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Summary 
C o n d u c t i m e t r i c  t i t r a t i o n  o f  p o l y e l e c t r o l y t e  s o l u t i o n s  was 

c a r r i e d  o u t  t o  d e t e r m i n e  t h e  c o n t e n t s  o f  s u l f a t e  an d  c a r b o x y l  
g r o u p s .  I n  t h e  m i x t u r e s  o f  p o l y ( a c r y l i c  a c i d )  and p o l y ( v i n y l  
s u l f a t e ) ,  and  o f  a l g i n i c  a c i d  and  d e x t r a n  s u l f a t e ,  t h e  c o n t e n t s  
o f  s u l f a t e  and  c a r b o x y l  g r o u p s  o b s e r v e d  by t h e  c o n d u c t i m e t r i c  
t i t r a t i o n  were  i n  a g r e e m e n t  w i t h  t h o s e  d e r i v e d  f rom t h e  c o n c e n -  
t r a t i o n  o f  t h e  o r i g i n a l  h o m o p o l y m e r s .  T h i s  me thod  was a p p l i e d  t o  
a v i s c o u s  p o l y s a c c h a r i d e  f rom r e d  a l g a e ,  f u n o r a n ,  w h i c h  c o n t a i n s  
b o t h  t h e  s u l f a t e  and  c a r b o x y l  g r o u p s .  T h e s e  r e s u l t s  s u g g e s t e d  
t h a t  t h i s  m e t h o d  i s  a p p l i c a b l e  t o  e i t h e r  t h e  s a m p l e s  c o n s i s t i n g  
o f  t h e  m i x t u r e  o f  h o m o p o l y m e r s  o r  t h o s e  o f  c o p o l y m e r s  c o n t a i n i n g  
b o t h  i o n i c  s p e c i e s .  

I n t r o d u c t i o n  
S e v e r a l  k i n d s  o f  v i s c o u s  p o l y s a c c h a r i d e s  s u c h  as  h e p a r i n  and  

a g a r  a r e  p o l y e l e c t r o l y t e s  h a v i n g  two k i n d s  o f  c h a r g e d  g r o u p s ,  
i . e . ,  s u l f a t e s  and  c a r b o x y l s .  The c o n t e n t  o f  t h e s e  c h a r g e d  
g r o u p s  i n f l u e n c e s  t h e  s o l u t i o n  p r o p e r t i e s  a s  w e l l  a s  t h e  b i o l o g i -  
c a l  f u n c t i o n  o f  t h e  p o l y s a c c h a r i d e s .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  
t o  know t h e  e x a c t  c o n t e n t  o f  e a c h  c h a r g e d  g r o u p .  T h e r e  h a v e  b e e n  
v a r i o u s  works  on t h e  d e t e r m i n a t i o n  o f  t h e  c o n t e n t s  o f  t h e s e  
g r o u p s ( t - 8 ) .  Some works  among them a r e  b a s e d  on t h e  d i f f e r e n c e  in  
pK v a l u e s  b e t w e e n  t h e  s u l f a t e  and  c a r b o x y l  g r o u p s .  A l t h o u g h  t h e  
d e t e r m i n a t i o n  o f  t h e  pK v a l u e s  i s  r e a d i l y  a v a i l a b l e ,  t h e  r e l i a -  
b i l i t y  o r  r e p r o d u c i b i l i t y  o f  t h e  d a t a  seems  s o m e t i m e s  p o o r .  The 
main  r e a s o n  may be  t h a t  t h e  d i s s o c i a t i o n  c o n s t a n t s  o f  t h e  s u l f a t e  
and  c a r b o x y l  g r o u p s  mixed  i n  a s i n g l e  p o l y m e r  c h a i n  a r e  d e v i a t e d  
f rom t h o s e  p r e s e n t  a s  a s i n g l e  s i t e .  I n  a d d i t i o n ,  a c h a r g e d  
g r o u p  i n  a p o l y m e r  c h a i n  d i s s o c i a t e s  u n d e r  an  i n f l u e n c e  o f  o t h e r  
c h a r g e d  g r o u p s  o r  o f  t h e  e l e c t r i c  p o t e n t i a l  o f  t h e  p o l y i o n ,  
l e a d i n g  t o  a c o n t i n u o u s  i n c r e a s e  i n  t h e  a p p a r e n t  pK v a l u e  w i t h  
i n c r e a s i n g  d e g r e e  o f  n e u t r a l i z a t i o n .  Owing t o  t h e s e  f a c t s ,  t h e  
c h a n g e  i n  t h e  a p p a r e n t  pK v a l u e s  o f  t h e  s u l f a t e  and  c a r b o x y l  
g r o u p s  a r e  o v e r l a p p e d  w i t h  e a c h  o t h e r ,  and  e a c h  pK v a l u e  can  n o t  
be  d e t e r m i n e d  e x a c t l y .  

