a llow ed to  undergo syn e re s is  be fo re  being tre a te d .  Far the

homogeneous re a c t io n  a low m o lecu la r w e igh t commercial ch ito sa n

(Kytex L) w ith  a degree o f JM -ace ty la tion  o f 16% was used to  t r y  and

o b ta in  a p roduc t w ith  b e t te r  s o lu b i l i t y  c h a r a c te r is t ic s .  The two

p roduc ts  from the g e la t io n  re a c t io n  were d isso lve d  in  the  50/50

9IM HBr/H^Q so lv e n t a t 50aC. D is s o lu t io n  was much s low er than fo r

the  f i lm  form  and re q u ire d  AS hours fo r  co m p le tio n . The uv da ta  o f

the  re s u lt in g  s o lu t io n s  are con ta ined  in  Table 12 and in d ic a te  th a t

51 and 5A% o f the  a v a ila b le  amine groups had reac ted  fo r  the  g e lle d

and syneresed p roducts  re s p e c t iv e ly .  Taking in to  account the i n i t i a l

re s id u a l N -a c e ty la tio n  o f  the  s ta r t in g  m a te r ia l,  16%, these f ig u re s

correspond to  a t o t a l  e x te n t o f  re a c t io n  o f the  amine groups

(a c e ty la t ia n  and 2 ,4 -d in it ro p h e n y la t io n )  o f  59% fo r  the  g e lle d  system



and 61% fo r  the  syneresed p ro d u c t. From these re s u lts  i t  appears

th a t  l i t t l e  fu r th e r  re a c t io n  is  ta k in g  p lace a f te r  g e la t io n  occurs,

101u n lik e  the case fo r  JM -ace ty la tion  where the  re a c t io n  goes to  

com ple tion  a lthough  g e la t io n  occurs when app rox im a te ly  80% o f the  

amine groups have been a c a ty la te d . As the polymer in  the  g e l is  s t i l l  

in  a h ig h ly  sw o llen  and a c ce ss ib le  s ta te ,  the  f a i lu r e  to  go to  comp

le t io n  supports  the idea th a t  s te r ic  h inderance is  a m ajor fa c to r  

in  t h is .

101G e la tio n  is  assumed to  be caused by the decrease in  the 

s o lu b i l i t y  o f  the  polymer cha ins due to  in c re a s in g  e x te n t o f re a c t io n  

o f the  amine groups. The e x te n t o f  re a c t io n  in  r e la t io n  to  the onset 

o f  g e la t io n  depends upon the  d e s o lu b il is in g  a b i l i t y  o f  the  re a c t in g  

species e .g . f o r  JM -acylation Moore and R o b e rts ™  have found th a t  the 

e x te n t o f  JM -ace ty la tian  a t onset o f g e la t io n  decreases w ith  the 

inc rease  in  m o lecu la r w e igh t o f  the  hydrophobic a c y l group. For 

JM -ace ty la tian  g e la t io n  occurs a t a JM-acetyl co n te n t o f 80%, however 

f a r  the  J M -2 ,4 -d in itro p h e n y la tia n , g e la t io n  occurs a f te r  on ly  59% 

o f the  t o t a l  amine groups have re a c te d . This in d ic a te s  the pronounced 

d e s o lu b il is in g  a b i l i t y  o f  the  JM-DIMP- re s id u e s . Thus a lthough  the 

homogeneous re a c t io n  r e s u lts  in  an inc rease  in  the e x te n t o f the 

re a c t io n  o f DIMFB compared w ith  heterogeneous techn iques , re a c t io n  is  

s t i l l  in com p le te .

3 .2 .A S t a b i l i t y  o f  the  IM—DIMP— amine chromophore system

3 .2 .4 .1  In tro d u c tio n

During the in v e s t ig a t io n  in to  the use o f 2 ,4 -d in it ro f lu o ro b e n z e n e
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as a reagent fo r  the  q u a n t i ta t iv e  d e te rm in a tio n  o f the  amine groups

on c h ito s a n  i t  was found th a t  the a c t io n  o f hea t, to  a id  polymer

s o lu b i l i t y ,  had a d e tr im e n ta l e f fe c t  on the absorbance in te n s ity  o f

the  chromophore system (see S e c tion  3 .2 .3 .3 ) , .  A lthough the  e f fe c t

can be negated by the  use o f m ild e r  c o n d it io n s  i t  may e x p la in  the

d i f f e r e n t  va lues fo r  the  e x te n t o f d e a c e ty la t io n  o f  ch ito s a n  ob ta ined  

103by A ra k i and I to  when us ing  d i f f e r e n t  a n a ly t ic a l techn iques .
3

One method was based an the  use o f  H la b e lle d  a c e t ic  anhydride and 

the. second techn ique  was based an h y d ro ly s is  o f  J\N-DI\IP-chitosan 

fo llo w e d  by u v /v is ib le  a b s o rp tio n  spectroscopy to  determ ine the 

c o n c e n tra tio n  o f jM-OIMP-D-glucasamine produced. The va lues fo r  the 

fre e  amine co n ten t were always lo w e r; in  some in s tan ces  up to  50% 

lo w e r, when determ ined by the  la t t e r  method. Thus an in v e s t ig a t io n  

was c a r r ie d  ou t to  t r y  and determ ine the  causes o f the  apparent 

d e s tru c t io n  o f the  chromophore system o f JM-DIMP-D-glucosamine.

3 .2 .A .2 S o lven t e f fe c ts

From experim ents on the  model compound JM-DlMP-D-glucosamine i t  is  

c le a r  th a t  aqueous a c id ic  c o n d it io n s , a l l ie d  to  h igh tem pera tu res, 

cause chromophore d e s tru c t io n  (see S e c tion  3 .2 .3 .3  Table 11 ). However 

the  system was a lso  fu r th e r  in v e s tig a te d  in  n o n -a c id ic  m edia. The 

e f fe c t  o f  r e f lu x in g  s o lu t io n s  o f P^-DNP-D-glue os amine in  w a te r, a'queous 

a c id  and m ethanol on the  absorbance in te n s ity  o f Xmax was s tu d ie d .

The re s u lts  in  Table 13 show an alm ost id e n t ic a l lo s s  in  absorbance 

in te n s i t y  f a r  the  aqueous and the  a c id ic  system bu t complete s t a b i l i t y  

in  m ethanol. Because the r e f lu x  tem pera tures o f the  aqueous and the 

m ethano lic  systems are d i f f e r e n t  due to  d iffe re n c e s  in  t h e ir  b a i l in g  

p o in ts ,  hea ting  was a lso  c a r r ie d  ou t in  methanol a t 10QaC using a



Table 13

E f fe c t  o f s o lv e n t on u v /v is ib le  absorbance in te n s ity  o f  N-DNP-D-glucos- 

amine, a t 360 nm in  1 cm c e l ls ,  on hea tin g  f a r  4 hou rs .

S o lven t S o lu tio n  

ca n c ./g  dm-3
I n i t i a l  F in a l Abs.

Abs.

F in a l Abs. a f te r
O ra f te r  r e f lu x  hea ting  a t 100 C

h2o

HSr/H20 

20/80 ( v /v )

MeOH

MeOH

h2q

0.0157

0.0074

0.0162

0.775

0.750

0.355

0.770

0.775

0.44

0.42

0.355

0.770 

0.336

Table 14

E f fe c t  o f  tem pera ture on u v /v is ib le  absorbance in te n s ity  o f  JN-DIMP-D- 

glucosam ine in  u a te r a t 360 nm in  1 cm c e l ls .

Temp./ 0 S o lu tio n R eaction I n i t i a l
-3c o n c ./g  dm tim e /h o u rs  Abs.

F in a l

Abs.

80

60

50

0.0165 0.79 0.66

0.76

0.79
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sealed au toc lave  to  p reven t the  low er b o i l in g  methanol from  evap

o ra t in g .  However even a t t h is  e leva ted  tem pera ture the  chromophore 

was com p le te ly  s ta b le  in  m ethanol. There fore  i t  is  apparent th a t  

the  presence o f  w ater ra th e r  than a c id  is  re s p o n s ib le  f a r  the  break

down o f the  chromophore system as shown by the lo s s  in  the  absorbance 

in te n s i t y  w ith in  the  tem pera ture  ranges s tu d ie d .

The tem pera ture dependance o f the  breakdown can be seen from the 

e f fe c t  o f  re d u c tio n  in  re a c t io n  tem pera ture  an the  absorbance in te n s it y  

o f  an aqueous N_-DIMP-D-glucasamine s o lu t io n  (Table 1A). At 5Q°C the  

system appears to  be q u ite  s ta b le  under the c o n d it io n s  a p p lie d .

A suggested e x p la n a tio n  fo r  the breakdown o f the  chromophore 

is  h y d ro ly s is  by the  w a te r. However i t  is  l i k e l y  th a t  the  presence 

o f a c id  would a lso  a c c e le ra te  th is  p rocess, which is - n o t  the case 

s in ce  from Table 13 i t  can be seen th a t  the e f fe c ts  o f  an aqueous 

system and o f  a h ig h ly  a c id ic  system are alm ost id e n t ic a l .  F u rth e r

more the  J\l-2 ,A -d in it ra p h e n y l d e r iv a t iv e s  o f amino ac id s  are s ta b le  

in  ha t aqueous s o lu t io n s .  The p o te n t ia l  re a c t io n  p roduc t from such 

a proposed h y d ro ly s is  would be 2 ,A -d in it ro p h e n a l.  Ta te s t  t h is  

hypo thes is  a com parative  TLC s tudy was c a r r ie d  out us ing  N-DNP-D- 

g lucosam ine, 2 ,A -d in it ro p h e n a l and the  JM-DIMP-D-glucosamine p roduct 

a f te r  r e f lu x in g  in  w a te r. Th is  revea led  th a t  the o r ig in a l  m a te r ia l 

had changed in to  a two component system on r e f lu x in g ,  one component 

correspond ing  to  the  s ta r t in g  N_-DI\IP-D-glucosamine and the  second to  

the  re a c t io n  p ro d u c t. However t h is  p roduc t was shown n o t to  be 

2 ,A— d in it ro p h e n o l by TLC using  a 50/50 ( v /v )  petro leum  e th e r /e th e r  

s o lv e n t.  The a rom atic  res idu es  on the  TLC p la te  were developed



using io d in e , w h i ls t  the  y e llo w  J\[-DI\IP-D-glue os amine spot was c le a r ly  

v is ib le .

3 .2 .A .3 E ffe c ts  o f  amine s t ru c tu re  on the  chromophore s t a b i l i t y

The TLC evidence in d ic a te s  th a t  h y d ro ly s is  o f  the  N-DINJP- res idues  

is  no t occu ring  and thus in  o rd e r to  see i f  the  e f fe c t  is  due to  the  

s p e c i f ic  na tu re  o f the  N~D(\iP-D-glucosamine, JM-DIMP d e r iv a t iv e s  o f 

o th e r amines were in v e s t ig a te d .  Aqueous s o lu t io n s  o f N_-DI\IP-cyclo- 

hexylam ine and J\P-DI\IP-diethanolamine were heated a t 9DaC and the 

c h a ra c te r is t ic s  o f t h e i r  u v /v is ib le  sp e c tra  m on ito red . The d ie th a n o l-  

amine analogue was s u f f i c ie n t l y  s o lu b le  in  water to  form  a reasonab ly 

concen tra ted  s o lu t io n  ( fo r  absorbance measurement), bu t the  c y c lo -  

hexylam ine d e r iv a t iv e  re q u ire d  a 90/10 ( v /v )  methanol/H^O s o lv e n t 

f a r  d is s o lu t io n .  R esu lts  a f  the  the rm a l tre a tm e n t o f  these s o lu t io n s  

(Table 15) in d ic a te  th a t  the  chromophore is  s ta b le  in  these compounds, 

in  com plete c o n tra s t to  the  jM-DNP-D-glucasamine system. There fore  

the  breakdown o f the  chromophore must be a s p e c i f ic  consequence o f 

the  s t r u c tu r a l arrangement o f  JM-DIMP-D-glucosamine in  aqueous m edia.

3 .2 .A.A D e ta ile d  sp e c tro sco p ic  a n a ly s is

A more d e ta ile d  sp e c tro sco p ic  a n a ly s is  o f JM-DIMP-D-glucosamine 

in  w ater was s tu d ie d  by m o n ito r in g  i t s  complete u v /v is ib le  absorbance 

spectrum from 200 nm to  500 nm, a f te r  se ve ra l p e rio d s  o f hea ting  a t 

9GaC. The combined sp e c tra  are shown in  F igu re  26. They show the  

usua l decrease in  the  absorbance in te n s i t y  o f  >max w ith  tim e , and 

a s l ig h t  hypsochromic s h i f t  o f  t h is  band. However in  c o n ju n c tio n  

w ith  t h is  is  the  appearance o f new bands in  .the re g io n  around 250 nm 

th a t  in c rea se  in  in te n s it y  w ith  tim e o f h e a tin g . A lso , a f te r  pro longed



E ffe c t  o f  heat (90 C) fo r  5 hours on the  u v /v is ib le  absorbance in te n s ity  

o f i\j-Dl\IP-cyclohexylamine and IM-DNP-diethanolamine.

Table 16

%
fi

Table 15

Sample

N-DI\IP-cycla-

hexylam ine

W-DlMP-dieth-

anolamine

S o lven t

MeOH/H^O

h20

S o lu tio n  

c o n c ./g  dm-3
A max I n i t i a l  F in a l 

Abs. Abs.

90/10 ( v /v )  0.016

0.017

249 0.803

287 0.865

0.798

0.860

E ffe c t  o f the rm a l tre a tm e n t (90 C) on the u v /v is ib le  absorbance in te n s ity  

o f  i[M-DWP~2-amino-2-deaxy s o r b i t o l  in  1 cm c e l ls .

Time o f hea t/hou rs A max Absorbance

0 360 0.343

1 ii 0.342
J

2 ii 0.341

4 >i 0.340

6 ii 0.341
• j
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U v /v is ib le  spectrum o f DIMP-D-glucosamine a f te r  v a rio u s  pe rio ds  

o f hea ting  a t 90aC.
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pe rio ds  o f h e a tin g  a band in  the  320 nm re g io n  appeared, which had 

developed in to  a double peak a t  310 nm and 300 nm. a f te r  the  lo n g e s t 

p e rio d  o f  tre a tm e n t (24 h o u rs ) . The spectrum a f te r  24 hours revea led  

no s ig n  o f the  band a t 360 nm assigned to  the o r ig in a l  JM-DNP-chromo- 

phore.

We have p o s tu la te d  th a t  the  reason fo r  the  decrease in  the 

absorbance in te n s ity  o f  the  system is  due to  chem ica l re d u c tio n  o f 

the  n i t r o  groups on the  benzene r in g  by the  aldehyde on 0 (1 ) .  The 

re d u c tio n  o f a n i t r o  group would e lim in a te  i t s  e le c tro n  w ithd raw ing  

p ro p e r t ie s  and thus e f fe c t  the con juga ted  e le c tro n  system re s p o n s ib le  

f o r  the  a b s o rp tio n  band. Hence the  new bands in  the spectrum may be 

a consequence o f th e  re a c t io n  p ro d u c ts . This theo ry  o f  chem ica l 

re d u c tio n  is  c o n s is ta n t w ith  the. data  on the  s o lv e n t e f fe c ts  (see 

S ection  3 .2 .4 .2 )  in  th a t  no re a c t io n  is  observed in  a m e thano lic  

system . In  the  s o l id  s ta te  N-DNP-D-glucosamine e x is ts  in  the  c y c l ic  

_ hem iace ta l form  (X) as in d ic a te d  by the  absence o f the  ca rbony l 

band in  the  in fra re d  spectrum .

H

NO,

OH

-l\!0,



1D4However in  the  presence o f water, m u ta ro ta tio n  can occur to

to  open cha in  s tru c tu re  ( X I ) ,  which p rov id es  a reduc ing  aldehyde group. 

M u ta ro ta tio n  re q u ire s  the  presence o f  an am ph ip ro tic  s o lv e n t, capable 

o f a c t in g  as both  an a c id  and a base, such as w a te r. Thus in  m ethanol, 

which is  no t such a s o lv e n t, no m u ta ro ta tio n  can occur and hence no 

aldehyde groups w i l l  be a v a ila b le  f o r  re d u c tio n .

3 .2 .^ .5  S pectroscop ic  a n a ly s is  o f IM-( 2 ,A-D IM P)-2-am ino~2-deoxysorbito l

The u v /v is ib le  absorbance spectrum o f  an aqueous s o lu t io n  o f 

J \[-(2 ,A ~D I\IP )-2-am ino -2-deoxysorb ito l, on h ea ting  a t 90°C was in v e s t

ig a te d  because i t  p rov id es  a comparison w ith  J^-DIMP-D-glucosamine, 

s ince  they are s t r u c tu r a l ly  id e n t ic a l  except f o r  the  presence o f a 

p rim ary  hyd ro xy l group on the  C (1) carbon in  the  s o r b i t o l  d e r iv a t iv e  

ra th e r  than a ca rbony l g roup . The absence o f the  ca rbon y l group w i l l  

p ro v id e  a non-reducing  system. tN -(2 ,4 -D N P )-2 -a m in o -2 -d e a xyso rb ita l 

was prepared by i n i t i a l  chem ica l re d u c tio n  o f the ca rbon y l group on

D-glucosam ine w ith  sodium borohyd ride  accord ing  to - th e  method o f 

80Wolfrom and Wood . The 2 -a m in o -2 -d e o x y s a rb ito l produced was reac ted  

w ith  2 ,^ -d in itro f lu a ro b e n z e n e  to  y ie ld  a y e llo w  p ro d u c t, N-(2,*+-DI\lP)- 

2-am ino -2-d e o x y s o rb ito l.

The u v /v is ib le  absorbance in te n s it y  a t 360 nm o f  an: aqueous 

s o lu t io n  o f t h is  p roduct was found to  be s ta b le  on h e a tin g  a t 9QaC 

fo r  up to  6 hours (Table 16), no r was th e re  any s h i f t  in  the  p o s it io n  

o f X max. Th is  seems to  support the  theo ry  th a t  the  aldehyde group 

is  in v o lv e d  in  the  breakdown o f  the chromophore in  J\[-DI\iP-D-glucosamine.

F u rth e r aqueous s o lu t io n s  o f N_-DNP-2-am ino-2-deoxysorbitol were 

heated in  the presence o f both s to ic h io m e tr ic  and excess amounts



o f D -g lucose, and a lso  in  the  presence o f excess form aldehyde, these 

compounds being added as p o s s ib le  sources o f reduc ing  groups. The 

u v /v is ib le  absorbance in te n s it y  and the  p o s it io n  o f ^ max remained- 

u n a lte re d  even a f te r  pro longed tre a tm e n t. One would expect the  

reduc ing  a b i l i t y  o f  the  added reagents to  cause a s im ila r  e f fe c t  to  

th a t  observed fo r  the  J\[~D(\lP-D-glucasamine system in  w a te r. The la c k  

o f  a s im ila r  e f fe c t  may be e xp la ined  in  terms o f the  s tru c tu re  o f 

the  N^DIMP-D-glucosamine m o lecu le . Chemical re d u c tio n  by the  aldehyde 

group may on ly  be occu rin g  by s te r ic  a c c e le ra t io n  due to  the c lo se  

p ro x im ity  o f t h is  group to  the  N_-Df\IP res idues  on the  C(2) carbon 

atom (see S tru c tu re  X I ) .  A l te rn a t iv e ly  the aldehyde group may have 

a com p le te ly  d i f f e r e n t  e f fe c t ,  th rough the fo rm a tio n  o f an in te r n a l 

c h e la te  s tru c tu re  by means o f hydrogen bonding between the  hydrogen 

o f the  im ino group and the  oxygen o f the  ca rbon y l group. As m uta r- 

o ta t io n  occurs the. Dpen cha in  farm may e x is t  as an in te r n a l ch e la te  ( X I I )  

thus p re ve n tin g  r in g  c lo s u re . The c o n c e n tra tio n  o f the  c h e la te  form 

would in c re a se , as m u ta ro ta tio n  co n tin u e s , r e s u lt in g  in  the  g radua l 

s h i f t  o f  the  uv a b so rp tio n  band due to  i t s  e f fe c t  on the  e le c tro n ic  

na tu re  o f the chromophore.

ch2oh

(CHOH),

1. /  ( X I I )



As y e t there, is  no exp e rim e n ta l evidence to  suggest which i f  any 

o f the two proposed, mechanisms ( s te r ic  a c c e le ra t io n  o r ch e la te  

fo rm a tio n )  is  the  c o r re c t one, and fu r th e r  work is  re q u ire d  to  dD t h is .

3 .2 .5  Use o f s a lic y la ld e h y d e  as an a m in e -s p e c if ic  reagent

3 .2 .5 .1  In tro d u c tio n

The r e s u lt  o f  a re a c t io n  between a p rim ary amine and an aldehyde

is  a S c h i f f 's  base which is  a p rodu c t th a t  c o n ta in s  an azomethine

group, -CH=*IM-. The f re e  amine groups on ch ito s a n  w i l l  a lso  undergo

97 1Q5-1D7re a c t io n  w ith  aldehydes * to  y ie ld  such p ro d u c ts . The re a c t io n

between c h ito sa n  and the  a rom atic  aldehyde s a lic y la ld e h y d e  has been 

e x te n s iv e ly  in v e s t ig a te d  in  t h is  r e p o r t ,  f o r  use in  the  d e te rm in a tio n  

o f the  degree o f JU -ace ty la tion  o f c h ito s a n . Bath, heterogeneous and 

homogeneous s tu d ie s  have been c a r r ie d  o u t.

3 .2 .5 .2  Heterogeneous s tu d ie s

A method based on the re a c t io n  between c h ito s a n  and s a l ic y l 

aldehyde has been developed to  q u a n t i ta t iv e ly  determ ine the  p rim ary 

amine co n te n t o f the  c h ito s a n . S a lic y la ld e h y d e  was chosen as the
/in A

reagent because o f i t s  p re v io u s  use by Milum fo r  the e s tim a tio n

97o f low m o lecu la r w e igh t p rim ary  amines. Moore and Roberts have 

shown th a t  the  heterogeneous re a c t io n  o f c h ito sa n  w ith  s a lic y la ld e h y d e  

in  m ethanol goes to  com p le tion  to  y ie ld  the y e llo w  N -s a lic y lid e n e  

c h ito s a n . The bas is  o f  the  p resen t method is  the re a c t io n  o f a known 

excess o f s a lic y la ld e h y d e  w ith  c h ito s a n  fa llo w e d  by uv spec tro sco p ic  

d e te rm in a tio n  o f the  reagent rem a in ing  a f te r  re a c t io n .

S a lic y la ld e h y d e  in  m ethanol has two main a b so rp tio n  bands in  the  

uv spectrum . One is  a t  325 nm and is  the r e s u lt  o f  in tra m o le c u la r



c h e la t io n  between the  h y d ro xy l group and the aldehyde group on the

m o lecu le . The second band is  a t 255 nm and is  t y p ic a l  o f  an a rom atic

a b so rp tio n  band. For sp e c tro sco p ic  a n a ly s is  i t  was decided to  use

the low er wavelength band as i t s  in te n s ity  is  th re e  tim es th a t  o f

the  325 nm band. The heterogeneous re a c t io n  between c h ito sa n  and

3ks a lic y la ld e h y d e  was found by Moore and Roberts to  have gone to  

com ple tion  a f te r  16 hours a t room tem pera ture  us ing  a th re e  m olar 

e q u iv a le n t o f reagent to  amine groups. Because o f the  r e la t iv e ly  

long tim e  in v o lv e d  fo r  f u l l  re a c t io n  the  s t a b i l i t y  o f  the  s a l ic y l 

aldehyde reagent in  m ethanol was in v e s tig a te d  by m o n ito r in g  i t s  uv

ab so rp tio n  spectrum as a fu n c t io n  o f t im e . I t  was found th a t  a t

—6 —3c o n c e n tra tio n s  o f the  o rd e r o f 10“  mol dm" (th e  c o n c e n tra tio n

range re q u ire d  f a r  o n -sca le  uv measurement) the absorb ing chromophore.

remained s ta b le  fo r  g re a te r  than 7 days. However in  more concen tra ted

-2  -3s o lu t io n s  o f the  o rde r o f  10 mol dm (the  c o n c e n tra tio n s  re q u ire d  

fo r  re a c t io n  w ith  c h ito s a n ) the  absorbance in te n s i t y ,  on d i lu t io n ,  

o f the  s a lic y la ld e h y d e  decreased s te a d i ly  over a p e r io d  o f days 

(see Table 17 ). A s im ila r  decrease in  the  absorbance a t 255 nm was 

observed (Table  17) f o r  benzaldehyde in  m ethanol, in d ic a t in g  th a t  

some change in  the  chromophore was occu ring  through in te ra c t io n  o f 

the  aldehyde group . From Table 17 i t  can be seen th a t ,  a t the  same

m alar reagent c o n c e n tra tio n s , the  r e la t iv e  ra te  o f chromophore lo s s
©

is  fa s te r  fo r  benzaldehyde than fo r  s a lic y la ld e h y d e . This can be 

e xp la ined  in  term s o f the  e q u il ib r iu m  th a t  e x is ts  between the in t r a -  

m o le c u la r ly  ch e la ted  and the  non -che la ted  forms o f s a lic y la ld e h y d e . 

C h e la tio n  e f fe c t iv e ly  t ie s  up a p ro p o rt io n  o f the  aldehyde groups 

as shown by s tru c tu re  ( X I I I \  ...
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Table 17

U v /v is ib le  absorbance s t a b i l i t y  o f s a lic y la ld e h y d e  and benzaldehyde 

in  m ethanol, in  1 cm c e l ls  a t  255 nm.

I

S a lic y la ld e h y d e Benzaldehyde

Cone./m ol dm” D ilu t io n

fa c to r

T im e/

hours

Abs. Cone./m ol dm D ilu t io n

fa c to r

T im e/

hours

Abs..

□.□341 400 □ 0.926 0.034 400 0 Q.977

ii ii 24 0.856 ii ii 24 0.802

it ii 48 0.813 ii n 48 0.535
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( X I I I )

In tra m o le c u la r  c h e la t io n  in  s a lic y la ld e h y d e .

The decrease in  the uv absorbance w ith  tim e , a t  the  co n c e n tra tio n s  

s tu d ie d , can be e xp la ined  in  term s o f  the re a c t io n  between the  

aldehyde and the  s o lv e n t, m ethano l. A lcoho ls  add to  the  ca rbon y l 

groups o f aldehydes and ketones to  form  i n i t i a l l y  a hem iaceta l and 

then an a c e ta l.

^ 0  OH R"-0H OR"
R-C + R»-OH R-C-OR" —  R-C-OR"

V  1 1R' R> R»

hem iace ta l a c e ta l

When co n s id e rin g  the  ra te  o f re a c t io n  fo r  the system used in  the  

uv s t a b i l i t y  experim ents, the  la rg e  excess o f methanol r e la t iv e  to  

the  s a lic y la ld e h y d e  e f fe c t iv e ly  makes any methanol c o n c e n tra tio n  

te rm , in  the ra te  equa tion  f o r  the re a c t io n , a cons tan t and thus the 

ra te  w i l l  be dependant upon the  s a lic y la ld e h y d e  c o n c e n tra tio n . This 

e x p la in s  why a t  h igh  c o n c e n tra tio n s  the  a c e ta l fo rm a tio n  is  obse rvab le , 

shown by decrease in  absorbance, whereas a t c o n c e n tra tio n s  A00 tim es 

low er the  re a c t io n  is  so slow  as no t to  be n o tic e a b le , over se ve ra l 

days.

For accura te  sp e c tro sco p ic  a n a ly s is  o f s a lic y la ld e h y d e  in  methanol 

i t  is  e s s e n tia l th a t  the a c e ta l fo rm a tio n  re a c t io n  be re ve rsed . I t  

is  known th a t  w ater and aqueous a c id  systems have the  a b i l i t y  to  a id



the  re v e rs a l o f  a c e ta l and hem iace ta l fo rm a tio n  th rcugh  h y d ro ly s is  o f

these p ro d u c ts . The uv absorbance s t a b i l i t y  in  the  F a llo w in g  s o lv e n t

systems were th e re fo re  in v e s t ig a te d :  90/10 ( v /v )  m e thano l/w a te r,

50/50 ( v /v )  m ethano l/w a te r and 80/20 ( v /v )  methanol/1% a c e t ic  a c id .

The r e s u lts  are summerised in  Table 18. From these i t  can be seen

th a t  the  presence o f w ater a id s  the  a c e ta l h y d ro ly s is  a lthough  over

50% o f w ater in  the  system would be re q u ire d  to  com p le te ly  reve rse

the a c e ta l fo rm a tio n . However a t  too  h igh a w a te r/m ethano l r a t io

the s o lu b i l i t y  o f  the  hydrophobic s a lic y la ld e h y d e  is  im pa ired  and the

r e a c t iv i t y  o f the reagent toward ch ito s a n  may be le s s  due to  a change

in  the  s o lu b i l i t y  param eter o f the  re a c t io n  medium. Th is  has been 

97found to  be im p o rta n t f a r  com plete re a c t io n .  However the h y d ro ly s is  

o f the  a c e ta l o r hem iace ta l was more e f fe c t iv e ly  achieved by use o f 

a: d i lu te -  s o lu t io n  o f a weak a c id , a c e t ic  a c id . The presence o f 1% 

a c e t ic  a c id  a t a 2Q% le v e l to  80% m ethanol was s u f f i c ie n t  to  m a in ta in  

the  uv absorbance o f the  s a lic y la ld e h y d e  s ta b le  f o r  up to  kQ hou rs .

In  such a system th e re  is  a s u f f i c ie n t l y  h igh p ro p o r t io n  o f  methanol 

to  ensure complete S c h i f f 's  base fo rm a tio n  between the reagent and 

c h ito s a n , a lthough  i t  is  assumed th a t  the a c e t ic  a c id  is  weak enough 

and d i lu te  enough n o t to  cause h y d ro ly s is  o f the S c h i f f ^  base under 

the  heterogeneous c o n d it io n s  used.

The e x t in c t io n  c o e f f ic ie n t  fo r  s a lic y la ld e h y d e  in  the  aqueous 

a c e t ic  ac id /m e thana l s o lv e n t was determ ined by p re p a ra tio n  o f th re e  

separa te  s o lu t io n s  and measuring t h e i r  absorbance a t 255 nm. The 

average o f the  th re e  e x t in c t io n  c o e f f ic ie n ts  was taken (da ta  in  

Table 19) and found to  be 1Q,2DD.



Table 18

U v /v is ib le  absorbance s t a b i l i t y  o f s a lic y la ld e h y d e  in  v a rio u s  aqueous 

m ethanol systems, in  1 cm c e l ls  a t 255 nm.

S o lven t

90/10 MeOH/H^O

S o lu tio n Tim e/ D i lu t io n  Absorbance

50/50 MeOH/H^O

80/20 MeOH/1% 

a c e t ic  ac id

-3cone ./m o l dm hours fa c to r

0.035 0

2k

kQ

0

2k

AS

'0

2k

kQ

ifOO 0.935

0.889

0.8A0

0.935

0.925

Q.910

0.935

0.935

0.935

Table 19

U v /v is ib le  spe c tro sco p ic  da ta  fo r  s a lic y la ld e h y d e  in  80/20 ( v /v )  

methanol/1% a c e t ic  a c id  a t 255 nm in  1 cm c e l ls .

Weight o f Volume o f S o lu tio n
3 —3s a lic y la ld e h y d e /g  so lven t/cm  canc ./m o l dm fa c to r

D i lu t io n  Abs. E x t in c t io n  

c o e f f ic ie n t

0.1381

0.26GA

50

100

0.0226

0.0218

kQQ 0.575 10,169

A00 0.551 10,103



Far a p p lic a t io n  o f s a lic y la ld e h y d e  to  ch ito sa n  a s e r ie s  o f c h ito sa n

samples were prepared o f  va ry in g  degrees o f JM -ace ty la tion , by means

101o f homogeneous re a c t io n  w ith  a c e t ic  anhydride in  aqueous a c e t ic

a c id /m e th a n o l. The system was prevented from g e l l in g  by the  use

o f low co n c e n tra tio n s  o f a c e t ic  anhydride , and by p r e c ip i ta t io n  o f

the  p roduct a f te r  a re a c t io n  tim e o f one hou r. The p roduc ts  were

f i l t e r e d  im m edia te ly a f te r  p r e c ip i ta t io n ,  and q u ic k ly  washed and d r ie d

to  p reven t heterogeneous a c e ty la t io n .  The e x te n t o f  JM -ace ty la tian  was

v a r ie d  by a l te r in g  the  volume o f a c e t ic  anhydride added. F ive

samples were produced, la b e lle d  14-18, and along w ith  the  commercial

c h ita s a n s , Kytex H and K ytex L, were c h a ra c te r is e d  w ith  respec t to

t h e i r  degree o f JM -ace ty la tion  using  the  in fra re d  method o f Moore and 

40Roberts (see S ection  2 .2 .3 .T ) .  The re s u lts  o f the  in fra re d  a n a ly s is  

o f  the  samples are in c lu d e d  in  Table 20.

These samples were reac ted  us ing  an approxim ate tw o - fo ld  m olar 

excess o f s a lic y la ld e h y d e  in  m e th a n o l/a c e tic  a c id , based on t h e ir  

amine group con ten ts  as measured by in fra re d  spec troscopy . A re a c t io n  

tim e o f 48 hours was used to  ensure complete re a c t io n .  Uv a n a ly s is  

o f  the  o r ig in a l  and the  re s id u a l s o lu t io n s  enables the  amount o f 

s a lic y la ld e h y d e  th a t  has reac ted  to  be determ ined . The r a t io  o f the 

w e igh t o f  c h ito sa n  s ta r t in g  m a te r ia l to  the w e igh t o f  s a lic y la ld e h y d e  

reac ted  is  used to  e va lu a te  the  e x te n t o f  JM -ace ty la tion  f£am a 

th e o r e t ic a l c a l ib r a t io n  p la t  (F ig u re  27) a f th is  r a t io  a g a in s t the  

degree o f N -a c e ty la t io n . The re s u lts  g iven  in  Table 21 show reasonable 

agreement w ith  the  va lues determ ined by in fra re d  spectroscopy. This 

is  dem onstrated by the  l i n e a r i t y  o f  the  p lo t  o f  Degree o f _N -ace ty la tion  

by in fra re d  spectroscopy versus Degree o f N -a c e ty la tio n  by re s id u a l 

s a lic y la ld e h y d e  a n a ly s is  (F ig u re  28) which has a s lope  o f Q.99 and



fi
■I:

Table 20

In fra re d  data fa r  d e te rm in a tio n  o f degree o f (M -a ce ty la tia n .

Sample A1665 A3450 A1665/A3450 % JM-acetylc

K ytex H 0.28 1.0 0.28 21

Kytex L 0.183 0.86 0.213 16

14 0.838 0.877 0.956 72

15 0.741 0.864 0.859 64.5

16 0.610 0.866 0.704 53

17 0.290 0.540 0.537 40.5

18 0.185 0.425 0.435 33

fl1S65/ f l345Q 
0.0133

Table 21

U v /v is ib le  sp e c tro sco p ic  da ta  fo r  d e te rm in a tio n  o f degree o f JM-acetyl- 

a t io n  v ia  re s id u a l a n a ly s is  o f  s a lic y la ld e h y d e  reage n t, a t 255 nm in  

1 cm c e lls . .

Sample kle light/g Volume o f 

reagent/cm ^

D i lu t io n

fa c to r

'■ 'In it ia l

Abs.

F in a l % jM -acety l 

Abs. groups

■ 5i
J

1
K ytex L 0.1020 40 400 0.551 0.219 14 % 

• 1
14 0.0554 10 i i 0.523 0.316 72.5 M]

■1
16 0.1214 30 ii n 0.241 51

ch

4
17 0.0919 25 it ii 0.216 ,39

P

1
18 0.1025 35 ii ii 0.216 30
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'ig u re  27 T h e o re tic a l c a l ib r a t io n  p la t  o f  Weight o f ch ito s a n  

to  w e igh t o f  s a lic y la ld e h y d e  versus Degree o f 

N -a c e ty la t io n .

- 122 -

«.’>• •:: . i i ' - -i.iv*l v L - , «V-‘.-iir i & . I i



rH

•H
•H

rH

-HCD

43

T3>> CTt>.
C L

U3 -S
r H

rH

a.
ain TD

rH

TD JT

.a

rH

rH>«+3

SZ

•a
rH

CM

+ 3

rHa.

c\i

cn
•HU_□ aUD a-4* a

C M

Adaasajp.asd8 pajB.ij.uT Aq uaiiBTA^aoE-N %

123



an in te rc e p t o f  1.6%, found by l in e a r  re g re s s io n . For p e r fe c t 

agreement the  s lope should be u n ity  and the in te rc e p t  ze ro .

From the re s u lts  in  Table 21 the  w e igh t o f s a lic y la ld e h y d e  reac ted  

was found using  the fo llo w in g  e xp ress ion :

w e igh t o f  reagent used -  H x 11 (A^D^ -  ^2^2  ̂ 9
e x 103

A1
= absorbance o f s tock  s o lu t io n

A 2 - absorbance o f re s id u a l s o lu t io n

D1
=5 d i lu t io n  o f s tock  s o lu t io n

°2 d i lu t io n  o f re s id u a l s o lu t io n

V -
3

volume o f  s o lu t io n  used fo r  s te e p in g , cm

e - e x t in c t io n  c o e f f ic ie n t

M S m olecu la r w e igh t o f  s a lic y la ld e h y d e

The s a lic y la ld e h y d e  techn ique  has the added advantage th a t  i t  

can be a p p lie d  to  samples w ith  r e la t iv e ly  h igh degrees o f J ^ -a c e ty l-  

a t io n ,  where many o f the  e x is t in g  methods cannot be used due to  the  

poor s o lu b i l i t y  o f these h ig h ly  N -a ce ty la te d  p ro d u c ts .

3 .2 .5 .3  Homogeneous s tu d ie s

The e s tim a tio n  o f  p rim ary  amines w ith  s a lic y la ld e h y d e  by Milum 

u t i l i s e s  the  fo rm a tio n  o f  the  co lou red  S c h i f f 's  base to  enable a 

s p e c tro sco p ic  a n a ly s is  to  be c a r r ie d  o u t.  The d e te rm in a tio n  is  

c a r r ie d  ou t in  the  presence o f a c e t ic  a c id , which is  o f  in te r e s t  

s in ce  i t  is  an id e a l s o lv e n t f o r  c h ito s a n .

I n i t i a l  s tu d ie s  o f the  re a c t io n  between c h ito s a n  and s a l ic y l -



aldehyde in  homogeneous s o lu t io n  were made using  a h igh  m o lecu la r 

w e igh t c h ito s a n . A 0.5% s o lu t io n  in  0.2% a c e t ic  a c id  was used.

Th is  was d i lu te d  5 tim es w ith  a s o lu t io n  c o n ta in in g  a tw o - fo ld  m alar 

e q u iv a le n t o f  s a lic y la ld e h y d e  in  m ethanol. The re a c t io n  was seen 

to  proceed by the  g radua l y e llo w in g  o f the  s o lu t io n ,  the  u v /v is ib le  

spectrum o f which showed a la rg e  a b so rp tio n  band a t around 320 nm 

and a s m a lle r one a t A10 nm. The spectrum was run a g a in s t a methanol 

s tandard  w ith  the  band a t 320 nm being a t t r ib u te d  p a r t ia l l y  to  the  

excess reagent and p a r t ia l l y  to  the  S c h i f f 's  base. The spectrum 

o f N -sa lic y lid e n e -D -g lu co sa m in e  in  w a ter re v e a ls  bands a t  315 nm and 

395 nm. The h ig h e r wavelength bands can be a t t r ib u te d  to  the in te r n a l 

c h e la t io n  between the  n itro g e n  o f the  azamethine group and the 

hydrogen o f the  h y d ro xy l group in  the  S c h i f f 's  base fo rm . For 

accu ra te  sp e c tro sco p ic  s tudy the  c lo se  p ro x im ity  o f the  two a b so rp tio n  

bands re q u ire s  th a t  measurements are made a g a in s t an e q u iv a le n t 

s a lic y la ld e h y d e  s tanda rd .

