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CHARACTERIZATTON OF INORGANIC LONG-CHAIN POLYPHOSPHATE BY 

A SEPHADEX G-100 COLUMN COMBINED WITH AN AUTOANALYZER DETECTOR 

Tohru Miyajima, Keiko Yamauchi and S h i g e r u  Ohash i  
Department of  Chemis t ry ,  F a c u l t y  of S c i e n c e ,  Kyushu U n i v e r s i t y  33 

Hakozaki ,  H i g a s h i k u ,  Fukuoka, 812 JAPAN 

ABSTRACT 

A Sephadex G-100 column w i t h  an AutoAnalyzer  d e t e c t o r  was 
u s e d  i n  o r d e r  t o  c h a r a c t e r i z e  a long-cha in  po lyphospha te  m i x t u r e .  
T h i s  t e c h n i q u e  e n a b l e d  u s  t o  o b t a i n  t h e  m o l e c u l a r  w e i g h t  d i s t r i -  
b u t i o n  p r o f i l e  o f  t h e  m i x t u r e  w i t h i n  2 h .  A l i n e a r  r e l a t i o n s h i p  
between d i s t r i b u t i o n  c o e f f i c i e n t  v a l u e s  and t h e  l o g a r i t h m s  of  t h e  
a v e r a g e  c h a i n  l e n g t h s  w a s  o b t a i n e d .  

INTRODUCTION 

Sodium phospha te  g l a s s e s  c o n s i s t  ma in ly  of  a m i x t u r e  of long-  

c h a i n  po lyphospha te  molecu le s  which are known t o  form complex i o n s  

w i t h  a l k a l i n e  e a r t h  and o t h e r  metal i o n s .  They have found wide- 

s p r e a d  i n d u s t r i a l  a p p l i c a t i o n s  s u c h  as t h e  s o f t e n i n g  of  water (1). 

I n  o r d e r  t o  c h a r a c t e r i z e  t h e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  of  c h a i n  

phospha te s  i n  sodium phospha te  g l a s s e s ,  s o l u b i l i t y  f r a c t i o n a t i o n  

( 2 )  combined w i t h  c h a i n  l e n g t h  d e t e r m i n a t i o n  by pH t i t r a t i o n  ( 3 )  

h a s  been employed. However, t h i s  method i s  t o o  t e d i o u s  and c a u t i o n s  

s h o u l d  always be  t a k e n  t o  p r e v e n t  ' h y d r o l y s i s  of  t h e s e  p o l y p h o s p h a t e  

molecu le s .  A r a p i d  and a u t o m a t i c  p r o c e d u r e  h a s  been  d e s i r e d .  

Ion-exchange chromatography combined w i t h  an AutoAnalyzer  

d e t e c t o r  ( 4 - 6 )  deve loped  i n  o u r  l a b o r a t o r y  h a s  been a p p l i e d  t o  t h e  
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1892 M I Y A J I M A ,  YAMAUCHI, AND OHASHI 

a n a l y s i s  of  r e l a t i v e l y  s h o r t - c h a i n  po lyphospha te s .  Gel chromato- 

graphy on a c r o s s - l i n k e d  d e x t r a n  g e l ,  Sephadex (7,8) h a s  been 

s u c c e s s f u l l y  a p p l i e d  t o  c h a r a c t e r i z e  i n o r g a n i c  po lyphospha te s .  

I n  t h i s  work, a Sephadex G-100 column combined w i t h  a n  AutoAnalyzer  

d e t e c t o r  was a p p l i e d  t o  the r o u t i n e  a n a l y s i s  of t h e  m i x t u r e  of  

l ong-cha in  po lyphospha te s .  T h i s  sys t em h a s  been  proved t o  p r o v i d e  

a m o l e c u l a r  we igh t  d i s t r i b u t i o n  p r o f i l e  of t h e  m i x t u r e  w i t h  a good 

r e p r o d u c i b i l i t y  w i t h i n  2 h .  

EXPERIMENTAL 

P r e p a r a t t o n  of sodium phospha te  g l a s s e s  (1) 

A p p r o p r i a t e  q u a n t i t i e s  of anhydrous mono- and d i sod ium o r t h o -  

phospha te  were mixed and h e a t e d  i n  p l a t inum d i s h  a t  1000°C. A f t e r  

t h e  melts were h e a t e d  f o r  2 h a t  1000°C, t h e y  were quenched by  

pour ing  on a s l a b  and q u i c k l y  p r e s s i n g  a n o t h e r  coppe r  s l a b  on t o p .  

By t h i s  p rocedure  sodium phospha te  g l a s s e s  w i t h  v a r i o u s  a v e r a g e  

c h a i n  l e n g t h s  c o u l d  b e  o b t a i n e d  (Tab le  1). 