In  t h e  p r e s e n t  s t u d y ,  we a d o p t e d  a c o n d u c t i m e t r i c  t i t r a t i o n  
a s  an  a l t e r n a t i v e  m e t h o d  t o  d e t e r m i n e  t h e  c o n t e n t s  o f  s u l f a t e  
and  c a r b o x y l  g r o u p s .  S i n c e  t h e  c o i n c i d e n c e  i s  n e e d e d  b e t w e e n  t h e  
c o n t e n t s  d e t e r m i n e d  by t h i s  me thod  and  t h o s e  d e t e r m i n e d  s t o i c h i o -  
m e t r i c a l l y ,  we t e s t e d  i t  by  m e a s u r i n g  t h e  c o n d u c t a n c e  o f  t h e  
m i x t u r e  o f  i o n i c  h o m o p o l y m e r s ,  one o f  w h i c h  h a s  s u l f a t e  g r o u p s  
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and t h e  o t h e r  c a r b o x y l  g r o u p s .  The o b s e r v e d  v a l u e s  o f  t h e  
c o n t e n t s  were  found  to  be in  a g r e e m e n t  w i t h  t h o s e  d e r i v e d  from 
t h e  c o n c e n t r a t i o n  o f  t h e  o r i g i n a l  homopolymers .  Then,  t h i s  
method was a p p l i e d  t o  a n a t u r a l  p o l y e l e c t r o l y t e ,  f u n o r a n ,  an 
e x t r a c e l l u l a r  p o l y s a c c h a r i d e  from a red  a l g a ,  G l o i o p e l t i s  
c o m p l a n a t a ,  which c o n t a i n s  b o t h  t h e  s u l f a t e  and c a r b o x y l  g r o u p s .  
The c o n t e n t  o f  t h e  s u l f a t e  g r o u p s  o b s e r v e d  c o i n c i d e d  w i t h  t h a t  
found  in  a sample  t h e  c a r b o x y l  g r o u p s  o f  which  were  m e t h y l a t e d .  

Experimental 
Four  k i n d s  o f  i o n i c  homopolymers  were  u s e d ;  p o l y ( a c r y l i c  

a c i d ) ( P A A )  and a l g i n i c  s c id (AA)  as  p o l y m e r s  h a v i n g  c a r b o x y l  
g r o u p s ,  and p o l y ( v i n y l  s u l f a t e ) ( P V S )  and d e x t r a n  s u l f a t e ( D S )  as 
p o l y m e r s  h a v i n g  s u l f a t e  g r o u p s .  These  s t r u c t u r a l  f o r m u l a s  a r e  
l i s t e d  in F i g . 1 .  PAA was s y n t h e s i z e d  by p o l y m e r i z i n g  a c r y l i c  
a c i d  in e t h a n o l  as  s o l v e n t  and b e n z o y l  p e r o x i d e  as i n i t i a t o r .  
The p r o d u c t  was p u r i f i e d  by r e p e a t i n g  p r e c i p i t a t i o n  in  e t h y l  
e t h e r  and d i s s o l u t i o n  in  e t h a n o l  3 t i m e s .  The o t h e r  p o l y m e r s  
were c o m m e r c i a l  ones  o f  a n a l y t i c a l  g r a d e .  These  s a m p l e s  were 
d i s s o l v e d  in  p u r e  w a t e r  and d e i o n i z e d  by a c a t i o n  exchange  r e s i n  
IR-120B j u s t  b e f o r e  u s e ( 9 ) ,  b e c a u s e  o f  t he  i n s t a b i l i t y  o f  t he  
c h a r g e d  g r o u p s  a g a i n s t  d e i o n i z a t i o n .  
in  t h e  a b s e n c e  o f  s a l t s .  