The re a c t io n  w ith  ch ito s a n  was fo llo w e d  as a fu n c t io n  o f tim e , 

us ing  such a s tandard , by o b se rva tio n  o f the  inc rease  in  the  u v / 

v is ib le  a b so rp tio n  a t A1Q nm in  A cm c e l ls .  The re s u lts  g iven in  

Table 22 in d ic a te  th a t  under the  c o n d it io n s  used the  re a c t io n  reaches 

a stage o f com p le tion  a f te r  about 2 .5  hours. The system a f te r  16 

hours was found to  have undergone g e la t io n ,  due to  the  in s o lu b i l i t y  

o f  the  p ro d u c t.-

A ttem pts to  m a in ta in  the  system in  an homogeneous s ta te  were

in v e s tig a te d  us ing  c h i t in  s o lv e n ts  such as 2-c h lo ro e th a n o l/h y d ro -

109 110c h lo r ic  ac id  and t r ic h lo r o a c e t ic  ac id  , which may to le ra te  the



Table 22

Form ation o f _N -sa licy lide ne  c h ito s a n  as m on ito red  by i t s  u v /v is ib le  

absorbance a t 410 nm in  4  cm c e l ls ,  us ing  a s o lu t io n  o f Kytex H in  

S0/20 ( v /v )  methanol/aqueous a c id  and s a lic y la ld e h y d e .

T im e/m inutes

90

105

120

130

162

16 hours

Absorbance Tim e/m inutes Absorbance

0.21 10 1.0

0.40 20 1 '.04

0.55 30 1.1

0.62 40 1.13

0.80 60 1.3

0.91 74 1.3



in s o lu b le  na tu re  o f the  p ro d u c t. However using s o lu t io n s  a f c h ito sa n  

prepared in  these s o lv e n ts  no subsequent re a c t io n  was observed an 

a d d it io n  o f the  s a lic y la ld e h y d e  in  m ethanol. I t  i s  assumed th a t  the 

s tre n g th  o f the ac ids  used causes ra p id  h y d ro ly s is  o f  any p ro d u c t.

The e f fe c t  o f  a c id  h y d ro ly s is  by h rR ^ lq .-  a c id , was th e re fo re

in v e s tig a te d , us ing  the  model compound D-glucosam ine, formed from

i t s  mare s ta b le  analogue D-glucasam ine h y d ro c h lo r id e  by the  method 

111□ f Breuer - The u v /v is ib le  sp e c tro sco p ic  c h a ra c te r is t ic s  o f 

two systems were in v e s t ig a te d .  One w ith  D-glucosam ine in  a 20/BO 

(v /v )  w a ter/m ethano l s o lv e n t, w ith  a 3 .5  m olar equ iva lence  o f 

s a lic y la ld e h y d e . The second in  an id e n t ic a l  system except f o r  the 

a d d it io n  o f a c e t ic  ac id  a t  a m olar r a t io  o f a c id  to  amine o f 2 : 1.

In  the absence o f a c e t ic  a c id  the  p o s it io n  o f 1 max in  the uv 

spectrum  s h i f t s  do w n fie ld  to  396 nm from th a t  a t k 10 nm in  the 

presence o f a c id .  A lso the  r e la t iv e  ra te  and e x te n t o f  re a c t io n  

are reduced in  the  a c e t ic  a c id  system (sea Table 2 3 ) . The a c e t ic  

a c id  has the  e f fe c t  o f s e t t in g  up an e q u il ib r iu m  between the  fo rw ard  

re a c t io n  o f S c h i f f ’ s base fo rm a tio n  and the reve rse  re a c t io n  o f 

h y d ro ly s is  o f the  S c h i f f 's  base back to  the  s ta r t in g  components.

A s im ila r  tre n d  was observed (Tab le  2^-) f o r  the a d d it io n  o f 

excess a c e t ic  a c id  to  a ch ito s a n  -  s a lic y la ld e h y d e  system in  th a t  

as the ac id  c o n c e n tra tio n  is  increased  the absorbance in te n s ity  a t 

A-10 nm decreases. For t h is  study a low m o lecu la r w e igh t ch ito sa n  

(Kytex L) was used to  p reven t g e la t io n  o f the p roduct due to  the 

g re a te r s o lu b i l i t y  o f law m o lecu la r w e igh t c h ito s a n s . The absorbance 

was recorded a f te r  5 hours to  a llo w  the  re a c t io n  to  reach e q u il ib r iu m .



Table 23

Form ation o f JM -sa licy lidene-D -g lucosam ine  as m on ito red  by i t s  u v /v is ib le  

absorbance both in  the  presence (a t  410 nm) and in  the  absence (a t  396 nm) 

o f a c id , in  1 cm c e l ls .

_3
D-glucosamine s o lu t io n  c o n c e n tra t io n -  □.□□107 mol/dm 

R a tio  o f s a lic y la ld e h y d e : D-glucosam ine = 7 :2  

R a tio  o f  D -g lucosam in e :a ce tic  a c id  = 1:2 

D i lu t io n  o f D-glucosam ine s o lu t io n  = 5 tim es 

F in a l s o lv e n t system = 80/2D ( v /v )  methanol/H^O

Acid absent Acid p resen t

Absorbance Tim e/m inutes Absorbance Tim e/m inutes

□ .77 12 □ .□52 11

□ .86 15 □ .□69 15

□ .99 23 □ .109 25

1.1 3D 0.126 3D

1.18 38 □ .235 65

1.25 46 □ .260 75

1.32 6D □ .299 90

1.36 70 □ .327 105

1 .A3 126 □ .361 130

1 .A3 273 □ .393 150

0.435 2D0

□ .459 240

□ .479 30D

0.508 390
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Table 24

E f fe c t  c f  v a r ia t io n s  in  a c e t ic  a c id  c o n c e n tra tio n  an p o s it io n  a f 

e q u il ib r iu m  in  J \[-s a lic y lid e n e  c h ito s a n ; measurement o f the e q u il ib r iu m  

absorbance a t 410 nm in  4 cm c e l ls  a f te r  5 hours re a c t io n .

Volume o f  ch ito s a n  Volume o f  1% Volume o f 1% T o ta l volume Abs.

s o lu t io n  (1 g dm ) s a lic y la ld e h y d e  a c e tic  ac id  w ith  methanol

---------------- — /err? /cn? /err?



Thus fa r  a re p ro d u c ib le  q u a n t i ta t iv e  s tudy , the c o n d it io n s  o f

a c id  c o n c e n tra tio n  must be id e n t ic a l  f o r  the ch ito s a n  system and fo r

any c a l ib r a t io n  us ing  a model amine compound. Id e a l ly  the  a c id

c o n c e n tra tio n  shou ld  be a t a minimum, and t h is  w i l l  correspond to

the  amount re q u ire d  to  d is s o lv e  the  c h ito s a n . In  th e o ry  t h is  would

be based on a 1:1 fre e  amine to  a c id  r a t io  atld.may be achieved

by the  use o f w ater s o lu b le  ch ito s a n  s a l ts .  Such s a l ts  are r e la t iv e ly  

112easy to  produce us ing  s tro n g  ac id  systems such as hydrobrom ic 

a c id  o r h y d ro c h lo r ic  a c id , s ince  c h ito s a n  in  d i lu t e  s o lu t io n s  o f these 

ac ids  is  re a d ily  r e p re c ip ita te d ,  as the  s a l t ,  by a d d it io n  o f conc

e n tra te d  a c id  to  the. system . U n fo rtu n a te ly  when us ing  the ch ito sa n  

hydrobrom ide s a l t ,  no re a c t io n  was observed w ith  s a lic y la ld e h y d e .

I t  seems th a t  d e sp ite  the  mimimum p o s s ib le  a c id  c o n c e n tra tio n , the 

s tre n g th  o f the ac id  is  s t i l l  s u f f i c ie n t  to  com p le te ly  reve rse  the 

S c h if f 'a  base fo rm a tio n . A weaker a c id  s a l t ,  such as ch ito sa n  

a c e ta te , would c e r ta in ly  p reven t re v e rs a l,  bu t such a p roduc t cannot 

re a d i ly  be made in  a s o l id  farm  where a l l  the fre e  amine groups e x is t  

as the  ace ta te  s a l t .  Th is  is  due to  lo s s  o f a c e t ic  ac id  from the
* i

UP*
c h ito s a n , and a lso  conve rs ion  o f the  ace ta te  to  an amide , an d ry in g .

Thus a compromise was reached in v o lv in g  the  a d d it io n  o f a c e t ic  

a c id  to  c h ito sa n  a t a r a t io  o f a c id  : amine o f 3 :2 , based upon the  

assumption th a t  the  m a te r ia l is  com p le te ly  de -J \[-ace ty la ted . At any 

low er r a t io s  o f  a c id  : amine the  c h ito sa n  was no t f u l l y  d is s o lv e d .

The e f fe c ts  o f ch ito s a n  c o n c e n tra tio n  and s a lic y la ld e h y d e  conc

e n tra t io n  were then s tu d ie d .

a) E f fe c t  o f v a r ia t io n s  in  s a lic y la ld e h y d e  c o n c e n tra tio n ;

A s tock s o lu t io n  o f 0.1% c h ito s a n  in  a c e t ic  a c id  a t an a c id  :
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amine r a t io  o f  3 :2 was used f o r  in v e s t ig a t in g  the  e f fe c t  on the  ra te  

o f re a c t io n  o f v a r ia t io n s  in  the  i n i t i a l  s a lic y la ld e h y d e  c o n c e n tra tio n . 

A sample o f Kytex L was used, p re v io u s ly  c h a ra c te r is e d  as being 16% 

N -a c e ty la te d . Based an t h is ,  m alar r a t io s  o f c h ito sa n  fre e  amine : 

s a lic y la ld e h y d e  o f  1 :3 , 1 :5 , 1:10 and 1:20 were used and the ra te s  

Df re a c t io n  a t 25°C were fo llo w e d  by m o n ito r in g  the  u v /v is ib le  

absorbance a t A1G nm in  k cm c e l ls  a g a in s t an e q u iv a le n t s a l ic y l 

aldehyde standard fo r  each system. The c o n d it io n s  and re s u lts  

o u t lin e d  in  Tables 25 and 26 and F igu re  29 in d ic a te  th a t  the ra te  a t 

which e q u ilib r iu m  is  reached increases  w ith  increase  in  s a lic y la ld e h y d e  

c o n c e n tra tio n , b u t th a t  the  p o s it io n  o f th a t e q u il ib r iu m  is  n o t g re a t ly  

a ffe c te d  by the  c o n c e n tra tio n .

b) E f fe c t  o f  v a r ia t io n s  in  c h ito s a n  c o n c e n tra tio n ;

The e f fe c t  o f  v a ry in g  the  c h ito sa n  c o n c e n tra tio n  on the  ra te  o f 

re a c t io n  was s tu d ie d  as described  above (us ing  cons tan t c o n d it io n s  

o f s a lic y la ld e h y d e  c o n c e n tra tio n , based upon a 1:5 m olar r a t io  o f 

c h ito s a n  amines : s a lic y la ld e h y d e  f a r  the  h ig h e s t c h ito sa n  conc

e n t r a t io n ) .  R esu lts  are summxfcrised in  Table 27 and F igu re  30.

These show th a t  the p o s it io n  o f e q u il ib r iu m  is  dependant on the 

c h ito sa n  c o n c e n tra tio n  bu t the  ra te  o f es tab lishm en t o f the e q u il

ib riu m  is  n o t under these c o n d it io n s  o f  excess s a lic y la ld e h y d e .

3 .2 .5 .A D e te rm ina tion  o f the  c o n c e n tra tio n  o f c h ito s a n  in  s o lu t io n

using  s a lic y la ld e h y d e

The re s u lts  g iven above show th a t  p rov ided  the s a lic y la ld e h y d e  

is  p resen t in  excess, the  p o s it io n  o f e q u ilib r iu m  and hence the



Table 25

E f fe c t  o f  v a r ia t io n  in  the  s a lic y la ld e h y d e  c o n c e n tra tio n  an the 

fo rm a tio n  o f J ^ -s a lic y lid e n e  ch ito s a n  ( fo llo w e d  by u v /v is ib le  absorbance 

spectroscopy a t 410 nm in  4 cm c e l ls )  a t  a cons tan t c h ito sa n  concen tra 

t io n  o f 0 . 022%.

R a tio  o f  a m in e :s a lic y la ld e h y d e

1 :3 1 :5 1 : 10 1 ;:20

Abs. Time/m Abs. Time/m Abs. T ime/m Abs. Time,

0.013 10 0.024 10 0.125 10 0.1 5

0.047 20 0.184 30 0.195 15 0.214 10

0.034 30 0.22 35 0.275 20 0.315 15

0.119 40 0.288 45 0.425 30 0.407 20

0.150 50 0.412 60 0.72 45 0.668 30

0.182 60 0.54 75 0.938 60 0.92 40

0.271 90 0.81 105 0.065 90 1.030 50

0.361 120 0.96 135 1.085 120 1.07 60

0.576 180 1.036 165 1.087 180 1.078 70

0.787 240 1.064 195 1.083 210 1.083 80

0.936 300 1.073 225 1.080 240 1.081 90

1.020 360 1.078 255 1.079 275 1.079 120

1.075 470 1.087 290 1.069 180

1.087 450 1.076 240
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R eaction c o n d it io n s  fo r  fo rm a tio n  o f J jN -sa licy lidene ch ito sa n  a t 

v a ry in g  s a lic y la ld e h y d e  c o n c e n tra tio n s .

Walume a f \% l/alume a f 0.1% T o ta l volume C h ito s a n is a lic y lid e n e
3 3 3s a lic y la ld e h y d e /c m  ch itasan /cm  w ith  MeOH/cm r a t io

3 .3 10 50 1:5

6 .5 ii it 1:10

13 ii ii 1:20

1.96 it ii 1:3
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Table 27

E f fe c t  o f  v a r ia t io n s  in  the  ch ito s a n  c o n c e n tra tio n  on the  u v /v is ib le  

absorbance o f  the  N _-sa licy lidene  c h ito s a n , a t cons tan t s a lic y la ld e h y d e  

c o n c e n tra tio n  (0.00536 mal/dm'"3 ) ,  in  4 cm c e l ls  a t 410 nm.

Chitosan c o n c e n tra tio n  /g  dm*

I

□ .0876 0 . 153 0 .219 |

Abs. T ime/m Abs. Time/m Abs. Time/m J
“V 1

□ .04 10 0.062 10 0.083

%
?

10

0.063 20 0.104 20 0.145 20 1
>

0.084 30 0.143 30 0.200 30 4

0.102 40 0.176 40 0.388 70 *

0.120 50 0.398 80 0.525 100 I

0.193 90 0.410 110 0.715 130 5
-r"

0.262 120 0.555 14Q 1.028 190 t

0.356 150 0.755 200 1.116 220 I
0.440 210 0.780 230 1.115

■1

250 J

0.452 240 0.800 260 1.115 280 |

0.450 270 0.805 290 •j;

0.460 300
Ii,X%

#
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absorbance o f the  s o lu t io n  depends upon the  c o n c e n tra tio n  o f the  

ch ito sa n  p re s e n t. Hence using  s u f f i c ie n t  s a lic y la ld e h y d e  to  ensure 

th a t  the  p o s it io n  o f  e q u il ib r iu m  is  reached in  a p r a c t ic a l tim e i t  

shou ld be p a s s ib le  to  c o n s tru c t an Absorbance versus C oncen tra tion  

p la t  th a t  can be used f o r  the  d e te rm in a tio n  o f the  c o n c e n tra tio n  

o f ch ito s a n  in  s o lu t io n .  Such a p lo t  (F ig u re  31) was co n s tru c te d  

using the  re a c t io n  c o n d it io n s  o u t lin e d  in  Table 28. An e x c e lle n t 

l in e a r  r e la t io n s h ip  was found between absorbance and ch ito s a n  conc

e n tra t io n ,  from  which i t  shou ld  be p a s s ib le  ta  determ ine the conc

e n tra t io n  o f an unknown s o lu t io n  o f c h ito s a n . The c a l ib r a t io n  

cannot be a p p lie d  u n iv e rs a lly  to  any random ch ito sa n  s o lu t io n  un less 

the  a c id  c o n d it io n s  o f the  s o lu t io n  are known to  be id e n t ic a l to  th a t  

used fo r  the  c a l ib r a t io n  p lo t .  However i t  would be id e a l f o r  adsorp

t io n  s tu d ie s  o f c h ito s a n , from s o lu t io n ,  onto c e l lu lo s e  by means o f 

re s id u a l a n a ly s is , as the  i n i t i a l  ch ito sa n  s o lu t io n  can be prepared 

accord ing  to  the  re q u ire d  c o n d it io n s .

3 .2 .6  Use o f hydrobrom ic ac id  as an amine s p e c if ic  reagent

3 .2 .6 .1  In tro d u c tio n

The bas ic  p ro p e r t ie s  o f the  amine groups on c h ito sa n  have been

e x te n s iv e ly  u t i l is e d  fa r  the  d e te rm in a tio n  o f the  e x te n t o f  JM -acetyl-

a t io n  by a lk a lin e  t i t r im e t r i c  techn iques . (These are d iscussed in

Chapter 2 ) .  In  t h is  th e s is  a m o d if ic a t io n  o f the method o f  Hayes 

34and Davies is  proposed to  con firm  the  expe rim en ta l agreement 

observed between the  in fra re d  and re s id u a l s a lic y la ld e h y d e  techn iques 

(F igu re  2 8 ). The. method in v o lv e s  t i t r a t i o n  o f water s o lu b le  c h ito sa n  

s a lts  w ith  sodium hydrox ide  to  g ive  a d ir e c t  e s tim a tio n  o f the  amine 

c o n te n t.
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Table 28

A bsorbance /concen tra tion  data  fo r  s o lu t io n  a l a l y s i s  o f  ch ito sa n  

by fo rm a tio n  o f j\ [ -s a lic y lid e n e  c h ito s a n . C h ito s a n /a c e tic  ac id  m olar r a t io  

o f  2:3 and re a c t io n  tim e o f 5 hours a t 25aC.

Volume a f 0.11% Volume o f 1% Volume o f T o ta l volume Absorbance
3 3 3 3ch itasan /cm  sa lic y la ld e h y d e /c m  ua te r/cm  w ith  MeQH/cm a t 410 nm in

4 cm c e l l

10 3.3 0 50 1.117

9 ii 1 » 1.002

a n 2 » 0.873

7 ii 3 " 0.765

6 ii 4 » . 0.648

4.5 it 5.5 " 0.465

- 1 3 9 -
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The techn ique  has been m o d ifie d  through the  m anufacture and use

34o f the  hydrobrom ide ra th e r  than the  h y d ro c h lo r id e  s a l ts  o f  ch ito sa n ..

3 .2 .6 .2 P rodu c tion  o f c h ito s a n  hydrobrom ide s a lts

The use o f ch ito sa n  hydrobrom ide s a l ts  f o r  the  t i t r a t i o n  was

34d iscoun ted  by Hayes and Davies , due to  the na tu re  o f the  p roduc t

which was found to  d is c o lo u r  w ith  t im e . A s im ila r  fa te  was observed

fo r  the hyd ro io d id e  s a l t .  However p ro d u c tio n  o f the  hydrobrom ide

s a l t  by p r e c ip i ta t io n  from  a d i lu t e  hydrobrom ic a c id  s o lu t io n  o f

c h ito s a n , on a d d it io n  o f concen tra ted  hydrobrom ic a c id , gave a p roduc t

th a t  cou ld  be prevented from  d is c o lo u r in g  by ex trem e ly  r ig o u ra u s

washing w ith  m ethanol. In  t h is  way the  hydrobrom ide s a l t  o f K ytex H

and samples 14-18 were p repa red . These are samples o f va ry in g  degrees

o f JM -ace ty la tion  produced i n i t i a l l y  f o r  c h a ra c te r is a t io n  using the

re s id u a l s a lic y la ld e h y d e  method (see S ection  3 .2 .5 .2 ) .  The samples

prepared in  th is  way cou ld  n o t be d r ie d  a t e leva ted  tem peratures

46due to  p o te n t ia l lo s s  o f the  a c id  a t such tem pera tures , and hence 

were tre a te d  i n i t i a l l y  by washing w ith  m ethanol, which causes s o lv e n t 

exchange w ith  w a te r, and then w ith  e th e r , which exchanges w ith  the  

m ethanol to  produce a low tem pera ture  d ry in g  system. They were then 

a llow ed to  d ry  in  a vacuum d e s ic c a to r , over ca lc ium  c h lo r id e ,  and 

s to re d  under these c o n d it io n s  u n t i l  needed.

3 .2 .6 .3  T i t r a t io n  o f ch ito s a n  hydrobrom ide s a l ts  w ith  a lk a l i

The. t i t r a t io n s  were c a r r ie d  ou t us ing a s tanda rd ised  0.1M sodium 

hydrox ide  s o lu t io n  and a m ic ro b u re tte  w ith  p h e n o lp h th a le in  as in d ic a to r .  

The a c c u ra te ly  weighed, w a te r-s o lu b le  ch ito sa n  hydrobrom ide was 

d is s o lv e d  in  about 100 cm5 o f w a te r. The s o lu t io n s  tended to  tu rn



cloudy on the  a d d it io n  o f  a sm a ll excess o f a l k a l i  and the  c h ito sa n  

re p re c ip ita te d  on a d d it io n  o f a la rg e  excess o f  re a g e n t.

From the  va lue o f the  t i t r e  the number o f moles and thus the  

w e igh t o f  hydrobrom ide fo r  each sample can be c a lc u la te d .  This is  

expressed as a r a t io  o f  t o t a l  w e igh t o f  sample to  the  w e igh t o f  

hydrobrom ide and is  used to  determ ine the  e x te n t o f JM -ace ty la tion  

from a th e o re t ic a l c a l ib r a t io n  p lo t  o f  t h is  r a t io  a g a in s t the  degree 

o f JM -ace ty la tion  (F ig u re  3 2 ) .  The re s u lts  f o r  the t i t r a t io n s  are 

o u t lin e d  in  Table 29. Two t i t r a t io n s  were c a r r ie d  o u t f o r  each sample, 

w ith  the average va lue f o r  the  r a t io  o f  sample w e igh t to  HBr w e igh t 

be ing taken .

The va lues o f the  degree o f  J \[-a ce ty la tio n  ob ta ined  in  th is  way, 

when compared a g a in s t the  va lues ob ta ined  by the  in fra re d  method 

(Table  20) again showed good agreement as in d ic a te d  by the l i n e a r i t y  

o f a p lo t  o f  Degree o f  J ^ -a c e ty la tio n  by in fra re d  spectroscopy versus 

Degree o f JM -ace ty la tion  by HBr s a l t  t i t r a t i o n  (F ig u re  3 3 ) .  The s lope 

and in te rc e p t  o f  t h is  p lo t  were found by l in e a r  re g re s s io n  to  be 1.06 

and - 1.8 re s p e c t iv e ly  which are reasonably c lo se  to  the  expected 

va lu e s , f o r  complete agreement between the  two techn iques , o f  u n ity  

fo r  the  s lope and zero f o r  the  in te r c e p t .

3 .2 .7  S tud ies  w ith  ra d io a c t iv e  c h i t in

3 .2 .7 .1  In tro d u c tio n

The heterogeneous j\j_ -ace ty la tion  o f c h ito sa n  can r e a d i ly  be achieved

57by the  a c t io n  o f a c e t ic  anhydride  in  m ethanol . In  theo ry  i t  shou ld 

be p o s s ib le , by the  use o f la b e lle d  a c e t ic  anhydride , to  o b ta in  a
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Table 29

D e te rm ina tion  o f degree o f N -a c e ty la tia n  o f ch ito s a n  hydrobrom ide

-3s a l ts  by t i t r a t i o n  a g a in s t 0.1202 mol dm MaOH.

Sample

o r ig in

W eight/g T itre /c m "5 Weight o f  HBr/g Sample w e igh t 

/HBr w e igh t

14 □.1864 2.25 0.0219 8 .5

14 0.2432 2.95 0.0286 8 .5

15 □.2763 3 .4 0.0332 6.8

15 0.1783 2.7 0.0263 6.8

16 0.2D59 3.75 0.0365 5.64

16 0.2546 4.7 0.0458 5.56

17 □.1053 2.3 0.0220 4.7

17 0.1943 4.3 0.0409 4.75

18 0.1336 3 .2 0.0312 4.3

18 0.1455 3.45 0.0338 4.3

Kytex H 0.1854 5.14 0.0499 3 .7

Kytex H 0.1854 5.14 0.0499 3 .7

69

60.5

51

41

34.5

22.5

i

•J
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ra d io a c t iv e  c h i t in  where the  le v e l o f the r a d io a c t iv i t y  w i l l  be 

dependant upon the  fre e  amine co n te n t o f the  o r ig in a l  c h ito s a n .

la b e lle d  a c e t ic  anhydride has been used by A ra k i and I t a ^ ,  

f a r  the N -a c e ty la tio n  o f g ly c o l c h i t i n .  Th is p roduc t was then 

e n zym ica lly  d e a ce ty la ted  to  l ib e r a te  la b e lle d  a c e t ic  a c id  and the 

e x te n t o f  d e a c e ty la tio n  determ ined by e x tra c t io n  o f  the  a c e tic  ac id  

from the  aqueous phase in to  e th y l ace ta te  fo llo w e d  by s c in t i l l a t i o n  

coun ting  o f the  e x tra c te d  phase.

1A3 .2 .7 .2  C la b e lle d  a c e t ic  anhydride

1AA sample o f C la b e lle d  a c e t ic  anhydride was used in  which the 

la b e lle d  carbon atom is  con ta ined  in  on ly  one o f the  a c e ty l groups

o f the  m o lecu le . The sample, when c a lib ra te d  in  1972, con ta ined

3 31 x 10 > iC i o f  r a d ia t io n  per 100 cm , w ith  a s u f f i c ie n t l y  long h a l f

l i f e  to  assume th a t  t h is  va lue would be c o n s ta n t. As d i r e c t  use o f

th is  sample would be expensive as w e ll as producing a p roduc t w ith

an excess ive  r a d io a c t iv i t y  coun t, d i lu t io n  w ith  u n la b e lle d  a c e t ic
Ll

anhydride was necessary to  g iv e  counts of- the o rde r o f  10 per 

m in u te . Thus when a p p lie d  to  c h ito sa n  i t  must be assumed th a t  th e re  

is  an equal p r o b a b i l i t y  o f re a c t io n  o f la b e lle d  and u n la b e lle d  a c e t ic  

anhydride w ith  the  amine groups, and an equal p r o b a b i l i t y  o f e i th e r  

o f  the  two a c e ty l groups on the  reagent being a ttached  to  the n itro g e n  

o f  the  c h ito s a n . In  o rd e r to  o b ta in  a va lue f o r  the  ra d io a c t iv e  

co n ten t in  such a d i lu te d  system i t  is  necessary to  c a rry  ou t a 

c a l ib r a t io n .

3 .2 .7 .3  L iq u id  s c in t i l l a t i o n  coun ting

This in v o lv e s  the use o f a substance which ac ts  as a s c in t i l l a t o r  

in  th a t  i t  em its a weak f la s h  o f l i g h t ,  o f s h o rt d u ra t io n , when s tru c k



by an io n is in g  p a r t ic le .  Measurement o f t h is  e m itte d  l i g h t  is  the 

bas is  o f s c in t i l l a t i o n  c o u n tin g . The l iq u id  s c in t i l l a t o r  used was 

2 ,5 -d ip h e n y lo x a z o le  (PPO) in  to lu e n e . Far c o u n tin g , a s o lu t io n  was 

prepared by d i lu t io n  o f  the  s tandard  a c e t ic  anhydride s o lu t io n ,  and 

counted in  the  s c in t i l l a t i o n  f l u i d .  Counting was repeated a f te r  the  

a d d it io n  o f excess u n la b e lle d  a c e t ic  anhydride to  the  system. The 

r e s u lts  in  Table 30 show a d ra s t ic  re d u c tio n  in  cou n tin g  e f f ic ie n c y  

caused by the. a d d it io n  o f the  excess reagent and i t  is  c le a r  th a t  

a c e t ic  anhydride  quenches the  system. No coun te r is  ever 100% 

e f f i c ie n t  a t d e te c t in g  ra d io a c t iv e  decays; they lo s e  e f f ic ie n c y  

because samples c o n ta in  m a te r ia ls  which decrease the  number o f photons 

d e te c te d . Th is  is  known as quenching and in  t h is  in s tan ce  is  c le a r ly  

o ccu rin g  due to  the presence o f  the  a c e t ic  a nh yd ride . Because o f 

quenching the  number o f  counts per m inute (cpm) measured is  le s s  than 

the  number o f d is in te g r a t io n s  per m inute  (dpm) which occur in  the 

sample. Percentage coun ting  e f f ic ie n c y  is  g iven as 100 x cpm/dpm.

I t  is  p o s s ib le  to  c o r re c t f o r  quenching by in v e s t ig a t in g  the e f fe c t
'H

o f any p a r t ic u la r  quenching agent an a s e r ie s  o f samples o f  known
Hi . y|

e f f ic ie n c y .

1
3 .2 .7 . k Quench c o r re c t io n  d e te rm in a tio n  ;f

For a c e t ic  anhydride  the  channels r a t io  method was used. The

coun ting  channel is  s p l i t  in to  two, a low er p a r t  and an upper p a r t .  Ji
' I

The e f fe c t  o f  quenching is  to  in c rease  the ne t count ra te  in  the  low er 

and reduce i t  in  the  upper. The r a t io  o f  the upper to  low er count 

ra te s  is  known as the channels r a t io  and is  a measure o f  the quenching 

fa c to r  and is  independant o f the  sample a c t iv i t y .
a

I

ti
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In  p r a c t ic a l terms t h is  in v o lv e s  the  p re p a ra tio n  o f  a s e r ie s  o f

1Asamples c o n tia n in g  knoun amounts o f a s tandard , in  t h is  case C- 

la b e lle d  hexadecane. The standard  co n ta in s  a p re c is e  and knoun 

amount o f r a d io a c t iv i t y  u s u a lly  expressed in  term s o f the  dpm per 

g o f m a te r ia l.  A s o lu t io n  o f the  standard C - la b e lle d  hexadecane 

uas made up in  the  s c in t i l l a t i o n  f l u i d  and a s e r ie s  o f samples : . 

p repared , each c o n ta in in g  d i f f e r e n t  volumes o f added a c e t ic  anhyd ride . 

Counting uas c a r r ie d  ou t a t  tuo  d i f f e r e n t  channel u id th s  fo r  each 

sample, a u ide  open channel and a na rrou  channe l. The s e le c t io n  o f 

the  narrou  channel depends an the  quenching agent and f a r  a c e t ic  

anhydride the best r e s u lts  uere ob ta ined  using a 50-100 channel u id th .  

For each sample the  coun ting  e f f ic ie n c y  uas c a lc u la te d  from the  cpm 

in  the  u ide  open channel and knouledge o f the dpm o f the s tanda rd .

A lso the  r a t io  o f  the  counts in  the  na rrou  to  u ide  channels uere 

c a lc u la te d  (see Table 3 1 ) .  A p lo t  o f  Counting e f f ic ie n c y  versus 

Channels r a t io  g ives  a s t r a ig h t  l in e  (F igu re  3A) uh ich  can be used
14

to  c a l ib ra te  a C sample in  the  presence o f a c e t ic  anhydride by 

measurement o f the  channels r a t io  under id e n t ic a l channel u id th  

c o n d it io n s .  The va lue  ob ta ined  g ive s  the coun ting  e f f ic ie n c y  from 

uh ich  the  dpm o f the sample can be found from the  va lue o f cpm 

ob ta ined  in  the  u ide  open channe l. Thus fo r  the  d i lu te d  ra d io a c t iv e  

a c e t ic  anhydride s o lu t io n ,  o r ig in a l ly  used fo r  c o u n tin g , the channels 

r a t io  a t 50-100 to  50-1000 uas determ ined (Table 3 2 ), and found to  

be 0 .6 5 . Th is corresponds to  a pe rcen t e f f ic ie n c y  from  F igure  3A 

o f 3896, and using the  cpm o f 30,803 from the u ide  Open channel 

(50-1000) the dpm o f the  sample corresponds to  81,060, uh ich  is  

c lo se  to  th a t  o f the th e o r e t ic a l va lue  based on the  m anufacture rs 

d a ta . The i n i t i a l  d i lu t io n  o f the a c e t ic  anhydride standard  o f 2 .7  

tim es uas designed fa r  i t s  re a c t io n  u i th  c h ito s a n , in  o rde r to  produce



Table 31

14Quench c o r re c t io n  fo r  a c e t ic  anhydride on C hexadecane. 

S tandard hexadecane- 1.117 x1D^dpm/g 

Stock s o lu t io n  = 0.4321 g in  250 cm^

Volume o f Volume o f dpm 50-1000 50-100 Channel %  coun ting
3stock/cm a c e t ic channel channel r a t io e f f ic ie n c y

anhydride/cm ^ counts/cpm counts/cpm

10 0 19,306 14877 2574 0.173 77

ti 0.05 " 14263 2905 0.204 74

it 0.1 '» 13469 3580 0.266 68

it 0.2 » 12284 4001 0.326 64

it 0.3 " 11204 4266 0.378 58

il 0.5 » 9525 4589 0.482 49

ii 0 .7 » 7944 4589 0.578 41

n 1.0 " 6050 4050 0.670 J31

ii 1.5 " 3877 3092 0.798 20

Tbble 32

Channels r a t io  d e te rm in a tio n  o f quench fa r d i lu te d  C14- la b e lle d s o lu t io n

o f a c e t ic  anhydride .

D ilu te d  s o lu t io n  is  1/2700 as concen tra ted as the  s tandard  1000 x 10~6

C i/100 cm3 —6stack a c e t ic  anhydride  (1 x 1Q"" Zi -  2.22 x lO ^ d p m ).

Weight o f T h e o re tic a l Weight o f 50-1000 50-100 Channel

d i lu te d  a c e tic  dpm s c in t ia l la t io n channel channel r a t io
anhyd ride /g f lu id / g count/cpm count/cpm

1.0744 80,960 8.9356 30,803 20,067 0.65

- 149 -
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a p roduc t w ith  a s u f f i c ie n t l y  h igh count ra te ,  based on a sample 

w e igh t o f  40 mg o f h ig h ly  JM-acetylated c h ito s a n . For p ro g re s s iv e ly  

low er degrees o f JM -ace ty la tion  the p roduct count ra te  would increase  

using the  same d ilu te d "  s o lu t io n .  Th is is  d e s ira b le  s in ce  le ss  coun ting  

e r ro rs  are in c u rre d  a t the  h ig h e r count ra te s .

143 .2 .7 .5  A p p lic a t io n  o f  G -la b e lle d  a c e t ic  anhydride  to  ch ito sa n

D i f f i c u l t ie s  were encountered in  the  a p p lic a t io n  o f la b e lle d

a c e t ic  anhydride to  the JM -ace ty la tion  o f c h ito s a n , due to  the  s a fe ty

re g u la t io n s  p re ve n tin g  use o f  ra d io a c t iv e  m a te r ia l on genera l purpose

s p e c tro sco p ic  in s tru m e n ts . Thus i t  was no t p o s s ib le  to  c a rry  out

in f ra re d  d e te rm in a tio n s  to  see i f  JM -ace ty la tion  had gone to  com p le tion

o r indeed i f  any O -a c e ty la tio n  has occured. A lthough the  a c e ty la t io n

o f the  h yd ro xy l groups an ch ito s a n  is  more d i f f i c u l t  to  achieve under

57the  c o n d it io n s  used fa r  JM -ace ty la tion , Moore and Roberts have

shown th a t  some O -a c e ty la tio n  does occur a f te r  JM -ace ty la tion  is

com ple te . Th is  can be dem onstrated by the  appearance o f  a band a t 
-■1

1740 cm in  the  in f r a re d  spectrum . Any O -a c e ty la tio n  would p rov id e  

e x tra  la b e lle d  a c e ty l groups in  a d d it io n  to  those o f the amide groups 

and would render any re s u lts  in v a l id .

Another more fundam enta l problem assoc ia ted  w ith  the method 

is  the  in s o lu b l i t y  o f  the  p roduc t in  a l l  but concen tra ted  a c id .

The to luene-based  s c in t i l l a t i o n  f l u i d  cannot to le ra te  the  a d d it io n  

o f much aqueous media and as ye t no system capable o f d i lu t io n  w ith  

aqueous ac id  has been developed th a t  a lso  m a in ta in s  a reasonable 

coun ting  e f f ic ie n c y .  Thus a lthough  in  theo ry  the use o f ra d io  

iso to p e s  should p rov ide  a h ig h ly  accura te  method fo r  a n a ly s is  o f amine



groups on c h ito s a n , the  p r a c t ic a l d i f f i c u l t i e s  encountered would 

re q u ire  cons ide rab le  fu r th e r  in v e s t ig a t io n .  Such an in v e s t ig a t io n  

was no t considered re le v a n t to  the  main aim o f the  th e s is ,  p a r t ic u l 

a r ly  as o th e r techn iques were s im u ltan eous ly  developed f o r  ch a ra c t

e r is in g  c h ito s a n .

3 .3  A dso rp tion  o f c h ito s a n  on paper

3 .3 .1  In v e s t ig a t io n  o f  the  use o f re fle c ta n c e  measurements fo r  

de te rm in ing  the  c o n c e n tra tio n  o f ch ito sa n  adsorbed on paper

3 .3 .1 .1  In tro d u c tio n

I f  the  e f fe c ts  o f ch ito s a n  on the  p h y s ic a l p ro p e r t ie s  o f paper

are to  be assessed i t  is  e s s e n tia l th a t  the ch ito sa n  co n ten t o f  the

paper be a c c u ra te ly  de te rm ined . The method p re v io u s ly  used was based

113on a m o d if ic a t io n  o f the  K je d a h l procedure . K je d a h l techn iques 

in v o lv e  the  fo rm a tio n  o f ammonia from any n itrogeneous m a te r ia ls ,  

and subsequent t i t r im e t r i c  methods to  determ ine the amount o f  ammonia 

l ib e r a te d .  However a t  the low er le v e ls  o f c h ito sa n  a d d it io n  to  paper 

the  n itro g e n  co n te n t is  extrem ely sm a ll and thus the  method may be 

prone to  e r ro rs .  Far a 0.1% c h ito s a n  c o n c e n tra tio n  on w e igh t o f f ib r e  

( o .w . f . )  the  n itro g e n  co n te n t o f the  tre a te d  paper would be □.□□7%. 

Thus in v e s t ig a t io n s  were undertaken to  p rov id e  a r e l ia b le  techn ique 

f o r  the  e s tim a tio n  o f c h ito sa n  on paper.

By the use o f a c o lo r im e tr ic  amine sppc.i.fic  reggent i t  should. be 

p a s s ib le  to  re a c t the  ch ito s a n  p resen t in  paper w ith  t h is  reagent to  

o b ta in  a co lou red  p ro d u c t, in  which the in te n s ity  o f the  c o lo u r w i l l  

be dependant on the c h ito sa n  co n te n t o f the  paper.



In  the dyeing in d u s try  re f le c ta n c e  measurements cn dyed samples 

have been used and re la te d  tc  the  c o n c e n tra tio n  o f dye, so th a t  the 

dye con ten t o f unknown samples can be determ ined from  measurement o f 

t h e i r  re fle c ta n c e  under id e n t ic a l  c o n d it io n s . A s im ila r  method is  

proposed fo r  the co lou red  paper, a lthough  i t  is  r e s t r ic te d  to  bleached 

pu lps  which have a reasonab ly w h ite  appearance.

The a m in e -s p e c if ic  reagent chosen was s a lic y la ld e h y d e  s ince  i t  

f i t s  a l l  the  requ irem en ts  fo r  the re fle c ta n c e  method when a p p lie d  to  

ch ito s a n  on paper; the  re a c t io n  between ch ito sa n  and the  reagent goes 

to  com p le tion , i t s  p ro d u c t, a ch e la ted  S c h i f f 's  base, absorbs in  the 

v is ib le  re g io n  o f  the  spectrum , and the  paper is  u n a ffe c te d  by the  

s a lic y la ld e h y d e .

The re fle c ta n c e  c h a ra c te r is t ic s  o f JV -sa lic y lid e n e  ch ito sa n  when 

assoc ia ted  w ith  paper were determ ined using a sample prepared by 

s teep ing  a p iece o f f i l t e r  paper in  a s o lu t io n  o f c h ito sa n  and p ress in g  

ou t the  excess re a g e n t. When dry the  tre a te d  paper was reacted  w ith  

a la rg e  excess o f  s a lic y la ld e h y d e  in  m ethanol, then washed and s o x h le t 

e x tra c te d  w ith  m ethanol to  remove any unreacted s a lic y la ld e h y d e . The 

re f le c ta n c e  o f t h is  sample measured a g a in s t an u n tre a te d  f i l t e r  paper 

as s tandard , was recorded a t va r io u s  wavelengths on a s in g le  beam 

spectropho tom ete r. A p lo t  o f  % R e flec tance  versus Wavelength (F igu re  

35) re v e a ls  th a t  the wavelength o f maximum a b so rp tio n  f o r  the system 

is  AQQ nm.

