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FRACTIONATION AND CHARACTERIZATION OF INORGANIC 

LONG-CHAIN POLYPHOSPHATE BY GEL CHROMATOGRAPHY 

Tohru Miyajima, Keiko Yamauchi and Sh ige ru  Ohashi  
Department of Chemistry,  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 igash iku ,  Fukuoka, 812 JAPAN 

ABSTRACT 

I n o r g a n i c  long-chain po lyphospha te s  were f r a c t i o n a t e d  by 
Sephadex G-100 and G-50 columns. 
l e n g t h s ,  E, were 20 - 150 and 10 - 50 w e r e  o b t a i n e d  by t h e  G-100 
and G-50 columns, r e s p e c t i v e l y .  By rechromatography of t h e s e  
f r a c t i o n s ,  l i n e a r  r e l a t i o n s h i p  w a s  found f o r  t h e  p l o t s  of  t h e  
e l u t i o n  volumes v s .  l o g a r i t h m s  of t h e  i'5 v a l u e s .  By t h e  u s e  of  
t h i s  r e l a t i o n s h i p ,  cha in  l e n g t h  d i s t r i b u t i o n  a n a l y s i s  cou ld  be  
performed. 

F r a c t i o n s  whose a v e r a g e  c h a i n  

INTRODUCTION 

Among condensed phospha te s ,  l i n e a r  phospha te s  whose c h a i n  

l e n g t h ,  n ,  range from 2 t o  s e v e r a l  t e n  thousands  form one f ami ly .  

S i n c e  t h e s e  materials c o n t a i n  po lyan ions  which b i n d  m e t a l  c a t i o n s  

such as ca lc ium i o n s ,  t h e y  have found widespread a p p l i c a t i o n s  i n  

i n d u s t r y .  The b i n d i n g  c h a r a c t e r i s t i c  of  t h e s e  a n i o n s  is  depen- 

d e n t  on t h e  n v a l u e  of a sample phosphate .  The s t u d y  of  t h e  i n t e r -  

a c t i o n  between t h e s e  polyphosphate  a n i o n s  and m e t a l  c a t i o n s  (1 )  i s  

expec ted  t o  g i v e  c l e a r  i n s i g h t  t o  p o l y e l e c t r o l y t e  s o l u t i o n  chemis t ry ,  
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266 MIYAJIMA, YAMAUCHI, AND OHASHI 

because t h e s e  a n i o n s  b e a r  q u i t e  crowded n e g a t i v e  c h a r g e s  on t h e i r  

mo lecu le s .  

s t a n d i n g  o f  t h e  t r a n s i t i o n  from s i m p l e  e l e c t r o l y t e  t o  p o l y e l e c t r o l y t e .  

P r e p a r a t i o n  o f  p u r e  samples  o f  t r i -  and t e t r a p h o s p h a t e s  h a s  

Samples which have v a r i o u s  n v a l u e s  w i l l  h e l p  the under- 

been r e p o r t e d  ( 2 , 3 ) .  I n  o r d e r  t o  p r e p a r e  l i n e a r  phospha te s  whose 

n v a l u e  is h i g h e r  t h a n  4 ,  sodium phospha te  g l a s s  which h a s  a b road  

c h a i n  l e n g t h  d i s t r i b u t i o n  h a s  been used as a c r u d e  m a t e r i a l  ( 4 ) .  

For a s e p a r a t i o n  pu rpose ,  ion-exchange chromatography h a s  been  

a p p l i e d  t o  y i e l d  pu re  samples  whose n v a l u e  i s  up t o  abou t  10 ( 5 ) .  

S i n c e  i t  i s  q u i t e  d i f f i c u l t  t o  p r e p a r e  t h e  p u r e  samples  whose n 

v a l u e  i s  h i g h e r  t han  10,  m i x t u r e  samples  whose c h a i n  l e n g t h  d i s t r i -  

b u t i o n  is  as narrow a s  p o s s i b l e  shou ld  b e  p r e p a r e d .  

G e l  chromatography h a s  been a p p l i e d  t o  f r a c t i o n a t i o n s  of wa te r -  

s o l u b l e  polymers ( 6 ) .  The aim of t h e  p r e s e n t  work is  t o  examine 

t h e  a p p l i c a b i l i t y  of g e l  chromatography t o  f r a c t i o n a t i o n  of long-  

cha in  po lyphospha te s .  The f r a c t i o n s  o b t a i n e d  were ana lyzed  f o r  

t h e i r  n v a l u e s  and c h a i n  l e n g t h  d i s t r i b u t i o n s .  