The method of  t h e  e x t r a c t i o n  o f  
f u n o r a n  from a r ed  a l g a ,  G l o i o p e l t i s  
complana t a~  has  a l r e a d y  been  d e -  
s c r i b e d ( 1 0 , 1 1 ) .  Funoran  was s w e l l e d  
o v e r n i g h t  in  p u r e  w a t e r  and t h e n  
d i s s o l v e d  t o  o b t a i n  a 0.5% aqueous  
s o l u t i o n .  S i n c e  n a t u r a l  f u n o r a n  
contains Na + and K + as counterions, 
the solution was mixed with the 
cation exchange resin IR-120B and 
stirred slowly for 2 hrs at room 
temperature to convert to H-form, 
and freeze dried just after the ion 
exchange. The above procedure was 
done carefully, because a partial 
release of the sulfate groups may 
occur. The concentration was deter- 
mined by weighing a freeze dried 
H-form sample. 

Methylation of the carboxyl 
groups in funoran was carried out 
as follows(12). An amount of 62.5 
mg of funoran was dissolved in 
100ml dimethyl formamide(DMF) and 
0.2 ml methyl iodide(CH3I) was 
added. The mixture was heated up 
to 80~ under reflux for 1 hr by 
attaching a reflux condenser in a 
draft chamber. The unreacted 
CH3I was evaporated by stopping 
the reflux, resulting in a brown 
colored transparent solution. 

The experiments were made 
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F i g . 1  Chemica l  s t r u c t u r e s  
o f  t h e  s a m p l e s .  ( a ) :  p o l y -  
(acrylic acid)(PAA), (b): 
poly(vinyl sulfate)(PVS), 
(c): alginic acid(AA), 
(d): dextran sulfate(DS), 
(e): funoran. 
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T h e n  DHF was  e v a p o r a t e d  b y  u s i n g  a r o t a r y  e v a p o r a t o r .  The 
p r e c i p i t a t e  was  d i s s o l v e d  i n  p u r e  w a t e r  a n d  p u r i f i e d  b y  u l t r a -  
f i l t r a t i o n .  

The  b a s e s  u s e d  w e r e  NaOH, t e t r a e t h y l  ammonium h y d r o x i d e  
(TENOH) a n d  t e t r a - n - b u t y l  ammonium h y d r o x i d e ( T B N O H )  o f  g u a r a n t e e d  
g r a d e .  O t h e r  c h e m i c a l s  w e r e  o f  a n a l y t i c a l  g r a d e  a n d  u s e d  w i t h o u t  
f u r t h e r  p u r i f i c a t i o n .  

C o n d u c t i m e t r i c  t i t r a t i o n  was  c a r r i e d  o u t  w i t h  a R a d i o m e t e r  
CDH2e c o n d u c t i v i t y  m e t e r .  A v o l u m e  o f  25ml  o f  e a c h  H - f o r m  s a m p l e  
was  p o u r e d  i n t o  a c e l l  f o r  t h e  c o n d u c t i m e t r i c  t i t r a t i o n .  The  
t i t r a n t ,  0 . 1 N  o f  e a c h  b a s e  was a d d e d  b y  u s i n g  a H e t r o h m  E457 
m i c r o b i u r e t  a t  25~ i n  a s t r e a m  o f  n i t r o g e n .  P o t e n t i o m e t r i c  
t i t r a t i o n  was  made w i t h  a n  O r i o n  R e s e a r c h  701A I o n a l y z e r  i n  t h e  
same way a s  t h e  c o n d u c t i m e t r i c  t i t r a t i o n .  A l l  m e a s u r e m e n t s  w e r e  
c a r r i e d  o u t  i n  a s a l t - f r e e  s o l u t i o n  t o  c l a r i f y  t h e  c h a n g e  i n  t h e  
c o n d u c t a n c e .  I n f r a r e d  a b s o r p t i o n  was  m e a s u r e d  w i t h  a J a s c o  A-3 
i n f r a r e d  s p e c t r o p h o t o m e t e r .  