In  an a ttem pt to  r a t io n a l is e  the  e m p ir ic a l r e la t io n s h ip  th a t 

e x is ts  between the re fle c ta n c e  and the  c o lo u ra n t c o n c e n tra tio n  an 

equa tion  ( 1A) has been dev ised .



J_______________ I________________I_______________ I____
380 400 420 440

Wavelength/nm

F igu re  35 % re f le c ta n c e  versus Wavelength fa r  JM -sa licy lidene

c h ito s a n -p a p e r.
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Kc = F(R) ......................................... (14)

uhere K is  a cons tan t f o r  a p a r t ic u la r  c o lo u ra n t, uave leng th  and 

s u b s tra te , and F(R) is  some fu n c t io n  o f  re f le c ta n c e .

There are a number o f mays in  uh ich  the  re f le c ta n c e  fu n c t io n

can be determ ined, houever the  techn ique  accord ing  to  Kubelka and 

114Munk has u idespread a p p lic a t io n .  Th is  re la te s  the  re fle c ta n c e  

to  the a b s o rp tio n  and s c a t te r in g  c o e f f ic ie n ts  o f the  in g re d ie n ts ,  

through equa tion  (15)

F(R) = K = (1 -R )2 ...................... (15)
S 2R

uhere K = a b s o rp tio n  c o e f f io ie n t

S *  s c a t te r in g  c o e f f ic ie n t

R = f r a c t io n a l  re f le c ta n c e

B e er's  Lau in d ic a te s  th a t  K is  p ro p o r t io n a l to  c o n c e n tra tio n , 

bu t S is  independant o f  c o n c e n tra t io n . Combination o f equations 

(14) and (15) lead to  equa tion  (16)

Kc =* (1 -R )2  .(1 6 )
2R

From th is  the  re fle c ta n c e  can be re la te d  to  the c o lo u ra n t conc

e n t ra t io n .  Th is s im p le  equa tion  is  on ly  a p p lic a b le  i f  the  re fle c ta n c e  

o f the  s u b s tra te  is  100%. The s u b s tra te  no rm a lly  has an a b so rp tio n  

c o e f f ic ie n t  uh ich  adds to  th a t  o f  the c o lo u ra n t. There fore  the  

f r a c t io n a l  re f le c ta n c e  o f the s u b s tra te  must a ls o  be determ ined and 

leads to  equa tion  (17)

Kc = (1 -R )2 -  ( 1 -R t)2 .................. (17)
2R 2Rt

uhere Rt « f r a c t io n a l  re f le c ta n c e  o f s u b s tra te .
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For h igh co n ce n tra tio .n s  the  re fle c ta n c e  fu n c t io n  o f the s u b s tra te  

is  sm a ll compared to  th a t  o f the  c o lo u ra n t and can thus  be ig n o re d .

I t  can houever be com p le te ly  removed by measurement o f the  r e f le c t 

ance o f the  c o lo u ra n t sample a g a in s t the  s u b s tra te  ra th e r  than an 

a r b i t r a r y  u h ite  s tanda rd .

The a p p l ic a b i l i t y  o f  the Kubelka-Munk theory  to  any p a r t ic u la r  

system can be assessed by means o f a lo g a r ith m ic  expansion o f  equa tion  

( 1*0 to  g ive  equa tion  (18)

la g  K + la g  c = la g  F(R) ........................(18)

Thus i f  the  theory  ho lds fo r  a p a r t ic u la r  s i tu a t io n  a p lo t  o f 

la g  F(R) versus la g  c should be l in e a r  u i th  a s lope o f u n i ty .

The cons tan t K has to  be i n i t i a l l y  eva lua ted  by the  c o n s tru c tio n  

o f a c a l ib r a t io n  p lo t  in v o lv in g  measurement o f the re f le c ta n c e  o f 

a s e r ie s  o f samples o f knoun c o n c e n tra t io n . Hence fo r  a p p lic a t io n  

to  the  J ^ -s a lic y lid e n e  ch ita sa n -p a p e r system the  c h ito s a n  c o n c e n tra tio n  

must be determ ined i n i t i a l l y  by o th e r means.

Tuo methods uere used to  determ ine the abso lu te  ch ito s a n  co n ten t 

o f  paper. The f i r s t  in v o lv e s  the d e p o s it io n  o f a knoun q u a n tity  o f 

ch ito s a n  onto preform ed handsheets o f paper. The second is  a d i r e c t ,  

nove l and f a c i le  a n a ly t ic a l techn ique  fo r  the d e te rm in a tio n  o f ch ito s a n  

a f te r  i t  has been a p p lie d  to  the paper.

For t h is  in v e s t ig a t io n  a number o f d i f f e r e n t  pu lps  uere chosen,

the  d e ta i ls  o f uh ich  are o u t lin e d  in  Table 33 . They uere formed

115in to  handsheets accord ing  to  the  TAPPI standard



Table 33

Pulp D e s c r ip tio n

S tora  32 Bleached softw ood k r a f t

S ta ra  61 " hardwood k r a f t

P o rt Hudson 11 softwood k r a f t

Tyee 11 softwood k r a f t

New: Bern " softwood k r a f t

B irc h  " hardwood

T y p ic a l ac id  co n te n t 

140-35D m il l ie q u iv a le n ts /K g

ii

n

it

ii



3 .3 .1 .2  C o rre la tio n  o f re f le c ta n c e  measurements w ith  ch ito sa n

c o n c e n tra tio n  determ ined by a g ra v im e tr ic  method

The amount o f  c h ito s a n  depos ited  on to  a known w e igh t o f paper

was found by de te rm in ing  the  q u a n tity  o f a s o lu t io n  o f ch ito sa n  

o f known c o n c e n tra tio n , taken up d u rin g  s teep ing  o f the  paper in  

th a t  s o lu t io n .  Th is  was achieved by p ress ing  ou t the excess s o lu t io n  

w ith  b la t te r s  and re w e ig h in g . The method r e l ie s  on the  assumption 

th a t  the  increase  in  w e igh t is  due s o le ly  to  the  presence o f  a 

s o lu t io n  o f known c o n c e n tra tio n  so th a t  an e vap o ra tion  o f the  s o lv e n t

the  w e igh t o f depos ited  ch ito s a n  can be c a lc u la te d . A lso to  m in im ise

the  p o s s ib i l i t y  o f p r e fe r e n t ia l  a d s o rp tio n  o f ch ito s a n  from  s o lu t io n  

onto the f ib r e ,  the  tim e o f s teep ing  was kep t very s h o r t ,  around 

30 seconds. The s o lu t io n s  used were prepared in  d i lu t e  a c e t ic  a c id  

and the  s o lv e n t evaporated o f f  a f te r  s teep ing  by hea ting  a t 5D°C 

in  an oven.. I t  is  e s s e n tia l to  evaporate the s o lv e n t ra p id ly  to  

p reven t m ig ra tio n  o f the  s o lu t io n  which w i l l  cause a c o n c e n tra tio n  

g ra d ie n t e f fe c t  re s u lt in g  in  an uneven su rface  coverage.

When dry the  paper samples were tre a te d  in  an excess o f s a l ic y l -
3

aldehyde (400 Gm o f 1% s a lic y la ld e h y d e  in  m ethanol per g o f paper) 

f o r  16 hours, to  ensure complete fo rm a tio n  o f the  S c h i f f 's  base 

d e r iv a t iv e .  I t  is  e s s e n t ia l to  tho ro u g h ly  wash the samples'"'with 

copious q u a n t it ie s  o f m ethanol, and s o x h le t e x t ra c t  w ith  methanol 

in  the presence o f a s a lic y la ld e h y d e  scavenger such as a s o l id  p rim ary 

amine, to  remove any excess unreacted reagent th a t  o the rw ise  m ight 

in te r fe r e  w ith  the re f le c ta n c e  read ings taken a t 408 nm. These 

read ings were c a r r ie d  ou t on a t r i p l e  th ickn e ss  o f handsheet a g a in s t 

an un tre a te d  standard  prepared form  the same pu lp  sou rce . Measurements
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were taken on both s ides o f the  paper a t fo u r  d i f f e r e n t  p o s it io n s  

per s id e  by r o ta t in g  the  sample h o ld e r through 90° each tim e . The 

mean va lue  o f these uere taken so th a t  any uneven ch ito s a n  uptake . 

cou ld  be averaged o u t. The re s u lts  in  terms o f c h ito sa n  c o n c e n tra tio n  

expressed as a percentage on w e igh t o f f ib r e  ( o . w . f . ) ,  and the 

Kubelka-Munk re f le c ta n c e  fu n c t io n  F(R) are g iven in  Table 3L. The 

numerous in d iv id u a l r e s u lts  from which th is  Table was co n s tru c te d  

are g iven  in  Appendix X I. For each o f the  pu lps a p lo t  o f  Log F(R) 

versus Log c was c o n s tru c te d  (F ig u re s  36 and 37) and from  the in t e r 

cept which is  equal to  lo g  K , the  cons tan t K was determ ined . A lso 

the  s lope  o f the  l in e  was c a lc u la te d  to  g ive  an in d ic a t io n  o f  the  

a p p l ic a b i l i t y  o f the  data  to  a n a ly s is  by the  Kubelka-Munk tre a tm e n t. 

D e ta ils  are' summerised in  Table 35 . From these r e s u lts  i t  can be 

seen th a t  the va lue  o f K v a r ie s  from pu lp  to  pu lp  as would be expected 

s ince  i t  is  dependant upon the  na tu re  o f the s u b s tra te . The s lope o f 

the  l in e  f o r  the  S tora  61 and S tora  32 pu lps were reasonably c lo se  

to  u n ity  in d ic a t in g  th a t  f o r  these pu lps  the re f le c ta n c e  data f i t s  

the  m athem atica l model o f  the  Kubelka-Munk ..theory * However t h is  was 

no t the  case, f o r  the o th e r p u lp s , p o s s ib ly  due to  the s p e c if ic  na tu re  

o f the  su rfa ce  o f  the m a te r ia l,  as. shown by the excess ive  d e v ia t io n  

o f  the  s lopes o f the  l in e s  from u n ity .  N everthe less the  reasonable 

l i n e a r i t y  o f the p lo ts  would s t i l l  a llo w  the  use o f  the  K values 

f a r  the  pu lps under the  c o n d it io n s  used fa r  ch ito sa n  d e p o s it io n  and 

w ith in  the. same c h ito sa n  c o n c e n tra tio n  range.

Any p a s s ib le  e r ro rs  in  the  e v a lu a tio n  o f the  c h ito s a n  c o n c e n tra tio n  

caused by p r e fe re n t ia l  a d so rp tio n  o f ch ito sa n  from s o lu t io n  du rin g  

d e p o s it io n  can be e lim in a te d  by the use o f a d i r e c t  a n a ly s is  techn ique



Table 34

C hitosan c o n c e n tra tio n  (measured by d e p o s it io n ) / re f le c ta n c e  data fo r  

IM -sa licy lid e n e  c h itcsa n -p a p e r samples.

Chitosan Log c o n c e n tra tio n % average F(R) Lag F(R;
c o n c e n tra tio n re fle c ta n c e

/% O.W.f.
S tora  32

D.2C9 - 0.68 64.3 0.099 -1 .004

0.197 -0 .706 68.9 0.070 -1 .154

□ .42 -0 .377 52.0 0.220 -0 .657

0.436 -0 .359 52.7 0.212 -0.673

1.26 0.100 33.8 0.652 -0 .186

1.22 0.086 30 .5 0.793 - 0.101

0.394 -0 .404 54.0 0.196 -0 .708

0.514 -0 .289 50.2 0.247 -0 .607

0.566 -0 .232 46.0 0.319 -0 .496

0.403 -0 .394 53.5 D .202 -0 .695

0.558 -0 .254 47.5 0.292 . -0 .534

0.545 -0 .253 48.5 0.270 -0 .568

0.24 -0 .6 2 65.7 0.089 -1 .0 5

0.227 -0 .6 4 65.6 0.091 -1 .0 4

0.74 -0 .1 3 46.6 0.309 -0 .51

0.816 -0 .0 9 39 .8 0.455 -0 .342
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Table 34 con tinued

S tora  61

C hitosan Log c o n c e n tra tio n  % average F(R) Log F(R)

c o n c e n tra tio n  re fle c ta n c e

/% o . u . f .

0.24 -0 .6 25  64.8 0.096 -1 .018

0.215 -0 .6 67  68.0 0.076 -1 .120

0.540 -0 .266  51.8 0.224 -0 .650

0.580 -0 .233  50.8 0.239 -0 .622

0.96 -0 .0 1 9  43.0 0.379 -0 .421

0.936 -0 .0 2 9  44.0 0.356 -0 .448

1.270 0.104 38.0  0.506 -0 .396

1.250 0.098 36 .9  0.540 -0 .267

Tyee

0.251 -0 .600  73.3 0.049 -1 .311

0.462 -0 .336  57.3 0.160 -0 .797

Q.515 -0 .2 89  67.9  0.109 -0.961

0.439 -0 .3 58  69.3 0.068 -1 .166

0.817 -0 .0 88  51.9 0.223 -0 .651

0.784 -0 .106  54.4 0.191 -0 .718

1.240 0.093 42.6 0.386 -0 .413

1-580 0.199 37 .6  0.518 -0 .286
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0.209 -0 .680  78.6 0.029 -1 .540

0.221 -0 .656  78.6 0.029 -1 .540

0.400 -0 .3 89  67.7 0.077 -1 .112

0.417 -0 .380  67.6 0.077 -1 .110

0.679 -0 .1 68  55.9 0.173 -0 .761

0.713- -0 .196  53.1 0.202 -0 .684

1.062 0.001 43.5  0.367 -0 .435

0.880 -0 .0 55  50.3 0.246 -0 .609

-v*

Table 34 con tinued

IMeiu Bern

Chitosan Leg c o n c e n tra tio n  % average F(R) Log F(R) |

c o n c e n tra tio n  re fle c ta n c e

/% o . u . f .

0.2.11 -0 .676  81.6  0.021 -1 .684

0.208 -0 .681 77.3 0.033 -1 .475

0.412 -0 .3 85  67.6  0.077 -1 .1 1

0.390 -0 .4 09  67.4 0.079 -1 .102

I0.729 -0 .1 37  59.8 0.136 -0 .868
4

0.716 -0 .1 4 5  56.4 0.169 -0 .773

1.040 0.017 46.5 0.308 -0 .513

1.116 0.048 40.5 0.437 -0 .359

•a

P o rt Hudson I
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Table 35

Regression a n a ly s is  o f r e s u lts  f o r  p lo ts  o f Log F(R) versus Lag C 

fa r  va r io u s  p u lp s .

Pulp In te rc e p t Slope R2 K

S tora  61 -0 .392 1.042 0.995 a .los

S tora  32 -0 .253 1.197 0.976 0.558

New Bern -0 .527 1.545 0.963 0.297

Port. Hudson -0 .479 1.597 0.995 0.332

Tyee -0 .547 1.297 0.929 0.284

- 1 6 5 -
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based an the  d e te rm in a tio n  o f the  c h ito sa n  con ten t a f te r  d e p o s itio n  

and d ry in g ,

3 .3 .1 .3  C o rre la tio n  o f re f le c ta n c e  measurements w ith  ch ito sa n  

c o n c e n tra tio n s  determ ined by a: h y d ro ly s is  techn ique

The d ir e c t  a n a ly s is  o f  the  c h ito s a n  co n te n t in  paper is  based

on the  fo rm a tio n  o f  N ^-sa licy liden e  ch ito s a n  and i t s  h y d ro ly s is  to

i t s  pa ren t c o n s t itu e n ts  namely c h ito s a n  and s a lic y la ld e h y d e . In  the

3kp re p a ra tio n  o f d i-£ -a ry lc a rb a m a te - j\ [-a c e ty l c h ito sa n  , the fo rm a tio n  

o f p j-s a lic y lid e n e  ch ito s a n  has been used to  p ro te c t the amine group 

d u rin g  O -arylcarbam ate fo rm a tio n . Th is  jM -s a lic y lid e n e  p roduct was 

then hydro lysed  to  a llo w  J \[-a c e ty la tia n  to  occu r. H y d ro ly s is  can 

re a d i ly  be achieved us ing  a s tro n g ly  io n is in g  ac id  such as hydro

c h lo r ic  a c id  o r hydrobrom ic a c id .  T h is  can be seen by the  in a b i l i t y  

o f the  ch ito s a n  hydrobrom ide s a l t  to  undergo re a c t io n  u i th  s a l ic y l 

aldehyde (see S ection  3 .2 .5 -3 ) .  —Henee=d=f=rth.e^-quantitative re a c t io n  

o f the  f re e  amine groups o f c h ito s a n , on paper, w ith  s a lic y la ld e h y d e  

can be achieved the  y e llo w  JM -sa licy lidene  ch ito sa n  produced can be 

re a d i ly  hydro lysed to  i t s  pa ren t components. The s a lic y la ld e h y d e  

thus l ib e ra te d  can be s p e c tro s c o p ic a lly  analysed and the  amount re la te d  

to  the  i n i t i a l  ch ito s a n  c o n te n t. These fa c ts  were e s ta b lis h e d  by 

tre a tm e n t o f  a _N -sa licy lide ne  c h ito sa n  f i lm  u i th  a 80/20 ( v /v )  

m ethanol/□ .5I\I HBr mixed s o lv e n t f o r  1.6 hours a t room tem pera tu re .

The uv spectrum o f the  re s u lt in g  s o lu t io n  showed a b s o rp tio n  bands a t 

255 nm and 326 nm, which are id e n t ic a l  to  those found fo r  s a l ic y l 

aldehyde in  m ethanol.

There are th re e  main fa c to rs  th a t  in flu e n c e  the  cho ice  o f the 

h y d ro ly s is  medium:



a) There must be s u f f i c ie n t  a c id  p resen t to  com p le te ly  hyd ro lyse

the  S c h i f f 's  base. Th is is  more ra p id ly  achieved i f  the  a c id  can a lso

d is s o lv e  the c h ito s a n . The presence o f d is s o lv e d  ch ito s a n  in  the

s o lu t io n  may in te r fe r e  u i th  the  spectroscop icT -ana lys is  o f the s a l ic y l -

12aldehyde hydro lysed  o f f .  B raussignac has shoun th a t  a 3% c h ito sa n  

s o lu t io n  has a uv absorbance in te n s it y  o f about 0 .5  a t 255 nm in  

1 cm c e l ls ,  uh ich  is  the  uave leng th  o f the  h ig h e s t in te n s ity  absorp

t io n  band o f s a lic y la ld e h y d e . Houever the amount o f  s a lic y la ld e h y d e  

re q u ire d  to  g ive  an "on s c a le "  uv absorbance read ing  a t th is  uave

le n g th  uau ld  correspond app rox im a te ly  to  a c h ito sa n  c o n c e n tra tio n  

o f 0.003%. Since t h is  is  10DQ tim es more d i lu te  than the  s o lu t io n  

used by Braussignac the  re s id u a l absorbance o f the  d is s o lv e d  ch ito s a n  

can be assumed to  be n e g l ig ib le .

b) S ince the  i n i t i a l  stages o f  the  h y d ro ly s is ,  p r io r  to  d is s 

o lu t io n  o f the  c h ito s a n , a re  c a r r ie d  ou t heterogeneously the  re a c t io n  

re q u ire s  a co n s id e ra b le  p e rio d  o f tim e fo r  com p le tion  (16 hours)..

Thus the  l ib e ra te d  s a lic y la ld e h y d e  must be s ta b le  f o r  reasonably 

long  p e r io d s .

c ) The s o lv e n t must c o n ta in  s u f f i c ie n t  m ethanol to  a l lo u  the  

hydrophobic s a lic y la ld e h y d e  to  com p le te ly  d is s o lv e .

These fa c to rs  uere found to  be com p le te ly  s a t is f ie d  by the  use 

o f  a 80/2D ( v /v )  m ethanol/0 .5I\I HBr s o lv e n t.  The m olar e x t in c t io n  

c o e f f ic ie n t  f o r  s a lic y la ld e h y d e  uas determ ined in  t h is  s o lv e n t a t 

255 nm (Table 36) and found to  be 10,205 uh ich is  in  goad agreement

to  th a t  fo r  s a lic y la ld e h y d e  in  an 80/20 (v /v ) ;-m e th a n o l/1% a c e tic

a c id  system (see S ection  3 .2 .5 .2 ) .
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Table 36

Uv absorbance data fo r  d e te rm in a tio n  o f  m olar e x t in c t io n  c o e f f ic ie n t  

o f s a lic y la ld e h y d e  in  80/20 ( v /v )  m e th ano l/0 .5 N HBr, a t  255 nm in  

1 cm c e l ls .

Weight o f  Volume o f s o lu t io n

s a lic y la ld e h y d e /g  o f s a lic y la ld e h y d e

/cm3

0.2451 50 400 1.0241 10,205

D i lu t io n  Absorbance E x t in c t io n  

fa c to r  c o e f f ic ie n t

Table 37

Uv spe c tro sco p ic  a n a ly s is  o f s a lic y la ld e h y d e , hydro lysed  from 

N -s a lic y lid e n e  ch ito sa n  samples (from  K ytex L ) .

Weight o f 

c h ito s a n /g

Volume o f h y d ro ly s is
3

s o lu tio n /c m

D ilu t io n

fa c to r

Absorbance 

255 nm 1 cm 

c e l ls

Chitosan

c o n c e n tra tio n
-3/g  dm

0.0122 20 50 0.557 0.0122

0.0088 tr 50 0.A73 0.0088

0.00A9 ii 50 0.221 0.0QA9

0.0287 n 50 1.38A 0.0287
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For a p p lic a t io n  o f the  h y d ro ly s is  techn ique to  c h ito s a n  adsorbed 

on paper, c a l ib r a t io n  u i th  an id e n t ic a l  ch ito sa n  sample must be 

c a r r ie d  ou t so th a t  the  s a lic y la ld e d h y d e  absorbance in te n s ity  a t 

255 nm can be d i r e c t ly  re la te d  to  the  ch ito sa n  c o n c e n tra tio n  in  the 

s o lu t io n .

The c a l ib r a t io n  uas c a r r ie d  ou t us ing a sample o f K ytex L in  

the  form  o f a th in  f i lm .  Four p ieces o f d r ie d  f i lm  o f d i f f e r e n t  

u e ig h ts  uere used. They uere i n i t i a l l y  tre a te d  u i th  an excess o f 

s a lic y la ld e h y d e  in  m ethanol (lOBD cnf5 o f 1% s a lic y la ld e h y d e  per~g 

o f c h ito s a n ) f a r  A8 hou rs . Removal .of excess reagent a f te r  the 

fo rm a tio n  o f the  J ^ -s a lic y lid e n e  ch ito s a n  uas achieved by c a re fu l 

uashing u i th  methanol and then by s o x h le t e x tra c t io n  u i th  m ethanol. 

The f i lm s  uere tre a te d  fa r  16 hours u i th  the m ethanol/HBr s o lv e n t, 

a f te r  uh ich  the s o lu t io n s  uere analysed by uv spec troscopy . The 

re s u lts  are g iven  in  Table 37 . From B e e r's  Lau the absorbance o f 

the  s o lu t io n  is  p ro p o r t io n a l to  the  c o n c e n tra tio n  o f s a lic y la ld e h y d e  

Houever s ince  the  s a lic y la ld e h y d e  c o n c e n tra tio n  is  p ro p o r t io n a l to  

the  c h ito sa n  co n te n t i t  fo l lo u s  th a t  a d i r e c t  p lo t  o f Absorbance 

versus C hitosan c o n c e n tra tio n  can be co n s tru c te d  to  o b ta in  an e x t in c
_3

t io n  c o e f f ic ie n t  expressed in  g dm (F igu re  3 8 ) . This uas found 

from the  s lope to  be A8.4 and can be a p p lie d  to  any system u i th  a 

c h ito s a n  having a s im ila r  degre.e:\of IM ^a ce ty la tio n .

S ince the  techn ique  r e l ie s  on the  q u a n t ita t iv e  re a c t io n  betueen 

the  amine groups o f ch ito s a n  and s a lic y la ld e h y d e , as u e l l  as the 

q u a n t i ta t iv e  h y d ro ly s is  o f the  p ro d u c t, i t  u i l l  a lso  g ive  a va lue 

fo r  the  degree o f JM -ace ty la tion  o f the  K ytex L used. Th is can be 

achieved by c a lc u la t in g  the  r a t io  o f ch ito sa n  used to  the  amount o f
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s a lic y la ld e h y d e  hydro lysed  o f f  from  the  N ~ s a lic y lid e n e  ch ito sa n  

and., by using t h is  r a t io  u i th  the  c a l ib r a t io n  curve fo r  the  re s id u a l 

c h ito s a n  a n a ly s is  techn ique  (see S e c tion  3 .2 .5 .2 ,  F igu re  2 7 ).

Using the  data in  Table 37, the r a t io  o f  c h ito s a n :s a lic y la ld e h y d e  

uas found to  be 1.73, uh ich  corresponds to  a degree o f JM -ace ty la tion  

o f  17%, from  the  c a l ib r a t io n  p lo t .  This f i t s  reasonab ly u e l l  u i th  

the  va lues o f 16% and 14% found by in fra re d  spectroscopy and re s id u a l 

s a lic y la ld e h y d e  a n a ly s is  methods re s p e c t iv e ly .  The good agreement 

a lso  con firm s  th a t  both the  re a c t io n  u i th  s a lic y la ld e h y d e  and the  

subsequent h y d ro ly s is  o f  the  S c h i f f ’ s base are occu ring  com p le te ly  

q u a n t i ta t iv e ly .

For use o f th e .-h y d ro ly s is  method u i th  ch ito sa n  tre a te d  papers

a m o d if ic a t io n  to  the  d e p o s it io n  techn ique  fo r  ch ito s a n  a p p lic a t io n

is  re q u ire d . I t  is  n o t p r a c t ic a l to  ueigh the paper be fo re  s teep ing

in  a ch ito s a n  s o lu t io n ,  s in ce  fu r th e r  u e t trea tm en ts  u i l l  be re q u ire d

d u rin g  uh ich  the  paper u i l l  tend to  lo se  f in e s .  A f te r  s teep ing  and

p ress in g  out the  excess c h ito s a n  s o lu t io n  the handsheets uere a llo u e d

to  dry in  a i r ,  ra th e r  than in  an oven, to  p reven t the  fo rm a tio n  o f

46an amide from  the  a ce ta te  uh ich  uau ld  a l te r  the f re e  amine co n te n t 

o f  the  m a te r ia l.  D ry ing uas c a r r ie d  ou t u i th  the  sheet f ix e d  in  a 

h o r iz o n ta l p o s it io n  so th a t  any s o lu t io n  m ig ra t io n  uou ld  occur in  

the  plane o f the  paper th ic k n e s s . In  t h is  uay any uneveness in  the 

na tu re  o f the  s u rfa c e , u i th  re sp e c t to  measurement o f  i t s  re f le c ta n c e , 

can be averaged ou t over bath s id es  o f the  shee t. A f te r  d ry in g  the 

sheet uas immersed in  m e thana lic  ammonia to  d e s a lt  the ch ito sa n  and 

thus o b ta in  i t  in  the fre e  amine fa rm . Reaction u i th  s a lic y la ld e h y d e  

and subsequent a fte r tre a tm e n t u i th  m ethanol uas c a r r ie d  ou t in  an
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id e n t ic a l  manner ta  th a t  used f o r  trea tm en t o f the  c h ito s a n  fo r  the 

c a l ib r a t io n .  A t t h is  s tage , p r io r  to  h y d ro ly s is ,  p a r t  o f  the paper 

sample uas used fo r  a m o is tu re  d e te rm in a tio n  so th a t  the dry u e ig h t 

o f  the  m a te r ia l cou ld  be de te rm ined . Because c h ito s a n  c o n c e n tra tio n s  

on paper are u s u a lly  g iven  in  terms o f a percentage an u e ig h t o f  dry 

f ib r e ,  in  the f i n a l  a n a ly s is  a c o r re c t io n  fa c to r  is  used to  a d ju s t 

the  u e ig h t o f  the  N -s a lic y lid e n e  ch ito sa n -p a p e r system to  th a t  f a r  

the  paper a lone . Th is  ad justm ent in v o lv e s  the  s u b tra c t io n  from the  

d ry  u e ig h t o f  the  j\ [ -s a lic y lid e n e  c h ito sa n -p a p e r system the  u e ig h t o f 

the  JM -sa licy lidene  ch ito s a n  u h ic h ' is  1.513 tim es (based on a degree 

o f N -a c e ty la tio n  o f 17%) the  u e ig h t o f the  c h ito sa n  p resen t in  the  

paper.. The d if fe re n c e  betueen the  d ry  u e ig h t o f JM -sa licy lid e n e - 

paper and th a t  o f the  paper a lone is  u s u a lly  very  s m a ll, and is  o f 

l i t t l e  s ig n if ic a n c e  except a t  the  h ig h e r le v e ls  o f c h ito s a n  c o n te n t. 

H y d ro ly s is  o f  the P £ -sa licy lidene  c h ito sa n -p a p e r system uas re a d i ly  

achieved using  the  a c id ic  m ethanol s o lv e n t fo r  16 hours, as in d ic a te d  

by the  lo s s  o f the  y e l lo u  t i n t  in  the paper a f te r  th is  tim e . I n i t i a l  

experim ents uere c a r r ie d  ou t us ing  K y tex  L on S tora  61 handshaets, 

a t fo u r  d i f f e r e n t  le v e ls  o f  ch ito s a n  im p regn a tion . Th is uas achieved 

by a d ju s t in g  the  c o n c e n tra tio n  o f the  s o lu t io n  o f  c h ito s a n  used fo r  

s te e p in g . A s u f f i c ie n t  q u a n tity  o f  each sample uas prepared so th a t  

p r io r  to  h y d ro ly s is  the  re f le c ta n c e  o f the sheet cou ld  a ls o  be -  

reco rded . This uas c a r r ie d  ou t in  a s im ila r  manner to  th a t  p re v io u s ly  

described  (see S e c tion  3 .3 .1 .2 )  except th a t  a magnesium carbonate 

b lock  uas used as a standard  a g a in s t uh ich  the u n tre a te d  pu lp  uas 

a lso  c a l ib ra te d  to  take  in to  account the  re fle c ta n c e  o f  the  s u b s tra te . 

The re s u lts  f a r  the h y d ro ly s is  a n a ly s is  and the re f le c ta n c e  data are 

o u t lin e d  in  Tables 38 . The ch ito s a n  con ten t o f the samples
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uere c a lc u la te d  us ing  equa tion  (1 9 ).

% ch ito s a n  c o n te n t -  1BQ(A x D x l//1D00G) /  [U -(A  x W x F x D/1DQ0e) ] . .

where A -  absorbance o f  h y d ro ly s is  s o lu t io n  a t 255 nm in  1 cm c e l ls  

D -  d i lu t io n  fa c to r

V -  volume o f  h y d ro ly s is  s o lu t io n  in  crn5 

s = e x t in c t io n  c o e f f ic ie n t  (AS.A fo r  Kytex L)

Id =' d ry  u e ig h t o f  JU -sa licy lid e n e  ch ito sa n -p a p e r 

F -  r a t io  o f JU -sa lic y lid e n e  ch ito s a n  to  c h i to s a n -  1.513 f o r  the  

17% IN -acety la ted  K y tex  L

For ease o f  c a lc u la t io n  a s im p le  computer program uas w r it te n  

in  Basic (see Appendix I I I ) ,  th a t  a lso  c a lc u la te s  the Kubelka-Munk 

re f le c ta n c e  fu n c t io n  f o r  each sample from i t s  re f le c ta n c e  measurement.

For S tora  61 a re g re s s io n  a n a ly s is  o f the  p lo t  o f Log F(R) 

versus Log c (F ig u re  39) gave a s lope o f 0 .995, uh ich  is  a good f i t  

f o r  the  Kubelka-Munk tre a tm e n t, a lthough  the va lue  fo r  K, the ' a n t i la g  

a f the  in te r c e p t ,  was found to  be 0.69 uh ich  is  c o n s id e ra b ly  h ig h e r 

than th a t  found using the  g ra v im e tr ic  a n a ly s is  techn ique  (0 .A 0 6 ). 

However the  va lue  o f K would be expected to  be lower.?, f a r  the  g ra v i

m e tr ic  method, where the s o lv e n t uas evaporated by h e a tin g , thus

A6probab ly  co n v e rtin g  a p ro p o r t io n  o f  the s a l t  lin k a g e s  to  the  amide 

uh ich  u i l l  no t undergo S c h i f f 's  base fo rm a tio n . To te s t  t h is  hypo

th e s is ,  fu r th e r  re f le c ta n c e  -  c o n c e n tra tio n  p lo ts  were con s tru c te d  

f o r  o th e r p u lp s , us ing  the  h y d ro ly s is  techn ique as d e sc rib e d . The 

th re e  pu lps New Bern, P o rt Hudson and Tyee were chosen and the  re s u lts  

are g iven  in  Table 39 . The re g re s s io n  a n a ly s is  d e ta i ls  f o r  the 

re s p e c tiv e  p lo ts  o f Log F(R) versus Log c (F ig u re  39) are summarised
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in  Table 40. [F o r t h is  method the  re fle c ta n c e  o f  the  s u b s tra te  uas 

a lso  taken in to  account, u i th  F(R) being taken as the  num erica l 

va lue  o f the r ig h t  hand s ide  o f equa tion  (1 7 ), (see S ection  3 .3 .1 .1 ) ]

The K va lues f o r  these pu lps  f o l lo u  the  tre n d  observed fo r  S tora  

61 in  th a t  they are g re a te r  than those found using the  g ra v im e tr ic

method. Houever the  s lopes o f the  Lag F(R) versus Lag c p la ts ,

in d ic a te  th a t  the  r e la t io n s h ip  betueen re f le c ta n c e  and c o n c e n tra tio n

does n o t e x a c tly  correspond to  the  requ irem en ts  o f the  Kubelka-Munk

th e o ry . Thus in  t h e i r  p resen t form  the  re fle c ta n c e -c o n c e n tra t io n  

data  can o n ly  be used as a c a l ib r a t io n  fo r  s im ila r  systems a t  the  

same c o n c e n tra tio n  range .

A second more modern approach to  the  measurement o f  re fle c ta n c e  

uas in v e s tig a te d , in v o lv in g  the  use o f the  In te rn a l Colour Systems 

M icromatch S pectrophotom eter. Th is in s tru m e n t has the  a b i l i t y  to  

measure the  re fle c ta n c e  a t 16 d i f f e r e n t  uave lengths from  400 nm in  

20 nm increm en ts . For any sample i t  u i l l  g ive  an average va lue  fo r  

the  c o lo u r s tre g g th  over the  16 d i f f e r e n t  uave leng ths . The c o lo u r 

s tre n g th  is  the  r a t io  o f  the  a b s o rp tio n  to  s c a t te r in g  c o e f f ic ie n ts  

f o r  the  sample a g a in s t th a t  f o r  the  s u b s tra te . Measurements uere 

made on the  ftF -sa licy liden e  c h ito sa n -p a p e r systems fo r  the  f\leu Bern, 

Tyee and P o rt Hudson p u lp s . Each sample uas measured an bath s ides 

o f the  sheet a t  fo u r  d i f f e r e n t  p o s it io n s .  The r e s u lts  are g iven  in  

Table 41. In  theo ry  a p lo t  o f  Colour s tre n g th  versus C oncen tra tion  

should g ive  a s t r a ig h t  l in e  u i th  an in te rc e p t  o f 1 , uh ich  corresponds 

to  the  p o in t o f  zero c o n c e n tra tio n  uhere the sample and s u b s tra te  are 

id e n t ic a l .  P lo ts  o f Co lour s tre n g th  versus C oncen tra tion  (F ig u re  40) 

shou a reasonable convergence to  the  in te rc e p t  a t a va lue  o f 1 f o r  

the. c o lo u r s tre n g th , bu t aga in they uere no t id e a l .



Table 40 4

Regression a n a ly s is  data fo r  p lo ts  o f  Log F(R) versus Log cone 

f a r  va rio u s  p u lp s .

Pulp type Slope In te rc e p t Square o f

c o r re la t io n

c o e f f ic ie n t

K = a n t i lo g  o f 

in te rc e p t

S to ra  61 0.995 -0.1587 0.989 0.69

Tyee 1.54 -0.2396 0.995 0.58

New Bern 1.145 -0 .256 . 0.963 0.554

P a rt Hudson 1.53 -0 .114  

Table 41

0.995 0.77

C olour s tre n g th /c o n c e n tra tio n  data f o r  _N -sa licy lidene  ch ito sa n -p a p e r

systems.

Pulp type Colour

s tre n g th

C oncen tra tion  Pulp type 

o f ch ito s a n  

/% o .w . f .

Co lour

s tre n g th

C oncen tra tion  

o f ch ito s a n  

/% o .w . f .

P o rt Hudson 3 .9 0.597 P o rt Hudson 2.81 0.392

ii 2.22 0.249 ii 1.54 0.198

New Bern 4.46 0.519 New Bern 6.11 0.776

ii 2.56 0.238 it 3.61 0.330

Tyee 2.27 0.288 Tyee 3.82 0.590

ii 1.58 0.13 ti 1.98 0.207

- 179 -

—..



cn
a

C*-

a

cn

a

UD

cn □ 
a a.

a.

-p

pcn

r-H

l—I

CJCM

a <P

a

un CM

ijq.Buajq.s a:noxo[]

180.

d  ■’ ' ■>'''' , -



3 .3 .1 .4  Comparison o f the Kubelka-Munk and the A th e rton  re la t io n s h ip s

Since i t  is  c le a r  th a t  the  re fle c ta n c e  data does n o t e x a c tly  f i t  

the  Kubelka-Munk exp ress ion , ano ther re la t io n s h ip  between re fle c ta n c e  

and the  a d so rp tio n  and s c a t te r in g  c o e f f ic ie n ts  was in v e s tig a te d .

where K -  a d so rp tio n  c o e f f ic ie n t  ,

S = s c a t te r in g  c o e f f ic ie n t  

R = f r a c t io n a l  re f le c ta n c e  o f sample

Rs = f r a c t io n a l  re f le c ta n c e  o f  s u b s tra te

In  th is  case the  re f le c ta n c e  fu n c t io n  is  determ ined in  a d i f f e r e n t

way to  th a t  f o r  the  Kubelka-Munk ana lyses, and is  d e rive d  on the

b a s is  o f  m o d if ic a t io n  o f the  Kubelka-Munk theo ry  to  take in to  account 

the  p r a c t ic a l r e a l i t i e s  o f sp e c tra p h a to m e tric  measurement techn iques . 

The data in  Tables 36 and 39 were reassessed a c c o rd in g ly  and g iven  

in  Table 42. Id e a l ly  the  lo g a r im e tr ic  p lo t  o f F(R) versus Conc

e n tra t io n  should s t i l l  have a s lope  o f 1 (F igu re  4 1 ) . The re g re s s io n  

a n a ly s is  o f  these re s u lts  (Tab le  43) shows an improvement over the 

Kubelka-Munk tre a tm e n t, in  the  p ro x im ity  o f  the  s lopes fo r  the p lo ts  

to  the  d e s ire d  va lue  o f u n i ty .

I t  is  c le a r  th a t  any re f le c ta n c e  fu n c t io n  used must be re p re s e n t

a t iv e  o f the a c tu a l r e la t io n s h ip  between the  a b s o rp tio n  c o e f f ic ie n t ,  

s c a t te r in g  c o e f f ic ie n t  and re f le c ta n c e .  Thus i f  the  ch ito s a n  co n te n t 

on paper is  to  be assessed: as ing the  re fle c ta n c e  o f a co loured

116Th is  has been developed by A th e rto n  and is  expressed in  equa tion

(20)

(20)
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Table 42

R e fle c ta n c e /c o n c e n tra tio n  data fo r  !M -sa licy lid e n e  ch itasa n -pape rs  

using the  A the rton  tre a tm e n t.

Pulp type C oncen tra tion  o f 

ch itosan /%  o . u . f .