De te rmina t ion  of a v e r a g e  c h a i n  l e n g t h  ( 3 )  

To a p o r t i o n  of  t h e  sample po lyphospha te  s o l u t i o n ,  h y d r o c h l o r i c  

a c i d  was added t o  lower t h e  pH o f  t h e  s o l u t i o n  t o  c a .  3. Then 

0 .1  M c a r b o n a t e  f r e e  sodium h y d r o x i d e  s o l u t i o n  was added and t h e  

pH of t h e  s o l u t i o n  w a s  r e c o r d e d .  This t i t r a t i o n  was c a r r i e d  o u t  

a u t o m a t i c a l l y  w i t h  a KEM P o t e n t i o m e t r i c  Automatic  T i t r a t o r  Recorder  

model ATR-107 (Kyotodenshi  Kogyo L t d . ,  J a p a n ) .  From t h i s  t i t r a t i o n ,  

t h e  amount of end phospha te s ,  Ne, w a s  c a l c u l a t e d .  

of phospha te  monomers, N t ,  w a s  de t e rmined  c o l o r i m e t r i c a l l y  u s i n g  

Mo(V)-Mo(V1) r e a g e n t  (9,lO). The a v e r a g e  c h a i n  l e n g t h ,  n, was 

c a l c u l a t e d  a c c o r d i n g  t o  e q n . ( l > .  

The t o t a l  amount 

- 

S o l u b i l i t y  f r a c t i o n a t i o n  w i t h  a c e t o n e  ( 2 )  

14 g o f  phospha te  g l a s s  (Sample 10 i n  Tab le  1) was d i s s o l v e d  

J.n 140 m l  of w a t e r ,  t h e n  14 m l  a c e t o n e  w a s  added. T o  t h i s  o r i g i n a l  
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INORGANIC LONG-CHAIN POLYPHOSPHATE 1893 

TABLE 1. 

Data f o r  t h e  Sodium Phospha te  G l a s s e s  

Sample 1 2 3 4 5 6 7 8 9 1 0  
- *  

4.7  6 . 4  9.2 1 3 . 7  22.2 28.7 40.0 50.4 55 .8  7 5 . 8  
("'nom. 

* Not c o r r e c t e d  € o r  c y c l i c  phospha te s .  

s o l u t i o n  an  a p p r o p r i a t e  volume o f  a c e t o n e  was added t o  cause  i t  

a p p e a r  c loudy.  Th i s  s u s p e n s i o n  w a s  s t i r r e d  f o r  c a .  10 min and 

t h e n  c e n t r i f u g e d  a t  ca.  2000 rpm f o r  1 5  min. An o i l y  s u b s t a n c e  

c o u l d  be found below t h e  s o l u t i o n  which had become c l e a r .  A f t e r  

d e c a n t a t i o n  t h e  o i l y  s u b s t a n c e  w a s  d i s s o l v e d  i n t o  water. Seven 

f r a c t i o n s  were t a k e n  and t h e  amount of a c e t o n e  used  f o r  each  w a s  

g r a d u a l l y  i n c r e a s e d  as f r a c t i o n a t i o n  proceeded.  Data f o r  t h e  

f r a c t i o n a t i o n  expe r imen t s  a r e  t a b u l a t e d  i n  Table  2 .  

G e l  chromatography w i t h  AutoAnalyzer a s  a d e t e c t o r  

Sephadex G-100 column (15x300 mm) was used.  E l u e n t  c o n t a i n e d  
-4 

0 . 1  M sodium c h l o r i d e ,  0.01 M sodium acetate,  and 5x10 M a c e t i c  

a c i d  (pH 6 ) .  Sample s o l u t i o n s  c o n t a i n e d  sodium c h l o r i d e  and 

b u f f e r  a g e n t  of t h e  same c o n c e n t r a t i o n s  a s  t h e  e l u e n t  and sample 

phospha te s  of t h e  c o n c e n t r a t i o n  of c a .  M ( a s  phospha te  monomer). 

A 0.5 m l  p o r t i o n  of t h e  sample s o l u t i o n  w a s  a p p l i e d  t o  t h e  column 

w i t h  a l oop  i n j e c t o r .  

ml/min because  t h e  h i g h e r  f low rate  caused t h e  s h r i n k a g e  o f  t h e  

g e l  bed. 

The e l u t i o n  f low rate  w a s  k e p t  t o  be 0 . 5 2  

A p o r t i o n  of an e f f l u e n t  from t h e  column was i n t r o d u c e d  t o  

t h e  AutoAnalyzer d e t e c t o r  (Technicon) .  The d e t a i l s  of t h e  e x p e r i -  

men ta l  c o n d i t i o n s  of t h e  AutoAnalyzer d e t e c t o r  have been d e s c r i b e d  

p r e v i o u s l y  (5).  

r e a c t i o n  c o i l  t o  pe rmi t  t h e  h y d r o l y s i s  of po lyphospha te  and a c o l o r  

r e a c t i o n  of t h e  r e s u l t a n t  o r thophospha te  w i t h  a molybdenum r e a g e n t .  