R e s u l t s  
The  c o n d u c t a n c e  a n d  pH o f  PAA a n d  PVS a r e  p l o t t e d  a g a i n s t  

d e g r e e  o f  n e u t r a l i z a t i o n ,  ~ i n  F i g . 2 .  T h e r e  i s  a m a r k e d  d i f f e r -  
e n c e  i n  t h e  t i t r a t i o n  p r o f i l e  b e t w e e n  t h e m .  The  c o n d u c t a n c e  o f  
PVS d e c r e a s e s  s h a r p l y  a n d  a l m o s t  l i n e a r l y  w i t h  a , d u e  t o  t h e  
l o s s  o f  f r e e l y  m o b i l e  p r o t o n s  b y  t h e  n e u t r a l i z a t i o n .  On t h e  
o t h e r  h a n d ,  t h e  c o n d u c t a n c e  o f  PAA r a t h e r  i n c r e a s e s  w i t h  ~ , d u e  
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Fig.2 Conductimetric and po- 
tentiometric titration curves 
o f  P u  , O  ) a n d  P A A ( A  , A  ) 
~ i t h  0 . 1 N  NaOH. Cp:  8 . 4 3 x  
1 0 - 4 N ( P V S ) ,  4 . 2 5 x  1 0 - 4 N ( P A A ) .  

F i g . 3  C o n d u c t i m e t r i c  a n d  p o -  
t e n t i o m e t r i c  t i t r a t i o n  c u r v e s  
o f  I ) S ( O  , O  ) a n d  AA([]  ,[7 ) 
w i t h  0 . 1 N  NaOH. Cp: 5 . 5 4 •  
1 0 - 4 N ( D S ) ,  4 . 2 1 •  1 0 - 4 N ( A A ) .  
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to the replacement of a tightly bound proton by a mobile Na + ion. 
For ~ > 1.0, the conductance of PVS and PAA increases linearly 
with the addition of free ions, Na § and OH-. Similarly, differ- 
ence in pH profile between PVS and PAA is understood as the 
difference in the state of binding of H + between them, that is, 
PVS is titrated as a strong acid but PAA as a weak acid. 

The conductance of PVS at ~ ~ 1.0 rather increases with 
. This may be due to the depression of further dissociation of 

protons, resulting from an increase in the potential depth, 
formed by an atmospheric binding of Na + in the region of ~ 
1.0. Likewise, the decrease in the conductance with ~ at low 
in PAA is a result of the low potential depth, leading to a 
release of protons(13). 

Figure 3 shows the results of AA and DS, similar to those in 
Fig. 2. The difference in the titration behavior between AA and 
DS is not so significant as that between PAA and PVS, due mainly 
to the lower pK value of carboxyl groups in AA than that in PAA. 

The conductimetric and potentiometric titration behaviors of 
the mixture of PAA and PVS, and those of the mixture of AA and 
DS are shown in Figs. 4 and 5, respectively. The observed curve 
for the mixture is found to be an intermediate of the original 
two curves, except that the sulfate groups are dissociated at 
first. The conductance first decreases, then increases slightly, 
and finally increases sharply with ~ . The linearity of the 
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F i g . 4  C o n d u c t i m e t r i c  and po -  
t e n t i o m e t r i c  t i t r a t i o n  o f  t h e  
m i x t u r e  o f  PVS and PAA. Cp: 
3 . 2 5 •  10-4N(PVS),  4 . 5 4 •  10-4N 
(PAA). 

Fig.5 Conductimetric and po- 
tent iometric  t i t r a t i o n  of the 
mixture of DS and AA. Cp: 5.71 
• 10-4N(DS), 1.61• 10-4N(AA) 
(O,O); 4.04• 10-4N(DS), 3.89 
• 10-4N(AA)(m ,[3 ). 
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conductance change with ~ holds at low ~ and at ~ > 1.0, as 
seen in Figs. 4 and 5. If  the conductance increase in the region 
from ~ ~ 0.3 to 1.0 can be approximated as l inear ,  th is  slope 
together with the i n i t i a l  and f ina l  slopes can determine the end 
point of titration as well as the ratio of contents of sulfate to 
carboxyl groups. The analysis was performed by this method 
tentatively called as the slope method. The results of the 
determination are summarized in Table i. 