Log cone. R e flec tance  

fu n c t io n  F(R)

Log FCf

S tora  61 0.831 -0 .080 1.58 0.200

ii 0.326 -0 .4 87 0.82 -0 .086

ti 0.600 - 0.222 1.28 0.108

ii 1.002 ’ 0.001 2.03 0.307

Tyee 0.238 -0 .540 0.519 -0 .284

it 0.590 -0 .229 1.03 0.011

ii 0.130 - 0.886 0.26 -0 .584

ti 0.207 -0 .684 0.42 -0 .377

IMeu Bern 0.330 -0 .481 0.76 - 0.12

ii 0.238 -0 .623 0.49 -0 .3 1

ii 0.776 - 0.110 1.33 0.126

ii 0.519 -0 .285 0.94 -0 .026

P o rt Hudson 0.198 -0 .704 0.43 -0 .372

ii 0.249 -0 .604 0.53 -0 .278

ii 0.392 -0 .4 07 0.77 - 0.112

ii 0.598 -0 .244 1.22 0.087

- 1 8 2 -



Log c o n c e n tra tio n  

-Q .8 - 0 .6- 1.0 0.2

- Q . 1

- 0.2

-ii i—1ra
5- -0 .3

O -  S ta ra  61

- 0 .L □  -  TyeeH*

•  = New Bern

-0  5 *  ~ P a rt Hudson

- 0.6

F igu re  L1 Lag c o n c e n tra tio n  versus Log A the rton  re fle c ta n c e  fu n c t io n  

fo r  va rio u s  jM -s a lic y lid e n e  c h ito sa n -p a p e rs .
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Table A3

Regression a n a ly s is  data fo r  p lo ts  o f  Log F(R) versus Log conc. 

f o r  v a rio u s  p u lp s , us ing  the  A th e rton  tre a tm e n t.

Pulp type  Slope In te rc e p t Square o f K -  a n t i lo g

c o r re la t io n  o f in te rc e p t  

c o e f f ic ie n t

S to ra  61 Q.77 Q.28A 0.987 1.9

Tyee 0.89 0.213 0.996 1.63

P o rt Hudson 0.98 0.311 0.993 2.05

IMern Bern 0.80 0.22 0.967 1.66
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d e r iv a t iv e  then a mare s u ita b le  re fle c ta n c e  fu n c t io n  must be found .

117-119There e x is t  a number o f a l te r n a t iv e  approaches to  the  d e te r

m in a tio n  o f re fle c ta n c e  fu n c t io n s ,  and these may w a rran t fu r th e r  

in v e s t ig a t io n  a t  a la t e r  s ta g e .

3 .3 .2  E ffe c ts  o f  adsorbed c h ito s a n  an the  s tre n g th  o f paper

Due to  a la c k  o f tim e on ly  a b r ie f  in v e s t ig a t io n  in to  the prop

e r t ie s  o f c h ito sa n  as an a d d it iv e  fo r  s tre n g th  improvements o f paper

was undertaken. C hitosan a d d it io n  was c a r r ie d  ou t by a d so rp tio n  from

115s o lu t io n  a t  the  d is in t e g r a t io n  stage o f handsheet fo rm a tio n

Four le v e ls  o f a d d it io n  to  a S ta ra  32 s tock were a p p lie d  a t .1%, 2%,

3% and 4% based on the  d ry  w e igh t o f the  pu lp  using a 1% ch ito sa n

s o lu t io n  in  a c e t ic  a c id .  The ch ito s a n  con ten t was determ ined using

the  KN -sa licy lidene ch ito s a n  h y d ro ly s is  techn ique (see S ection  3 .3 .1 .3

120and Table 4 4 ). The formed handsheets were then c o n d itio n e d  and

121t h e i r  p h y s ic a l p ro p e r t ie s  te s te d  . The re s u lts  o u t lin e d  in  Table

45 show th a t  a t  the  law re te n t io n  le v e ls  ob ta ined , l i t t l e  improvement

in  the  p h y s ic a l p ro p e r t ie s  is  observed. Under the c o n d it io n s  used the

a d s o rp tio n  process is  r e la t iv e ly  in e f f i c ie n t ,  e s p e c ia lly  a t  the  h ig h e r

i n i t i a l  ch ito sa n  a d d it io n  le v e ls ,  where the m a jo r ity  o f  the ch ito sa n

in  s o lu t io n  was no t adsorbed. The fa c t  th a t  the  a d s o rp tio n  is  poor

is  n o t s u rp r is in g  when co n s id e r in g  the  c o n d it io n s  used fo r  the

115p ro d u c tio n  o f the  handsheets . The i n i t i a l  d is in t e g r a t io n  is  

perform ed a t a l iq u o r  r a t io  o f  app rox im a te ly  70:1 w ith  an o v e ra l l
_3

ch ito s a n  s o lu t io n  c o n c e n tra tio n  o f on ly  0.15 g dm , f o r  the 1% 

a d d it io n  le v e l .  High l iq u o r  r a t io s  and low ch ito sa n  c o n c e n tra tio n s  

have been found to  be d e tr im e n ta l to  the  amount o f a d so rp tio n  ta k in g  

p lace (see S ections 3 .4 .7 .1  and 3 .4 .7 .3 ) .  A lso a f te r  the  i n i t i a l
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Table 44

N -s a lic y lid e n e -p a p e r h y d ro ly s is  data  fo r  c h ito s a n  c o n te n t.

Pulp Dry w e igh t o f  Volume o f D i lu t io n  Absorbance B a n c ./% o .w .f. 

paper/g  h y d ro ly s is  fa c to r  in  1 cm c e l ls

s o lu tio n /c m ^ a t 255 nm

S tora  32 0.2011 20 1 0.44 0.09

ii 0.2234 ii 1 0.702 0.13

ii U.1986 ti 1 0.673 0.14

ii u .1992 it 1 0.772 0.16

UBK 0.2042 40

Table 45

1 0.469 0.19

P h ys ica l te s t  p ro p e r t ie s  o f tre a te d  p u lp s .

Sample C hitosan

a d d it io n

le v e l/%

C hitosan 

conc./%  o . ta . f .

B u rs t 

index 

/K pa m g"

Tear 

index 

 ̂ /ml\l^g“ ^

Breaking

le n g th

/Km

Bulk

/erring

S tora  32 0 0 2.73 15 3.71 1.57

ii 1 0.09 3 .17 16 3.64 1.33

ii 2 0.13 3 .57 16.6 3.79 1.54

ii 3 0.14 3 .34 16 3.83 1.55

ii 4 0.16 3 .66 15.9 4.06 1.51

UBK 0 0 3 .8 16.6 5.3 1.67

it 1 0.19 5.94 14.9 6.58 1.57
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d is in t e g r a t io n ,  which took app rox im a te ly  30 m inu tes, the  s tock was 

d i lu te d  a fu r th e r  5 tim e s , be fo re  being used fo r  hand sheet prod

u c t io n .  Hence the  a d s o rp tio n  o f ch ito s a n  cannot have a tta in e d  

e q u il ib r iu m  in  such a s h o r t tim e (compare w ith  the  48 hours re q u ire d  

as shown in  S ec tion  3 .4 .6 ) ,  and the  d i lu t io n  may cause d e so rp tio n  o f 

the po lym er. Thus in  o rd e r to  improve the  re te n t io n  o f ch ito sa n  in  

an a d s o rp tio n  process, the  c o n d it io n s  fa r  the a d s o rp tio n  must be 

op tim ised  w ith  respec t to  the fa c to rs  th a t  fa v o u ra b ly  in flu e n c e  the 

uptake as re p o rte d  in  S ec tion  3 .4 .

N everthe less fa vo u ra b le  in c reases  in  the p h y s ic a l p ro p e r t ie s  o f

handsheets produced using an unbleached k r a f t  pu lp  (UBK) and a '['fa

c h ito s a n  a d d it io n  le v e l were observed (Table 4 5 ). For t h is  system

the c o n c e n tra tio n  o f the  c h ito s a n  on the f ib r e  was found to  be 0.19%.

This was co n s id e ra b ly  h ig h e r than the  va lue f o r  the  bleached k r a f t

pu lp  S to ra  32, a t  the  same a d d it io n  le v e l .  A lthough the  b leach ing

process may increase  the  c a rb o x y l co n ten t o f the pu lp  by o x id a t io n ,

i t  is  l i k e l y  th a t  the  improved c h ito s a n  uptake is  due to  the presence

o f l ig n in  in  the unbleached pu lp  which w i l l  c o n ta in  a n io n ic  su lphon ic

a c id  groups, thus in c re a s in g  the  su rfa ce  charge o f the  p u lp , and hence

the uptake (see S e c tion  3 .4 .7 .8 ) .  S im ila r  tren ds  were observed by 

53
A H an e~k using an unbleached s u lp h ite  p u lp .

For the UBK pu lp  th e re  is  a 24% increase  in  the  Breaking Length, 

and a 56% increase  in  the B u rs t Index over the un tre a te d  pu lp  (Table 

4 5 ). These few re s u lts  in d ic a te  th a t  the re  are cons ide rab le  poss

i b i l i t i e s  f o r  the  use o f c h ito s a n  as a wet and dry s tre n g th  improve

ment a d d it iv e  bu t th a t  fu r th e r  work is  re q u ire d  to  o p tim ise  the 

v a r ia b le s  in vo lve d  in  the a d s o rp tio n .



3 .4  S tud ies  on the a d s o rp tio n  o f ch ito sa n  onto c e l lu lo s e  su b s tra te s

3 .4 .1  In tro d u c tio n

The use o f e q u il ib r iu m  a d s o rp tio n  techn iques f a r  the  a p p lic a t io n  

o f ch ito sa n  onto paper has been s tu d ie d  by A lla n  e t a l .  ’ , w ith  

respec t to  the  re s u lt in g  p h y s ic a l p ro p e rt ie s  o f the  paper. As an 

a p p lic a t iv e  method A lla n  seems to  have d ism issed i t s  use due to  the 

d e tr im e n ta l e f fe c ts  on the  p h y s ic a l p ro p e rt ie s  caused a t h ighe r 

ch ito sa n  re te n t io n  le v e ls .  However up to  now no study in to  the 

fa c to rs  in f lu e n c in g  the e q u il ib r iu m  a d so rp tio n  have been c a r r ie d  o u t.

In  t h is  th e s is  the  a d s o rp tio n  o f ch ito s a n  onto c e l lu lo s e  has been 

in v e s tig a te d , u i th  re sp e c t to  the  na tu re  o f the  c h ito sa n  as w e ll as 

the s u b s tra te , so th a t  a c le a re r  p ic tu re  o f the  fo rc e s  in vo lve d  

du rin g  a d so rp tio n  can be o b ta in e d .

3 .4 .2  P re p a ra tio n  o f ch ito sa n  s o lu t io n s  fo r  a d s o rp tio n  s tu d ie s

The ch ito sa n  s o lu t io n s  used fo r  a d so rp tio n  s tu d ie s  were in  the

-3c o n c e n tra tio n  range between 0 .25 and 1 g dm . They were made up 

by the a d d it io n  o f aqueous a c e t ic  a c id  to  the  c h ito sa n  sample a t an 

approxim ate m olar r a t io  o f  a c e t ic  a c id : f re e  amine o f 3 :2 .  The f in a l  

pH o f the  s o lu t io n s  was ad jus ted  to  4 by the a d d it io n  o f mare a c e tic  

a c id .  The s o lu t io n s  were no t b u ffe re d  because o f the  p o te n t ia l e f fe c ts  

o f added e le c t r o ly te  on the  uptake o f the  p o ly e le c t r o ly te .  Far 

s im ila r  reasons the io n ic  s tre n g th  o f the s o lu t io n s  were n o t main

ta in e d  a t a cons tan t le v e l because th is  would re q u ire  the a d d it io n  

o f an excess o f e le c t r o ly te .



3 .L .3 A n a lys is  o f the  c o n c e n tra tio n  o f c h ito sa n  in  s o lu t io n  by

mstachrom ic t i t r a t i o n

L i t t l e  p rev io us  s tudy in to  the  a d so rp tio n  o f c a t io n ic  polymers

122 123on c e llu lo s e  su b s tra te s  has. been c a r r ie d  ou t . Horn and M elzer

have in v e s tig a te d  the  in f lu e n c e  o f m o lecu la r w e igh t and chbnge d e n s ity  

on the a d s o rp tio n  o f p o ly e th y le n d im in e s  and c a t io n ic  po lyacry lam ides  

on c e l lu lo s e ,  us ing  methods o f re s id u a l polymer s o lu t io n  a n a ly s is  a f te r  

a d so rp tio n  to  eva lua te  the  up take . For most work on polymer a d s o rp tio n , 

re s id u a l a n a ly s is  is  the  techn ique  used tD determ ine the amount o f 

a d s o rp tio n . Far c h ito s a n  t h is  re q u ire s  a procedure whereby the conc

e n tra t io n  o f polymer in  s o lu t io n  can be a c c u ra te ly  de term ined .

O r ig in a l ly  a method in v o lv in g  the  homogeneous q u a n t i ta t iv e  re a c t io n  

between c h ito sa n  and s a lic y la ld e h y d e  was proposed as o u t lin e d  in

S ection  3 .2 .5 .3 .  However ano the r techn ique  developed in  th iS f la b -  

12^o ra to ry  has been found to  be co n s id e ra b ly  more accura te  and sens

i t i v e .  I t  is  based on the  metachromic e f fe c ts  p a ly e le c tra ly te s  in  

s o lu t io n  e x e rt on dyes o f  the oppos ite  charge. Metachromacy is  the 

s h i f t  in  the  main u v /v is ib le  a b s o rp tio n  band o f the  dye to  another 

w avelength, caused by the  presence o f the  p o ly e le c t r o ly te .

125The e f fe c t  was o r ig in a l ly  observed by E rh lic h  and has been

e x te n s iv e ly  used w ith  a n io n ic  po lym e ric  systems using  c a t io n ic

12L(b a s is )  dyes. U n t i l  the work by Roberts and P o tts  no study o f

the  use o f a n io n ic  dyes w ith  c a t io n ic  p o ly e le c tro lty te s  had been 

c a r r ie d  o u t. They found th a t  the  dye m olecules in te ra c te d  q u a n t i t 

a t iv e ly  w ith  the  amine groups o f c h ito s a n , and thus cou ld  be used 

to  analyse ch ito s a n  in  the s o lu t io n  and a lso  to  determ ine the e x te n t 

o f . N -a c e ty la tio n  o f any s o lu b le  c h ito sa n  sample. The a c id  (a n io n ic )



dye chosen fa r  the  s o lu t io n  a n a ly s is  Lias C . I .  Acid  Red 08 (X IV )

(X IV ) C . I .  Acid Red 88

For q u a n t i ta t iv e  work t h is  dye is  re q u ire d  in  a pure fo rm . Most

com mercial dyes c o n ta in  la rg e  q u a n t it ie s  o f s a l t  as w e ll as im p u r it ie s

as a r e s u l t  o f the  byproducts  o f  t h e i r  m anufacture . The commercial

C . I .  A c id  Red 88 was p u r i f ie d  accord ing  tD the  method o f Nursten and 

126W illia m s  which in v o lv e s  tre a tm e n t o f  a s o lu t io n  o f the  dye using 

io n  exchange re s in s .  The dye in  the  pure s o l id  s ta te  was kept as the  

sodium s a l t  due to  i t s  the rm a l i n s t a b i l i t y  in  i t s  f re e  ac id  fo rm .

The metachromic s h i f t  in  the  p o s it io n  o f the  a b s o rp tio n  band f o r  

C . I .  A c id  Red 88 in  a 0.6% a c e t ic  a c id  s o lu t io n ,  an a d d it io n  o f a 

c h ito s a n  s o lu t io n  in v o lv e d  a hypsochrom ic s h i f t  in  * max from 505 nm 

to  A50 nm. This s h i f t  o f  55 nm is  c le a r ly  v is ib le  due to  the change 

o f c o lo u r  from  red to  y e llo w . U n fo rtu n a te ly  i f  a s o lu t io n  o f the  

dye is  t i t r a t e d  w ith  a ch ito s a n  s o lu t io n  the c o lo u r change is  g radua l 

and th e re  is  no r e a l ly  sharp end p o in t .  Thus fo r  q u a n t i ta t iv e  

a n a ly s is  the  absorbance va lues a t  505 nm o f a s e r ie s  o f dye s o lu t io n s ,  

a t cons tan t dye c o n c e n tra tio n  and c o n ta in in g  v a ry in g  amounts o f  ch ito s a n  

were de term ined . The absorbance in te n s it y  a t 505 nm decreases w ith  

in c re a s in g  c h ito s a n  c o n te n t, due to  the  s h i f t  to  A50 nm, u n t i l  a p a in t 

was reached where the  absorbance remained c o n s ta n t. A d d it io n  o f excess 

c h ito s a n  beyond th is  p o in t  has no fu r th e r  e f fe c t  on the  absorbance



because a l l  the  dye anions have been used up. Thus i f  the  absorb

ance is  p la t te d  (F igu re  42) a g a in s t the volume o f  ch ito s a n  added, two 

d is t in c t  l in e s  w i l l  be observed, one where the absorbance decreases 

w ith  a d d it io n  o f c h ito s a n  and a second where i t  remains c o n s ta n t.

The in te rs e c t io n  o f these two l in e s  corresponds to  the  exact amount 

o f c h ito sa n  re q u ire d  to  in te r a c t  com p le te ly  w ith  the  dye. The data 

f o r  the  c o n s tru c tio n  o f t h is  p lo t  is  o u t lin e d  in  Table 46. Thus by 

us ing  a ch ito sa n  o f known fre e  amine con ten t the amount adsorbed by 

the  c e l lu lo s ic  s u b s tra te  can be determ ined by a metachromic a n a ly s is  

o f  the  s o lu t io n  be fo re  and a f te r  a d s o rp tio n . The e f fe c t  can be seen 

in  F igu re  42 where a g re a te r volume o f the s o lu t io n  is  re q u ire d  

( a f t e r  a d s o rp tio n ) to  in te r a c t  w ith  the same volume o f the dye.

D e ta ils  o f t h is  a d so rp tio n  a n a ly s is  are g iven  in  Table 47. The 

d if fe re n c e  between the volumes o f the two s o lu t io n s  re q u ire d  to  

in te r a c t  w ith  a l l  the dye can be converted  in to  a w e igh t o f  ch ito sa n  

which is  e q u iv a le n t to  the  amount o f polymer adsorbed by the p u lp .

T h is  amount can be c a lc u la te d  us ing  the fa llo w in g  equ a tion ;

amount o f  c h ito sa n  adsorbed in  grams « [ □ ^ ( C ^ D ^ / D ^ l / ^ I ^ / I O D O . . .  ( 21)

_3
where = c o n c e n tra tio n  o f c h ito s a n  s o lu t io n  in  g dm re q u ire d  

to  c a l ib ra te  the  dye
_3

C,p *  c o n c e n tra tio n  o f c h ito s a n  s o lu t io n  in  g dm used fo r  

a d so rp tio n

a d i lu t io n  fa c to r  f o r  c a l ib r a t io n  s o lu t io n  

D2 a d i lu t io n  fa c to r  f o r  re s id u a l s o lu t io n  a f te r  a d so rp tio n
3

V1 « metachromic end p a in t  f o r  c a l ib r a t io n  s o lu t io n  in  cm
3

Vg = metachromic end p o in t  fa r  re s id u a l s o lu t io n  in  cm 

= volume o f o r ig in a l  s o lu t io n  used f o r  a d so rp tio n  in  cm^
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Table *+6
M
•if

S o lu tio n  a n a ly s is  data  f o r  c h ito s a n  standard by metachromic t i t r a t i o n .

1
Volume o f Cone, o f D i lu t io n  Volume o f T o ta l Absorbance J

-30.396 g dm s a in . ch ito s a n  fa c to r  ch ito s a n  volume a t 505 nm in , t
3 - 3  3 3o f C . I .  Acid Red 80/cm s o ln . /g  dm /cm /cm 1 cm c e l ls  T

5 0 .962 10 20 250 0 .134

5 ii 10 15 ii 0 .133

5 ii 10 12 ii 0 .134

5 ii 10 8 ii 0 .1 7

5 ti 10 6 ii 0 .23

5 it 10 4 it 0 .2 9

5 ii 10 2 it 0 .346

Table 47

Metachromic ' aniiX'y s i s - r e s i d u a l  ch ito s a n  in  s o lu t io n  a f te r  a d s o rp tio n .

\

Volume o f Cone, o f  D i lu t io n  Volume o f T o ta l Absorbance 3

□.398 g dm ^ s o ln .  c h ito s a n  fa c to r  c h ito sa n  volume a t 505 nm in  |
3 -3 3 3 ’-Io f C . I .  Acid Red 88/cm s o ln . /g  dm /cm /cm 1 cm c e l ls  v



The c a l ib r a t io n  and re s id u a l a n a ly s is  must be c a r r ie d  c u t on the same 

volume o f the  same dye s o lu t io n .  I f  the  s o lu t io n  used fo r  a d so rp tio n  

is  the  same as th a t  used f o r  the c a l ib r a t io n  then .

From the knowledge o f the w e igh t o f the pu lp  the  uptake can be 

expressed as a percentage on the w e igh t o f f ib r e .  The re s u lts  in  

Tables 46 and 47 have been tre a te d  accord ing  to  equa tion  (2 1 ), as 

shown in  Table 4 8 ). Far the  low er le v e ls  o f c h ito s a n  uptake the 

d iffe re n c e s  between the  ch ito s a n  co n te n t o f  the  o r ig in a l  and re s id u a l 

s o lu t io n s  w i l l  be s m a lle r and thus f o r  accuracy the  in te rc e p t  is  

worked ou t from a re g re ss io n  a n a ly s is  o f the two l in e s  in v o lv e d  in

the  metachromic p lo t  o f  Absorbance versus Volume o f  ch ito s a n  s o lu t io n .

2Any system where the  c o r re la t io n  c o e f f ic ie n t  R f o r  the  re g re ss io n  was 

le ss  than 0.99 was repea ted . During the  a d so rp tio n  a n a ly s is  o f ch ito sa n  

on c e l lu lo s e  a co n s id e ra b le  number o f  spec troscop ic  metachromic 

t i t r a t io n s  were c a r r ie d  o u t. For convenience these are ta b u la te d  in  

the  s ty le  o f  Table 48 and are con ta ined  in  Appendix IV .

3 .4 .4  P re p a ra tio n  o f c e l lu lo s e  s u b s tra te s  fo r  a d so rp tio n  s tu d ie s

3 .4 .4 .1  P re p a ra tio n  o f c e llu lo s e s  c o n ta in in g  ca rb o xy l groups through

p e r io d a te /c h lo ro u s  a c id  o x id a t io n

The standard  s u b s tra te  f o r  pu lp  p re p a ra tio n s  was a sample o f 

p u r i f ie d  c o tto n  in -a  fe a th e ry  p h y s ic a l 'fo rm . This p u r i f ie d  c o tto n  has

a n e g lig ib le  c a rb o xy l co n ten t and s in ce  i t  seemed l i k e l y  th a t  the

56c a t io n ic  ch ito sa n  may in te r a c t  w ith  a n io n ic  s ite s  on the pu lp  i t  

was considered d e s ira b le  to  m odify the  c o tto n  to  produce such s i t e s .  

M o d if ic a t io n  o f c o tto n  to  p ro v id e  c a rb o xy l groups re q u ire s  same form 

o f o x id a t io n .  A lthough mast o x id is in g  agents are u n s p e c if ic  in  t h e i r  

a c t io n  upon c e l lu lo s e ,  p e r io d ic  ac id  and i t s  s a lts  are excep tions in
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127-130th a t  they s p e c i f ic a l ly  o x id is e  v is - g ly c a l g roup ings o f the

anhydra-D -g lucase u n its  to  p a irs  o f  aldehyde groups. In  the  absence 

o f l i g h t  i t  is  p o s s ib le , by the use o f p e r io d a te s , to  conve rt the  . 

C(2) and 0 (3 ) h yd ro xy ls  on c e l lu lo s e  to  t h e i r  re s p e c tiv e  aldehydes 

w ith o u t s im ultaneous occurrence o f s id e  re a c t io n s . The e x te n t o f 

the  re a c t io n  can be c o n tro lle d  by va ry in g  c o n d it io n s  Df p e rio d a te  

c o n c e n tra tio n , r a t io  o f  c e l lu lo s e  to  s o lu t io n  and re a c t io n  tim e .

A second o x id a t io n  procedure is  re q u ire d  to  co n ve rt the  d ia ldehyde

group, produced by p e r io d a te  o x id a t io n ,  in to  c a rb o xy l groups. Th is

can be achieved by the  use o f ch lo ro us  a c id  and was f i r s t  s tu d ie d  by 

131H a rr is  e t  a l .  . The p e rio d a te  o x id is e d  c e l lu lo s e  was tre a te d  w ith  

sodium c h lo r i te  d is s o lv e d  in  a c e t ic  a c id , the  c o n c e n tra tio n  o f sodium 

c h lo r i te  and the  amount o f  a c e t ic  a c id  depending on the  i n i t i a l  

d ia ldehyde  con ten t o f the  c e l lu lo s e .

Using the  p u r i f ie d  c o tto n  as s ta r t in g  m a te r ia l a s e r ie s  o f 

o x id is e d  pu lps were ob ta ined  acco rd ing  to  the re a c t io n  c o n d it io n s  

o u t lin e d  in  Table 49 and were la b e lle d  A to  F. These o x id is e d  c e l l 

u loses were la te r  converted  to  the fre e  ac id  form  fo r  a n a ly s is  (see 

S ection  3 .4 .5 .2 ) .

3 .4 .4 .2  P re p a ra tio n  o f c e llu lo s e s  c o n ta in in g  su lp h o n ic  ac id  groups

through re a c t io n  w ith  a re a c t iv e  dye

At the  h ig h e r ca rb o x y l c o n te n ts , o x id a t iv e  m o d if ic a t io n  o f 

c e l lu lo s e  w i l l  tend to  g ive  a p roduc t th a t  is  in c re a s in g ly  hydro

p h i l i c  in  na tu re  w ith  p a s s ib le  concom itant e f fe c ts  on the  su rface  

charge o f the  p u lp . Thus a second method o f f ib r e  m o d if ic a t io n  was 

used, in v o lv in g  the  a p p lic a t io n  o f a re a c t iv e  dye c o n ta in in g  su lphon ic
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Table 49

O x id a tio n  c o n d it io n s  f o r  p u r i f ie d  c o tto n  samples,

1

Sample Weight o f 

p u lp /g

Volume o f 0 . 01M 

NalO^/cm^

Reaction

tim e /h

Volume o f Q.2M 

c h lo r i te  in  1M 

ac id  /cn?

A 10 500 24 500

Q 30 1500 48 1500

C 20 1000 8 . 1000

D 50 1500 12 2500

E 20 500 48 1000

F 20 2000 10 1000

■3mi
h

Table 50

C ond itions  fo r  dyeing p u r i f ie d  c o tto n  w ith  C . I .  R eactive  Red 13.

Sample Weight o f Weight o f L iquo r Weight o f P re f ix Weight o f F ix a t io n
p u lp /g dye/g r a t io s a l t /g dyeing

tim e /h
Na^CO^/g tim e a t 

80°C/h

R1 10 0.1 40:1 32 72 10 5

R5 10 0.5 it 32 72 10 5

R1Q 10 1.0 it 32 72 10 5
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a c id  groups as the  a n io n ic  s i t e  source . The re a c t iv e  dye chosen was 

C . I .  R eactive  Red 13 (XU).

(XU)

□Me

C . I .  R eactive  Red 13.

Three re a c t iv e  dyeings were c a r r ie d  out a t le v e ls  o f 1%, 5% and 

10% based on the  w e igh t o f the  c o tto n  used. The dye was i n i t i a l l y  

a p p lie d  in  the  presence o f s a l t  and then tre a te d  w ith  sodium carbonate 

to  b r in g  about re a c t io n  w ith  the  f ib r e .  C a re fu l washing a f te r  

f ix a t io n  was re q u ire d  so th a t  any unreacted dye cou ld  be removed.

The samples were la b e lle d  R1, R5 and R1D (see Table 5 0 ).

3 .^ .5  A n a lys is  o f c h e m ica lly  m o d ifie d  c e llu lo s e s

3 .^ .5 .1  In tro d u c t io n  '5

The a n io n ic  co n te n t in  both the  o x id is e d  pu lps and the  re a c t iv e  

dyed pu lps must be determ ined i f  t h e i r  e f fe c t  on the  a d so rp tio n  o f 

ch ito s a n  is  to  be q u a n t i f ie d .

3 .4 .5 .2  D e te rm ina tion  o f  c a rb o x y lic  a c id  con ten t

The ca rb o xy l co n te n t is  best determ ined by means o f a lk a l im e tr ic  

techn iques , where the coun te r ions  on the ca rb o xy l groups are i n i t i a l l y  

exchanged fo r  hydrogen ions  which are then n e u tra lis e d  by the a d d it io n  

o f excess a l k a l i .  B a c k - t i t r a t io n  o f the  re s id u a l a lk a l i  a f fo rd s  an 

e s tim a tio n  o f  the  ca rb o xy l c o n te n t. The n e u t ra l is a t io n  is  c a r r ie d  ou t

-198-....
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in  the  presence o f s a l t  to  suppress the  Donnan e f fe c t  (see S ection  

2 .2 .2 . 1)'.

Samples th a t  co n ta in  a p p re c ia b le  q u a n tit ie s :  o f  ca rbon y l groups

tend tQ g ive  in c o r re c t  r e s u lts  due to  in te ra c t io n  o f the  a l k a l i  w ith

these groups. A lk a lin e  deg rada tion  o f o x id is e d  c e llu lo s e s  has been

e x te n s iv e ly  s tu d ie d . I t  is  suggested th a t  the a b i l i t y  o f a ca rbon y l

group in  o x id is e d  c e l lu lo s e ,  to  e x is t  in  i t s •eno l form  makes the

c e llu lo s e  s u s c e p tib le  to  a lk a lin e  h y d ro ly s is  by the machanism proposed 

132by Evans e t a l .  , where the  double band in vo lve d  w ith  the.- eno l group 

weakens the g ly c o s id ic  l in k a g e .

In  the  techn ique u se d ,' gh lo rous ac id  o x id a tio n  has been found

133by Davidson and N e ve ll to  be on ly  90% e f f i c ie n t  and thus the  f in a l  

p roduc t w i l l  co n ta in  a reasonable number o f ca rbon y l groups th a t  would 

in te r fe r e  w ith  the a l k a l i  t i t r a t i o n .  Hence p r io r  to  ca rb o xy l estim a

t io n  the pu lps were tre a te d  fo r  s e v e ra l days w ith  a la rg e  excess o f

sodium hydrox ide  to  negate the  e f fe c ts  o f the ca rbony l groups. The

134suggested p roducts  o f the  re s u lt in g  a lk a lin e  deg rada tion  would be

C ^-sa cch a rin ic  a c id s , la c t i c  ac ids  and g ly c o l l ic  a c id s . These were

assumed to  be removed du rin g  the  subsequent washing o f the  pu lp  p r io r

to  the  a d d it io n  o f h y d ro c h lo r ic  a c id  to  conve rt the c a rb o xy l groups

in to  t h e i r  f re e  ac id  fo rm . In  t h is  form the pu lp  was c a r e fu l ly

washed to  remove any excess a c id , be fo re  being analysed by a m o d if ie s -

135t io n  o f the method o f Samuelson and Ldennerblom . Th is in v o lv e s  

s teep ing  the  sample in  an excess o f  a sodium hydrox ide  -  sodium 

c h lo r id e  s o lu t io n  fo r  s u f f ic ie n t  tim e to  a llo w  e q u ilib r iu m  to  be 

a tta in e d  (48 h o u rs ). The rem ain ing a l k a l i  is  then t i t r a t e d  a ga ins t 

a standard h y d ro c h lo r ic  ac id  to  a p h e n a lp h th a le in  end p o in t .  At t h is  

stage a known volume o f the  sample is  removed and t i t r a t e d  a g a in s t



maie o f the  a c id  using a mixed in d ic a to r  c f  m ethy l red and bromo- 

c re s o l green. This t i t r a t i o n  is  con tinued  u n t i l  the  change in  c o lo u r 

to  red is  s ta b le  f o r  a feu  seconds. The uho le s o lu t io n  is  then 

b o ile d  fo r  tuo  m inutes to  remove d is s o lv e d  atm ospheric carbon d io x id e  

and f i n a l l y  t i t r a t e d  to  a n e u tra l grey end p o in t .  The second t i t r a t i o n  

p rov id es  a c o r re c t io n  f a r  the  d is s o lv e d  carbon d io x id e  th a t  a t the lo u  

c o n ce n tra tio n s  o f reagent re q u ire d  (0.Q1M) fo r  the  t i t r a t io n s ,  uou ld 

adve rse ly  e f fe c t  the r e s u lt s .  The o r ig in a l  a lk a l i  s a l t  s o lu t io n  is  

a lso  t i t r a t e d  under id e n t ic a l  c o n d it io n s  so th a t  the  amount used in  

the  n e u tra l is a t io n  can be eva lua ted  using equa tion  (22)

c a rb o xy l con ten t in  m i l l ie q u iv a le n ts /k g :

N x 105 [a - ( b  + P x E/Q) ] / [ G( 1D 0-f) ]  ...............(22)

uhere G = m o is t u e ig h t o f  pu lp

f  *  m o is tu re  co n ten t o f  pu lp
3

a » volume o f s tandard  h y d ro c h lo r ic  a c id  consumed by X cm
3

o f a lk a lin e  s a l t  s o lu t io n  in  cm 

b ®s volume o f s tandard  h y d ro c h lo r ic  ac id  consumed by the sample
3

using p h e n o lp h th a le in  in  cm 

C = volume o f s tandard  h y d ro c h lo r ic  ac id  consumed by p a r t  o f 

the  sample using the  mixed in d ic a to r  in  cm3 

P = X + b cm^
3

Q = volume o f s o lu t io n  t i t r a t e d  using the  mixed in d ic a to r  in  cm 

N= n o rm a lity  o f the  a c id .

The d e ta i ls  f o r  each pu lp  are g iven  in  Table 51. In  genera l the pu lps 

were s to re d  a t low tem pera tures (0°C) to  p reven t any a u to h y d ro ly s is  

by the  hydrogen ions d e rive d  from the  ca rb o xy l groups.



Table 51

Carboxyl group d e te rm in a tio n s  o f p u lp s . E xp lana tions  o f symbols is  

g iven in  the  s c r ip t  (S e c tio n  3 .3 .2 .5 ) .

Sample IM a/cm3 x/cm b/cm3 P/cm3 Q/cm3 c/cm-' G/g F/% C arboxyl 

/m i l l ie q i

A 0.00955 A3 .2 AO 21 61 20 0.6 0.A37A 5.76 A71

B " A3.5 AO 19.85 59.85 20 0.8 0.2081 5.31 1026

C " 21.8 20 1A.1 3A.1 20 1.1 0.3593 5.3 162

D " 21.8 20 17.75 37.75 20 1.2 0.3927 3.99 A5A

E " A3 .5 AO 26.9 66.9 20 0.6 0.3338 6.50 AA5

F '» A3.5 A0 30 70.0 20 0 .8 0.2360 7.55 A66

P u r i f ie d " A3.5 AO A1 81 20 0.65 0.2568 A .63 0
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3 A . 5.3 D e te rm ina tion  o f the  su lp h o n ic  a c id  group con ten t

In  o rde r to  determ ine the  number o f a c id  groups in  the  re a c t iv e  

dyed pu lp  an a n a ly s is  was developed which in v o lv e s  the  d is s o lu t io n  

o f  the c e llu lo s e  samples using 70% s u lp h u r ic  a c id  and the  s p e c tro 

scop ic  d e te rm in a tio n  o f  the  dye in  th a t  s o lu t io n .  Far t h is  s p e c tro -  

a n a ly s is  an e x t in c t io n  c o e f f ic ie n t  f a r  the dye in  the  s u lp h u r ic  a c id  

s o lv e n t system was re q u ire d . For t h is  purpose the com mercial C . I .  

R eactive  Red 13 was p u r i f ie d  by d is s o lu t io n  in  methanol a f te r  which 

the  s o lu t io n  was f i l t e r e d  to  remove the  in s o lu b le  sodium c h lo r id e  

and the  dye recovered by e vap o ra tion  on a steam b a th . During th is  

process i t  is  p o s s ib le  th a t  the  dye may re a c t w ith  the  m ethanol to  

rep la ce  the c h lo r in e  w ith  a m ethoxyl group. As the chromophore is  

n o t l i k e l y  to  be a ffe c te d  and the  m o lecu la r w e igh t w i l l  remain a lm ost 

the  same i . e .  replacem ent o f  a c h lo r in e  atom a t 35 .5  w ith  a m ethoxyl 

group a t 31, in  a t o t a l  m o le cu la r w e igh t o f over 600, th is  should 

have l i t t l e  e f fe c t .  The dye was then d isso lve d  in  w ater and passed

■f* *through a c a t io n ic  exchange re s in  (H form ) to  remove the  sodium 

ions  con ta ined  in  any rem a in ing  s a l t ,  and a lso  those on the su lp h o n ic  

a c id  groups o f the  dye. Th is  leaves the  dye in  i t s  f re e  ac id  form  

and the  c h lo r id e  from the  s a l t  as h y d ro c h lo r ic  a c id .  Low tem pera ture  

evap o ra tio n  o f the  re s u lt in g  s o lu t io n  w i l l  leave the  dye in  a pure 

from , s u ita b le  f o r  sp e c tro sco p ic  assessment o f i t s  e x t in c t io n  c o e f f ic 

ie n t .  The u v /v is ib le  spectrum o f the  dye in  both w ater and 70% 

s u lp h u r ic  ac id  were run and revea led  a s h i f t  in  the  p o s it io n  of. Xmax 

from  505 nm in  w ater to  573 nm in  s u lp h u r ic  a c id .  The absorbance 

in te n s i t y  o f the  s o lu t io n  was s ta b le  over a p e rio d  o f 16 hours, and 

the  e x t in c t io n  c o e f f ic ie n t  was found from  the data in  Table 52 to  

be 29,960 a t 573 nm.
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Table 52

E x t in c t io n  c o e f f ic ie n t  da ta  f o r  C . I .  R eactive  Red 13 in  70% s u lp h u r ic  

a c id  a t 573 nm.

Weight o f  M ol. w e igh t Volume o f D i lu t io n  Absorbance E x t in c t io n

dye/g

0.0506

o f dye 

610

acid/cm  fa c to r  in  1 cm c e l ls  c o e f f ic ie n t

50 50 0.994 29,960

Table 53

-1S ulphon ic  ac id  group d e te rm in a tio n  in  m il l ie q u iv a le n ts  kg f o r  

C . I .  R eactive  Red dyed p u lp s .

Sample Dry w e igh t 

o f p u lp /g

Volume o f 

acid/cm 3

D ilu t io n

fa c to r

Absorbance 

a t 573 nm in  

1 cm c e l ls

S u lphon ic ac id

c o n te n t /m i l l i -
—1 ie q u iv . kg

R1 0.09S5 25 1 0.86
1

14.6 |
k

R5 0.1036 25 1 1.138 18.3 $

R10 Q. 1047 25 5 0.428 34.1

I



D is s o lu tio n  o f the  re a c t iv e  dyed c e llu lo s e  in  70% s u lp h u r ic  ac id

was complete in  2 hours, us ing  25D cm"3 o f ac id  per gram o f p u lp .

Using the  e x t in c t io n  c o e f f ic ie n t  o f 29,960 the  dye co n te n t in  m i l l i -

e q u iv a le n ts  kg , f o r  each pu lp  was found and converted  in to  ac id

group co n te n t by dou b ling  i t s  va lu e , s in ce  each dye m olecu le c o n ta in s

two su lphon ic  ac id  g roups. R esu lts  are shown in  Table 53. Comparison

o f the  su lphon ic  a c id  co n te n t o f  the  pu lps w ith  the  c a rb o xy l co n te n t

o f the  o x id is e d  pu lps shows th a t  a co n s id e ra b ly  la rg e r  number o f

a n io n ic  groups can be in tro d u ce d  in to  the  f ib r e  by p e r io d a te  o x id a tio n

than through re a c t iv e  dye ing . The h ig h e s t su lp h o n ic  a c id  con ten t

o f  34.1 m il l ie q u iv a le n ts  kg is  le s s  than the low es t ca rb o xy l co n ten t

-1o f 45.4 m il l ie q u iv a le n ts  kg and much le s s  than the  h ig h e s t ca rb o x y l 

co n te n t o f 1026 m il l ie q u iv a le n ts  kg . Thus any d i r e c t  comparison 

between the two systems, o f  the  c h ito s a n  a d so rp tio n  as a fu n c t io n  o f 

a c id  group c o n te n t, cannot e a s ily  be s tu d ie d . However the s tron g  

a c id  na tu re  o f the  su lp h o n ic  a c id  groups may he lp  to  negate the e f fe c t  

o f t h e i r  low co n te n t when compared to  the  weakly a c id ic  ca rb o xy l 

g roup ings .

\
3 .4 .6  Rate o f a tta in m e n t o f e q u il ib r iu m  in  the  a d so rp tio n  o f ch ito s a n  

on c e llu lo s e

The ra te  o f a d so rp tio n  o f polymers from s o lu t io n  is  dependant an 

fa c to rs  such as the na tu re  o f the  polymer adsorbate , the  na tu re  o f 

the  adsorbent and the  ra te  o f s t i r r i n g  the  s o lu t io n .  In  the a d so rp tio n  

experim ents on c h ito s a n  the  system was no t s t i r r e d  so th a t  a g ita t io n  

e f fe c ts  would remain c o n s ta n t, though m in im a l, th ro u g h o u t.