EXPERIMENTAL 

Materia 2s 
Sodium phosphate  g l a s s e s  were p repa red  a c c o r d i n g  t o  t h e  l i t e r -  

a t u r e  ( 4 ) .  

end group t i t r a t i o n  method (7 )  were 113 and 1 9  f o r  Sephadex G-100 

and G-50 sys t ems ,  r e s p e c t i v e l y .  O t h e r  r e a g e n t s  were of a n a l y t i c a l  

g rade .  

The ; v a l u e s  of t h e s e  c r u d e  m a t e r i a l s  de t e rmined  by 

Fractionation Procedure 
Sephadex G-100 and G-50 columns whose s i z e  w a s  $ 2 . 6 ~ 9 5  cm 

were used f o r  t h e  p r e p a r a t i v e  purpose.  0 . 1  M sodium c h l o r i d e  

s o l u t i o n  was used a s  an  e l u e n t .  E l u t i o n  f low r a t e  was 0.65 ml/min. 

Each 0 .5  g of sodium phospha te  g l a s s  sample d i s s o l v e d  i n  10 ml of 

t h e  e l u e n t  w a s  a p p l i e d  t o  t h e  g e l  column and w a s  e l u t e d .  The e f f -  

l u e n t  was d i v i d e d  s u c c e s s i v e l y  i n t o  1 8 - m l  f r a c t i o n s  and an  n v a l u e  

of each f r a c t i o n  was determined by t h e  end group t i t r a t i o n  method. 
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INORGANIC LONG-CHAIN POLYPHOSPHATE 267 

Gel Chromatographic Ana2ysi.s 
Sephadex G-100 and G-50 columns whose s i z e  w a s  $ 1 . 5 ~ 3 0  cm 

were used  f o r  t h e  a n a l y t i c a l  pu rpose .  E l u e n t  c o n t a i n e d  0.1 M 

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

(pH 6 ) .  0.5 m l  p o r t i o n s  of t h e  f r a c t i o n  samples  o b t a i n e d  by t h e  

p r e p a r a t i v e  columns were a p p l i e d  t o  t h e  a n a l y t i c a l  columns and 

were e l u t e d .  A n  AutoAnalyzer d e t e c t o r  ( 8 , 9 )  was used i n  o r d e r  t o  

d e t e c t  c o n t i n u o u s l y  t o t a l  phospha te  c o n c e n t r a t i o n  i n  an  e f f l u e n t .  

I t  h a s  been r e p o r t e d  t h a t  t h e  p l o t s  o f  t h e  peak area v s .  t h e  

amount o f  po lyphospha te  g i v e  a good l i n e a r i t y  ( 9 ) .  Fu r the rmore ,  

i t  was found t h a t  t h e  s l o p e s  o f  t h e  c a l i b r a t i o n  c u r v e s  a r e  a l m o s t  

e q u a l  t o  each o t h e r  f o r  t h e  l i n e a r  phospha te  samples  whose n v a l u e  

is h i g h e r  t h a n  10 ( 9 ) .  

-4  

RESULTS AND DISCUSSTION 

S i n c e  i t  took  abou t  a h a l f  day t o  accompl i sh  t h e  f r a c t i o n a t i o n  

w i t h  e a c h  p r e p a r a t i v e  column, h y d r o l y s i s  o f  t h e  sample d u r i n g  

e l u t i o n  w a s  examined p r i o r  t o  t h e  f r a c t i o n a t i o n .  0.01 M sample 

(n = 113) s o l u t i o n  was a l lowed  t o  s t a n d  a t  50"C, and a t  d a y l y  

i n t e r v a l s ,  a p o r t i o n  of t h e  sample s o l u t i o n  w a s  withdrawn t o  b e  

a n a l y z e d  by t h e  g e l  column (Sephadex G-100, $ 1 . 5 ~ 3 0  cm). No d e t e c -  

t a b l e  change i n  e l u t i o n  p r o f i l e  w a s  obse rved  f o r  t h r e e  d a y s ,  which 

e n s u r e d  t h e  s t a b i l i t y  of t h e  samples  t o  h y d r o l y s i s  d u r i n g  f r a c t i o n a -  

t i o n .  