As mentioned before, the potentiometric titration curve for 
the mixture is somewhat an intermediate one of the original two 
curves. The intrinsic value pK0 of an ionic homopolymer is 
obtained by extrapolating the plot of the apparent pK value, 
pK = pH - log[~ /(i - ~ )] vs. ~ , to ~ = 0. This method is, 
however, not always applicable to a mixed system or a polyelec- 
trolyte having two kinds of charged groups, because of the 
gradual change in the apparent pK value with ~ . 

As a convenient way to compare the potentiometric titration 
behavior with one another, we adopted here the value of pKa, 
tentatively defined as the value of pH at the midpoint of the 
neutralization. When two kinds of charged groups exist, each pKa 
value is defined as the pH value at half value of ~ between the 
beginning and end points of the titration of each ionizable 
group. We assumed here that the sulfate group dissociates at 
first, and its end point was determined conductimetrically. The 
values of pKa thus defined are listed in Table 2. The values of 
the mixed systems are not so different from those of the single 
homopolymers, suggesting no strong interaction between the 
sulfate and carboxyl groups. 

The conductimetric and potentiometric titration of funoran 

TABLE 1 
C o m p a r i s o n  o f  t h e  m i x i n g  r a t i o  o f  c a r b o x y l  t o  s u l f a t e  g r o u p s  

w i t h  t h e  o b s e r v e d  r a t i o .  

[PAA]/[PVS] [AA]/[DS] 
mixing ra t io  observed ra t io  mixing ra t io  observed ra t io  

0.51 0.54 0.28 0.28 
1.40 1.38 0.96 0.70 
3.47 3.39 

TABLE 2 
Values of pKa in the mixtures of two polye lec t ro ly tes .  

[PAA]/[PVS] 
mixing ra t io  observed pKa 

[AA]/[DS] 
mixing ra t io  observed pKa 

PVS PAA DS AA 
0(PVS) 3 . 3 2  O(DS) 3 . 3 5  
0 . 5 1  3 . 4 1  6 . 9 2  0 . 2 8  3 . 3 1  5 . 0 6  
1 . 2 6  3 . 6 1  6 . 7 8  0 . 9 6  3 . 3 3  4 . 5 7  
3 . 4 7  3 . 7 7  6 . 8 5  2 . 9 6  3 . 2 4  4 . 3 4  
oO(PAA) 7.12 ~(AA) 4.49 
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were ca r r i ed  out by using 0.0568%(wt/v) so lu t ion  with NaOH, TENOH 
or TBNOH. The r e s u l t s  are shown in Fig. 6. The t i t r a t i o n  behav- 
iors  are s imi l a r  to those of the mixed systems. The l i n e a r i t y  of 
the i n i t i a l  decrease as well as the f i n a l  increase are c l ea r ly  
observed. The end point  of the whole t i t r a t i o n  is observed most 
c l e a r l y  for  NaOH, but t ha t  of the su l f a t e  group is not so appar- 
ent for a l l  cases. The slope method was applied to determine the 
contents  of the s u l f a t e  and carboxyl groups, although the l i n e a r -  
i ty  was not c l e a r l y  observed in the intermediate region respon- 
s i b l e  for the t i t r a t i o n  of the carboxyl groups. 

The t i t r a t i o n  behavior and in f ra red  absorpt ion of funoran 
methyl e s t e r  are shown in Figs. 7 and 8, r e spec t ive ly .  The 
conductance decreases sharply and l i n e a r l y  with ~ up to a 
0.9. The pH p r o f i l e  also resembles t ha t  of a strong acid. The 
conductance change is  s imi l a r  to t h a t  of PVS and DS, but there  
e x i s t s  a small region near ~ = 1.0, corresponding to the t i t r a -  
t ion  of the carboxyl groups. The r a t i o  of the contents  of [COO-] 
to [S03-] determined by the slope method i s  0.13, about ha l f  the 
value for the o r i g i n a l  funoran, 0.29. This means t ha t  a par t  of 
methyl e s t e r s  were saponif ied when the sample was t r ea t ed  with 
the cat ion exchange res in  IR-120B to obtain H-form. Consequently, 
the brown color of the sample evaporated from DMF solut ion was 
faded to yellow in the H-form. The in f ra red  spectroscopy of the 
H-form, however, i nd ica tes  a c lea r  absorpt ion a t  2900 em -I , cor-  
responding to the absorpt ion of the methyl group. These r e s u l t s  
ind ica te  t h a t  a t  l e a s t  more than ha l f  methyl groups remained and 
t ha t  the content  of the s u l f a t e  group in the e s t e r  form was more 
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easily determined than in the original funoran solution. 