The p h y s ic a l na tu re  o f the  pu lps used w ith  re sp e c t to  th e ir  

su rfa ce  area and p o ro s ity  were assumed to  be cons tan t so th a t  any



v a r ia t io n s  in  the  adsorbent were o f a chem ical n a tu re . The assumption 

may no t be tru e  a t the  h ig h e r c a rb o xy l con ten ts  where the  s w e llin g , 

in  w a te r, caused by the  h y d ro p h il ic  ca rb o xy l groups w i l l  e f fe c t  the 

su rfa ce  area o f the  p u lp .

The amount o f  c h ito s a n  adsorbed by the v a rio u s  pu lps  as a fu n c t io n
_3

o f tim e was in v e s tig a te d  a t a ch ito s a n  le v e l o f  about 1 g dm , a 

l iq u o r  r a t io  o f 30:1 and a tem pera ture  o f 20aC. >The re s u lts  are shown 

in  F igu re  43 ( f u l l  r e s u lts  are ta b u la te d  in  Appendix IV ) ,  from  which 

i t  can be seen th a t  the  a d s o rp tio n  o f ch ito sa n  is  an e q u il ib r iu m  

process, the  tim e tD e q u il ib r iu m  being independant o f  the  ca rb o xy l 

co n te n t o f  the  p u lp . For a l l  .the pu lp  samples s tu d ie d  the  e q u il ib r iu m  

a d so rp tio n  was reached w ith in  48 hou rs . The r e la t iv e ly  long tim e 

re q u ire d  to  reach e q u il ib r iu m  is  most p robab ly  due to  the  h igh m ole-

136c u la r  w e igh t o f the  ch ito s a n  used (Kytex L ) , around 380,000. H e lle r

found th a t  fo r  the  a d s o rp tio n  o f p o ly (e th y le n e g ly c o ls )  on charcoa l

the  tim e re q u ire d  fa r  a tta in m e n t o f  e q u il ib r iu m  increased  g re a t ly  w ith

in c re a s in g  m o lecu la r w e igh t o f  the  p a ly (e th y le n e g ly c o l) . H in d le r  

122and Swanson ob ta ined  s im ila r  r e s u lts  fo r  the a d so rp tio n  o f po ly

(e th y le n e im in e ) on c e llu lo s e  from  s o lu t io n .  The tim e taken to  reach

e q u il ib r iu m  fa r  p a ly (e th y le n e im in e ) on c e l lu lo s e  was found by Horn 

123and M elzer to  occur in  m inu tes . Th is can be exp la ined  by the  low

m o lecu la r w e igh ts  o f the  samples used i . e .  le s s  than 20,000. Far

h ig h e r m o lecu la r w e igh ts  the  tim e to  e s ta b lis h  e q u il ib r iu m  would be

137g re a te r  and Yuzhenka and Maleyeu have suggested th a t  the tim e 

re q u ire d  fo r  complete a d s o rp tio n  is  p ro p o r t io n a l to  the square o f the 

L im it in g  V is c o s ity  Number o f the s o lu t io n .  When in v e s t ig a t in g  the 

e f fe c ts  o f o th e r v a r ia b le s  on the  a d so rp tio n  o f ch ito s a n  onto c e l lu lo s e ,  

s u f f ic ie n t  tim e must be a llow ed f o r  the system to  reach e q u il ib r iu m .
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From the  a d so rp tio n  p lo ts  t h is  may be assumed to  have occured a f te r  

4Q hours fa r  the  p a r t ic u la r  m o lecu la r w e igh t o f  c h ito s a n  used.

3 .4 .7  E f fe c ts  o f  s e le c te d  v a r ia b le s  on the e q u il ib r iu m  a d so rp tio n

o f ch ito s a n  on c e l lu lo s e

3 .4 .7 .1  L iq u o r ra tio s

The e x te n t o f  polymer a d s o rp tio n  from s o lu t io n  is  determ ined by 

the  balance o f th re e  in te ra c t io n s :  p o ly m e r/s o lv e n t, po lym er/adsorben t 

and s o lv e n t/a d s o rb e n t. The r e la t io n s h ip  between these in te ra c t io n s  

is  i l lu s t r a te d  below .

Polymer

S o lv a tio n  ^  A dsorp tion

S o lven t --------------- > Adsorbent

W etting

Thus any m o d if ic a t io n  in  the  su rfa ce  na tu re  o f the adsorbent, any 

a l te r a t io n  in  polymer s t ru c tu re  or change to  a d i f f e r e n t  s o lv e n t may 

e f fe c t  a t le a s t  two o f the  above in te ra c t io n s .

When polymer segments approach the  su rface  o f an adsorbent the

s o lv e n t m olecu les must be desorbed be fo re  the segments can be adsorbed.

The c o m p e tit io n  between the  polym er m olecules and the  s o lv e n t f o r  the

13Ssu rfa ce  can be the predom inant fa c to r  in  the a d s o rp tio n  process

The e q u ilib r iu m  a d s o rp tio n  o f ch ito s a n  onto c e l lu lo s e  as a fu n c t io n  

o f the  l iq u o r  r a t io  o f the  a d s o rp tio n  s o lu t io n  a t a cons tan t c h ito s a n  

c o n c e n tra tio n  o f about 1 g dm ^ and a t 2D°C was examined. Pulp E was 

chosen fo r  these expe rim ents . I t  was i n i t i a l l y  chopped in to  a f in e r  

form  us ing  a b lende r in  o rde r to  in c rease  the su rface  area and hence



the  a d s o rp tio n .. The r e s u lts  were p lo t te d  as Uptake a t e q u il ib r iu m  

versus L iq u o r r a t io  (F ig u re  4 4 ) . The i n i t i a l  in c rea se  in  the  uptake 

up to  a l iq u o r  r a t io  o f  30:1 can be exp la ined  in  term s o f the  access

i b i l i t y  o f the pu lp  to  the s o lu t io n .  At these l iq u o r  r a t io s  th e re  

is " in s u f f i c ie n t  s o lu tio n , to  com p le te ly  cover a l l .  o f  the  f ib r e ,  un less 

i t  is  co n s id e ra b ly  compressed. Once complete coverage has been 

achieved w ith o u t com pression, a t a l iq u o r  r a t io  o f 3 0 :1 , the  uptake 

then decreases sh a rp ly  w ith  in c re a s in g  l iq u o r  r a t io  be fo re  le v e l l in g  

o f f .  I f  the  po lym er/adsorben t in te r a c t io n  is  predom inant then one 

would expect the uptake to  in c rea se  be fo re  le v e l l in g  o f f  a t  the  p o in t  

o f  f ib r e  s a tu ra t io n .  The fa c t  th a t  i t  decreases suggests th a t  the 

s o lv e n t has a co ns ide rab le  e f fe c t  on the  a d so rp tio n  p rocess. The 

decrease may be e xp la ined  in  term s o f  the  in a b i l i t y  o f the  s o lv e n t a t 

the  low er l iq u o r  r a t io s  to  wet ou t the f ib r e  thus a llo w in g  fo r  a mare

e f f i c ie n t  polymer a d so rp tio n  p rocess, s in ce  th e re  is  le s s  s o lv e n t to

139desorb from  the  f ib r e .  Howard and McConnell found th a t  the

a d s o rp tio n  o f p o ly (e th y le n e o x id e ) onto cha rcoa l is  governed by the

a f f i n i t y  o f  the  s o lv e n t m olecu le f o r  the  c h a rc o a l. The le ss  the

a d s o rp tio n  o f  the  s o lv e n t the- g re a te r '.th e  amount o f  a d s o rp tio n  o f

the  polymer from  the  s o lv e n t in  the l iq u id  phase. I f  the a f f i n i t y

o f s o lv e n t f o r  adsorbent is  extremely... s trong  the  s o lv e n t m olecu les may

be p r e fe r e n t ia l ly  adsorbed fo rm ing  a th ic k  s a lv a t io n  la y e r  r e s u lt in g

in  an increase  in  the  c o n c e n tra tio n  o f the polymer in  the  bu lk  o f  the

s o lu t io n .  Th is  is  known as neg a tive  a d so rp tio n  and has been observed

140fo r  the  a d so rp tio n  o f p o ly ( is o b u te n e ) from  carbon te tr a c h lo r id e  

and benzene.
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3 .4 .7 .2 Temperature

The e f fe c t  o f  tem pera ture  on the  a d so rp tio n  o f polym ers has been

e x te n s iv e ly  studied.,, bu t a u n iv e rs a l ru le  a p p lic a b le  to  a l l  systems

141 142has n o t, as y e t,  been found. Both increases and decreases in

the  amount o f  a d so rp tio n  w ith  in c re a s in g  tem pera ture  have been

143re p o rte d . In  some cases both  maxima and minima o f a d so rp tio n  have 

been observed a t v a r io u s  tem pera tu res . The e f fe c t  o f tem pera ture  on 

the  e q u il ib r iu m  a d s o rp tio n  was s tu d ie d  using pu lp  D a t 20aC, 30aC and 

4QaC, and co n s ta n t c o n d it io n s  o f l i q o r  r a t io  (3 0 :1 ) and ch ito sa n  

c o n c e n tra tio n  (1 g dm” "3) .  The p lo ts  o f Uptake versus Time fo r  each 

tem pera ture  (F ig u re  45) shorn th a t  th e re  uas no d if fe re n c e  in  the 

e q u il ib r iu m  a d so rp tio n  a t 2DaC and 30°C a lthough a t 4QaC th e re  uas 

an in c rea se  o f about 25% in  the  up take . I t  is  d i f f i c u l t  to  r a t io n 

a l is e  these re s u lts  un less more is  knoun about the  e f fe c ts  o f temp

e ra tu re  on polymer s o lu b i l i t y  and on the  d e s o rp tio n  o f the s o lv e n t, 

as u e l l  as the  e n tha lpy  changes th a t  accompany the  a d s o rp tio n  p rocess. 

O ften  the  s o lu b i l i t y  o f  the  polymer m olecu les inc reases  u i th  tem per-:., 

a tu re  and thus a d s o rp tio n  is  p robab ly  occu ring  from  alm ost tuo d i f f 

e re n t s o lv e n ts , a poor ( lo u  tem pera tu re ) and a goad (h ig h  tem pera tu re ) 

s o lv e n t.

3 .4 .7 .3  C o ncen tra tion  o f  c h ito s a n

The a d so rp tio n  o f  c h ito s a n  a t th re e  c o n c e n tra tio n  le v e ls  (1 .0 ,

-30 .5  and 0.25 g dm ) a t a l iq u o r  r a t io  o f  30:1 and a tem pera ture  o f 

20aC uas in v e s tig a te d  using  pu lp  A and a p lo t  o f  Uptake versus Time 

f o r  each c o n c e n tra tio n  uas ob ta ined  (F ig u re  4 6 ). The amount o f 

c h ito s a n  adsorbed a t e q u il ib r iu m  increases  u i th  in c rea se  in  the
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ch ito s a n  c o n c e n tra t io n . Th is can be exp la ined  in  terms o f the  e f fe c t  

o f c h ito sa n  an the  p o s it io n  o f e q u il ib r iu m . As the  c o n c e n tra tio n  

o f ch ito s a n  is  increased  the  e q u il ib r iu m  is  s h if te d  in  fa vo u r o f  the 

a d so rp tio n  p rocess. The e q u il ib r iu m  a d so rp tio n  fo r  th is  p a r t ic u la r  

system is  no t l in e a r ly  dependant upon the  c h ito sa n  c o n c e n tra tio n , and 

in fa c t  begins to  le v e l o f f  a t the  h ig h e r c o n c e n tra tio n s . This cou ld  

correspond to  e i th e r  a- t o t a l  s h i f t  o f the e q u ilib r iu m ., p o s i t io n . to  the 

a d s o rp tio n  s id e  o r to  the su rfa ce  o f the  f ib r e  becoming com p le te ly  

s a tu ra te d .

3 .A .7 .A Added e le c t r o ly te

The e f fe c t  o f v a ry in g  the  c o n c e n tra tio n  o f added e le c t r o ly te  on 

the  e q u il ib r iu m  a d so rp tio n  o f ch ito s a n  uas s tu d ie d  using pu lp  C and 

the  usua l c o n d it io n s  o f l iq u o r  r a t io  (3 0 :1 ) and tem pera ture (2QaC ).

The ch ito sa n  c o n c e n tra tio n  used uas 0 .5  g dm prepared by the  tuo
»3

fo ld  d i lu t io n  o f a s tock 1 g dm s o lu t io n  u i th  a p p ro p ria te  q u a n t it ie s

o f  a 0.2M sodium c h lo r id e  s o lu t io n .  S a lt  is  knoun to  have an e f fe c t

144on the  metachromacy o f p o ly e le c tra ly te s  u i th  dyes, tend ing  to  

reve rse  the metachromic s h i f t .  There fo re  the presence o f s a l t  in  

the  a d so rp tio n  s o lu t io n s  may have some e f fe c t  on the  accuracy o f the  

metachromic t i t r a t io n s ,  bu t the  s a l t  c o n c e n tra tio n s  used in  the 

experim ents uere extrem e ly lo u  compared to  those re q u ire d  to  reve rse  

the  metachromic s h i f t  and thus t h e ir  e f fe c t  can be assumed to  be 

n e g l ig ib le .

The e q u il ib r iu m  uptake, uhen p la t te d  a g a in s t s a l t  co n c e n tra tio n s  

from  □ to  1.QM (F igu re  47) shous an i n i t i a l  ra p id  in crease  in  the  

uptake to  a p la te a u  fo llo u e d  by a g radua l d e c lin e  as the  s a l t  conc

e n tra t io n  in c re a se s .
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The shape o f the  graph suggests th a t  two opposing mechanisms are 

o p e ra tin g , one causing an inc rease  in  a d s o rp tio n , the  o th e r a decrease 

a t the  h ig h e r s a l t  c o n c e n tra tio n s . I f  the  a t t r a c t io n  o f the polymer 

by the  pu lp  is  assumed to  be re la te d  to  the  su rfa ce  charge o f  the  f ib r e  

then the decreaSein the  uptake can be exp la ined  in  terms o f  suppress

io n  o f the  charge by the  p o s it iv e  ions  o f the added e le c t r o ly te .

These added p o s it iv e  charges w i l l  tend to  surround the  f ib r e  su rfa ce  

thus reducing  the e f fe c t  o f  the  a n io n ic  s ite s  on the  f ib r e .  This 

e f fe c t  is  analogous to  the  f lo c c u la t io n  o f hydrophobic c o l lo id s  where 

the  added e le c t r o ly te  reduces t h e i r  su rface  charge and thus overcomes 

the  re p u ls iv e  fo rc e s  between n e g a tiv e ly  charged c o l lo id a l  p a r t ic le s ,  

a llo w in g  them to  agg lom erate.

For the i n i t i a l  in c rease  in  the  a d so rp tio n  th re e  p o s s ib le  explana

t io n s  can be suggested;

a) The added e le c t r o ly te  causes the polymer to  s a l t  ou t o f

s o lu t io n ,  in  a s im ila r  manner tp  the s a l t in g  ou t o f d y e s tu f fs .  This

would reduce the  f i n a l  s o lu t io n  c o n c e n tra tio n  and g ive  an a d so rp tio n

va lue  h ig h e r than expected . Th is theo ry  was te s te d  by c a rry in g  ou t

an e q u ilib r iu m  a d so rp tio n  measurement under id e n t ic a l  c o n d it io n s

except th a t  sodium th ia cya n a te  a t a 0 . 1M c o n c e n tra tio n  was the  added

145e le c t r o ly te  used, in s te a d  o f sodium c h lo r id e .  Sodium th ia cya n a te  

has a s a l t in g  in  e f fe c t  and th e re fo re  should reve rse  the  uptake tre n d . 

However when using sodium th ia cya n a te  the  uptake increased  from D.37% 

o .w . f .  w ith o u t s a l t ,  and Q.57% o .w . f .  w ith  0.1M sodium c h lo r id e ,  to  

0.76% o .w . f .  w ith  the th io c y a n a te . Thus i t  is  u n l ik e ly  th a t  the 

sodium c h lo r id e  causes any " s a l t in g  o u t"  e f fe c ts .

b) The a d so rp tio n  study was c a r r ie d  ou t us ing aqueous s o lu tio n s



□ f c h ito s a n  ace ta te  and the  a d d it io n  o f s a l t  to  such a system m igh t

b r in g  about an io n  exchange between the ace ta te  coun te r io n  on

c h ito s a n  and the  c h lo r id e  io n  from the s a l t ,  le a v in g  the  c h ito sa n  in
3 /+

the  form  o f  i t s  h y d ro c h lo r id e . Hayes and Davies have produced 

ch ito sa n  h y d ro c h lo r id e  by a d d it io n  o f sodium c h lo r id e  to  a s o lu t io n  

o f c h ito s a n  in  a c e t ic  a c id  and thus an io n  exchange process o f th is  

type is  p e r fe c t ly  fe a s ib le .

The e f fe c t ,  i f  any, o f  the  coun te r io n  on the  a d s o rp tio n  o f  the

c h ito s a n , must be re la te d  to  i t s  a b i l i t y  to  a id  the  a t t r a c t io n  between

the. su rfa ce  a n io n ic  s i te s  and the  c a t io n ic  c h ito s a n . Chitosan in

s o lu t io n  may be assumed to  a c t as a l iq u id  anion exchanger, in sa

146s im ila r  way to  t r i s ( 6-m e th y lh e p ty l)a m in e s  in  aqueous s o lu t io n .

In  io n  exchange sytems f o r  io ns  o f equal charge i t  has been found

146th a t  la rg e  io ns  are more s tro n g ly  he ld  than s m a lle r ones . Thus 

when comparing the  bu lky  a ce ta te  io n  w ith  the s m a lle r c h lo r id e  io n , 

the  c h lo r id e  w i l l  be le s s  f i r m ly  he ld  by the ch ito s a n  and should 

exchange more re a d i ly  w ith  the  a n io n ic  s ite s  on the f ib r e  and thus 

a llo w  fo r  an increased  up take .

The p a s s ib le  e f fe c ts  o f  the  c h lo r id e  coun te r io n  was te s te d  using 

a s o lu t io n  o f ch ito sa n  h y d ro c h lo r id e  which was c a l ib ra te d  a g a in s t a 

standard  c h ito s a n  a ce ta te  s o lu t io n  so th a t  i t s  c o n c e n tra tio n  cou ld  

be determ ined in  terms o f i t s  c h ito s a n  ra th e r  than c h ito s a n  hydro

c h lo r id e  c o n te n t. The h y d ro c h lo r id e  s a l t  was produced by p re c ip 

i t a t io n  from a c h ito s a n  s o lu t io n  in  d i lu te  h y d ro c h lo r ic  a c id  by the 

a d d it io n  o f concen tra ted  h y d ro c h lo r ic  a c id .  S ince the  h y d ro c h lo r id e  

s a l t  a lrea dy  has a c h lo r id e  coun te r io n  and assuming the  above mech

anism to  ope ra te , i t  would be in  i t s  most advantageous form  fo r



a d so rp tio n  and tha  a d d it io n  o f s a l t  should th e re fo re  n o t cause an 

inc rease  in  a d s o rp tio n . The uptake a t e q u ilib r iu m  uas in v e s tig a te d  

under s im ila r  c o n d it io n s  to  those used fo r  the  ch ito s a n  a c e ta te .

The p lo t  o f  E q u ilib r iu m  uptake versus S a lt  c o n c e n tra tio n  (F igu re  48) 

uas houever s im ila r  in  shape to  th a t  o f  F igure  47. The va lue o f 

0.43% a t zero c o n c e n tra tio n  uas g re a te r  than th a t  o f  the  ace ta te  

(0.37%) a t the  same c o n c e n tra t io n . Thus the c h lo r id e  coun te r io n  

has some e f fe c t  on the  a d s o rp tio n  b u t in ' the  presence o f added e le c t 

r o ly te  the na tu re  o f the  coun te r io n  is  not-: the  dominant f a c to r .

c )  ' I t  i s  l i k e l y  th a t  the  i n i t i a l  increase  in  the uptake is  a 

consequence o f the  p o ly e le c t r o ly te  na tu re  o f the  c h ito s a n  ( see 

S ection  3 .1 .3 .1 ) .  In  the  absence o f s a l t  the polymer c o i l  is  h ig h ly  

expanded bu t as s a l t  is  added the  s iz e  o f the  random c o i l  decreases 

re s u lt in g  in  an inc rease  in  the  s a tu ra t io n  le v e l f o r  a g iven su rface  

area o f  c e l lu lo s e .  A lso the  s m a lle r the  polymer c o i l  the  more l i k e l y  

i t  is  to  pen e tra te  the  pores o f the  system, in c re a s in g  the  a v a ila b le  

su rfa ce  area fo r  bonding. Th is e f fe c t  o f  s a l t  is  houever no t i n f i n i t e  

and reaches a stage uhere a d d it io n  o f excess e le c t r o ly te  has l i t t l e  

e f fe c t  on the  s iz e  o f the  polym er c o i l  and thus c o n tr ib u te s  on ly  to  

the  re d u c tio n  in  the  su rfa ce  charge o f the  f ib r e .  • A t t h is  p a in t 

the  uptake le v e ls  o f f  and begins to  decrease on fu r th e r  a d d it io n  

o f s a l t .

3 .4 .7 .5  Degree o f  IM -ace ty la tio n  o f the  ch itosa n

Four d i f f e r e n t  e x te n ts  o f jN -a c e ty la tio n  uere in v e s tig a te d , the

101samples being produced by homogeneous N -a c e ty la tio n  in  d i lu te  

a c e t ic  ac id /m e thano l us ing  a c e t ic  anhydride (samples 19 -22 ). The
_3

e q u il ib r iu m  a d so rp tio n  o f a 1 g dm s o lu t io n  o f each sample on
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pu lp  C a t a l iq u o r  r a t io  o f  30:1 and a t a tem pera ture  o f 20°C uas

measured and p lo t te d  a g a in s t the  fre e  amine co n te n t o f  the  sample

(F ig u re  4 9 ). The fre e  amine co n te n t uas c a lc u la te d  on the  bas is

124o f the  metachromic a n a ly s is  o f  the  standard a d s o rp tio n  s o lu t io n ,

s in ce  the  dye in te ra c ts  q u a n t i ta t iv e ly  u i th  the  amine groups. The

c o n c e n tra tio n  o f dye in  the  t i t r im e t r i c  s o lu t io n  uas determ ined

s p e c tro s c o p ic a lly  in  the  absence o f any ch ito sa n  using  an e x t in c t io n

126c o e f f ic ie n t  o f 20,350 . From the  metachromic a n a ly s is  the  amount

o f  c h ito s a n  re q u ire d  to  in te r a c t  u i th  a g iven volume o f t h is  s tandard  

dye s o lu t io n  uas found and expressed as a r a t io  o f the  u e ig h t o f  

c h ito s a n  to  the moles o f dye uh ich  can be converted  in to  a degree 

o f N -a c e ty la tio n  from  a th e o r e t ic a l c a l ib r a t io n  p lo t  (F igu re  5 0 ).

The re s u lts  f o r  the  fre e  amine a n a ly s is  are shoun in  Table 54.

F igure  49 shaus th a t  the  uptake a t e q u il ib r iu m  decreases l in e a r ly  

u i th  in c rease  in  the  fre e  amine c o n te n t o f  the c h ito s a n . This tre n d  

can aga in be exp la ined  as a consequence o f the  p o ly e le c t r o ly te  na tu re  

o f ch ito s a n  in  s o lu t io n .  I t  i s  the  a b i l i t y  o f the  f re e  amine groups 

on c h ito s a n  to  be p ro tana ted  th a t  g ives  the polymer i t s  p o ly e le c t r o ly te  

p ro p e r t ie s  (see S e c tion  3 .1 .3 .1 ) .  Thus as the fre e  amine con ten t is  

decreased these p ro p e r t ie s  u i l l  a lso  d e c lin e , r e s u lt in g  in  a re d u c tio n  

in  the  s iz e  o f the  polymer c o i l  and concom itant increases in  the  

a d s o rp tio n , as o u t lin e d  f o r  s iz e  re d u c tio n  in  S e c tion  3 .4 .7 .4 .

3 .4 .7 .6 M o lecu la r u e ig h t o f  ch ito s a n

The e f f e c t 'o f  m o lecu la r u e ig h t o f  an adsorbate on i t s  a d so rp tio n  

has been e x te n s iv e ly  s tu d ie d  f a r  a number o f system s. Houever care 

must be taken in  in te r p r e t in g  these s tu d ie s  s ince  the  m o lecu la r



0.2  .

---------------- 1__________ I___________1__________ !__________ 1___________ >
20 40 60 80 100 120

Free amine c o n te n t /a/ a

F igu re  49 E q u ilib r iu m  uptake versus Free amine con ten t o f  the  

c h ito sa n  fo r  a d so rp tio n  onto pu lp  C.
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u e ig h t e f fe c t  is  a lso  a fu n c t io n  o f  the  p o ro s ity  o f the  adsorben t.

U ith  a porous adsorbent h igh  m o lecu la r u e ig h t polymer f ra c t io n s  may 

be e f fe c t iv e ly  prevented from being adsorbed, except on the  e x te rn a l 

su rfa ce  o f the  s u b s tra te , as they cannot p h y s ic a lly  e n te r the pores 

o f the  system.

142.
For nan-porous systems P e rke l and Ullman concluded th a t  the  

a d s o rp tio n  is  e i th e r  independant o f  m o lecu la r u e ig h t o r increases 

u i th  in c re a s in g  m o lecu la r u e ig h t .  An e m p ir ic a l re la t io n s h ip  betueen 

a d so rp tio n  and m o lecu la r u e ig h t uas found .

As = KMa .................................(23)

uhere As is  the  s a tu ra t io n  le v e l o f  a d s o rp tio n , M is  the  m o lecu la r 

u e ig h t and K_ and _a are cons tan ts  (these  are n o t the same as the ' ' 

v is c o m e tr ic  cons tan ts  and a) The va lue o f £  is  a fu n c t io n  o f the 

con fo rm a tion  o f the  adsorbate polymer m olecu les a t the  s o lu t io n /  

adsorbent in te r fa c e .  I f  £  is  zero then a d so rp tio n  is  independant o f 

m o lecu la r u e ig h t and a l l  the polymer segments uou ld  l i e  in  the  p lane 

o f  the  adso rben t. I f  £  is  1 then a d so rp tio n  uou ld be d i r e c t ly  prop

o r t io n a l to  the m o lecu la r u e ig h t .  In  t h is  case a l l  the  polymer 

m olecu les are a ttached  by a s in g le  segment. Values o f £  betueen 

0 and 1 correspond to  d i f f e r e n t  c o n fo rm a tio n a l models e .g . f o r  a va lue  

betueen 0 and 0. 1 the polymer m olecu le is  assumed to  be adsorbed as 

a s e t o f  con tinuous spheres. Th is  corresponds to  the  adsorbed polymer 

re ta in in g  i t s  random c o i l  c o n f ig u ra t io n  a f te r  attachm ent to  the  

s u rfa c e .

The e q u il ib r iu m  uptake o f  c h ito s a n  o f d i f f e r e n t  m o lecu la r u e ig h ts  

uas c a r r ie d  ou t on pu lp  C a t a l iq u o r  r a t io  o f 30:1 and a t 2Q°C.
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Since the a tta in m e n t o f  e q u il ib r iu m  is  known to  be dependant on the 

136m o lecu la r w e igh t the  system was a llow ed to  e q u il ib r a te  fo r  7 days 

be fo re  a n a ly s is  because a h igh  m o lecu la r w e igh t ch ito s a n  (Kytex H)
_3

was used a t a c o n c e n tra tio n  o f about 1 g dm . A f te r  each a d so rp tio n  

experim ent the  s o lu t io n  was degraded to  a low er m o lecu la r w e igh t by 

h e a tin g , in  a sealed system to  p reven t so lv e n t e va p o ra tio n , a t 7Q°C 

f o r  46 hours. The m o lecu la r w e igh t was determ ined a f te r  each degrad

a t io n  by a s in g le  c o n c e n tra tio n  v is c o m e tr ic  a n a ly s is .  For t h is  a 

tw o - fo ld  d i lu t io n  o f the  c h ito s a n  s tock  was c a r r ie d  ou t us ing  a 

s o lu t io n  c o n ta in in g  an a p p ro p ria te  q u a n tity  o f  sodium c h lo r id e  and 

a c e t ic  a c id  so th a t  the  f i n a l  s a l t  and a c id  c o n c e n tra tio n  o f the 

d i lu te d  system were the  same as those used fo r  the  d e te rm in a tio n  o f 

the  v is c o m e te r ic  cons tan ts  f o r  c h ito s a n  (see S ection  3 .1 .3 ) .  From 

the  p lo ts  (F ig u re  13), f o r  t h is  d e te rm in a tio n , o f V is c o s ity  number

versus C o n ce n tra tio n , the  v is c o s ity  numbers a t the  c o n c e n tra tio n  o f

-3 -4the  d i lu te d  a d so rp tio n  s o lu t io n  (app rox im a te ly  0 .5  g dm o r 5 x1Q 
.3

g cm ) were o b ta in e d . These were p la t te d  (F ig u re  51) a g a in s t the 

v is c o s ity  average m o lecu la r w e igh ts  c a lc u la te d  from  the  m od ifie d  

S taud inger e q u a tio n . Th is graph was used as a c a l ib r a t io n  so th a t  

the  m o lecu la r w e igh t o f  the  degraded ch ito sa n s  cou ld  be found from 

a s in g le  c o n c e n tra tio n  v is c o s ity  number d e te rm in a tio n . The re s u lts  

are g iven  in  Table 55.

A p lo t  o f E q u ilib r iu m  uptake versus M o lecu la r w e igh t (F ig u re  52) 

shows an i n i t i a l  decrease in  the  a d s o rp tio n , as the  m o lecu la r w e igh t 

in c re a se s , a f te r  which the  a d s o rp tio n  becomes independant o f the 

m o lecu la r w e ig h t.

A lthough anomalous, cases th a t  do no t conform to  the  P e rk e l-

142 147 148Ullman model have been re p o rte d  ' where low m o lecu la r w e igh t
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Table 55

Mv from  s in g le  p o in t v is c o m e tr ic  d e te rm in a tio n s  a t a polymer

-3c o n c e n tra tio n  o f 0 .45 g dm in  Q.3M a c e t ic  ac id /0 .2M  sodium c h lo r id e .

Sample \Jis c o s i t y  number M o lecu la r u e ig h t

H1 1500 1,975,000

H2 517 24647,900

H3 428 536,000

H4 200 251,400

-226-



□ 
.a

CM

d~
a +s£2cn

cn
in r~i

cn
cn

UD i—i

CL

CL

•rH

n XD
CM

CT
UJ

0)Fh3
CJI

•HLi
en

j * m * a  %/a>jEq.dn liinT -iq iT inbg

2 2 7 -

. i i i  L>\-Vy.r.- '-■--y-'-j- -• ' r*' ‘ 1 «*1.



polymers are adsorbed p r e fe r e n t ia l ly  on non-parous systems, i t  may

be p o s s ib le  to  e x p la in  the  a d s o rp tio n  o f ch ito s a n  in  term s o f t h e ir

model u i th  s u ita b le  a llouance  being g iven to  the parous na tu re  o f

c e l lu lo s e  as an abso rben t. The i n i t i a l  d e c lin e  in  the a d so rp tio n  u i th

in c re a s in g  m o lecu la r u e ig h t, is  caused by the e f fe c t  o f  increased

palymer s iz e  an the  a c c e s s ib i l i t y  o f  the  m olecules to  the  pores o f

1A9the  c e l lu lo s e .  F lo ry  has shoun th a t  the volume occupied by a 

polymer s o lu t io n  is  p ro p o r t io n a l to  i t s  m o lecu la r u e ig h t ra is e d  to  the 

pouer o f  3 /2 , and thus as the m o lecu la r u e ig h t in c reases  fe u e r polymer 

m olecu les can p e n e tra te  the pores o f the  c e llu lo s e  re s u lt in g  in  a 

re d u c tio n  in  the  a v a ila b le  su rfa ce  area fo r  a d s o rp tio n . A t and 

beyond the  p o in t  uhere the  a d s o rp tio n  becomes independant o f the 

m o lecu la r u e ig h t i t  may be assumed th a t  the c h ito sa n  m olecu les are 

so la rg e  th a t  the m a jo r ity  o f them are prevented from  e n te r in g  the 

po res . Thus f o r  the h ig h e r m o lecu la r u e ig h ts  the  a d so rp tio n  is

e f fe c t iv e ly  occu ring  on a nan-parous system. Here the "independence o f

a d so rp tio n  on m o lecu la r u e ig h t uou ld  suggest th a t  the  palymer is  

adsorbed f l a t  onto the  su rfa ce  as a_ in  equa tion  (23) uou ld  be ze ro .

3 .A .7 .7  P h ys ica l na tu re  o f the  c e l lu lo s e  s u b s tra te

Tuo im p o rta n t fe a tu re s  o f the  adsorbent are i t s  p o ro s ity  and i t s  

su rface  a rea . The area o f  su rfa ce  a v a ila b le  to  s a lu te  m olecules 

depends on the  s iz e  a f the  pores and o f the polymer m o lecu les.

Thus by in c re a s in g  the  a v a ila b le  su rface  area the a d so rp tio n  o f 

ch ito s a n  should in c re a se , assuming cons tan t m o lecu la r u e ig h t.  This 

uas in v e s tig a te d  by de te rm in ing  the  e q u ilib r iu m  a d so rp tio n  from a 

1 g dm ^ s o lu t io n  a t a l iq u o r  r a t io  o f  3 0 :1 , f o r  va rio u s  pu lps be fo re

and a f te r  m echanical trea tm en t o f  the  f ib r e .  Th is trea tm en t cons is te d
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□ f chapping the  pu lps  in  a h igh  speed ra ta ry  b le n d e r. D ire c t  comparison 

betueen each pu lp  shows the expected inc rease  in  the  e q u il ib r iu m  

uptake a f te r  m echanical p rocess ing  o f the f ib r e  (see Table 5 6 ). For 

most o f the  samples th e re  uas n e a rly  a 90% in c re a se . Thus fo r  any 

study in v o lv in g  a d i r e c t  comparison o f a d so rp tio n  on d i f f e r e n t  p u lp s , 

the  a v a ila b le  su rface  area o f each must be id e n t ic a l .  During the  

o x id a t io n  re a c tio n s  on the  p u r i f ie d  c o tto n  to  in c rease  the ca rb o xy l 

co n te n t, m echanical p rocess ing  uas avoided so th a t  the  su rfa ce  area 

o f a l l  the pu lps  cou ld  be assumed to  be the same. Houever f o r  these 

o x id is e d  pu lps th e re  is  a tendancy fo r  those u i th  a h igh  ca rb o xy l 

co n ten t to  s u e l l  in  w a te r, and thus increase  t h e i r  su rfa ce  area .

3 .A .7 .8 C a rb o xy lic  a c id  group co n ten t o f the  c e l lu lo s e  su b s tra te

The a d so rp tions  a t e q u il ib r iu m  f o r  s ix  pu lps o f d i f f e r e n t  ca rb o xy l

~3co n ten t were determ ined using a ch ito sa n  c o n c e n tra tio n  o f 1 g dm and

a l iq u o r  r a t io  o f 30:1 a t  20DC. A p la t  o f  E q u ilib r iu m  a d so rp tio n  
*

versus C arboxyl co n te n t (F ig u re  53) in d ic a te s  th a t the  uptake is  

dependant, a t le a s t  p a r t ia l l y ,  on the  ca rb o xy l c o n te n t. The fa c t  th a t  

a t a zero ca rb o xy l co n te n t th e re  uas s t i l l  some a d so rp tio n  suggests 

th a t  the  fo rc e s  causing the  c h ito s a n  to  adhere to  the  c e llu lo s e  are 

n o t s o le ly  io n ic  in  n a tu re . An io n ic  mechanism uou ld  e x p la in  the 

inc rease  in  ca rb o xy l co n ten t due to  the  g re a te r number o f  a v a ila b le  

a n io n ic  s ite s  f o r  the c a t io n ic  c h ito s a n . Houever i t  may be b e t te r  

to  cons ide r the  system in  terms o f the  su rface  charge o f the f ib r e .

Th is charge is  l i k e l y  to  in c rea se  u i th  in c re a s in g  ca rb o xy l c o n te n t. 

Houever the h y d ro p h il ic  na tu re  o f  the  pulp a lso  increases markedly 

a t  the  h ig h e r ca rb o xy l c o n te n ts . Hence in  the  presence o f w a ter the  

pu lp  w i l l  tend to  s u e l l  causing an increase  in  the  su rfa ce  area bu t



Table 56

E q u ilib r iu m  a d so rp tio n  uptake o f c h ito s a n  be fo re  and a f te r  m echanical 

tre a tm e n t. (L iq u o r r a t io  3 0 :1 , tem pera ture  2D°C, a d so rp tio n  tim e 

A8 hours; ch ito sa n  c o n c e n tra tio n  0 .95  g dm"3 ) .

Pulp C arboxyl co n te n t E q u ilib r iu m  uptake E q u ilib r iu m  uptake
-1m il l ie q u iv .  kg before /%  o .w . f .  a fte r /%  o .w . f .
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e f fe c t iv e ly  reduc ing  the  charge per u n i t  su rface  a rea . A lthough an 

inc rease  in  su rface  area may improve the  a d so rp tio n  (see S ection  3 .£ f.7 .7 ) , 

the  re d u c tio n  in  the  e f fe c t iv e  su rfa ce  charge appears to  be dominant 

s in ce  the  e q u ilib r iu m  uptake tends to  le v e l o f f  a t the  h ig h e r c a rb o xy l 

c o n te n ts .

Another fa c to r  th a t  may c o n tr ib u te  to  the le v e l l in g  o f f  o f the 

a d s o rp tio n  is  the increased  s o lv e n t /c e l lu lo s e  in te r a c t io n  as a d i r e c t  

consequence o f the in c re a s in g  h y d ro p h il ic  na tu re  o f the  f ib r e  thus 

decreasing the  a b i l i t y  o f  the  ch ito s a n  to  desorb the  s o lv e n t from the  

c e l lu lo s e  su rfa ce  p r io r  to  i t s  own a d s o rp tio n .

3 .A .7 .9  V a r ia t io n  in  the  na tu re  o f the a n io n ic  groups on the

c e llu lo s e  s u b s tra te

A s e r ie s  o f e q u il ib r iu m  a d s o rp tio n  experim ents uere c a r r ie d  o u t,

-3us ing  a ch ito sa n  c o n c e n tra tio n  o f about 1 g dm and the  usua l cond

i t io n s  o f l iq u o r  r a t io  and tem pera tu re , on the  th re e  re a c t iv e  dyed 

pu lps  (R1, R5 and R10), and a ls o  on samples o f p u r i f ie d  c o tto n  and 

d i r e c t  dyed p u r i f ie d  c o tto n . The d i r e c t  dye used uas C . I .  D ire c t 

Ye llow  12 (XV I)

(XVI)

C . I .  D ire c t Ye llow  12.



Far these la s t  two a d s o rp tio n  measurements a s a l t  c o n c e n tra tio n  o f 

□.5M was used, because d i r e c t  dyes are no t p a r t ic u la r ly  w a sh -fa s t, 

and thus s a l t  is  re q u ire d  to  keep them adsorbed on the  f ib r e .  The 

a d so rp tio n  re s u lts .a re  o u t lin e d  in  Table 57.

A lthough the su lp h o n ic  a c id  group con ten t o f the  re a c t iv e  dyed 

pu lps  are law when compared to  those fa r  the  ca rb o xy l group con ten t 

o f the  o x id is e d  c e llu lo s e s ,  the  e q u ilib r iu m  uptake fo r  these dyed 

systems were very low . They were in fa c t  low er than the  uptake va lue  

(Q.173%, see F igu re  53) f o r  the  p u r i f ie d  c o tto n  (from  which they were 

made) under id e n t ic a l  a d s o rp tio n  c o n d it io n s . A lso as the  c o n c e n tra tio n  

o f the  dye m olecules an the  f ib r e  is  increased the  uptake tends to  

decrease s l i g h t l y .