For  a b o u t  1 8  min t h e  sample had t o  remain i n  t h e  
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TABLE 2 .  

Data f o r  t h e  Acetone F r a c t i o n a t i o n  
~~~ ~ 

F r a c t i o n  1 2 3 4 5 6 7* 

Volume of 

(ml) 

n 

ace tone  added 6 8 8 8 16 32 100 

- ?; * - 1 2 7  101 85 50 36 - 
~ ~~ 

* S o l i d  p r e c i p i t a t e  which may c o n s i s t  o f  c y c l i c  p h o s p h a t e s  was 

JcJ: S i n c e  t h e  g u a n t i t y  o f  the sample o b t a i n e d  was t o o  small f o r  
ob t n i n e d  . 

t i t r a t i o n ,  n cou ld  n o t  b e  de t e rmined .  

-o- o r t h o p h o s p h a t c  

- p o l y p h o s p h a t c  
t r i p h o s p h a  t c  

( n  = 9 . 2 )  

I I I I 

- 7  
0 0 . 5 1 . o  1 . s  2 . 0  2.5 X I 0  

Amount o f  p h o s p h a t e  (monomole) 

FIGURE 1. 

Peak area vs .  t h e  amount of phospha te  p l o t s  f o r  ortho- and poly- 
phospha te s .  
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INORGANIC LONGCHAIN POLYPHOSPHATE 1895  

FIGURE 2. 

E f f e c t  of  d e g r e e s  of  p o l y m e r i z a t i o n  of p o l y p h o s p h a t e s  on t h e  s l o p e  
of t h e  c a l i b r a t i o n  cu rve .  

A good 1 n e a r i t y  was o b t a i n e d  f o r  t h e  amount o f  po lyphospha te  and 

t h e  peak area f o r  samples  of  v a r i o u s  d e g r e e s  o f  p o l y m e r i z a t i o n  

( F i g .  1) Tough t h e  sample was mixed w i t h  s u l f u r i c  a c i d  and h e a t e d  

a t  98°C. po lyphospha te s  cou ld  n o t  c o m p l e t e l y  b e  hydro lyzed .  The 

s l o p e  of t h e  c a l i b r a t i o n  c u r v e  w a s  p l o t t e d  a g a i n s t  t h e  c h a i n  l e n g t h  

of  t h e  po lyphospha te  sample ( F i g .  2 ) .  S i n c e  t h e  s l o p e  d i d  n o t  

change when t h e  c h a i n  l e n g t h  i s  more than  10 ,  no c o r r e c t i o n  w a s  

made f o r  t h e  chromatograms o b t a i n e d  i n  t h i s  work. 

RESULTS AND DISCUSSION 

I n  t h e  p r e v i o u s  work (11-13), i t  h a s  been e x p e c t e d  t h a t  an  

e l u t i n g  a g e n t  g r e a t l y  a f f e c t s  t h e  e l u t i o n  b e h a v i o r  o f  l ong-cha in  

po lyphospha te s .  I n  t h i s  work,  t h e r e f o r e ,  0 . 1  M sodium c h l o r i d e  

s o l u t i o n  (pH 6 )  w a s  used th roughou t .  In F i g .  3, t h e  e l u t i o n  

p r o f i l e s  a r e  shown f o r  v a r i o u s  sodium p h o s p h a t e  g l a s s  s amples .  

It can  b e  seen t h a t  a s  t h e  v a l u e  of  (i)nom i n c r e a s e d  the r e s u l t i n g  

peak p o s i t i o n  s h i f t e d  fo rward ,  and t h a t  these g l a s s e s  have  a wide- 
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0 

e 
4: 

VI 

T i m e  

FIGURE 3-1. 
Elution p r o f i l e s  of sodium phospha te  glasses. S a m p l e  numbers are 
t h e  same as t h o s e  i n  Table 1. 
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INORGANIC LONG-CHAIN POLYPHOSPHATE 1897 

T 

a, 
U 
c 
rd 
P 
L 
0 
fn 
P 
d 

0 2 0  4 0  6 0  80  1 0 0  ( m i n )  

T i m e  

FIGURE 3-2.  

E l u t i o n  p r o f i l e s  of sodium phospha te  glasses, Sample numbers are 
the same as t h o s e  i n  Tab le  1. 
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0 . 6 

0.4 

0 . 2 

0 
I 

20 30 4 0 5 0  60 (ml) 0 1 0 
E l u t i o n  v o l u m e  

FTGURE 4 .  

E l u t i o n  p r o f i l e s  of t h e  samples  o b t a i n e d  by  a c e t o n e  f r a c t i o n a t i o n .  
F r a c t i o n  numbers are  t h e  same a s  t h o s e  i n  'I'ahle 2 .  