D i s c u s s i o n  
As m e n t i o n e d  b e f o r e ,  t h e  c o n d u c t i m e t r i c  t i t r a t i o n  s e r v e s  a s  

a s u i t a b l e  m e t h o d  t o  d e t e r m i n e  t h e  c o n t e n t s  o f  s u l f a t e  a n d  
c a r b o x y l  g r o u p s ,  o f t e n  e n c o u n t e r e d  i n  n a t u r a l  p o l y s a c c h a r i d e s .  
The  s t u d y  on  t h e  m i x t u r e  o f  two i o n i c  h o m o p o l y m e r s  p r o v i d e s  a 
g o o d  e x a m p l e  t o  c l a r i f y  t h i s  p r o b l e m .  N a m e l y ,  i n  t h e  m i x t u r e  o f  
v i n y l i c  p o l y a c i d s  s u c h  a s  PAA a n d  PVS, t h e  d e t e r m i n a t i o n  c a n  b e  
p e r f o r m e d  a t  a n y  r a t i o  o f  b o t h  c h a r g e d  g r o u p s ,  a s  s h o w n  i n  T a b l e  
1.  I n  t h e  m i x t u r e  o f  p o l y s a c c h a r i d e s  s u c h  a s  AA a n d  DS, h o w e v e r ,  
t h e  a c c u r a c y  may b e  l o w e r e d  when  t h e  r a t i o  o f  [CO0- ]  t o  [ S 0 3 - ]  
b e c o m e s  l a r g e r  t h a n  1 . 0 .  I n  t h e  l a t t e r  c a s e ,  AA d i s s o c i a t e s  more  
e a s i l y  t h a n  PAA, s o  t h a t  t h e  d i s s o c i a t i o n  r e g i o n  o f  AA p a r t i a l l y  
o v e r l a p s  t h a t  o f  DS. T h i s  m e a n s  t h a t  t h e  e n d  p o i n t  o f  t h e  t i t r a -  
t i o n  o f  t h e  m i x t u r e  o f  AA a n d  DS b e c o m e s  o b s c u r e  a s  t h e  r a t i o  o f  
[ C O 0 - ]  i n c r e a s e s .  

The  c o n d u c t a n c e  c h a n g e  w i t h  ~ was l i n e a r  a t  low ~ a n d  a t  
> 1 . 0  i n  m o s t  c a s e s ,  w h i c h  f a c i l i t a t e d  t h e  d e t e r m i n a t i o n  o f  

t h e  c o n t e n t s  b y  a v e r y  s i m p l e  m e t h o d ,  i . e . ,  t h e  s l o p e  m e t h o d .  
A more  s o p h i s t i c a t e d  m e t h o d  s u c h  a s  a c o m p u t e r - a i d e d  b e s t - f i t  
m e t h o d  s e e m s  u n n e c e s s a r y  a t  p r e s e n t ,  b e c a u s e  t h e  a p p l i c a b i l i t y  o f  
s u c h  a m e t h o d  d e p e n d s  l a r g e l y  o n  t h e  e x p e r i m e n t a l  e r r o r s .  

F u n o r a n  e x h i b i t s  a d e f i n i t e  c o n d u c t i m e t r i c  t i t r a t i o n  c u r v e ,  
i n c l u d i n g  a l o n g  r a n g e  l i n e a r  p o r t i o n .  The  r e a s o n  i s  t h a t  t h e  
c o n t e n t  o f  t h e  s u l f a t e  i s  much l a r g e r  t h a n  t h e  c a r b o x y l  g r o u p s .  
The  d e t e r m i n a t i o n  o f  t h e  c o n t e n t s  o f  b o t h  c h a r g e d  g r o u p s  i s  
e a s i l y  p e r f o r m e d .  