These re s u lts  may be e xp la ined  in  terms o f the  fo rc e s  o th e r than

io n ic  th a t  a s s is t  the  a d so rp tio n  process e .g . van der liJaals fo rc e s

150 151and hydrophobic banding * . Van der Uaals fo rc e s  o f a t t r a c t io n

are g re a te r the  g re a te r  the  c o n ta c t area between the  two banding

systems e .g . p la n a r systems show an increased in te ra c t io n  in  comparison

152w ith  non -p lana r systems . Thus f o r  the o x id is e d  c e llu lo s e s  the 

ch ito sa n  can approach r e la t iv e ly  c lo s e ly  to  the f ib r e  su rface  and 

hence increase  the c o n t r ib u t io n  o f the  van der liJaals fo rc e s . However 

f o r  the  re a c t iv e  dyed pu lps the  la rg e  dye m olecu le-:p ra trudes from the  

polymer cha in  su rface  because o f the c o n s tra in ts  imposed by the  

co va le n t bond between dye and polymer and thus d is ru p ts  the p la n a r ity  

o f th a t  su rfa ce , reduc ing  the  p o te n t ia l co n ta c t a rea . The d is ru p t io n  

inc reases  as the  dye c o n c e n tra tio n  inc rea ses , as shown by the s l ig h t  

decrease in  the  uptake w ith  in c rease  in  dye c o n te n t.

The d r iv in g  fo rc e  o f the  hydrophobic bond is  the increase  in  the 

en tropy caused by the  d is ru p t io n  o f the  ordered s tru c tu re  o f water



Table 57

E q u ilib r iu m  uptake o f  c h ito sa n  on va rio u s  s u b s tra te s . (L iq u o r r a t io  

3 0 :1 , tem pera ture 20aC, tim e A8 hours, ch ito sa n  c o n c e n tra tio n  

0.95 g dm"*5) .

Sample S a lt  c o n c e n tra tio n  Uptake/% a .w . f .  Acid co n te n t

/m ol dm ^ /m i l l ie q u iv .  kg

P u r if ie d

c o tto n 0 0.173 0

R1 a ' 0. 11 1A6

R5 0 0.086 * 183

R10 0 0.08 3L1

P u r i f ie d

c o tto n 0 .5 0.3 a

D ire c t dyed 

c o tto n 0.5 0.397



th a t  e x is ts  around a hydrophobic s u rfa c e , when two such su rfaces  

combine to  expe l th a t  w a te r. In  g e n e ra l, fa c to rs  th a t  reduce the 

van der QJaals fo rc e s  o f a t t r a c t io n  w i l l  a lso  reduce the  hydrophobic 

c o n ta c t.

F u rth e r evidence to  support the  theo ry  o f the  e x is te n ce  o f o th e r 

bonding fo rc e s  comes from  the  va lues fo r  the e q u il ib r iu m  uptake fo r  

the  d i r e c t  dyed pu lp  compared to  the undyed p u r i f ie d  c o tto n . There 

is  a s l ig h t  in c rease  in  the uptake o f ch itosa n  w ith  the  dyed pu lp  

over th a t  w ith  the  c o t to n .  In  t h is  case the re  is  l i t t l e  d is ru p t io n  

o f the  f ib r e  su rfa ce  by the  dye because d ir e c t  dyes are p la n a r and 

are known to  in te r a c t  w ith  c e l lu lo s e  v ia  van der liJaals fo rc e s , and 

thus l i e  in  the  p lane o f the  f ib r e  s u rfa c e . Hence the  ch ito s a n  can 

s t i l l  approach f a i r l y  c lo s e ly  to  the f ib r e  su rfa ce  and maximise the 

van der UJaals fo rc e s  between i t s e l f  and the  su rfa ce  o r the dye mole

c u le s . The increase  in  a d s o rp tio n  can be a t t r ib u te d  to  the  s l ig h t  

in c rease  in  the  su rfa ce  charge o f  the  pu lp  caused by the  su lphon ic  

a c id  groups on the  d i r e c t  dye.

3 .4 .8  E x ten t o f io n ic  in te r a c t io n  in  the a d so rp tio n  o f c h ito sa n  

on c e l lu lo s e

In  o rde r to  determ ine the  e x te n t o f  io n ic  bonding between the

c h ito s a n  and any a n io n ic  pu lp  s ite s  a sample o f b le n fe d  “ pu lp  C was

dyed w ith  an a lk a lin e  s o lu t io n  (pH8 ) o f Methylene Blue to  b r in g  about

io n  exchange between the  c a rb o x y l hydrogen ions  and the  c a t io n ic  dye

io n s . A f te r  c a re fu l washing to  remove excess dye the  pu lp  was used

-3fo r  an e q u il ib r iu m  a d s o rp tio n  expe rim en t* us ing  a 1 g dm c h ito s a n  

s o lu t io n  under the  usua l c o n d it io n s  o f l iq u o r  r a t io  (3 0 :1 ) and temp

e ra tu re  (20°C ). A f te r  a d s o rp tio n , bu t p r io r  to  metachrqmic a n a ly s is
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to  determ ine the  re s id u a l ch ito s a n  c o n c e n tra tio n , a p o r t io n  o f the  

s o lu t io n  was removed f a r  sp e c tro sco p ic  a n a ly s is  to  determ ine the  

c o n c e n tra tio n  c f  M ethylene B lue ions th a t  had been d isp la ce d  by io n ic  

in te ra c t io n  between the  p ro tana ted  amine groups o f c h ito s a n  and the  

a n io n ic  ca rb o xy l g roup . For t h is  a n a ly s is  an e x t in c t io n  c o e f f ic ie n t  

f o r  Methylene Blue was determ ined in  a 0.6% s o lu t io n  o f a c e t ic  a c id , 

by p rep a rin g  two id e n t ic a l  s o lu t io n s  o f Methylene B lue, one in  e th a n o l 

and the  o th e r in  0 . 6% a c e t ic  a c id .  The e x t in c t io n  c o e f f ic ie n t  in  

e thano l is  known to  be 89,125 a t 655 nm and using th is  the  va lue o f 

72,708 was ob ta ined  f o r  the  m olar e x t in c t io n  c o e f f ic ie n t  in  the  0.6% 

a c e t ic  a c id  a t 664 nm.

A f te r  s te e p in g , the  absorbance o f  the  s o lu t io n  a t 664 nm was found 

to  be 0.096 in  1 cm c e l ls .  Th is  is  e q u iv a le n t to  a M ethylene Blue
— f i  _ Q  *2

c o n c e n tra tio n  o f 1.3.2 x10~ M and 1.98 x10”  mol in  the  15 cm o f the

s o lu t io n  used fo r  a d s o rp tio n . The metachromic a n a ly s is  (see Appendix

IV ) revea led  th a t  the  pu lp  had adsorbed 3.25 x10“ 3 g- o f  ch ito sa n

le a d in g  to  an uptake o f  0.643% o .w . f .  From the  fa c t  th a t  the c h ito sa n

—3used (K ytex L) has a degree o f  JM -ace ty la tion  o f 16%, the  3.25 x10 g

-5adsorbed would c o n ta in  1.63 x10 moles o f amine groups. Hence the

-5  - 8r a t io  o f  amine to  c a rb o xy l was found to  be 1.63 x10 /1 .9 8  x10

= 822. Hence app rox im a te ly  o n ly  1 amine group in  every 800 is  a c tu a lly  

io n ic a l ly  bound to  the  f ib r e .  Thus un less o th e r fo rc e s  (see S ection  

3 .4 .7 .9 )  c o n tr ib u te  i t  would appear th a t  the  ch ito s a n  is  a ttached  a t 

a very sm a ll number o f p a in ts  an the  f ib r e  s u rfa c e . Th is would 

correspond to ^ th e  case in  the  P e rke l-U llm an  model where the adsorbed 

polymer re ta in s  i t s  random c o i l  c o n f ig u ra t io n  a f te r  a d s o rp tio n . In  

t h is  c o n f ig u ra t io n  the  adsorbed la y e r  would have a co n s ide rab le  

th ic k n e s s , app rox im a te ly  the  d iam ete r o f the c o i l .



However the  r e s u lts  from  S e c tion  3 .4 .7 .9  suggest th a t  o th e r 

fo rc e s  are o p e ra tin g  in  the  a d so rp tio n  p rocess. I t  th e re fo re  seems 

l i k e l y  th a t  the a n io n ic  s ite s  on the  pu lp  serve to  a t t r a c t  the 

c a t io n ic  ch ito s a n  m olecu les to  the v ic in i t y  o f the  f ib r e  su rface  

where the  a d s o rp tio n  process is  then enhanced by van der Uaals and 

hydrophobic in te ra c t io n s ,  w ith  l i t t l e  io n ic  exchange o c c u rin g . The 

idea o f the  ch ito s a n  being d is t r ib u te d  by p la n a r in te ra c t io n s  over 

the  su rface  is  c o n s is te n t w ith  the m ode ljiE a  po sed fa r  the  a d s a rp - ’ 

t io n  based on the  m o lecu la r w e igh t experim ents (see S ection  3 .4 .7 .6 ) .



CHAPTER A

CONCLUSIONS

1) The reduc ing  end groups in  ch ito s a n  can form  an arylosazone 

d e r iv a t iv e  by homogeneous re a c t io n  w ith  an a ry lh y d ra z in e  in  aqueous 

a c e t ic  a c id .  A rylosazone fo rm a tio n  occurs both when the  reducing  

end group is  a 2 -am ino-2-deoxy-D -g lucose res idu e  and when i t  is  a 

2-acetam ido-2~deDxy-D-glucose re s id u e .

2) Number average m o lecu la r w e igh ts  o f ch ito s a n  samples, in  

which a l l  the  end groups were i n i t i a l l y  in  the reduc ing  form  can be 

determ ined from  absorbance measurements on s o lu t io n s  o f t h e ir  ph e n y l- 

osazone d e r iv a t iv e s .

3 ) The v is c o m e tr ic  cons tan ts  ja and K_ in  the  m o d ifie d  S taud inger 

equa tion  can be determ ined f o r  ch ito s a n  in  D .1M a c e tic  a c id /0 . 2M 

sodium c h lo r id e  and in  0 . 1M a c e t ic  a c id /0 .Q2M sodium c h lo r id e  using 

a techn ique  th a t  u t i l i s e s  the  p ro p e r t ie s  o f the  m o lecu la r w e igh t 

d is t r ib u t io n  r e s u lt in g  from  random deg rada tion  o f the  polymer cha ins , 

in  t h is  case from a c id  h y d ro ly s is  o f the  polymer in  s o lu t io n .  The 

va lues ob ta ined  fo r  the  v is c o m e te r ic  cons tan ts  d i f f e r  from  those 

ob ta ined  p re v io u s ly  bu t are s im ila r  to  those re p o rte d  f o r  re la te d  

B~(1 -*k)~ l in k e d  io n ic  p o ly sa cch a rid e s . The m o d ifie d  S taud inger 

equa tion  fo r  ch ito sa n  in  0 . 1M a c e t ic  a c id /0 . 2M sodium c h lo r id e  can 

be expressed as:

[  nU = 1.B 1 x 10~3 Mv0, 93 

and in  Q .1M a c e t ic  a c id /0 . 02M sodium c h lo r id e  as:

[  tiU *  3.0A x1Q~5 Mv1"26 

3 -1where [  n ]  is  expressed in  cm g
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k)  Heterogeneous re a c t io n  o f ch ito sa n  w ith  a ry lh y d ra z in e s  in  

m ethanol a t room tem pera ture  leads to  the  fo rm a tio n  o f arylhydrazDne 

d e r iv a t iv e s  o f ch ito s a n  which undergo formazan fo rm a tio n  w ith  d ia z a - 

t is e d  a n i l in e  in  the  absence o f  base.

5) The s t ru c tu re  o f the  ary losazone d e r iv a t iv e s  o f ch ito sa n  

in v o lv e s  in te r n a l c h e la t io n  between the  n itro g e n  o f the  C(1) a r y l -  

hydrazone group and the  im ino hydrogen o f the C(2) a ry lhyd razone 

group . The e le c tro n s  o f the  C(2) a ry lhyd razone  group are h ig h ly  

d e lo c a lis e d , whereas those o f the  D (1) group are n o t.

6 ) Both homogeneous and heterogeneous re a c t io n  between c h ito sa n  

and the  amine s p e c if ic  reagent 2 ,4 -d in it ro f lu o ro b e n z e n e  y ie ld s  a 

p roduc t in  which the  amine groups have on ly  p a r t ia l l y  re a c te d . 

G e la tio n  occurs in  the  homogeneous re a c t io n  due to  the  d e s o lu b il is in g  

e f fe c t  o f  the  N_-(2,4-DI\IP)~ re s id u e s . Incom plete re a c t io n  is  assumed 

to  be caused by s te r ic  e f fe c ts  assoc ia ted  w ith  the  bu lky  Nk(2,*f-DNP)- 

groups.

7 ) The d e s tru c tio n  o f the  jM -(2 ,4 -d in itra p h a n y l)-D -g lu c o s a m in e  

chromophore system in  aqueous media a t tem pera tures g re a te r  than

app rox im a te ly  50°C is  a consequence o f the ca rbony l group, formed

d u rin g  m u ta ro ta tio n  o f the  p roduc t in  a m ph ip ro tic  s o lv e n ts , such 

as w a te r. The e f fe c t  o f  the  ca rbon y l group is  s p e c i f ic  due to  i t s  

p o s it io n  r e la t iv e  to  th a t  o f  the  chromophore and opera tes probab ly  

by chem ica l re d u c tio n  o f the  n i t r o  group on the  benzene r in g .

8 ) The degree o f JM -ace ty la tion  o f a s e r ie s  o f c h ito s a n  samples

o f va ry in g  e x te n ts  o f N -a c e ty la tio n  found by both re s id u a l s a l ic y l -  

aldehyde a n a ly s is  and HBr t i t r im e t r i c  techn iques were in  good agree-
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ment w ith  the  p re v io u s ly  pub lished  in fra re d  method based on the  

absorbance r a t io  A1665/A345Q.

10) Homogeneous re a c t io n  between ch ito sa n  and s a lic y la ld e h y d e  in  

00/ 20 ( v /v )  m e th a n o l/1% a c e t ic  a c id  is  an e q u il ib r iu m  process.

The p o s it io n  o f  e q u il ib r iu m  is  s e n s it iv e  to  both the a c id  and the  

s a lic y la ld e h y d e  c o n c e n tra tio n s . However a t  s a lic y la ld e h y d e  conc

e n tra t io n s  in  excess o f  3 :1 ,  s a lic y la ld e h y d e :c h ito s a n  amine groups, 

the  e q u il ib r iu m  is  s h if te d  com p le te ly  toward the  p roduc t ( S c h i f f 's  

base) s id e . A t cons tan t a c id  c o n d it io n s  and in  the  presence o f  excess 

s a lic y la ld e h y d e  the  p o s it io n  o f  e q u il ib r iu m , found by measuring the  

u v /v is ib le  absorbance in te n s ity  a t  A10 nm, was q u a n t i ta t iv e ly  depend

an t upon the ch ito s a n  c o n c e n tra t io n .

11) The am ount-of s a lic y la ld e h y d e , as determ ined by uv sp e c tro 

scop ic  a n a ly s is , hydro lysed  from N -s a lic y lid e n e  c h ito s a n  by the  a c t io n  

o f  a 80/20 ( v /v )  m ethanol/0 .5 l\l HBr s o lv e n t is  q u a n i t i t a t iv e ly  depend

an t upon the  amine co n ten t o f  the  c h ito s a n , and can be used to  

c h a ra c te r is e  the  fre e  amine group co n te n t o f a sample o f  ch ito sa n

o r to  determ ine the  c o n c e n tra tio n  o f c h ito s a n , o f  known fre e  amine 

group co n te n t, adsorbed on a s u b s tra te .

12) The re fle c ta n c e  sp e c tra  o f j\ [ -s a lic y lid e n e  ch ito sa n -p a p e r 

systems can be re la te d  e m p ir ic a lly  to  the  amount o f  c h ito sa n  adsorbed 

on the  paper through a re f le c ta n c e  fu n c t io n .  The A the rton  fu n c t io n  

appears to  g ive  a c lo s e r  th e o r e t ic a l agreement w ith  the  re s u lts  than 

does the  Kubelka-Munk re f le c ta n c e  fu n c t io n ,  a lthough  n e ith e r  g ives 

p e r fe c t  agreement.



13) The a d so rp tio n  o f c h ito s a n  from s o lu t io n  onto c e llu lo s e  is  

an e q u il ib r iu m  p rocess .

1A) The e q u il ib r iu m  uptake is  dependant on the  su rfa ce  charge 

o f the  p u lp , in  th a t  fa c to rs  th a t  increase  the  su rfa ce  charge, such 

as the  presence o f ca rb o xy l groups w i l l  a lso  inc rease  the  up take.

The e f fe c t  o f the  c a rb o xy l group is  reduced a t the h ig h e r ca rb o xy l 

con ten ts  due to  the  h y d ro p h il ic  na tu re  o f these groups, which in  the  

presence o f w ater s w e lls  the  f ib r e  and e f fe c t iv e ly  reduces the  su rface  

charge per u n i t  a rea .

15) The e q u il ib r iu m  uptake is  dependant upon the  p h y s ic a l na tu re  

o f the  pu lp  w ith  re sp e c t to  the  a v a ila b le  su rface  area f o r  a d s o rp tio n . 

This is  a lso  a fu n c t io n  o f the  p o ro s ity  o f the  c e l lu lo s e  and in  gene ra l 

an inc rease  in  the  su rfa ce  area re s u lts  in  an inc rease  in  a d s o rp tio n . 

The e f fe c t  o f  increase  in  the  su rfa ce  area caused by s w e llin g  due to  

h y d ro p h il ic  ca rb o xy l groups is  o f fs e t  by the adverse e f fe c t  t h is  :w 

s w e llin g  has on the  suface c h a rg e /u n it  a rea .

16) The a d so rp tio n  process is  dependant no t on ly  on po lym e r/ 

adsorbent in te ra c t io n s  bu t a lso  on p o lym e r/so lve n t and s o lv e n t /  

adsorbent in te ra c t io n s  as shown by the  e f fe c ts  on the  e q u ilib r iu m  

uptake o f polymer c o n c e n tra tio n  and s o lu t io n  l iq u o r  r a t io .

17) Facto rs  th a t  decrease the  s iz e  o f the  p o ly e le c t ra ly te  random 

c o i l  tend to  in c rease  the  e q u il ib r iu m  uptake e .g . a d d it io n  o f sm a ll 

amounts o f added e le c t r o ly te  o r decrease in  the fre e  amine c o n te n t.

In  the  case o f a d d it io n  o f la rg e  amounts o f added e le c t r o ly te  the 

e f fe c t  on the  p o ly e le c t r a ly te  random c o i l  s iz e  reaches a maximum and 

the  excess e le c t r o ly te  w i l l  then cause a re d u c tio n  in  the  a d so rp tio n



by charge n e u tra l is a t io n  o f the  su rfa ce  a n io n ic  groups on the  f ib r e .

1Q) The e f fe c t  o f the  m o lecu la r w e igh t o f the  ch ito s a n  an the 

a d so rp tio n  process is  c o n tro lle d  by the  re la t io n s h ip  between the 

m o lecu la r s iz e  o f  the  polymer and the  pore s iz e  o f the  p u lp .

19) D uring the a d so rp tio n  process very l i t t l e  io n ic  exchange 

occurs between the  p ro tona ted  amine groups on the  ch ito s a n  and the  

fre e  a c id  groups on the  f ib r e .

2D) D is ru p tio n  o f the p la n a r ity  o f  the  f ib r e  su rface  causes a 

re d u c tio n  in  the  e q u il ib r iu m  uptake, even in  the presence o f an 

increased  a n io n ic  c h a ra c te r.

21) A mechanism is  proposed fa r  the  a d so rp tio n  o f c h ito sa n  onto 

c e l lu lo s e .  The c a t io n ic  polymer is  i n i t i a l l y  a t tra c te d  to  the  a n io n ic  

su rface  o f the f ib r e  where i t  becomes a ttached to  the  f ib r e  predom

in a n t ly  through van der Uaals fa rce s  o f a t t r a c t io n  and hydrophobic 

in te ra c t io n s ,  ra th e r  than by io n ic  exchange. The g re a te r the su rface  

charge o f  the  f ib r e  the  g re a te r  the  i n i t i a l  a t t r a c t io n  and thus the 

g re a te r the up take. Reduction in  s iz e  o f the polymer random c o i l  

improves i t s  a b i l i t y  to  p e n e tra te  the  pares o f the  system thus 

in c re a s in g  the  a v a ila b le  su rfa ce  area fa r  a d s o rp tio n .

In  the  v ic in i t y  o f the  f ib r e  the polymer m olecu les are assumed 

to  l i e  in  the plane o f the  su rfa ce  because in  th is  c o n f ig u ra t io n  

the van der Uaals and hydrophobic in te ra c t io n s  w i l l  be a t t h e ir  

maximum.

22) For a p p lic a t io n  o f ch ito s a n  a d so rp tio n  to  the paper making 

syisteriiy c o n d it io n s  must be i n i t i a l l y  op tim ised  f o r  maximum a dso rp tion  

p r io r  to  sheet fo rm a tio n .



CHAPTER 5

EXPERIMENTAL

5.1 M a te r ia ls  used

5 .1 .1  Chitosan

The c h ito sa n  used in  t h is  mark was supp lied  by H ercu les In co rp 

o ra ted  (Kytex H, Lot SPX 5350, and K ytex L, Lot XA390-75-1).

5 .1 .2  Pulps

The c e llu lo s e  used f o r  the  a d s o rp tio n  experim ents mas p u r i f ie d  

c o tto n . O ther pu lps  mere o f com m ercial types, the  na tu re  o f mhich 

are g iven in  Table 33.

5 .1 .3  Chemicals

The chem ica ls and s o lv e n ts  used mere o f General Purpose Reagent 

grade, except those used in  the  ra d io is o to p e  s tu d ie s  mhich mere o f 

rad io chem ica l grade m ith  re sp e c t to  iso to p e  a c t iv i t y ,  a t  a 99% 

chem ica l p u r i t y .  The dyes used mere commercial samples and mere 

p u r i f ie d  as described  in  S e c tion  5 .5 .1 .  The mater mas s in g ly  d is t 

i l l e d .

5 .2  S pectroscop ic  methods

In fra re d  spec tra  mere recorded an a P e rk in  Elmer 137 sodium 

c h lo r id e  spectropho tom eter.

R e flec tance  measurements mere made on a s in g le  beam Pye-Unicam 

SP500 spectrophotom eter and on a ICS Micramatch abridged sp e c tro 

photom eter.



Uv and v is ib le  sp e c tra  and s in g le  wavelength measurements were 

c a r r ie d  cu t on a P e rk in  Elmer 551S spec tropho tom eter.

P roton m agnetic resonance spec tra  were recorded an a Je o l JNMC- 

SQHL 60 MHz spectropho tom eter w ith  te tra m e th y ls ila n e  as the  in te r n a l 

s tanda rd .

L iq u id  s c in t i l l a t i o n  coun ting  was c a r r ie d  ou t us ing a Packard 

T r i-c a rb  L iq u id  S c in t i l l a t io n  spec trom e te r.

5.3 D ilu te  s o lu t io n  v iscom e try

V isco m e tr ic  measurements were made using a suspended le v e l 

d i lu t io n  v iscom eter w ith  a s in te re d  g lass  f i l t e r ,  as su p p lie d  by 

Polymer C onsu ltan ts  L td . A l l  measurements were, c a r r ie d  ou t in  a 

th e rm o s ta t ic a lly  c o n tro lle d  w ater bath  a t 25°C -  0 .05aC and tim ed 

by a s top  watch accura te  to  0. 2 seconds.

5 .L  C h a ra c te r is a tio n  o f s ta r t in g  m a te r ia ls

5 .L .1  Chitosan

Due to  process v a r ia t io n s  in  the  p ro d u c tio n  o f ch ito sa n  the 

p roducts  o fte n  have d i f f e r e n t  c h a ra c te r is t ic s  o f N -a c e ty l con ten t 

and m o lecu la r w e igh t and thus re q u ire  c h a ra c te r is a t io n .

5 .A .1.1 M o lecu la r w e igh t

The m o lecu la r w e igh t o f  both K ytex H and K ytex L were determ ined 

by measurement o f  t h e i r  L im it in g  V is c o s ity  Number in  a 0.1M a c e t ic  

ac id /0 .2M  sodium c h lo r id e  s o lv e n t us ing the  suspended le v e l d i lu t io n  

v isco m e te r. Repeat measurements o f f lo w  tim es were made u n t i l  read

ings  agreed to  w ith in  0 .2  o f a second. The L im it in g  V is c o s ity



Numbers were re la te d  to  m o lecu la r w e igh t us ing the v is c o m e tr ic

co ns tan ts  determ ined in  S ec tion  3 .1  and subsequently re p o rte d  by 

29the au tho r . The L im it in g  V is c o s ity  Numbers (LVN 's) were found 

from p lo ts  (F igu res  10 and 5L) o f V is c o s ity  number versus Concentra-
-3

t io n ,  expressed in  g cm , by e x tra p o la t io n  to  zero c o n c e n tra tio n . 

The va lues fo r  the LVN’ s were found to  be 11L0 and 2S1 re s p e c t iv e ly

f o r  the K ytex H and K ytex L, and correspond to  m o lecu la r w e igh ts
- 6  5(Mv) o f  1.72 x10 g and 3 .82  x10 g re s p e c t iv e ly .

5 .4 .1 .2  Degree o f N -a c e ty la tio n

The degree o f  N -a c e ty la tio n  fo r  K ytex H and Kytex L was d e te r -
Ln

mined using the  in f r a re d  method o f Moore and Roberts , the  accuracy 

o f which has been e s ta b lis h e d  by c o r re la t io n  w ith  two independant 

techn iques (see S ection  3 .2 ) .  They were found to  be 16% fo r  Kytex L 

and 21% fo r  Kytex H.

5 .4 .2  C e llu lo s e

5 .4 .2 .1  Carboxyl co n te n t

The o x id is e d  c e llu lo s e s  in  t h e i r  f re e  ac id  form  were ch a ra c te r

ise d  w ith  respec t to  t h e i r  ca rb o xy l con ten t us ing  a m o d if ic a t io n  o f

135the method o f Samuelson and UJenerblam

The pu lp  (0 .2  g, a c c u ra te ly  weighed) was p laced in  a f la s k  w ith
3

a Q.01M sodium hydroxide/0 .43M  sodium c h lo r id e  s o lu t io n  (40 cm ) .

The f la s k  was stoppered, shaken, and a llow ed to  stand fo r  48 hours 

a t room tem pera tu re . The whale sample was then t i t r a t e d  a g a in s t a 

0.01M h y d ro c h lo r ic  ac id  s o lu t io n  to  a phe n o lp h th a le in  end p o in t .
3

The t i t r a t e d  s o lu t io n  was f i l t e r e d  and an a l iq u o t  (20 cm ) fu r th e r  

t i t r a t e d  a g a in s t the h y d ro c h lo r ic  a c id  using a mixed in d ic a to r  o f
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-3 -31 g dm m ethyl re d / 1 g dm brom acresol green to  the  end p o in t  uhere

a c o lo u r change to  red uas s ta b le  f o r  a feu  seconds. The s o lu t io n  uas 

then b a ile d  fo r  tuo  m inutes and the  t i t r a t i o n  completed to  a n e u tra l 

grey end p a in t .  W ith s u ita b le  a llouance  fo r  the  volume o f s o lu t io n  

used in  the  second t i t r a t i o n ,  the  h y d ro c h lo r ic  a c id  used corresponds 

to  the  excess sodium hydrox ide  l e f t  in  s o lu t io n  a f te r  re a c t io n  u i th  

the  ca rb o xy l groups on the  p u lp . The volume o f standard  h y d ro c h lo r ic
3

a c id  consumed by the  o r ig in a l  a lk a lin e  s a l t  s o lu t io n  (AQ cm ) uas 

a lso  determ ined s e p a ra te ly , t i t r a t i n g  in  e x a c tly  the  same uay except 

th a t  no f i l t r a t i o n  uas re q u ire d . The m o is tu re  co n te n t o f  the  pu lp  

uas a lso  determ ined by h ea ting  to  cons tan t u e ig h t.

5 .A .2 .2  Su lphonic a c id  con ten t

The su lphon ic  ac id  co n te n t o f  the  c e llu lo s e s  dyed u i th  C . I .  R eactive  

Red 13 uere determ ined by sp e c tro sco p ic  a n a ly s is  o f the dye co n te n t o f 

these p u lp s .

To the  pu lp  (0 .1  g, a c c u ra te ly  ue ighed) uas added a 70% (v /v )  

s u lp h u r ic  a c id  s o lu t io n  (25 cm"*). The s o lu t io n  uas a llo u e d  to  stand 

fo r  tuo  hours a f te r  uh ich  the  absorbance in te n s ity  a t 573 nm uas 

recorded in  1 cm c e l ls  a g a in s t a standard  prepared in  an id e n t ic a l 

manner from  a p u r i f ie d  c o tto n  sample. The m o is tu re  con ten ts  o f the  

pu lps  uere determ ined by hea ting  to  cons tan t u e ig h t .  The absorbance 

a t 573 nm can be re la te d  to  the  dye c o n c e n tra tio n  through a m olar 

e x t in c t io n  c o e f f ic ie n t  determ ined fo r  the dye a t the  same uave length  

and in  an id e n t ic a l s o lv e n t.  Th is uas found to  be 29,957 .

5 .5  E x t in c t io n  c o e f f ic ie n t  d e te rm in a tio n s

A cons ide rab le  number o f m olar e x t in c t io n  c o e f f ic ie n ts  f o r  va rio u s  

compounds in  va rio u s  s o lv e n t systems uere determ ined .

-247-



Unless o the rw ise  s ta te d  these uere found by p u r i f ic a t io n  o f the  

p a r t ic u la r  compound and p re p a ra tio n  o f an accura te  s o lu t io n  in  the 

d e s ire d  s o lv e n t system. The u v /v is ib le  absorbance in te n s ity  a t the 

wavelength o f in te r e s t  was then recorded fo r  these s o lu t io n s .  The 

m olar e x t in c t io n  c o e f f ic ie n t  was found from e ith e r  a s in g le  conc

e n tra t io n  absorbance read ing  ( r a t io  o f absorbance to  c o n c e n tra tio n )

o r from  the  s lope o f a p lo t  o f  Absorbance versus C oncen tra tion  in  

mol dm""^.

5 .5 .1  P u r i f ic a t io n  o f compounds

The m a jo r ity  o f  the  o rgan ic  compounds in v e s tig a te d  were p u r i f ie d  

by r e c r y s ta l l is a t ia n  (see in d iv id u a l p re p a ra tio n  S e c tio n s ).. However 

f a r  the  dyes s tu d ie d , o th e r techn iques were used.

5 .5 .1 .1  P u r i f ic a t io n  o f C . I .  R eactive  Red 13

The commercial C . I .  R eactive  Red 13 (1 g) was d is s o lv e d  in  
3

methanol (100 cm ) ,  and the  r e s u lt in g  s o lu t io n  f i l t e r e d ,  and evap

o ra ted  to  dryness on a steam b a th . The s o l id  ob ta ined  was d isso lve d
3

in  d i s t i l l e d  w ater (50 cm ) and passed down a c a t io n  exchange column 

co n ta in in g  A m b e rlite  IR 120 (H+) (30 cm^), a t  a f lo w  ra te  o f 1 cm"* 

per m in u te . The s o lu t io n  was re p e a te d ly  passed through the  column 

u n t i l  i t  was fre e  o f sodium io ns  as in d ic a te d  by a n eg a tive  flam e te s t  

r e s u l t ,  and then a llow ed to  evaporate to  dryness a t  room tem pera tu re .

5 .5 .1 .2  P u r i f ic a t io n  o f Methylene Slue

This was p u r i f ie d  by s o x h le t e x t ra c t io n  o f the dye (1 g) w ith  

methanol (150 crrf1) f o r  A hou rs . A f te r  t h is  the  s o lv e n t was evap

o ra ted  on a steam ba th , and the  s o l id  ob ta ined was re e x tra c te d  u n t i l



f re e  from s a l t  as shown by a n e g a tive  c h lo r id e  io n  te s t  using a c id 

i f i e d  s i lv e r  n i t r a t e .

5 .6  P re p a ra tio n  o f c h ito sa n

5 .6 .1  Powder form

3
Chitosan (1 g) was d is s o lv e d  in  1% aqueous a c e t ic  ac id  (100 cm ) .

The re s u lt in g  s o lu t io n  was f i l t e r e d  through a m onofilam ent p o ly e s te r
3

c lo th  and then poured in to  methanol/D.QQO ammonia (7 /3  ( v /v ) ,  200 cm ) .  

The w h ite  p r e c ip ita te  was s t i r r e d  tho rough ly  to  ensure complete 

n e u tra l is a t io n  and f i l t e r e d  o f f .  I t  was washed on the  p o ly e s te r  f i l t e r  

pad w ith  copious q u a n t i t ie s  o f m ethanol u n t i l  the  f i l t r a t e  was n e u tra l 

to  l i tm u s , then w ith  e th e r (100 cm3 ) .  The p roduct was a llow ed to  dry  

in  a stream o f warm a i r ,  d u rin g  which tim e i t  was ground in to  a f in e  

powdery fo rm .

5 .6 .2  F ilm  form

3
C hitosan (1 g) was d is s o lv e d  in  1% aqueous a c e t ic  ac id  (100 cm )

and f i l t e r e d  through a m onofilam ent p o ly e s te r c lo th .  The v iscous

s o lu t io n  was then poured onto a g lass  p la te  and spread as th in ly  as 

p a s s ib le . The p la te  was covered and the  s o lv e n t a llow ed to  evaporate , 

a f te r  which i t  was immersed in  a la rg e  tank c o n ta in in g  m ethanol/Q .880 

ammonia (7 /3  ( v / v ) ) ,  f o r  16 hours and then in to  a tank c o n ta in in g  

a 10% s o lu t io n  o f sodium hydrox ide  f o r  3 hours. Th is la s t  trea tm en t 

caused the  f i lm  to  separa te  from  the p la te ,  a f te r  which i t  was removed 

and washed by immersion in  w ater and then in  methanol be fo re  being 

d r ie d  between f i l t e r  papers.



5.7  P re p a ra tio n  and re a c t io n  o f a ry lh y d ra z in e  d e r iv a t iv e s  o f ch ito sa n

5 .7 .1  Arylosazones o f c h ito sa n

5 .7 .1 .1  Chitosan phenylosazone

Chitosan (1 g) was d is s o lv e d  in  1% (v /v )  aqueous a c e t ic  ac id

3 3 3(175 cm ) and pheny lhydraz ine  (2 .5  cm ) d isso lve d  in  methanol (10 cm ) ,

and sodium ace ta te  (1 g) were added to  the  s o lu t io n .  The re a c tio n

m ix tu re  was kep t a t 70°C in  a stoppered f la s k  fa r  A8 hours, a f te r

which the  c h ito sa n  phenylosazone was p re c ip ita te d  ou t by pouring  the

s o lu t io n  in to  m e th a n a l/0 .880 ammonia (7 /3  ( v /v ) ,  200 cm ) .  The

product was f i l t e r e d  on a m onofilam ent p o ly e s te r  c lo th ,  washed w e ll

w ith  methanol u n t i l  the  f i l t r a t e  was n e u tra l to  li tm u s  and then w ith

e th e r (100 crrf5) .  The ye llo w  s o l id  thus ob ta ined was a i r  d r ie d  be fo re

being s a x h le t e x tra c te d  w ith  m ethanol (150 cm"5) f o r  k hours, a f te r

which i t  was r e f i l t e r e d  and a llow ed to  d ry .

Y ie ld -  0.95 g; A max (1% HBr:/methanol) 395 nm

5 .7 *1 .2  Chitosan p-n itro p h e n y lo sa zo n e

Th is  was prepared using  a s im ila r  procedure tD the one employed 

fo r  the  c h ito sa n  phenylasazone, except th a t  due to  the  poor s o lu b i l i t y  

o f  the  £ -n itro p h e n y lh y d ra z in e  reagent a sa tu ra te d  s o lu t io n  o f i t  was
3

prepared in  methanol (100 cm ) and th is  was added to  the ch ito sa n  

s o lu t io n .

Y ie ld  = 0 .9 g ; A max (1% HBr/m ethanol) 3B5 nm, £*30 nm (sh )

5 .7 .2  A ry lhydrazones

5 .7 .2 .1  Chitosan phenylhydrazone



3
A ch ito sa n  f i lm  (0 .1  g) was steeped in  methanol (200 cm ) to  which

was added phenylhydraz ine  (3 cm"5) .  A f te r  5 hours the  f i lm  was
3

removed and washed w ith  m ethanol (4 x 50 cm ) and then a llow ed to  

dry  between f i l t e r  papers.

^ max ( th in  f i lm )  280 nm; ^ max (1% HBr/m ethanol) 280 nm

5 .7 .2 .2  C hitosan p -n itro p h e n y lh yd ra zo n e

3
A c h ito sa n  f i lm  (0 .1  g) was steeped in  methanol (200 cm ) sa tu ra te d  

w ith  £ -n itro p h e n y lh y d ra z in e . A f te r  16 hours the f i lm  was removed and 

tre a te d  in  a s im ila r  manner to  the  phenylhydrazone p ro d u c t.

* max ( th in  f i lm )  395 nm; * max (1% HBr/m ethanol) 385 nm

5 .7 .3  Formazan d e r iv a t iv e s

5 .7 .3 .1  A ry lhydrazone formazans

The formazan d e r iv a t iv e  o f both ch ito sa n  phenylhydrazone and 

c h ito sa n  £ -n itro p h e n y lh yd ra zo n e  were prepared in  the  same way:

A n ilin e  (1 .3  g) was d is s o lv e d  in  18% (v /v )  h y d ro c h lo r ic  ac id  

(10 cm3 ) and the  s o lu t io n  coo led to  Q°C. To th is  was added, by d rop -
3

wise a d d it io n ,  a s o lu t io n  o f sodium n i t r i t e  (1 .3  g) in  water (5 cm ) 

w ith  the  tem pera ture m a in ta ined  a t Q°C. To the  re s u lt in g  diazonium 

s o lu t io n  was. added m ethanol (80 cm"5) and p ry id in e  (20 cm3 ) .

A ch ito sa n  a ry lhyd razone  f i lm  (0.05 g) was then steeped in  t h is  

s o lu t io n  fo r  24 hours a t 0°C. The f i lm  was removed, washed w ith  

m ethanol (4 x 50 cm ) and a llow ed to  d ry  between f i l t e r  papers.
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c h ito sa n  phenylhydrazone form azan:

X max ( th in  f i lm )  2B0 nm, 420 nm (sh )

X max (1% HBr/m ethanol) 265 nm, 420 nm (sh )

c h ito s a n  £ -n itro p h e n y lh yd ra zo n e  formazan:

X max (1% HBr/m ethanol) 265 nm, 400 nm (sh )

5 .7 .3 .2  Attempted formazan fo rm a tio n  from ch ito sa n  phenylasazone

Chitosan phenylasazone uas i n i t i a l l y  ob ta ined  in  f i lm  form 

accord ing  to  the  method o u t lin e d  in  S ec tion  5 .6 .2 .  The f i lm  uas 

reac ted  under s im ila r  c o n d it io n s  to  those described  in  S ec tion  5 .7 .3 .1  

fo r  a ry lhyd ra zones . A second f i lm  uas reac ted  in  an id e n t ic a l d iazon - 

ium s o lu t io n  uh ich  a lso  con ta ined  2M e th a n o lic  potassium  hydrox ide  

(20 cm3 ) .

5 .7 .3 .3  P re p a ra tio n  o f D -g lu cose -p -n itrophe ny lhyd ra zone  formazan

153D -g lu co se -£ -n itrophe ny lhyd ra zone  (1 g) uas d is s o lv e d  in  e thano l

3 3(40 cm ) and p y r id in e  (60 cm ) ,  and coaled to  0DC. A n ilin e  (1 .3  g)

uas d is s o lv e d  in  18% ( v /v )  h y d ro c h lo r ic  ac id  (10 cm3 ) a t 0QC.

Td t h is  uas added, by d ropu ise  a d d it io n ,  a s o lu t io n  o f sodium n i t r i t e

(1 .3  g) in  u a te r (5 cm3 ) a lso  a t QaC. The re s u lt in g  diazanium  s o lu t io n

uas added, by d ropu ise  a d d it io n ,  to  the  D -g lucose~£-n itropheny lhyd razone

s o lu t io n  and the  uho le system s t i r r e d  fa r  30 m inu tes, a f te r  uh ich  i t
3

uas poured onto crushed ic e  (1500 cm ) .  The re s u lta n t  p re c ip ita te d  

s o l id  uas f i l t e r e d  o f f  and r e c r y s ta l l is e d  from rv-bu tanal sa tu ra te d  

u i th  u a te r .