I n  F ig .  1, r e p r e s e n t a t i v e  e l u t i o n  p r o f i l e s  of t h e  sodium phos- 

p h a t e  g l a s s e s  o b t a i n e d  w i t h  t h e  p r e p a r a t i v e  Sephadex columns are 

shown. It can b e  s e e n  t h a t  t h e s e  samples  have a b road  d i s t r i b u -  

t i o n .  Small  peaks  appea red  a t  approx ima te ly  t o t a l l y  permeable  

volume o f  t h e  columns may co r re spond  t o  t h e  c y c l i c  p h o s p h a t e s  

(ma in ly  t r i m e t a -  and t e t r a m e t a p h o s p h a t e s ) .  

f r a c t i o n  w a s  de t e rmined  and some o f  t h e  f r a c t i o n s  were chromato- 

graphed w i t h  t h e  a n a l y t i c a l  columns. The e l u t i o n  p r o f i l e s  of t h e  

f r a c t i o n s  are shown i n  F i g s .  2 and 3. The d a t a  of e l u t i o n  volumes, 

Ve, which were de te rmined  from t h e  peak p o s i t i o n s  of t h e s e  samples  

An n v a l u e  o f  e a c h  
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Sephadex G-50 
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10 20 (Fr. No.)  

7, 

I I I I I 
100 2 m  300 400 500 (ml) 

Elution volume 

FIGURE 1. 

E l u t i o n  p r o f i l e s  of sodium phosphate  g l a s s e s .  

a r e  given i n  Tab les  1 and 2 .  I t  can be s e e n  t h a t  l i n e a r  phospha te  

mix tu re  whose n v a l u e  i s  from ca.  10 t o  c a .  150 can be  p r e p a r e d  by 

t h e  use  of  t h e  Sephadex G-100 and G-50 columns w i t h  0 .1  M sodium 

c h l o r i d e  s o l u t i o n .  

- 

V v a l u e s  were p l o t t e d  a g a i n s t  l o g  n v a l u e s  (F ig .  4 ) .  Good 

l i n e a r i t y  was o b t a i n e d  f o r  bo th  t h e  Sephadex G-100 and G-50 columns. 
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TABLE 1. 

- 
Fr. No. n Ve (ml) 

11 57 

Fractionation of Sodium Phosphate Glass 
( 6  =113) by the Sephadex G-100 Column. 

- - 
Fr. No. n Ve (m1) n* "I" 

- 
Fr. No. n ve (ml) 
ia 20 29.3 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

157 

12 8 

118 

101 

83 

65 
53 

41 

26** 

30 

24 

19 

17 

1 6  

17.7 

20.8 

24.9 

28.6 

31.5 

32.8 

35.5 

37.2 

40.5 

93 1. l1 

2 67 1.1 

47 1.12 

36 l.lA 

21 1.12 

15 1. l4 

** Since this value is considered to be too low, this plot 
is omitted in Fig. 4 .  

TABLE 2. 

Fractionation of Sodium Phosphate Glass 
(n = 19) by the Sephadex G-50 Column. 

12 52 22.4 

13 45 

14 37 24.9 

15 34 25.9 

16 29 27.9 
17 24 

19 17 

20 14 33.5 

21 11 

22 9 37.1 

24" 12 41.2 

* This fraction contains cyclic phosphates. 
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FIGURE 2 .  

E l u t i o n  p r o f i l e s  o b t a i n e d  by t h e  Sephadex G-100 a n a l y t i c a l  column. 
Each sample f r a c t i o n  w a s  o b t a i n e d  by t h e  Sephadex G-100 p r e p a r a t i v e  
column. F r a c t i o n  numbers a r e  t h e  same as t h o s e  i n  Tab le  1. 

L I I I 

10 20 30 40 50 (ml) 
Elution volume 

FIGURE 3 .  

E l u t i o n  p r o f i l e s  o b t a i n e d  by t h e  Sephadex G-50 a n a l y t i c a l  column. 
Each sample f r a c t i o n  w a s  o b t a i n e d  by t h e  Sephadex G-50 p r e p a r a t i v e  
column. F r a c t i o n  numbers a r e  the  same as t h o s e  i n  Tab le  2 .  
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Sephadex G-100 

log n 
FIGURE 4 .  

P l o t s  of ve v s .  l o g  n. 