The  e l e c t r i c a l  p r o p e r t i e s  a s  w e l l  a s  t h e  b i o l o g i c a l  f u n c t i o n  
o f  t h e  p o l y s a c c h a r i d e s  a r e  known t o  b e  a l t e r e d  s i g n i f i c a n t l y  b y  
e s t e r i f i c a t i o n  o f  t h e  c a r b o x y l  g r o u p s ( 1 4 , 1 5 ) .  I n  t h e  p r e s e n t  
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s t u d y ,  m e t h y l a t i o n  o f  t h e  c a r b o x y l  g r o u p s  o f  f u n o r a n  b r o u g h t  
a b o u t  a more d e f i n i t e  t i t r a t i o n  c u r v e ,  a l t h o u g h  a s m a l l e r  p o r t i o n  
o f  t h e  c a r b o x y l  g r o u p s  were  no t  m e t h y l a t e d .  Comple t e  m e t h y l a t i o n  
seems ,  h o w e v e r ,  v e r y  d i f f i c u l t  b e c a u s e  o f  t h e  p a r t i a l  r e l e a s e  o f  
m e t h y l  g r o u p s  d u r i n g  t h e  c a t i o n  e x c h a n g e .  A l s o  r e l e a s e  o f  t h e  
c h a r g e d  g roup  i t s e l f  may o c c u r  d u r i n g  t h e  c a t i o n  e x c h a n g e ,  so 
t h a t  c a r e f u l  t r e a t m e n t  i s  n e e d e d  f o r  t h e  n a t u r a l  p o l y s a c c h a r i d e s .  

The end p o i n t  o f  t h e  t i t r a t i o n  was d e t e r m i n e d  most  c l e a r l y  
by use  o f  NaOH among t h e  b a s e s  u s e d .  O t h e r  b a s e s ,  TENOH and 
TBNOH, w i d e l y  u s e d  i n  t h e  t i t r a t i o n  e x p e r i m e n t s  b e c a u s e  o f  t h e  
l a c k  o f  b i n d i n g  t o  a p o l y i o n ,  a r e  so l a r g e  in  s i z e  t h a t  t h e s e  
i o n s  do n o t  come i n t o  c o n t a c t  w i t h  t h e  c h a r g e d  s i t e ,  r e s u l t i n g  in  
a b r o a d e r  t i t r a t i o n  c u r v e .  E s p e c i a l l y  TBN § has  a low e q u i v a l e n t  
c o n d u c t a n c e ,  which l o w e r s  t h e  s l o p e  f o r  ~ > 1 . 0 ,  l e a d i n g  t o  
a n o t h e r  d i f f i c u l t y  in  t h e  d e t e r m i n a t i o n  o f  t h e  end p o i n t .  These  
r e s u l t s  a r e  a l s o  r e l a t e d  t o  t h e  u se  o f  t h e  s a l t - f r e e  s o l u t i o n s  t o  
c l a r i f y  t h e  c o n d u c t a n c e  c h a n g e .  The s a l t - f r e e  c o n d i t i o n  i s  
u s u a l l y  n o t  a d o p t e d  in  t h e  p o t e n t i o m e t r i c  t i t r a t i o n ,  b e c a u s e  t h e  
a c c u r a c y  i s  l o w e r e d .  The a c c u r a c y  o f  t h e  c o n d u c t i m e t r i c  t i t r a -  
t i o n  i s ,  on t h e  c o n t r a r y ,  d e c r e a s e d  in  a c o n d u c t i v e  s o l u t i o n .  

The e s t e r i f i c a t i o n  o f  c a r b o x y l  g r o u p s  was i n c o m p l e t e  in  t h e  
p r e s e n t  s t u d y .  I f  c o m p l e t e  e s t e r i f i c a t i o n  can be p e r f o r m e d ,  t h e  
method o f  t h e  d e t e r m i n a t i o n  o f  t h e  c o n t e n t s  o f  b o t h  c h a r g e d  
g r o u p s  w i l l  be e s t a b l i s h e d  by c o m p a r i n g  an o r i g i n a l  sample  w i t h  
t h e  m e t h y l a t e d  o n e .  I t  i s  d e s i r a b l e  to  f i n d  a s u i t a b l e  method o f  
p r o t e c t i o n  o f  t h e  m e t h y l  g roup  from t h e  t r e a t m e n t  o f  ion  
e x c h a n g e .  
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