Y ie ld  -  0 .6  g ; x max (e th a n o l)  395 nm, 285 nm



5 .a P re p a ra tio n  o f phenylosazane d e r iv a t iv e s  o f model compounds

5 .8 .1  From IM -acetyl-D -glucosam ine

To l^ -ace ty l-D -g lucosam ine  (0 .5  g) was added the  minimum Qf w ater
3

re q u ire d  f o r  d is s o lu t io n .  To th is  was added phenylhydraz ine  (1 .25  cm )

3 3in  m ethanol (5 cm ) ,  g la c ia l  a c e t ic  ac id  (1 cm ) and sodium ace ta te

(□ .5  g ) .  The s o lu t io n  was .heated in  a water bath a t 40aC fo r  2 hours

a f te r  which the re s u lta n t  p r e c ip ita te  was f i l t e r e d  o f f  and washed w e ll

w ith  w a te r.

Y ie ld  = 0.09 g; m .p. = 206DC ;vm ax (KBr) 1605 cm” 1 , 1505 cm” 1 

(phenyl r in g ) ,  1540 cm” 1 (N -H ), 1575 cm" 1 d o u b le t (l\i=(\l)

5 .8 .2  From sodium D -g lu cu ro n ic  ac id

To sodium D -g lu cu ro n ic  a c id  (1 g) d isso lve d  in  the  minimum o f
3 3

w ater was added pheny lhydraz ine  (1 .5  cm ) in  methanol (5 cm ) ,  g la c ia l  

3a c e t ic  ac id  (2 cm ) and sodium ace ta te  (1 g ) .  The s o lu t io n  was heated 

a t 60dG fo r  2 hours. On c o o lin g , c r y s ta l l i s a t io n  occured. The
3

c ry s ta ls  were f i l t e r e d  o f f  and washed w ith  ch lo ro fo rm  (100 cm ) .  

R e c ry s ta ll is a t ia n  was c a r r ie d  ou t us ing a 50/50 ( v /v )  w a te r/e th a n o l 

system.

Y ie ld  = 0 .8  g; m .p. *  110DC;Vmax (KBr) 1605 cm” 1, 1500 cm” 1 

(phenyl r in g ) ,  1540 cm” 1 (IM-H), 1585 cm” 1 (I\l~l\l)

5 .9  Rate o f phenylosazone fo rm a tio n

5 .9 .1  R e la tiv e  ra te s  o f fo rm a tio n  from D-glucose and i\l-a c e ty .l-  

D-glucosamine

To D-glucose (0.41 g) and N -ace ty l-D -g lucosam ine  (0 .5  g ) , each



3 3d is s o lv e d  in  water (10 cm ) ,  were added pheny lhydraz ine  (0 .75 cm )

in  m ethanol (5 cm"5) ,  g la c ia l  a c e t ic  a c id  (1 .25  crrf5) and sodium ace ta te

(0 .5  g ) .  Both s o lu t io n s  were d i lu te d  to  100 crn5 in  f la s k s  f i t t e d

w ith  r e f lu x  condensers and p laced in  a w ater bath a t 40°C. A s e r ie s

o f a l iq u o ts  (5 crrf5) were removed from  each s o lu t io n  a f te r  va rio u s

in te r v a ls  and the  u v /v is ib le  absorbance in te n s i t ie s  o f the  removed

a liq u o ts  recorded a t 395 nm in  1 cm c e l ls  a t  2QDC.

5 .9 .2  Rate o f phenylasazone fo rm a tio n  from  c h ito sa n

Chitosan (3 g) was d is s o lv e d  in  1% (v /v )  aqueous a c e t ic  ac id

3 3(450 cm ) ,  to  which was then added pheny lhydraz ine  (6 cm ) and sodium

ace ta te  (3 g ) .  The s o lu t io n  was heated a t 70°C under r e f lu x  and
3

a liq u o ts  (50 cm ) o f the  s o lu t io n  were removed a f te r  va rio u s  re a c t io n  

tim es and the  c h ito sa n  phenylosazones p re c ip ita te d  accord ing  to  the 

procedure described  in  S ec tion  5 .7 .1 .1 .  The p rodu c t (0 .1  g, a c c u ra te ly  

weighed) was d is s o lv e d  in  1% ( v /v )  hydrobrom ic a c id  (50 cm*5) and the 

u v /v is ib le  absorbance in te n s i t y  recorded a t 395 nm in  1 cm c e l ls .

5.10 P repa ra tion , o f a s e r ie s  o f phenylosazones from degraded ch ito sa n

C hitosan (4 g) was d is s o lv e d  in  10% (v /v )  aqueous a c e t ic  a c id  
3

(400 cm ) .  The s o lu t io n  was heated under r e f lu x ,  a t the  b o i l ,  and

a liq u o ts  (65 crrf5) were removed a t  12 h o u rly  in te r v a ls .  Each a l iq u o t

3 3was tre a te d  by the  a d d it io n  o f pheny lhydraz ine  (3 cm ) ,  water (135 cm )

and sodium ace ta te  (1 g) a f te r  which i t  was heated a t 70aC fo r  48 hours.

The ch ito s a n  phenylosazone was p re c ip ita te d  from s o lu t io n  and p u r i f ie d

as described  in  S ec tion  5 .7 .1 .1 .  "The samples produced were la b e lle d



5 .10 .1  Chemical re d u c tio n  o f ch ito s a n  and subsequent deg rada tion

and p re p a ra tio n  o f a s e r ie s  o f phenylosazones

C hitosan (6 g) was s lu r r ie d  in  methanol (300 cm3 ) and run in to  a 

2 cm d iam eter column. The column was e lu te d  w ith  a methanal/5% a c e tic  

a c id  (95 /5  ( v /v ) )  s o lu t io n  u n t i l  the  c h ito sa n  p a r t ic le s  were: sw o lle n . 

The p roduct was then r in s e d  w ith  m ethanol and a i r  d r ie d .  The s o l id  

ob ta ined  was d is s o lv e d  in  1% ( v /v )  aqueous hydrobrom ic a c id  and cooled 

to  0DC, a f te r  which sodium borohyd ride  (10 g) in  w ater (200 cm3 ) was 

s lo w ly  added to  the  v ig o u ro u s ly  s t i r r e d  s o lu t io n .  S im u ltaneous ly  a 

10% ( v /v )  hydrobrom ic a c id  s o lu t io n  (100 cm ) was added a t a ra te  

s u f f ic ie n t  to  m a in ta in  the  pH a t about 3 . A f te r  a d d it io n  o f both 

s o lu t io n s  was com plete the  c h ito s a n  was re p re c ip ita te d  by the  a d d it io n  

o f  methanol/0.QQ0 ammonia (7 /3  ( v /v ) ,  1200 cm3 ) ,  f i l t e r e d  an a mono

f ila m e n t p o ly e s te r  c lo th  and washed w ith  methanol u n t i l  the  f i l t r a t e  

was n e u tra l to  l i tm u s .  The methanol-damp s o l id  was then d isso lve d
3

in  10% ( v /v )  aqueous a c e t ic  a c id  (600 cm ) and the  s o lu t io n  m ain ta ined  

a t 70°C in  a f la s k  f i t t e d  w ith  a r e f lu x  condenser. At va rio u s  in t e r -  

v a ls  a l iq u o ts  (85 cm ) were removed and tre a te d  as described  in  

S e c tion  5 .1 0 , to  g ive  a s e r ie s  o f ch ito s a n  phenylosazones la b e lle d  

7 -13 .

5.11-. M o lecu la r w e igh t a n d -v is c o m e tr ic  de te rm in a tio n s

5 .11 .1  S pectroscop ic  d e te rm in a tio n  o f m o lecu la r w e igh t (Rn)

The procedure fo r  a l l  the  degraded c h ito sa n  phenylosazones was 

id e n t ic a l .  A known w e igh t o f  m a te r ia l (about 0 .1 g) was d is s o lv e d  

in  a known volume o f a m ethanal/0 .1M  hydrobrom ic ac id  (7 /3  ( v /v ) )  

s o lu t io n  (u s u a lly  50 cm ) and the  u v /v is ib le  absorbance in te n s ity
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recorded a t 395 nm in  1 cm c e l ls  a g a in s t the standard  methanol/HBr 

s o lv e n t.  The absorbance in te n s ity  can be re la te d  to  the  number 

average m o lecu la r u e ig h t (see R e s u lts ) .

5 .11 .2  Wiscometry

D ilu te  s o lu t io n  v is c o m e tr ic  measurements uere made using the  

degraded c h ito s a n  phenylosazones, samples 1-13, in  0.1M a c e tic  a c id /  

0.2ty sodium c h lo r id e  and on samples 7, 9, 11 and 12 in  a 0.1M a c e t ic  

ac id /0 .02M  sodium c h lo r id e  s o lv e n t.  The c o n d it io n s  and procedure uere 

as o u t lin e d  in  S ec tion  5 .3 , except th a t  d i lu t io n s  uere no t made by 

a d d it io n  o f  s o lv e n t to  the  polymer in  the  v isco m e te r. Ins tead  the 

samples uere i n i t i a l l y  prepared a t fo u r  d i f f e r e n t  c o n c e n tra tio n s .

A f te r  the  f lo u  tim e o f the  most d i lu t e  s o lu t io n  uas measured i t  uas 

removed from the  v iscom ete r by s u c t io n , uh ich  uas then uashed tu ic e  

u i th  a liq u o ts  (10 cm'5) o f  the  nex t mast d i lu te  s o lu t io n ,  be fo re  f lo u  

tim e measurements uere made on a t h i r d  a l iq u o t  o f th a t  s o lu t io n .

5.12 P re p a ra tio n  o f a s e r ie s  o f ch ito sa n s  o f va ry in g  degree o f  

l\l- a c e ty la t io n

These uere prepared by homogeneous N -a c e ty la tio n  o f  ch ito sa n

accord ing  to  the  genera l method o f Moore and R o b e r ts ^ 0 . Chitosan

3(6 .25  g) uas d isso lve d  in  1% ( v /v )  aqueous a c e t ic  a c id  (625 cm ) .

Th is  s o lu t io n  uas d iv id e d  in to  5 equal p o r t io n s  to  each o f uh ich  uas 

added methanol (150 cm"5) and then se p a ra te ly  the fo l lo u in g  volumes

o f a 2% ( v /v )  s o lu t io n  o f a c e tic  anhydride in  methanol (3 .5  cm ,

3 3 3 312 cm , 15 cm , 20 cm and 3D cm ) .  A f te r  1 hour the polymer in  each

s o lu t io n  uas p re c ip ita te d  by pou ring  onto m ethanal/Q .880 ammonia

(7 /3  ( v /v ) ,  100 cm ) ,  f i l t e r e d  o f f  and uashed u e l l  u i th  m ethanol,
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u n t i l  f re e  from  ammonia, and then u i th  e th e r (100 cm"5) be fo re  being 

a i r  d r ie d .

5.13 P re p a ra tio n  o f N -(2 ,A -d in itro p h e n y l) .-c h ito s a n

5 .13 .1  Heterogeneous re a c t io n

A ch ito sa n  f i lm  (0 .1  g) uas steeped in  methanol (200 cm3 ) c o n ta in -
3

ing  2 ,A -d in itro flu o ro b e n z e n e  (DNFB) (1 cm ) ,  f o r  7 days. The f i lm
3

uas removed from the  s o lu t io n  and uashed u i th  methanol (2 x 25 cm )

and s o x h le t e x tra c te d  u i th  m ethanol (150 cm3 ) f o r  hours.

v max ( th in  f i lm )  1620 cm” 1 , 1520 cm” 1 (phenyl r in g ) ,  1590 cm” 1,

1330 cm” 1 (-C-NQ2 )

5 .1 3 .2  Homogeneous re a c t io n

To ch ito sa n  (0 .6  g) uas added a 1% ( v /v )  s o lu t io n  o f  a c e t ic  a c id
3 3  3

(60 cm ) and m ethanol (150 cm ) c o n ta in in g  DIMFB (1 cm ) .  A f te r  the

onset o f g e la t io n  one h a l f  o f  the  system uas removed and blended u i th

3 3methanol (100 cm ) .  The r e s u lt in g  s lu r r y  uas added to  e th e r (100 cm )

to  a id  p r e c ip i ta t io n  o f the  po lym er. The s o l id  uas f i l t e r e d  o f f ,

3 3uashed u i th  methanol (200 cm ) and e th e r (100 cm ) be fo re  being a lla u e d

to  a i r  d ry .  The re s u lta n t  p roduc t uas s o x h le t e x tra c te d  u i th  methanol

(150 cm3 ) fo r  6 hours, f i l t e r e d  and d r ie d .

The second h a l f  o f  the  re a c t io n  m ix tu re  uas a llo u e d  to  undergo 

syne re s is  and uas then tre a te d  in  an id e n t ic a l manner to  the  f i r s t  

p o r t io n .

v max (HBr) 1620 cm 1 , 1520 cm” 1 (phenyl r in g ) ,  1690 cm” 1 ,
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5.14 P re p a ra tio n  o f model N“ (2 ,4 -d in i t r o p h e n y l) - d e r iv a t iv e s

5 .14 .1  From D-glucosamine

D-glucasamine (1 g ) was d is s o lv e d  in  a minimum q u a n tity  o f w ater

3 3to  which was added DNFB (2 cm ) in  e th a n o l (100 cm ) .  The s o lu t io n

was l e f t  to  stand in  a stoppered f la s k  fo r  2 days a t room tem perature

a f te r  which i t  was evaporated to  dryness on a vacuum ro ta ry  evapora to r

a t the  b o i l .  The p roduc t was re c r y s ta l l is e d  from  hot w a te r, f i l t e r e d

and washed w ith  a sm a ll amount o f  co ld  w a te r.

Y ie ld s  1.2 g; m .p. = 179°C; xmax (w a te r) 360 nm ( emax 16,500)

5 .1 4 .2  From cyc lohexy lam ine

Cyclohexylam ine (1 g) was d is s o lv e d  in  methanol (50 cm"5) c o n ta in -
3 nin g  DNFB (2 cm ) .  The s o lu t io n  was heated fo r  2 hours a t 60 C and

a llow ed to  c o o l, which caused c r y s ta l l i s a t io n .  The ye llo w  c ry s ta ls

were f i l t e r e d  o f f  and washed w ith  co ld  w a te r. They were re c y r s ta l l is e d

from a minimum o f 50/50 ( v /v )  m e thano l/w a te r.

Y ie ld s  o .a  g; m .p. s 147°C; Xmax (m ethanol) 349 nm (emax 16,350)

5 .14 .3  Franr m orpholine

3
To m orpholine (1 g) was added DNFB (2 .5  cm ) d is s o lv e d  in  methanol 

3
(100 cm ) .  The s o lu t io n  was shaken and a llow ed to  stand u n t i l  the  

p roduc t separated out as an a i l  and i t  was then p laced in  an ic e  box 

fo r  16 hours to  induce c r y s ta l l i s a t io n .  The s o l id  was f i l t e r e d  o f f ,  

washed w ith  a l i t t l e  w a ter and r e c r y s ta l l is e d  from ho t m ethanol.

Y ie ld s  1.3 g; m .p. s 116°C; Imax (a ce tone /w a te r) 380 nm \



5 .14 .4  From d ie thano lam ine

3
To d ie thano lam ine (1 g) uas added DNFB (1 .75 cm ) d isso lve d  in

methanol (100 cm3 ) .  The s o lu t io n  uas a llo u e d  to  stand fo r  2 hours

3a f te r  uh ich  a fu r th e r  a d d it io n  o f methanol (250 cm ) uas made. I t  uas 

then p laced in to  an ic e  box fa r  16 hours uh ich caused c r y s ta l l i s a t io n  

to  occu r. The p roduct uas f i l t e r e d  o f f  and re c r y s ta l l is e d  from ho t 

m ethanol.

Y ie ld = 0 .8  g; m .p. = 98°C; *max (a c e to n e /u a te r) 390 nm (smax 13,66*0

5 .1 4 .5  2 ~ a m in a -2 -d e o xy -sa rb ito l

A sample o f  f re s h ly  prepared D-glucasamine (2 .5  g) uas d isso lve d  

in  the  minimum o f u a te r .  To th is  uas added, by d ropu ise  a d d it io n ,  u i th
3

s t i r r i n g ,  a s o lu t io n  o f  sodium barohydride  (0 .6  g) in  u a te r (15 cm ) .  

A f te r  the  a d d it io n  uas com plete the  s o lu t io n  uas l e f t  to  re a c t f o r  

20 m inutes a f te r  uh ich  i t  uas n e u tra lis e d  (as in d ic a te d  by a pH m ete r) 

us ing concen tra ted  s u lp h u r ic  a c id .  The l iq u id  uas evaporated to  near
3 3

dryness a t room tem pera ture  a f te r  uh ich  u a te r (100 cm ) and DNFB (3 cm ') 

in  methanol (100 cm3 ) uas added. The re s u lt in g  s o lu t io n  uas a llo u e d  

to  stand a t room tem pera ture  fo r  16 hours, be fo re  being evaporated to  

dryness under vacuum in  a ro ta ry  evapora to r a t 50°C. The s o l id  

ob ta ined  uas uashed u i th  co ld  m ethanol and r e c r y s ta l l is e d  from hot 

m ethanol.

Y ie ld s  1.6 g; m .p. = 2QQDC; Imax (u a te r)  360 nm

5 .14 .6  U v /v is ib le  absorbance s t a b i l i t y  o f  N - (2 ,4 -d in it r o p h e n y l) -  

d e r iv a t iv e s

Tuo genera l procedures uere used fo r  these s tu d ie s :
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a) The D1\IP d e r iv a t iv e  o f in te r e s t  uas d isso lve d  in  the  se le c te d

s o lv e n t a t a c o n c e n tra tio n  s u f f i c ie n t  to  g ive  an on sca le  u v /v is ib le

absorbance read ing  (betueen 0 and 1) a t the  p o s it io n  o f Xmax. A la rg e
3

volume o f the  s o lu t io n  (>250 cm ) uas used to  te s t  the  e f fe c t  o f 

tem pera ture  (under r e f lu x )  and tim e on i t s  s t a b i l i t y ,  u i th  sm a ll

a l iq u o ts  (5 cm. ) being removed fo r  each measurement o f  i t s  u v /v is ib le

absorbance spectrum in  the  re g io n  ADD nm to  300 nm. The fo l lo u in g  

systems uere in v e s tig a te d  in  t h is  uay:

j\l>-(2,A -D l\IP )-D -g lucasam ine in  uater.;

N-(2,A~DI\iP)-D-glucasamine in  m ethanol;

J\N-(2,A--D(\IP)--D-glucasamine in  50/50 ( v /v )  and 20/80 ( v /v )  9(\l H B r/u a te r; 

J\[-(2,4-DIM P)-cyclahexylam ine in  90/10 ( v /v )  m e th a n o l/u a te r; 

l\l~(2,A-DIMP)-diethanolam ine in  u a te r .

b ) For £ - ( 2 , A-DI\IP)-D-glucosamine and N-(2,A-D(\IP)-2-am ino~2-deoxy~ 

s o r b i t o l ,  s o lu t io n s  uere aga in prepared a t c o n c e n tra tio n s  g iv in g  on- 

sca le  uv absorbance read ings a t  Xnax. Houever in s te a d  o f  ta k in g  sm a ll

a l iq u o ts  from a la rg e  volume the  system uas tre a te d  by p rep a rin g  a

s e r ie s  o f id e n t ic a l s o lu t io n s  (15 cm3 ) in  graduated b o i l in g  tubes. 

These tubes uere heated a t 9QDC in  a u a te r bath and sealed u i th  suba-

seal. caps. At va riou s  tim es a tube uas removed and coo led ra p id ly

u i th  i.ice to  room tem pera tu re . I f  any s o lv e n t uas lo s t  by evap o ra tion
3

i t  uas rep laced  by making up to  the  graduated 15 cm mark, be fo re  the  

u v /v is ib le  absorbance spectrum uas run betueen 500 nm and 200 nm.

The fo l lo u in g  systems uere in v e s tig a te d  in  t h is  uay:

j\P-(2,A~DIMP)-0-glucosamine in  u a te r ;

JM -(2,A-D(\iP )-2-am ino~2-deoxy~sorbita l in  u a te r;

jM-(2,A-DMP)“'2 -a m in o -2 -d e o x y -s a rb ito l in  u a te r + excess D -g lucose;



N ~(2 ,4-D I\IP )-2-am inQ -2-deaxy-sorb itQ l in  water + s to ic h io m e tr ic  D -g lucose;

N -(2 ,4 -D I\IP )-2 -a m in o -2 -d e o xy -sa rb ito l in  water + excess form aldehyde.

5 .15 S a lic y la ld e h y d e  re a c tio n s

5 .15 .1  S t a b i l i t y  o f  s a lic y la ld e h y d e

The s t a b i l i t y  o f s a lic y la ld e h y d e  in  va rio u s  s o lv e n t systems was

te s te d  by p re p a ra tio n  o f s a lic y la ld e h y d e  s o lu t io n s  in  these so lv e n ts  

a t co n c e n tra tio n s  in  the  re g io n  o f 10 M. A f te r  s tand ing  fo r  v a rio u s  

tim es the  s o lu t io n s  were d i lu te d  to  the  c o n c e n tra tio n  range o f 10“  M 

and the  u v /v is ib le  absorbance in te n s i t y  recorded a t 255 nm in  1 cm c e l ls .  

The s o lv e n t systems s tu d ie d  were: m ethanol; 90/10 ( v /v )  m e thano l/w a te r; 

50/50 ( v /v )  m e th ano l/w a te r; Q0/20 ( v /v )  methanol/1% a c e t ic  a c id  and 

80/20 ( v /v )  methanol/Q.5M hydrobrom ic a c id .

5 .1 5 .2  Hetergeneous re a c t io n  w ith  ch ito s a n  and a n a ly s is  o f the

re s id u a l s a lic y la ld e h y d e

The procedure fo r  heterogeneous re a c t io n  and subsequent re s id u a l 

a n a ly s is  is  dependant ah the  approxim ate e x te n t o f JM -ace ty la tion  o f 

the  c h ito sa n  sample. For h igh  degrees o f jM -a ce ty la tia n  (50% o r mare) 

a 0 . 02M s o lu t io n  o f s a lic y la ld e h y d e  in  80/20 ( v /v )  m e th a n a l/1% a c e t ic
3

a c id  (15-20 cm ) is  used to  steep a d r ie d  sample o f the  ch ito sa n  

(0 .1  ;g;,t a c c u ra te ly  w e ighed). A f te r  48 hours both the  i n i t i a l  s tock 

s a lic y la ld e h y d e  s o lu t io n  and the  f i l t e r e d  re s id u a l s o lu t io n  were 

d i lu te d  400 tim es and t h e i r  absorbances a t 255 nm, in  1 cm c e l ls ,  

were recorded a g a in s t a standard  80/20 ( v /v )  m e th a n o l/1% a c e t ic  a c id  

s o lu t io n .  For low er e x te n ts  o f  N -a c e ty la tio n , mare o f the  Q.Q2M 

s a lic y la ld e h y d e  was re q u ire d  (25-40 cm ) fo r  the i n i t i a l  s te e p in g .
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5 .15 .3  Homogeneous re a c t io n  o f amines u i th  s a lic y la ld e h y d s

5 .1 5 .3 .1  Chitosan

Severa l homogeneous re a c t io n  systems in v o lv in g  c h ito s a n  and 

s a lic y la ld e h y d e  were s e t up, us ing  v a ry in g  c o n c e n tra tio n s  o f c h ito s a n , 

s a lic y la ld e h y d e  and a c e t ic  a c id .  Far each s p e c if ic  case the procedure 

is  s im ila r  and is  described  here fo r  the  re a c t io n  o f a 0 . 1% c h ito sa n  

s o lu t io n  u i th  s a lic y la ld e h y d e  a t a 1:5 ch ito s a n  fre e  am ine:s a l ic y l 

aldehyde r a t i o .  The ch ito s a n  s o lu t io n  uas prepared using  a c e t ic  a c id  

and K ytex L a t a m olar r a t io '  o f  a c id :c h ita s a n  o f 3 :2 .

3 3To the  c h ito sa n  s o lu t io n  (10 cm ) uas added m ethanol (20 cm ) .

The r e s u lt in g  s o lu t io n  uas mixed u e l l  and a llo u e d  to  c o o l to  room 

tem pera tu re . To t h is  uas added a f re s h ly  prepared 1% (v /v )  s o lu t io n  

o f s a lic y la ld e h y d e  in  m ethanol (3 .3  cm3 ) .  The r e s u lt in g  system uas
3

then d i lu te d  u i th  methanol to  50 cm and the u v /v is ib le  absorbance 

in te n s it y  m on ito red  as a fu n c t io n  o f tim e , a t  ^10 nm in  k cm c e l ls ,  

a g a in s t a standard c o n ta in in g  an e q u iv a le n t amount o f  s a lic y la ld e h y d e  

in  a s im ila r  s o lv e n t.  The absorbance in te n s ity  uas fo llo u e d  u n t i l  i t  

became c o n s ta n t. For o th e r experim ents a t the same o r lo u e r c h ito s a n : 

s a lic y la ld e h y d e  r a t io s ,  i t  uas assumed th a t  the re a c t io n  had reached 

e q u ilib r iu m  a f te r  5 hou rs . A l l  in v e s t ig a t io n s  uere c a r r ie d  ou t in  

an o v e ra l l 80/20 ( v /v )  m e th a n o l/u a te r s o lv e n t system.

5 .1 5 .3 .2  D-glucosamine

Th is  uas c a r r ie d  ou t both  in  the  presence and absence o f a c e t ic  

a c id .  Tuo s o lu t io n s  o f  D-glucasam ine in  u a te r uere prepared both  a t 

a c o n c e n tra tio n  o f Q.Q0107M bu t u i th  one c o n ta in in g  a c e t ic  a c id  a t a



m olar r a t io  o f D -g lucosam ine :ac id  o f 7 :2 .  Both s o lu t io n s  were?-then- 

tre a te d  in  a s im ila r  manner.

To the s o lu t io n  (10 cm"3) uas added m ethanol (20 cm3 ) and a f re s h ly  

prepared 1% ( v /v )  s o lu t io n  o f s a lic y la ld e h y d e  in  m ethanol (3 .3  cm3 ) .

The s o lu t io n  uas d i lu te d  to  50 cm3 u i th  m ethanol and the  u v /v is ib le  

absorbance in te n s ity  uas m on ito red  as a fu n c t io n  o f tim e u n t i l  co n s ta n t 

(a t  396 nm in  the  absence o f a c id , and a t MO nm in  the  presence o f 

acid.) a g a in s t an e q u iv a le n t s a lic y la ld e h y d e  standard  in  1 cm c e l ls .

5 .15 .4  General heterogeneous re a c t io n  betueen ch ito s a n  and 

s a lic y la ld e h y d e

The heterogeneous re a c t io n  o f  c h ito sa n  u i th  s a lic y la ld e h y d e  uas 

c a r r ie d  ou t on c h ito s a n , both  i n Tf i lm  form  and uhen adsorbed on a 

s u b s tra te .

The c h ito sa n  sample in  f i lm  form (0 .1  g ) , o r uhen adsorbed on a

s u b s tra te  (0 .25  g ) ,  uas steeped in  a 1% (v /v )  s o lu t io n  o f  s a l ic y la ld e -

3hyde in  methanol (100 cm ) .  A f te r  46 hours the sample uas removed
3

and uashed u i th  m ethanol (4 x 25 cm ) and then steeped in  methanol

(50 cm3 ) f o r  16 hours, a f te r  uh ich  i t  uas sa x h le t e x tra c te d  u ith  
3

methanol (150 cm ) f a r  a fu r th e r  4 hours in  the  presence o f d ispersed  

ch ito s a n  pouder (1 g) uh ich  ac ts  as a s a lic y la ld e h y d e  scavenger.

5 .15 .5  Acid h y d ro ly s is  o f IM -sa licy lid e n e  ch ito sa n

5 .1 5 .5 .1  C a lib ra t io n  f o r  c h ito sa n

Four samples o f c h ito sa n  (Kytex L) in  f i lm  form  rang ing  in  dry 

u e ig h t (a c c u ra te ly  ue ighed) from  0.005 g to  0.03 g uere heterogeneously 

reac ted  u i th  s a lic y la ld e h y d e  and tre a te d  as described  in  S ec tion  5 .1 5 .4 .



Each sample uas then steeped in  a s o lu t io n  o f  80/20 ( v /v )  m ethano l/ 

Q.5M HBr (20 cm3 ) fo r  16 hours in  a stoppered f la s k .  The s o lu tio n s  

uere then d i lu te d  by a fa c to r  o f 50 and t h e ir  uv absorbance in te n s ity  

a t  255 nm in  1 cm c e l ls  recorded a g a in s t a s im ila r  s o lv e n t as the 

re fe re n c e .

5 .1 5 .5 .2  H y d ro ly s is  o f  (M -sa licy lidene  ch itosa n -pape rs

Chitosan tre a te d  papers uere reac ted  u i th  s a lic y la ld e h y d e  and 

tre a te d  as o u t lin e d  in  S e c tion  5 .1 5 .4 . A p o r t io n  o f the  j\N -s a lic y l-  

idene ch itosa n -pape r uas used f o r  a m o is tu re  d e te rm in a tio n  measurement 

by d ry in g  to  cons tan t u e ig h t,  u h i ls t  a second p o r t io n  ( 0 .2  g a c c u ra te ly  

ueighed) uas steeped in  80/20 ( v /v )  m ethanol/0.5M  HBr s o lv e n t (20 cm ) 

f o r  16 hours in  a stoppered f la s k .  The s o lu t io n  uas then d i lu te d  to  

g ive  an on sca le  uv. absorbance read ing  a t 255 nm, in  1 cm c e l ls ,  

a g a in s t a s im ila r  re fe re n ce  s o lv e n t.  (For ch ito sa n  co n c e n tra tio n s  

betueen 0 and 0.5% a . u . f .  the  s o lu t io n  uas u s u a lly  d i lu te d  5 t im e s ) .

5 .1 5 .6  P repa ra tion  o f IM-s a lic y lid e n e -D -g lu c o s a m in e

D-glucasamine (1 g) uas d is s o lv e d  in  the minimum 

o f u a te r .  To th is  s o lu t io n  uas added methanol (50 cm3 ) and s a l ic y l -
3

aldehyde (2 cm ) .  The m ix tu re  uas l e f t t o  stand fo r  3 hours a t room 

tem pera tu re , a f te r  uh ich  the  s o lv e n t uas evaporated o f f  under vacuum 

on a ro ta ry  e va p o ra to r. The s o l id  ob ta ined  uas uashed u i th  ch lo ro fo rm  

and r e c r y s ta l l is e d  from  50/50 ( v /v )  ch lo ro fo rm /m e thano l.

Y ie ld  1.2 g; m .p. 1S1DC; Amax (u a te r)  393 nm (emax 6600)

5 .15 .7  P re p a ra tio n  o f c h ito s a n  tre a te d  papers fo r  re a c t io n  u i th

s a lic y la ld e h y d e



5.15.7..1  D epos ition  o f  c h ito s a n  frpm  a s o lu t io n  o f knoun c o n c e n tra tio n

A p iece  o f e ven -d ried  (100°C) paper hand sheet (G.2 g, a c c u ra te ly
3

weighed) was steeped in  a c h ito s a n  a ce ta te  s o lu t io n  (100 cm ) o f 

known c o n c e n tra tio n . The sheet was removed from  the  l iq u id  a f te r  

30 seconds and the  excess s o lu t io n  a llow ed to  d ra in  away. The sheet 

was then pressed between b lo t te r s  to  remove the  rem a in ing  excess 

s o lu t io n ,  a f te r  which i t  was im m edia te ly reweighed and oven d r ie d  

a t 6QaC.

5 .1 5 .7 .2  General d e p o s it io n  o f ch ito sa n

This method was used on paper samples th a t  were to  be subsequently 

analysed by re a c t io n  w ith  the  s a lic y la ld e h y d e  fa llo w e d  by^the h y d ro ly s is  

o f the  S c h i f f 's  base formed (see S e c tion  5 .1 5 .5 .2 ) .

A sample o f the  re q u ire d  hand sheet (O.i* g ) was steeped in  a

ch ito sa n  ace ta te  s o lu t io n  (100 cm ) f o r  30 seconds. (The c o n c e n tra tio n

o f the ch ito sa n  s o lu t io n  does not have to  be known a c c u ra te ly , bu t in

genera l the h ig h e r the c o n c e n tra tio n  the  more ch ito s a n  deposited.- The

* -3co n c e n tra tio n s  were u s u a lly  in  the  range 0;25 -  1 g dm ) .  The sheet 

was removed and the excess l iq u id  d ra ined  o f f ,  be fo re  i t  was pressed 

between two b lo t t e r s .  I t  was then hung up to  d ry  in  a c o ld  a i r  stream , 

in  a p o s it io n  where the  paper th ickn e ss  was in  the  h o r iz o n ta l p lane .

Th is was achieved by the  use o f  c l ip s  in  a la d d e r arrangem ent, liihen 

d ry  the  sheet was steeped in  a la rg e  excess o f m ethanal/0 .880 ammonia 

(7 /3  ( v /v ) )  fa r  16 hours, fa llo w e d  by washing w ith  copious q u a n t it ie s  

o f methanol and f i n a l l y  d ry in g  between f i l t e r  papers.

5 .1 5 .8  R e flectance  measurements on N -s a lic y lid e n e  ch ito sa n -p a p e r

samples



R eflec tance  measurements uere c a r r ie d  ou t on the  SP 500 s in g le  

beam apparatus a t 40Q nm, a g a in s t .a magnesium carbonate b lock  o r  the 

un tre a te d  s u b s tra te  as s tandard , and a lso  on the I .C .S . Micromatch . 

a t  16 d i f f e r e n t  uave lengths from 400 nm a t 20 nm in te r v a ls  us ing the 

s u b s tra te  as a re fe re n c e . In  both cases a t r i p l e  th ickn e ss  o f sample, 

uas used and measurements uere taken on both s ides  a t  fo u r  d i f f e r e n t  

re g io n s  o f the  sample.

5.16 P re p a ra tio n  and re a c tio n  o f c h ito sa n  s a lts

5 .16 .1  Chitosan hydrobrom ide

3 .

C hitosan (0 .5  g) uas d is s o lv e d  in  Q.2M hydrobrom ic a c id  (100 cm ) .  

To th is  s o lu t io n  uas added 9N hydrobrom ic ac id  (50 cm"5) uh ich  caused 

p r e c ip i ta t io n  o f the  hydrobrom ide s a l t  o f  c h ito s a n . Complete p re c ip 

i t a t io n  uas ensured by v igo rous  s t i r r i n g .  The r e s u lt in g  " c o l lo id a l -  

l i k e "  s lu r r y  uas c e n tr ifu g e d  a t 2000 rpm fo r  30 m inu tes, a f te r  uh ich  

the  supe rna ten t uas removed and methanol (200 cm ) added. The system 

uas shaken and re c e n tr ifu g e d  f a r  a fu r th e r  30 m inutes a t 2000 rpm.

A f te r  the  supe rna ten t uas decanted o f f  the  ch ito sa n  hydrobrom ide uas 

f i l t e r e d  and uashed u e l l  u i th  m ethanol u n t i l  the f i l t r a t e  uas n e u tra l 

to  l i tm u s .  The s o l id  uas then uashed u i th  e th e r (100 cm"5) and a llo u e d  

to  a i r  d ry . liihen d ry  i t  uas r e s lu r r ie d  in  methanol f o r  10 m inutes 

and then f i l t e r e d .  This process uas repeated th re e  more tim es , a f te r  

uh ich  the  p roduc t uas f i n a l l y  uashed u i th  e th e r (100 cm3 ) and d r ie d  

in  a vacuum d e s ic c a to r over ca lc ium  c h lo r id e .

5 .1 6 .1 .1  T i t r a t io n  o f hydrobrom ide s a l ts

The ch ito sa n  hydrobrom ide (0 .2  g, a c c u ra te ly  ue ighed) uas d isso lve d  

in  u a te r (100 cm3 ) .  Th is  uas then t i t r a t e d  a g a in s t a standard Q.1M



sodium hydrox ide  s o lu t io n  using  a m ic ro b u re tte  and u i th  p h e n o lp h th a le in  

as in d ic a to r ,  u n t i l  a permanent red t i n t  uas observed.

5 .1 6 .2  Chitosan h y d ro c h lo r id e

This uas made in  an id e n t ic a l  uay to  the hydrobrom ide s a l t  (see 

S e c tion  5 .1 6 .1 ) except the  c h ito s a n  uas i n i t i a l l y  d is s o lv e d  in  Q.2M 

h y d ro c h lo r ic  a c id  and p re c ip ita te d  by the  a d d it io n  o f 36% h y d ro c h lo r ic  

a c id ...

5.17 R a d io is o to p ic  s tu d ie s

145 .17 .1  Quench c o r re c t io n  fo r  a c e t ic  anhydride on C - la b e lle d  

hexadecane

6 -1 14The standard  1.17 x 10 dpm g C-hexadecane (0 .4  g, a c c u ra te ly  

ue ighed) uas d is s o lv e d  in  the  s c in t i l l a t i o n  f l u i d  T (250 cm*5) .  

iMine s o lu t io n s  uere prepared each c o n ta in in g  the  h e x a d e c a n e /s c in t il le
3

a t ia n  s o lu t io n  (10 cm ) and va ry in g  amounts o f u n la b e lle d  a c e t ic  

a n h y d rid e ' (from  0 - 1 . 5  cm*5) .  The s c in t i l l a t i o n  counts per m inute 

fo r  each o f these s o lu t io n s  uas then measured a t tuo  d i f f e r e n t  channel 

u id th s  o f  50-1000 and 50-100.

5 .17 .2  D e te rm ina tion  o f quench f o r  1̂ C - la b e lle d  a c e t ic  anhydride 

d i lu te d  u i th  u n la b e lle d  a c e t ic  anhydride

The standard  1000 yC i/10Q  cm*5 ^ C - la b e lle d  a c e t ic  anhydride (10 cm*5)
3

uas d i lu te d  to  27 cm u i th  u n la b e lle d  a c e t ic  anhyd ride . Th is  s o lu t io n
3 3

(1 cm ) uas fu r th e r  d i lu te d  to  100 cm u i th  more u n la b e lle d  reage n t.

To th is  s o lu t io n  (1 g, a c c u ra te ly  ueighed) uas added the  s c in t -

-267-

-i-1..... .ini t - LI:—i—■



3 -
i l l a t i o n  f l u i d  T (10 cm ) and the  s c in t i l l a t i o n  counts per m inute 

f a r  t h is  system uas measured a t the  50-1000 and 50-100 channel u id th s .

5 .18 A dsorp tion  o f c h ito s a n  onto  c e l lu lo s e  and m o d ifie d  c e llu lo s e s

5 .18 .1  P re p a ra tio n  o f pu lps

5 .1 8 .1 .1  O x id a tio n  o f  p u r i f ie d  c o tto n

The p u r i f ie d  c o tto n  uas o x id is e d  to  v a rio u s  e x te n ts  by a l te r in g  

the  r a t io s  o f reagents to  c e l lu lo s e  (see Table A 9). O ther than th is  

the  procedure fa r  a l l  the  samples uas the  same and is  described  here 

f o r  the  p ro d u c tio n  Df sample A.

P u r i f ie d  co tton . (10 g) uas d ispe rsed  in  a Q.Q1M s o lu t io n  o f sodium 

p e rio d a te  (500 cm ) f o r  2k hours in  the  absence o f l i g h t .  D uring th is  

tim e the  sytem uas a g ita te d  a t re g u la r  in te r v a ls .  The pu lp  uas removed 

from  the  suspension by f i l t r a t i o n  and s lu r r ie d  fo u r  successive tim es 

in  u a te r (500 cm"3) f o r  10 m inu tes, being f i l t e r e d  a f te r  each tre a tm e n t.

F in a l ly  i t  uas suspended in  u a te r (500 cm"3) f o r  16 hours, f i l t e r e d  and
3

red isp e rse d  in  a Q.2M sodium c h la r ite /1 M  a c e t ic  a c id  s o lu t io n  (500 cm ) 

f o r  72 hou rs . A f te r  t h is  tim e the  pu lp  uas f i l t e r e d  o f f  and uashed 

on the  f i l t e r  pad u i th  u a te r (1000 cm"3) .

The o x id is e d  c e l lu lo s e  uas then steeped in  a 1M sodium hydrox ide
3

s o lu t io n  (500 cm ) f a r  16 hours, f i l t e r e d  and uashed u i th  u a te r

3 3(1000 cm ) ,  fo llD u e d  by tre a tm e n t u i th  1M h y d ro c h lo r ic  a c id  (500 cm )

f a r  a fu r th e r  16 hou rs . The pu lp  uas f i l t e r e d  and uashed on the

f i l t e r  pad u i th  u a te r u n t i l  the  f i l t r a t e  uas n e u tra l to  l i tm u s .  I t

uas then a llo u e d  to  a i r  d ry  a t room tem pera tu re . A f te r  d e te rm in a tio n

o f i t s  ca rb o xy l co n ten t (see S ection  5 .A .2 .1 )  the pu lp  uas s to re d

a t 0QC u n t i l  re q u ire d .