s p r e a d  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n .  Smal l  peak whose r e t e n t i o n  

t i m e  i s  a p p r o x i m a t e l y  85 min can be  obse rved .  These peaks c o r r e -  

spond t o  c y c l i c  p h o s p h a t e s ,  ma in ly  trimeta- and t e t r a m e t a p h o s p h a t e  

( 2 ) .  

I n  Fig. 4 ,  t h e  e l u t i o n  p r o f i l e s  of  t h e  long-cha in  polyphos-  

p h a t e  samples  o b t a i n e d  by a c e t o n e  f r a c t i o n a t i o n  are  shown. It  is  

e v i d e n t  t h a t  t h e  sample p r e p a r e d  by t h e  a c e t o n e  f r a c t i o n a t i o n  shows 

much na r rower  d i s p e r s i o n  than  t h e  o r i g i n a l  p h o s p h a t e  g l a s s  (Sample 

10 i n  F ig .  3 ) .  C y c l i c  p h o s p h a t e s w e r e  c o m p l e t e l y  removed o f f  f o r  

f r a c t i o n s  1-6. E l u t i o n  volumes,  Ve,  f o r  t h e s e  samples  w e r e  d e t e r -  
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1 . 5  

1899 

l o g  n 

2 . 0  

0.50 

0 . 2 5  

4 . 0  4 . 5  5 . 0  

l o g  ( M o l e c u l a r  W e i g h t )  

FIGURE 5. 

P l o t s  of d i s t r i b u t i o n  c o e f f i c i e n t  (K 
Weight) € o r  l i n e a r  phospha te s  o r  p s o f x i n s .  
V w a s  de t e rmined  by Blue Dextran 2000. 20 mg of p r o t e i n  sample 
was d i s s o l v e d  i n t o  10 m l  of t h e  e l u e n t .  A 0.5 m l  p o r t i o n  o f  t h e  
sample s o l u t i o n  was a p p l i e d  t o  t h e  column. 
1) Cytochrome C ,  2 )  a-Chymotrypsin,  3) P e p s i n ,  4 )  Bovine serum 
albumin 

) v s .  l o g  n o r  log (Molecu la r  
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mined from t h e  peak p o s i t i o n s  of t h e s e  samples .  D i s t r i b u t i o n  

c o e f f i c i e n t s ,  K,,, were c a l c u l a t e d  a c c o r d i n g  t o  e q n . ( 2 ) .  

where Vo i s  t h e  v o i d  volume and V is t h e  t o t a l  bed volume. t 
In o r d e r  t o  c a l i b r a t e  t h i s  column, several p r o t e i n s  were 

chromatographed w i t h  0 . 1  M sodium c h l o r i d e  s o l u t i o n  (pH 6 ) .  

A UV d e t e c t o r  (228 nm) was used i n  o r d e r  t o  m o n i t o r  t h e s e  p r o t e i n s .  

A s  h a s  been p o i n t e d  o u t  by Whi t ake r  ( 1 4 ) ,  a l i n e a r  r e l a t i o n s h i p  

was o b t a i n e d  between t h e  K v a l u e s  and t h e  l o g a r i t h m s  o f  t h e  

m o l e c u l a r  w e i g h t s  of  t h e  p r o t e i n s  ( F i g .  5 ) .  For  long-cha in  poly-  

phospha te  samples ,  t h e  v a l u e s  o f  K were a l s o  p l o t t e d  a g a i n s t  t h e  

l o g a r i t h m s  of t h e  a v e r a g e  c h a i n  l e n g t h s  ( F i g .  5 ) .  A s  w i t h  t h e  

p r o t e i n s  s y s t e m ,  a l i n e a r  r e l a t i o n s h i p  w a s  o b t a i n e d .  The r e l a t i o n -  

s h i p  may be  u s e f u l  f o r  c a l c u l a t i n g  t h e  d i s t r i b u t i o n  of  t h e  c h a i n  

l e n g t h  of sodium phospha te  g l a s s e s .  

av 

av 

A s  can b e  s e e n  from F i g s .  3 and 4,  a rough e v a l u a t i o n  of 

t h e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  p r o f i l e  of t h e  long-cha in  poly-  

phospha te  m i x t u r e  c o u l d  b e  made w i t h i n  2 h by  t h e  g e l  chromatography-  

A u t o h a l y z e r  system. T h i s  s y s t e m  is  q u i t e  u s e f u l  f o r  t h e  cha rac -  

t e r i z a t i o n  of  long-chain po lyphospha te s  . 
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