S i n c e  a s imilar  phenomenon h a s  been observed f o r  a Sephadex G-25 

sys t em ( l o ) ,  i t  seems wor thwhi l e  t o  c o r r e l a t e  t h e  m o l e c u l a r  s t r u c t u r e s  

of phospha te  polymers i n  s o l u t i o n  t o  t h e i r  g e l  chromatographic  

b e h a v i o r .  C o n s i d e r a t i o n  on t h i s  p o i n t  w i l l  be  d i s c u s s e d  e l sewhere .  

P r a c t i c a l l y ,  t h i s  r e l a t i o n s h i p  between V and l o g  n i s  u s e f u l  e 
t o  de t e rmine  c h a i n  l e n g t h  d i s t r i b u t i o n  of a phospha te  m i x t u r e .  

The c h a i n  l e n g t h  d i s t r i b u t i o n  a n a l y s i s  of a phosphate  m i x t u r e  w a s  

c a r r i e d  o u t  by t h e  Sephadex G-100 column u s i n g  t h e  same procedure  

as h a s  been a p p l i e d  t o  t h e  a n a l y s i s  of  d e x t r a n s  (11 ) .  I n  F ig .  5 ,  

a r e p r e s e n t a t i v e  c h a i n  l e n g t h  d i s t r i b u t i o n  a n a l y s i s  f o r  f r a c t i o n  14 

i n  T a b l e  1 is shown. I n  Table  1, c h a i n  l e n g t h s  c a l c u l a t e d  from 

t h e  g e l  chromatographic  a n a l y s i s ,  ;*, are p r e s e n t e d .  

c a l c u l a t e d  from t h e  chromatographic  a n a l y s i s  are n o t  a lways c o n s i s t e n t  

w i t h  t h e  v a l u e s  determined d i r e c t l y  by t h e  end group t i t r a t i o n  

method. Th i s  d i s c r e p a n c y  may b e  a t t r i b u t e d  t o  small d i s p e r s i o n  of 

t h e  sample phospha te  zone i n  t u b e s  of t h e  d e t e c t o r  due t o  t h e  w a l l  

e f f e c t  (12 ) .  E l i m i n a t i o n  of t h i s  e f f e c t  i n  t h e  d e t e c t o r  seems 

The n* v a l u e s  
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20 

10 

0 

- 
integral distribution 

d i f f e ren t i a l  distribution 

I 

100 200 

( % I  
00 

50 

0 

n 

FIGURE 5. 

R e p r e s e n t a t i v e  c h a i n  l e n g t h  d i s t r i b u t i o n  a n a l y s i s .  

Sample: F r a c t i o n  14 i n  Tab le  1. 

n e c e s s a r y  t o  p r e c i s e  d e t e r m i n a t i o n  of  t h e  c h a i n  l e n g t h  d i s t r i b u t i o n .  

Though t h e r e  remains some problems t o  b e  s o l v e d  i n  t h e  d e t e c t o r ,  

t h e  g e l  chromatography-AutoAnalyzer system is  q u i t e  u s e f u l  f o r  t h e  

p r e s e n t  purpose,  because  on ly  a small amount of sample is n e c e s s a r y  

f o r  t h i s  a n a l y s i s  and t h e  t i m e  needed f o r  t h e  a n a l y s i s  i s  r e l a t i v e l y  

s h o r t .  Both t h e  we igh t  ave rage  molecu la r  w e i g h t ,  Mw, and t h e  number 

ave rage  molecu la r  we igh t ,  M,, have been c a l c u l a t e d  from t h e  g e l  

chromatographic  e l u t i o n  c u r v e s .  

g i v e s  an i n d i c a t i o n  of  t h e  e f f i c i e n c y  of  t h e  f r a c t i o n a t i o n .  These 

v a l u e s  were c a l c u l a t e d  t o  b e  about  1.1 f o r  a l l  t h e  f r a c t i - o n s  o b t a i n e d  

(Table  1). 

- 
- 

The h e t e r o g e n e i t y  r a t i o ,  "/in, 

I n  o r d e r  t o  o b t a i n  s o l i d  samples  of  phospha te s ,  each f r a c t i o n  

was f r e e z e - d r i e d .  S i n c e  t h e  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  

a f t e r  t h e  f r eeze -d ry ing  p rocedure  w e r e  q u i t e  t h e  same as t h o s e  o b t a i n e d  

b e f o r e  t h e  p rocedure ,  i t  w a s  concluded no h y d r o l y s i s  occured  d u r i n g  

t h e  t r e a t m e n t  . 
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