5 .1 6 .1 *2  R eactive  dyeing o f p u r i f ie d  c o tto n

: i R eactive  dyeings were c a r r ie d  c u t a t the 1%, 5% and 10% le v e ls  

based on the w e igh t o f  the  p u lp . The method described  here is  fa r  

the 1% le v e l.

3
P u r if ie d  c o t to n (10 g) was suspended in  a s o lu t io n  (400 cm ) 

c o n ta in in g  commercial C . I .  R eactive  Red 13 (0 .1  g) and sodium c h lo r id e  

(32 g ) .  The pu lp  was i n i t i a l l y  v ig o ro u s ly  s t i r r e d  f o r  20 m inutes and 

l e f t  f o r  72 hours w ith  o ccas iona l s t i r r i n g .  The c o tto n  was f i l t e r e d
3

and suspended in  a s o lu t io n  (500 cm ) c o n ta in in g  sodium carbonate (10 g ) .  

The suspension was heated a t QQaC f o r  5 hours on a w ater b a th . During 

t h is  tim e w ater was added to  the  s o lu t io n  to  o f fs e t  th a t  lo s t  by 

e va p o ra tio n .

The pulp was f i l t e r e d  and washed on the f i l t e r  pad w ith  water u n t i l  

the  f i l t r a t e  was c o lo u r le s s .  I t  was then so x h le t e x tra c te d  w ith  w ater
3

(200 cm ) to  leach ou t any rem a in ing  unreacted dye and f i n a l l y  a llow ed 

to  a i r  d ry .

5 .1 6 .1 .3  Basic dyeing o f o x id is e d  pu lps

A sample o f blended pu lp  C (2 .5  g) was tre a te d  in  a s o lu t io n  

(100 cm"5) c o n ta in in g  p u r i f ie d  Methylene Blue (1 g ) ,  1M sodium hydrox ide
3

(3 cm ) and potassium  d ihydrogen phosphate (0 .2  g) f o r  72 hours a t 

room tem pera tu re . The re s u lt in g  pu lp  was f i l t e r e d  and washed on the 

f i l t e r  pad w ith  w ater u n t i l  the  f i l t r a t e  was c o lo u r le s s , and then 

a llow ed to  a i r  d ry .

5 .1 6 .1 .4  D ire c t dyeing o f p u r i f ie d  c o tta n

P u r if ie d  c o tto n  (10 g) was suspended in  a s o lu t io n  (400 cm^)
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c o n ta in in g  com mercial C . I .  D ire c t  Y e llo u  12 (0 .5  g) and aodium c h lo r id e

(2 g ) .  The suspension uas c o n s ta n tly  s t i r r e d  a t the  b o i l  f o r  ^0

m inu tes, a f te r  uh ich  i t  uas f i l t e r e d  and uashed by successive t r e a t -
3

ments u i th  u a te r (MDQ cm ) ,  the  pu lp  being f i l t e r e d  a f te r  each t r e a t 

m ent. Due to  th e  poor uash fa s tn e ss  o f  d i r e c t  dyed c o tto n  the  removal 

o f  excess dye uas assumed to  be com plete uhen the  a d d it io n  o f  the  pu lp  

to  the  u a te r d id  no t cause an immediate c o lo u ra t io n  o f th a t  u a te r .

The p roduc t uas then a llo u e d  to  a i r  d ry .

5 .1 8 .1 .5  Mechanical tre a tm e n t o f  o x id is e d  c e llu lo s e s

3
The o x id is e d  c e l lu lo s e  (2 g) uas suspended in  u a te r (20 cm ) 

and tre a te d  in  a Waring b lendo r a t the  h igh  speed s e t t in g  fo r  30 

seconds.. The pu lp  uas f i l t e r e d  and a llo u e d  to  a i r  d ry .

5 .1 8 .2  P re p a ra tio n  o f s o lu t io n s  f o r  adso rp tion , s tu d ie s

5 .1 8 .2 .1  Chitosan ace ta te  s o lu t io n s

S o lu tio n s  uere prepared based on the  dry u e ig h t o f ch ito sa n  

(Kytex L) found by m o is tu re  d e te rm in a tio n s . Chitosan (1 g) (re g a rd le s s  

o f i t s  degree o f JM -ace ty la tion ) uas d is s o lv e d  in  a 1% (v /v )  aqueous 

a c e t ic  a c id  s o lu t io n  (^5 crn5) a f te r  uh ich  i t  uas d i lu te d  to  c lo se  to  

the  re q u ire d  volume (depending on the  re q u ire d  c o n c e n tra tio n ) u i th  

u a te r .  To th is  uas added, by d ropu ise  a d d it io n ,  a 10%' ( v /v )  aqueous 

a c e t ic  ac id  s o lu t io n  u n t i l  the pH o f the  system reached k,  as in d ic a te d  

by a pH m ete r. The re s u lt in g  s o lu t io n  uas then made up e x a c tly  to  

the re q u ire d  volume based on the  th re e  c o n ce n tra tio n s  used o f 0 .25 ,
-3

0 .5  and 1 g dm (a c c u ra te ly  d e te rm ined ).

5 .1 8 .2 .2  S o lu tio n s  u i th  added e le c t r o ly te

These uere prepared e ith e r  a t the 1 g dm” ^ c h ito s a n  c o n c e n tra tio n
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le v e l by a d d it io n  o f the  re q u ire d  amount o f the s o l id  s a l t  to  the  s tock

-3ace ta te  s o lu t io n  o r  a t  the  0 .5  g dm le v e l by a two fo ld  a d d it io n  o f
_3

a 1 g dm s o lu t io n  o f e i th e r  ch ito s a n  ace ta te  o r h y d ro c h lo r id e , 

us ing  a s tock 2M s a l t  s o lu t io n  and u a te r , to- vary  the  o v e ra l l  s a l t  

co n c e n tra tio n  betueen Q and 1M.

5 .1 8 .2 .3  C hitosan h y d ro c h lo r id e  s o lu t io n s

A des icca ted  sample o f c h ito s a n  h yd ro c h lo r id e  (0 .2 7  g ,a c c u ra te ly  

ue ighed) uas d isso lve d  in  u a te r  (250 cm3 ) .  Th is  s o lu t io n  uas i n i t i a l l y  

c a l ib ra te d  a g a in s t a standard  ch ito s a n  ace ta te  s o lu t io n ,  by metachromic 

a n a ly s is ,  to  determ ine i t s  c o n c e n tra tio n  in  terms o f i t s  ch ito sa n  

ra th e r  than ch ito sa n  h y d ro c h lo r id e  c o n te n t.

5 .1 8 .2 .4  P re p a ra tio n  and deg rada tion  o f a d so rp tio n  s o lu t io n s  and

d e te rm in a tio n  o f t h e i r  m o lecu la r u e ig h ts

A sample o f  d r ie d  ch ito s a n  (Kytex H) (0 .9  g , a c c u ra te ly  ue ighed) 

uas d isso lve d  in  1% ( v /v )  aqueous a c e t ic  ac id  (100 cm ) .  The s o lu t io n

uas d i lu te d  to  1 l i t r e  u i th  u a te r  in  a f la s k .  The f la s k  uas p laced

in to  an oven a t 70DC, a llo u e d  ta  a d ju s t to  the  tem pera tu re , and the 

f la s k  sealed to  p reven t s o lv e n t e va p o ra tio n . Before hea ting  and a f te r  

72, 144 and 216 hours a l iq u o ts  uere removed fa r  a d so rp tio n  and mole

c u la r  u e ig h t s tu d ie s . A s in lg e  c o n c e n tra tio n  v is c o m e tr ic  d e te rm in a tio n  

uas c a r r ie d  ou t on the  degraded s o lu t io n s  to  determ ine the v is c o s ity
_3

number a t  a ch ito sa n  c o n c e n tra tio n  o f about 0.45 g dm . This re q u ire d

3 3a d i lu t io n  o f the c h ito sa n  s o lu t io n  (10 cm ) u i th  a s o lu t io n  (10 cm )

c o n ta in in g  sodium c h lo r id e  (0 .234 g) and a c e t ic  a c id  (0.11 g ) .  This

a d d it io n  a d ju s ts  the  o v e ra l l  a c id  and s a l t  co n c e n tra tio n s  to  0 . 1M

a c e t ic  a c id /0 .2M sodium c h lo r id e .



5 .18 .3  C hitosan s o lu t io n  a n a ly s is

The re s id u a l amount o f c h ito s a n  rem ain ing a f te r  a d so rp tio n  onto 

c e llu lo s e  uas determ ined using a metachromic dye a n a ly s is  techn ique .

The dye, C . I .  Acid  Red 88 , uas i n i t i a l l y  c h a ra c te r is e d  u i th  a standard  

c h ito s a n  s o lu t io n  o f  the  same degree o f jM -a ce ty la tio n  and m o lecu la r 

u e ig h t as the  a d s o rp tio n  c h ito s a n  s o lu t io n .  R esidua l a n a ly s is  uas 

then c a r r ie d  ou t under id e n t ic a l  c o n d it io n s  o f dye c o n c e n tra tio n .

A la rg e  number o f these analyses uere perform ed bu t the procedure is  

s im ila r  f o r  each and is  described  here fo r  a d so rp tio n  onto pu lp  A a t 

a l i q o r  r a t io  o f AQ:1 and a tem pera ture o f 20°C, us ing a ch ito sa n  

c o n c e n tra tio n  o f 0.962 g dm”  .

C a lib ra t io n  o f dye

-3
The standard 0.962 g dm c h ito s a n  s o lu t io n  uas d i lu te d  10 tim es

using a 0.6% ( v /v )  a c e t ic  a c id  s o lu t io n .  Seven s o lu t io n s  uere then

prepared each c o n ta in in g  a s tack 0.398 g “dm‘^ ^ u id r f f b d _C j;i. Acid  Red 
3

88 s o lu t io n  (5 cm ) , and va ry in g  amounts o f the d i lu te d  ch ito sa n
3

s o lu t io n  (20, 15, 12, 8 , 6 , A and 2 cm re s p e c t iv e ly ) .  In  each case 

the  s o lu t io n s  uere made up to  250 cm3 u i th  0.6% (v /v )  a c e tic  a c id .

The absorbance in te n s ity  o f  each s o lu t io n  a t 505 nm uas then recorded 

in  1 cm c e l ls  a g a in s t a 0 . 6% ( v /v )  a c e t ic  ac id  s o lu t io n  as a re fe re n c e . 

The volumes o f the  ch ito s a n  s o lu t io n s  used uere chosen so th a t a t 

le a s t  2 o f  the absorbance read ings a t the  h ig h e r a d d it io n  le v e ls  uere 

co n s ta n t, uh ich  corresponds to  the re g io n  uhere a l l  the dye has 

in te ra c te d  u i th  the  c h ito s a n . The p a in t a t uh ich  the absorbance 

read ings i n i t i a l l y  became cons tan t (found by e x tra p o la t io n )  uas taken 

as the  end p a in t and corresponds to  the  exact amount o f  ch itosa n  

re q u ire d  fo r  the  dye.
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R esidua l ch ito sa n  a n a ly s is

The whole procedure was repeated an the ch ito sa n  s o lu t io n  a f te r  

a d s o rp tio n .

From tim e to  tim e i t  was necessary to  prepare fre s h  dye s o lu t io n s .

These were no t prepared a t the  same c o n c e n tra tio n  and o fte n  in  o rde r
3

to  inc rease  the absorbance in te n s ity  were on ly  d i lu te d  to  100 cm be fo re

u v /v is ib le  a n a ly s is .  In  gene ra l f a r  on sca le  absorbance read ings a t

-2  -3505 nm, co n ce n tra tio n s  o f dye o f the  o rde r o f 10 g dm w ere. re q u ire d . 

The a c tu a l c o n c e n tra tio n  is  ir r e le v a n t  so long as the p a r t ic u la r  dye 

s o lu t io n  was i n i t i a l l y  c a l ib ra te d  using a standard ch ito sa n  s o lu t io n ,  

p r io r  to  i t s  use fo r  re s id u a l a n a ly s is .

5 .16 .4  A dsorp tion  experim ents

A dso rp tion  experim ents were c a rr ie d , out on va rio u s  c e llu lo s e  

su b s tra te s  (1 g, 0 .5  g o r 0.33 g) in  b o i l in g  tubes f i t t e d  w ith  Suba- 

se a l caps, by a d d it io n  o f the  re q u ire d  volume o f the a p p ro p ria te  

ch ito sa n  s o lu t io n  to  the  tu b e . A f te r  the tubes were sea led they were 

placed in  a w ater bath a t the  s p e c if ie d  tem perature and removed a t 

va rio u s  tim e in te r v a ls  f o r  ra te  s tu d ie s , o r a f te r  46 hours fo r  e q u il

ib riu m  a d so rp tio n  s tu d ie s . P r io r  to  re s id u a l a n a ly s is  the s o lu tio n s  

were f i l t e r e d  through g lass  w oo l.

5.19 M isce llaneous methods

The fo llo w in g  methods have been used in  the study to  prepare 

re q u ire d  m a te r ia ls ,  and are based on procedures re p o rte d  by o th e r 

w o rke rs .

5 .19 .1  P re p a ra tio n  o f d i-O -phenylcarbam ate-IM -benzylidene ch ito sa n  

and d i-O -pheny lca rbam ate -N -pheny lu re ido  ch itosa n



These were prepared using a sample o f  K ytex H accord ing  to  the

94method o f  Moore and Roberts

5 .1 9 .2  P re p a ra tio n  o f D-glucosamdine

This was prepared from  D-glucosamine h yd ro c h lo r id e  using the  

111method o f Breuer

5 .19 .3  P re p a ra tio n  o f l\l-ace ty l-D ~g lucosam ine

This was prepared from D-glucosamine h y d ro c h lo r id e  by the  method
_ _ 76

o f Inouye .

5 .1 9 .4  P re p a ra tio n  o f a ry lh y d ra z in e  d e r iv a t iv e s

5 .1 9 .4 .1  D-glucosephenylosazone

153This was prepared accord ing  to  the  method o f Richmyer

5 .1 9 .4 .2  D -g lu co s e -p -n itro p h e n y lh y d ra z in e

89This was made by the  method o f Wan E k e rs te in  and Blanksma .

5 .1 9 .5  N -a c e ty la tio n  o f  p a r t ia l l y  d e r iv a t is e d  l\i - ( 2 ,4 -d in i t r o p h e n y l) -  

ch ito sa n  f i lm

The procedure used was id e n t ic a l  to  the method o u t lin e d  by Moore 

57and Roberts f o r  the  N -a c e ty la tio n  o f c h ito sa n  in  f i lm  fo rm .

5 .1 9 .6  P repa ra tion  and te s t in g  o f handsheets

Handsheets were made a t the  PIRA la b o ra to r ie s  accord ing  to  TAPPI 

115standards and those used f o r  te s t in g  were co n d itio n e d  accord ing  to

12Bthe  s p e c if ic a t io n s  in  standard T4B2 0S-70 . The p h y s ic a l te s t in g

o f pu lps  was c a r r ie d  ou t by PIRA te c h n ic ia n s .
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APPENDIX I

V is c o s ity  data  fo r  c h ito s a n  phanylosazone samples in  0.1M a c e t ic  

acid/G .2M  sodium c h lo r id e  a t 25°C.

Sample C oncen tra tion  Flaw tim e S o lven t f la w  n sp n sp/C
4 - 3  3 1x 10 /g  cm t /s e c  tim e , ta /s e c  /cm g

1 2.10 122.6 108.9 0.126 600

1 4.20 137.6 " 0.264 630

1 8.39 171.7 » 0.577 690

1 12.59 209.6 « 0.925 735

1 20.98 305.0 " 1.800 860

2 4.58 119.9 108.9 0.104 226

2 9.16 130.9 '» 0.204 223

2 18.33 156.2 » 0.437 238

2 22.91 170.2 " 0.568 248

3 4.48 122.1 108.7 0.124 276

3 8.96 • 137.3 « 0.263 294

3 17.92 171.6 " 0.578 323

3 22.40 190.3 " 0.750 335

4 9.76 128.2 108.7 0.179 183

4 11.39 131.9 » 0.213 187

4 13.66 137.1 " Q.261 191

4 17.03 144.7 11 0.322 194

5 13.29 133.2 108.7 0.133 100

5 19.94 130.4 « 0.200 100

5 26.59 138.6 » 0.266 100

5 33.24 145.0 " 0.334 ‘ 100

A l- 1



Sample

6

6

6

6

7

7

7

7

a

a

a

a

9

9

9 

9*

10 

10 

10 

10

11

11

11

11

C oncen tra tion  FIouj tim e S o lven t f la u  n gp
x10*Vg cm“ 3 t /s e c  tim e , ta /s e c

4 ap/C 

/cm^

8.26 

12.39 

16.52 

20.65

120. if 

125.9 

133.65 

140.2

108.7 0.107

0.159

0.230

0.290

130

128

139

140

1.03

4.13

6.19

10.31

224.5

283.6

329.6 

434.5

207.35 0.083

0.368

0.590

1.095

802

892

953

1063

3.18

4.23

6.35

10.58

247.6

262.2

297.2

312.2

207.35 0.265

0.433

0.794

0.194

611

625

682

751

5.53 

8.30 

11.07 

13.84

260.6

292.4

326.7

368.7

207.35 0.257

0.410.

0.576

0.778

465

494

.520

562 i

5.98

8.97

11.97

14.95

243.3

264.5

284.7

306.8

207.35 0.174

0.276

0.373

0.480

290

307

312

321

7.08

10.63

14.17

17.71

237.3 

253.1

268.3 

285.7

207.35 0.144

0.220

0.294

0.378

204

207

207

213

AI-2



Sample C oncen tra tion  Flaw tim e S o lven t f la w

t /s e c  tim e , ta /s e c4 , -3x 1Q /g  cm

risp n sp/C
/  3 -1/cm g

12

12

12

12

10.89 

18.15 

21.78 

27.23

242.7 

265.9

277.8 

295.4

207.35 0.171 

0.288 

0.339 

0.425

156

156

156

156

13

13

13

13

13.65

15.92

19.10

23.88

228.0

231.8

236.7

244.8

207.35 0.100

0.118

0.141

0.181

73

74 

74 

76

V is c o s ity  data fa r  c h ita s a n  phenylosazone samples in  Q.1M a c e tic  a c id /  

0.02M sodium c h lo r id e  a t 25°C.

Sample C o ncen tra tion  Flow tim e  S o lven t f lo w  n sp 

x10*Vg cm"5 t /s e c  tim e , to /s e c
nsp/C 

/cm"5 g’*"'

1.51

3.02

4.53

6.04

252.0 

304.6 

364.9 

430.5

206.2 0.249

0.477

0.770

1.090

1469

1529

1698

1800

2.48

3.71

4.95

6.19

243.7

265.4

289.6

314.7

206.2 0.182 

0.287 

0.404 

0.526

734

772

816

850

11
11

11

11

2.83

5.67

8.50

14.17

221.2

236.5

253.9

289.4

206.2 0.072

0.147

0.232

0.403

257

259

272

285

AI-3



Sample C oncen tra tion  

x lQ ^ /g  cm*”^

Flow tim e 

t /s e c

S o lven t Flouj 

tim e , to /s e c

T1 Sp n sp/C 1
/  3 -1  j  /cm □

12 2.65 216.2 206.2 0.049 183 ■ |

12 5.29 276.3 ii 0.078 184 |

12 7.99 236.5 i i 0.147 185

12 13 .24 257.5 ii 0.249 188 I
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APPENDIX I I

G ra v im e tr ic  and re f le c ta n c e  a n a ly s is  data f o r  d e p o s it io n  o f 

ch ito s a n  onto va rio u s  paper handsheets.

Pulp aa S to ra  32

Dry w e igh t Weight o f  paper S o lu tio n

0*1988 

0.1299 

0.1776 

0.2108 

0.1621 

0.1666 

0.2176 

0.1963 

0.2038 

0.1863 

0.1728 

0.1861 

0.2193 

0.1598 

0.1943 

Q .1852

C oncen tra tion  % 8 p o in t

o f paper/g  + s o lu t io n /g  conce n tra tio n /%  o .u . f . /%

0.3727

0.2370

0.3275

0.4082

0.3335

0.3365

0.4120

0.4120

0.4590

0.3470

0.3470

0.3696

0.4106

0.2905

0.3680

0.3675

0.2386

0.4679

ii

1.1932

ii

0.4679

0.5530

0.2765

0.8295

0.209

0.197

0.420

0.438

1.260

1.220

0.394

0.514

0.586

0.403

0.558

0.545

0.240

0.227

0.740

0.816

average

re f le c ta n c e

64.3

68.9

52.0

52.7

33 .8

30 .5

54.0 

50.2

46.0

53.5

47.5

48.7

65.7

65.6

46.6

39 .8

0.1937

0.1979

0.2624

0.3600

0.3520

0.5200

Pulp = S tc ra  61 • 

0.2765

ii

0.5530

AII-i

0.240

0.215

0.540

64.8

68.0

51.8



Pulp a S to ra  61 (co n tin u e d )

Dry w e igh t Weight o f paper S o lu t io n  C oncen tra tion

o f  paper/g  + s o lu t io n /g  conce n tra tio n /%  o .w .f. /%

0.2049 

0.2049 

0.2623 

0.2754 

0.2-661

0.1966

0.1942

0.1453

0.1558

0.1598

0.1550

0.1600

0.1823

0.4215

0.4215

0.5603

0.5929

0.5722

0.3631

0.4967

0.2786

0.2777

0.3296

0.3135

0.3504

0.4590

0.5530

0.8245

ii

1.106

ii

Pulp = Tyee 

0.2963

i i

0.5609

it

0.7688

it

1.0241

0.580

0.960

0.936

1.270

1.250

0.251

0.426

0.515

0.439

0.817

0.784

1.24

1.58

% 8 p o in t

average

re fle c ta n c e

50.8

43.0

44.0

38.0

36 .9

73.3

57.3

62.9

69.3

51.9

54.4

42.6

37.6

!

a

i
i it
i

i*
4

0.2230

0.2226

0.2375

0.2671

0.2701

0.2526

0.2644

0.2770

0.3940

0.3913

0.4057

0.4669

0.5075

0.4708

0.5172

0.5612

Pulp « New Bern

0.2751

0.5505

0.8292

1.0876

0.211

0.208

0.390

0.412

0.729

0.716

1.040

1.116

81.6

77.3

67.4 

67.6 

59.8

56.4

46.5

40.5

Me

I

AII-2
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Pulp ss P o rt Hudson

Dry w e igh t Weight o f  paper S o lu t io n  C oncen tra tion

o f paper/g  + s o lu t io n /g  conce n tra tio n /%  o .w .f. /%

0.2501 0.4400 0.2751 0.209

0.2309 0.4162 " 0.231

0.2422 0.4216 0.5505 0.400

0.2098 0.3686 '* 0.417

0.2605 0.4738 0.8292 0.679

0.2427 0.4515 ” 0.713

0.2510 0.4823 1.0876 1.062

% 8 p o in t

average

re fle c ta n c e

78.6

78.5

67.7

67.5 

55.9 

53.1

43.5



APPENDIX I I I

Computer program fo r  d e te rm in a tio n  o f the c h ito sa n  con ten t in  

paper by means o f h y d ro ly s is  o f N -s a lic y lid e n e  ch ito sa n -p a p e r systems 

and fo r  d e te rm in a tio n  o f the  re f le c ta n c e  fu n c t io n  fo r  such systems. 

W ritte n  in  S in c la ir  ZX-B1 B a s ic .

10 P r in t " In p u t e x t in c t io n  c o e f f ic ie n t ,  E";

20 In p u t E

25 P r in t E

30 P r in t " In p u t percentage m o is tu re  o f paper,

AO In p u t M

45 P r in t M

50 P r in t " In p u t m o is t w e igh t o f  p u lp , W";

6D In p u t 111

65 P r in t 111

70 P r in t " In p u t V o l. o f  a c id ic  m ethanol used,

80 In p u t \J

85 P r in t \J

90 P r in t " In p u t d i lu t io n  fa c to r ,  D";

100 In p u t D

105 P r in t D

110 P r in t " In p u t absorbance, A";

120 In p u t A

125 P r in t A

126 Let WD.= UJ -  (Li x M/100)

130 Let S = A x D x \J x 1.513/CE x 1000)

140 Let B = WD -  S

150 Let C = (100 x A x D x U/(E x 1000) ) /B



160 P r in t  "C o ncen tra tion  o f c h ito s a n  o . iu . f .  i s "

170 P r in t  "Log c o n c e n tra tio n  i s " ;  LN C/LN 10

1QQ P r in t  " In p u t sample re f le c ta n c e , R";

190 In p u t R 

200 P r in t  R

210 P r in t  " In p u t s u b s tra te  re f le c ta n c e , RT";

220 In p u t RT 

230 P r in t  RT

2^0 Let X =s (1 -  (R /1 0 0 )) x x 2 /(2  x (R /100))

250 Let Ys (1 -  (R T /100)) x x 2 /(2  x (RT/1QQ))

260 Let FR » X -  Y

270 P r in t  "F(R) " ;  FR

280 P r in t  "Log F(R) i s " ;  LH FR/LIM 10

290 STOP.

AIZE-2



APPENDIX IV

Metachromic dye a n a ly s is  da ta  to  determ ine the  amount o f c h ito sa n

adsorbed onto c e l lu lo s e  s u b s tra te s .

Amount o f  ch ito s a n  adsorbed *» C2 “  C1W1°2

° 1U2 1000

where = c o n c e n tra tio n  o f ch ito s a n  s o lu t io n  used f a r  a d so rp tio n

-3in  g dm

c o n c e n tra tio n  o f c h ito s a n  s o lu t io n  used to  c a l ib ra te  the 

dye in  g dm~^

\Ĵ  = metachromic end p o in t  f o r  c a l ib r a t io n  s o lu t io n  in  cm

3= metachromic end p o in t  f o r  re s id u a l s o lu t io n  in  cm 

*  volume o f o r ig in a l  s o lu t io n  used f o r  a d so rp tio n  in  cm' 

=s d i lu t io n  fa c to r  f o r  c a l ib r a t io n  s o lu t io n  

Dn ss d i lu t io n  fa c to r  f o r  re s id u a l s o lu t io n

AIV-1
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APPENDIX U ,

P a rt o f  th is  th e s is  is  con ta ined  in  the fo llo w in g  p u b lic a t io n  

cop ied from the  In te rn a t io n a l Jou rna l o f B io lo g ic a l M acramolecules, 

1982, A, 37A-377. ,

Determination of the viscometric 
constants for chitosan
George A. F. Roberts and Julian G. Domszy
Department of Physical Sciences, Trent Polytechnic, Nottingham N G l 
4BU, UK
(Received 26 April 1982)

The viscometric constants a and K m in the M ark -H o u w in k  
equation have been determined fo r  chitosan in 0.1 \ t  acetic ac id - 
0.2 M sodium chloride solution, using the approach o f Sharpies and 
M ajo r. The number-average molecular weights were deiermined 
by absorbance measurements on solutions o f the phenylosazone 
derivatives. The values obtained a —0.93, K m =  1.81 x  W ~ 3 cm3 
g ~ x differ considerably from  those reported previously by Lee but 
are in agreement with values found fo r  other ionic polysaccharides 
having related /?-(/ 4 )-linked structures.

Keywords: Viscosity 
viscomctric constants

Introduction

measurement; chitosan; molecular weight:

One of the simplest and most rapid methods for determin
ing the molecular weights of polymers is viscometry, 
although this is not an absolute method and requires the 
determination of constants through correlation of lim it
ing viscosity numbers (L V N ) with molecular weights 
determined by an absolute method. The most commonly 
used equation relating L V N  values with molecular 
weights is the M ark-H ouw ink equation:

(i)
where a and K m are constants that are independent of 
molecular weight over a wide range of molecular weights. 
These constants are normally evaluated from a plot of 
log M  versus log M w for a number of carefully prepared 
fractions having very narrow molecular weight distri
butions. When subsequently applying the values of a and 
K m thus obtained to the determination of molecular 
weights of whole polymer samples, the weight-average 
molecular weight term [ M J  in the above equation must 
be replaced by the viscosity-average molecular weight 
(M „) if  a is not unity and the polymer sample is 
polydisperse.
0141-8130/82/060374-04S03.00 
©  1982 Butterworth &  Co. (Publishers) Ltd

There is only one report1 in the literature dealing w ith 
the determination of a  and K m values for chitosan. The 
values obtained are a— 0.71 and A'm=8.93 x 10" 2 cm3 

g“ l .The value for a is very low, compared with the values 
in the literature for other ionic /?-(l -*4)-linked polysac
charides e.g. sodium carboxymethyl cellulose2 and 
sodium cellulose sulphate3, whilst the value for K m is high. 
Furthermore, only three fractions of chitosan were used in 
the determination and far from having narrow molecular 
weight distributions, as required for determination of the 
constants in equation (I), one fraction had —
and another had M j M n — 3.51. In view of these facts it 
was considered useful to redetermine the values of a and 
K „.

Experimental

M ateria ls
The chitosan used was a sample of Kytex H (Hercules 

Inc.) that had previously been characterized4 using the 
values obtained by Lee1 for the viscometric contents. The 
reagents used were of GPR grade and were used as 
supplied.

Determination o f LVN  values
Viscometric measurements were carried out at 

25±0.05°C using a suspended-level viscometer contain
ing an internal sintered glass filter to prevent gel and, or 
dust particles entering the capillary.

Preparation o f chitosan phenvlosazone
(a) Chitosan (I g) was dissolved in dilute acetic acid (1% 

v/v; 175 cm3) and phenylhydrazine (2.5 cm3) and sodium 
acetate (1 g) were added to the solution. The reaction 
mixture was kept at 70;C, in a stoppered flask, for 48 h, 
after which the chitosan phenylosazone was precipitated 
out by pouring the reaction mixture into methanolic 
ammonia (methanol/0.88 ammonia, 70:30; 200 cm3), 
filtered off, washed well w ith methanol followed by diethyl 
ether, and air-dried at room temperature. The yellow solid 
obtained was extracted with methanol in a Soxhlet 
extraction unit for 4 h, filtered ofF and dried.

(£>) A series of chitosan phenylosazones of various 
molecular weights were prepared by dissolving chitosan 
(4 g) in acetic acid (10% v/v; 400 cm3) and heating the 
solution under reflux. Aliquots of the solution (65 cm3)

374 Int. J. Biol. Macromol., 1982, Vol 4, October
AV-1
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'1 were removed at intervals; Each aliquot was treated with 
phenyihydrazine (3 cm3), sodium acetate (1 g) and distilled 
water (135 cm3) and heated at 70°C for 48 h, after which 
the chitosan phenylosazone was precipitated out of 
solution and purified as described above.

(c) Chitosan (6  g) was slurried in methanol (300 cm3), 
run into an ion-exchange column, washed ' with 
methanol/5% acetic acid (95:5) until highly swollen then 
rinsed with methanol and air dried. The solid obtained 
was dissolved in 1% HBr (600 cm3) and cooled to 0°C, 
after which sodium borohydride (1 0  g) in water (2 0 0  

cm3) was slowly added to the vigorously stirred solution. 
Simultaneously, 10% HBr (100 cm3) was added at a rate 
sufficient to maintain the pH of the solution at ~3. After 
both solutions had been added the chitosan was pre
cipitated by addition to excess methanol/ammonia so
lution, filtered off and washed well with methanol. The 
methanol-damp solid was dissolved in 10% acetic acid 
(600 cm3) and the solution maintained at 70°C for 
~400 h, aliquots (85 cm3) being removed at intervals. 
These were treated as described in (b), above, to give a 
second series o f . chitosan phenylosazones of various 
molecular weights.

Results and discussion
As mentioned in the Introduction, determination of a and 

,• K m by the normal procedure requires the preparation of a 
series of fractions of the polymer, each having a narrow 

* molecular weight distribution. Attempts at fractionating 
’ chitosan by the technique of Doczi5 were unsuccessful, 

only polydisperse fractions being obtained6. It was there
fore decided to use the approach first proposed by 
Charlesby7 and developed by Sharpies and M ajor3. This 

> considers the properties of the molecular weight d istri
bution resulting from random degradation of polymer 
chains and for this equation (1) is modified and expressed 
as

M v~ K m iia (2)

where

Consideration of the molecular weight distribution 
resulting from random degradation gives

\ f '  =  M nir ( 2  +  a )y ,a (3)

where V —gamma function.
Combining equations (2) and (3) and expressinght in the 

logarithmic form gives:

log M n -  (1/a) log M  +  log K ’ -  (1/a) log [T(2 +  a)]
(4)

Hence a plot of log M n versus log [>7]  should give a straight 
line of slope 1/a, and intercept equal to 

* log K '~ ( l /a )  log-{T(2 +  a)]. Acid hydrolysis of chitosan in 
solution^ under relatively mild conditions, should give rise 
to random degradation leading to products having the 
required molecular weight distributions for use with 
equation (4).

Notes to the Editor

Molecular weight determination
The most common method for determining M n values 

of polymers is osmometry, but this technique is difficult 
to apply to polyelectrolytes because of the decreased 
activity of the counterions relative to their activity in 
solutions of simple salts. It was therefore decided to use 
the technique of end-group analysis and to measure the 
concentration of end groups through formation of the 
phenylosazone derivative by reaction of the .reducing 
chain ends with phenyihydrazine. The reaction between 
cellulose and phenyihydrazine was previously studied by 
one of the authors, who foundy that the product is similar 
to D-glucose phenylosazone in spectral properties and 
chemical behaviour. This and related reactions were 
extensively studied by Blair and coworkers1 0 * 14 who 
showed that .there was a correlation between the mole
cular weights of the hydrocellulose samples, as de
termined by viscosity, and the absorption intensity of the 
phenylosazone derivatives10.

A similar correlation would be expected to hold for the 
product from the reaction between chitosan and phenyi
hydrazine since both D-glucosamine15 and N -acetyl-D- 
glucosamine'16 yield D-glucose phenylosazone on re
action with phenyihydrazine in the presence of acetic acid. 
Thus, regardless of whether the amine group of the 
terminal hexose unit is free or acetylated, reaction with 
phenyihydrazine should give a phenylosazone derivative. 
This has been confirmed by the authors, who have 
found17 that chitosan phenylosazone is similar to D- 
glucose phenylosazone, having the spectra and chemical' 
reactions characteristic of.a chelated phenylosazone18.

Barry et al, 19 have reported that the absorption 
coefficients of a large number of monosaccharide and 
disaccharide phenylosazones, measured on fresh solut
ions in methanol, are very similar and are independent 
of molecular weight. The average value obtained for the 
absorption coefficient (e) was 20 200. Although chitosan is 
not soluble in methanol, its solutions in dilute acid can 
tolerate dilution with considerable volumes of methanol. 
A mixed solvent medium of methanol/0.1 M HBr (7:3) was 
chosen as the standard solvent for absorption measure
ments and a series of solutions of D-glucose phenyl
osazone at different concentrations was prepared in it. The 
absorbance values were measured at 395 nm (/.maj  and a 
plot of absorbance versus concentration gave the absor
ption coefficient e =  20200, identical to that for D-glucose 
phenylosazone in methanol alone.

One of the experimental difficulties encountered by 
Blair and Cromie11, namely the gradual oxidative de
gradation of the phenylosazone chromophore in the 
strongly alkaline Cadoxen solution used as solvent for the 
hydrocellulose phenolysazones, would not apply in the 
present case. However, phenylosazones are susceptible to 
acid hydrolysis and so the stability of the chromophore in 
the methanol/0.1 M HBr solvent at 25:C was checked. No 
change in the absorbance was observed over a period of 2 0  
h, indicating that the phenylosazone is sufficiently stable 
under these conditions of acidity and temperature to be 
used for the determination of molecular weights, using the 
relationship:

i
2 0 2 0 0  x c x l  M  =   -------
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where c —concentration of the chitosan phenylosazone in 
g dm -3 , f= pa th  length in cm and A — absorbance of the 
solution at 395 nra.

Correlation between M n and LVN  values
Prior to determining the L V N  for each chitosan 

phenylosazone sample, the value for the undcgraded 
polymer was measured to ascertain that the solvent 
system used, 0.1 M  acetic acid-0.2 M  sodium chloride, 
gives a linear plot for viscosity number versus con
centration. This solvent system was used in preference to 
that of Lee1, 0.2 M acetic acid-0.1 M sodium chloride-4 M  
urea, because of the greater simplicity in working with the 
former system, and was found to give the necessary 
straight line plots^

A plot of log A?„ versus log [//] for the first series of 
chitosan phenylosazones did not give a straight line, the 
points showing considerable scatter. Consideration of the 
experimental technique led to the identification of one 
possible source of error. In view of the strongly alkaline 
conditions normally used in the production of chitosan 
from chitin20, it is probable that many, if not all, of the 
reducing end groups originally present in the chitin are 
converted to either lactone or sodium carboxylate groups, 
neither of which would form a phenylosazone derivative. 
Thus, only the new end groups formed during acid 
hydrolysis would undergo the phenylosazone reaction, 
giving rise to errors in the measured number-average 
molecular weight. Phenylosazone derivatives of a further 
series of randomly degraded chitosan samples were'

Table 1

Sample
number

Hydrolysis 
time (h)

LVN  
(cm3 g * 1)

7 40 630050 780
8 • 64 450775 549
9 136 241 575 389

10 164 ISO 250 272
11 200 156620 ’ 198
12 250 96585 156
13 380 47 820 75

5.5

S 5.0

4.5
2.0 2.2 2.82.4 2.6

Log m ]

Figure 2 Plot of A?n versus log [//] for chitosan phenyl
osazones prepared from sodium borohydride-reduced chitosan
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Figure 1 Plots of viscosity number versus concentration for 
chitosan phenylosazones prepared from sodium borohydride- 
reduced chitosan

therefore prepared from chitosan previously treated with 
sodium borohydride under acid conditions to reduce any 
oxidized end groups to aldehyde groups21. The number- 
average molecular weights and the corresponding L V N  
values were determined for each phenylosazone de
rivative. The results are given in Table 1 and the viscosity 
number versus concentration plots in Figure /.

A plot of log M n versus log [ 7 ]  for this second series of 
samples is shown in Figure 2, from which it can be seen 
that the points give a good linear relationship. Regression 
analysis of the data gives a line of best fit having a slope of 
1.075 and an intercept of 2.655. Thus

a — 1/1.075 =  0.93 

and 2.655 =  log K ' -  log[T(2 +0.93)] x 1/0.93 

Therefore K ' =  883

and since K lJ a =  l/ fC

K m =  1.81 x 1 0 ~ 3 cm3 g " 1

The L V N  values were also measured in 0.1 M  acetic 
acid-0.02 M sodium chloride, and similar treatment of the 
results gave a =  l.26, ^  =  3.04 x 10" 5 cm3 g~ l . The 
values of a and Km obtained in the present work differ 
considerably from those obtained by Lee1 but, as men
tioned in the Introduction, the latter values are out of line 
with those obtained for other ionic polysaccharides 
having related /?-(l-*4)-linked structures. The values 
reported here are much closer to those of these related 
polymers, as can be seen from the values in Table 2.
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Table 2

Polymer

Salt
concentration
( M ) a (cm3 g ‘ )

Chitosan acetate 0.2 0.93 1.81 x 10“ 3
Chitosan acetate 0.02 1.26 3.04 x 10"5
Sodium carboxy- 0.1 0.91 1.23 x 10" 4
methyl cellulose2

Sodium carboxy- 0.01 1.2 6.46 x I0 “ 6
methyi cellulose2 <

Sodium cellulose 0.5 0.93 7.91 x lO "2
sulphate3

Conclusions
The viscometric constants a and K m in the M a rk - 
Houwink equation have been determined for chitosan in 
0 .1  M acetic acid-0 .2  M sodium chloride solution using a 
technique that utilizes the properties of the molecular 
weight distribution resulting from random degradation of 
the polymer chains, in this case from acid hydrolysis of the 
polymer in solution: Number-average molecular weights 
were determined from absorbance measurements on the 
phenylosazone derivatives of the hydrolysed samples. The 
values obtained for a and K m differ from those obtained 
previously but are similar to those reported for related 
ionic polysaccharides. Thus, the M ark-Houw ink equa
tion  for chitosan in 0.1 M acetic acid-0.2 M sodium 
chloride can be expressed as:

M  =  1 .81x10 "3 MJ -93 

and in 0.1 M acetic acid-0.02 M sodium chloride as:

[/;! = 3 .0 4 x 1 0 "5 M l '26
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