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SUMMARY 

Linear phosphates with degrees of polymerization of I to 13 were chromato- 
graphed on a Sephadex G-25 column with a 0.1: M potassium chloride solution and 
the following results were obtained. (I) The I< a2, values of the linear phosphates did 
not depend on pH of the eluents. (2) A linear relationship was observed between the 
Kav values and the logarithms of the degrees of polymerization. (3) Average degrees 
of polymerization of polyphosphate fractions determined by pH titration agreed 
approximately with those calculated from the gel chromatographic data. 

INTRODUCTION 

It is widely known that solute molecules are eluted from a gel chromatographic 
column in the decreasing order of their sizes when only the molecular-sieve effect is 
operative. This has stimulated many investigators 1-O to find a relationship between 
the sizes and elution volumes of solute molecules. GRANATH AND KVIST~ found that 
elution volumes of organic chain polymers were a linear function of the logarithms of 
their molecular weights and calcu’ ‘.ed average molecular weights of unknown samples 
using this relationship. This method has also been applied satisfactorily to the esti- 
mation of molecular weights of proteins or enzymes2. 

More recently, some investigators have attempted to treat the gel chromato- 
graphic behavior of solute molecules theoretically and derived many equations on the 
basis of the hypothetical structures for gel matrix, viz., conical pores’, rigid rod@, 
cylindrical pore9 and a mixture10 of cones, cylinders and crevices. Distribution 
coefficients of some solute molecules were successfully correlated with their sizes when 
there were no side effects such as adsorption. It has been demonstrated in another 
paper11 that the gel chromatographic behavior of a number of 0x0 anions of phos- 
phorus, under the proper conditions, is based on the molecular-sieve effect, and the 
contribution of the side effects is almost negligible, Therefore, a theoretical study 
appears to be applicable to the gel chromatographic behavior of a series of linear 
phosphates (polyphosphates). 
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This paper describes the gel chromatographic behavior of linear phosphates on 
cross-linked dextran gel columns. The relationship between their distribution coef- 
ficients and degrees of polymerization will be briefly discussed. 

Abbreviated notations as P1, P,, P,, etc. are used for ortho-, di-, triphosphate, 
etc. in this paper. 

EXPERIMENTAL 

A sodium polyphosphate glass with an average degree of polymerization 9 = IO 

was prepared 12. Polyphosphate fractions with a p of 3-13 were prepared by fractional 
precipitation l3 from the sodium polyphosphate glass with a j5 of IO. The values of j5 
of the polyphosphate fractions were determirled by pH titrationr4Jb with a Hirama 
Automatic Titrator. Individual linear phosphates with degrees of polymerization 
$J = 4 to 13 were obtained as follows. The sodium polyphosphate glass with jS = IO 

was chromatographed on an ion-exchange column in the manner described in a 
separate paper lo. The linear phosphates with 9 up to 13 were clearly separated from 
one another. A fraction at the maximum concentration of each species was concen- 
trated and desalted to the desired extent by adding dry Sephadex G-IO gel to it, 
To avoid hydrolysis of the linear phosphates a gel chromatographic run was started 
within I h after they were eluted from the ion-exchange column. The concentrations 
of sample solutions used for gel chromatography were 3 x 10-3 to 5 x 10-3 gram atom 
P per 1 for the individual phosphates and 0.01-0.02 gram atom P per 1 for the poly- 
phosphate fractions. 

The eluents used in this work were 0.1 M potassium chloride solutions containing 
the suitable buffer agents recommended in the preceding paperfl. A 0.1 M potassium 
chloride-0.01 M hydrochloric acid solution (pH 2) was also employed as an eluent. 

The Sephadex G-25 columns were identical with those used in the preceding 
paperll. 

RESULTS AND DISCUSSION 

In the preceding paper I1 it was found that the elution curves for the 0x0 acids 
of phosphorus at sample concentrations lower than 0.01 g atom P per 1 are symmetrical 
and their elution volumes are within the total liquid volume of the column. As shown 
in Fig. I, all of the elution curves for the linear phosphates with a p of 1-12 chromato- 

Fraction num her 

Fig. I. Elution curves for linear phosphntcs. Gel, Scphaclcx G-25; bccl volume, ISO ml : clucnt 
0.x M ICCI, PI-1 7.0. Ons fraction = I.08 ml. 
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TABLE I 

Ic’(uv AND R, VALUES OF LINEAR PHOSPHATES AT VARIOUS ELUENT @ 

Gel, Scpl~aclcx G-25; bed volume, 150 ml; cluent, 0.1 M KCl, 
..___-_- .____ _-_-_________... .- -.-.. -_----_-.._ ___-._ -__._.. -_.._.______-_.-___ 
Samfh Bttflcv awd pH 

--__ _______--_~-- _______-.__._-._-_--__-__ 
o.or M HCl 0.005 iVI fi,/ltltalate o.oozj hcl Tris 
pH 2.0 

0.005 hd ammoniatnz 
PI-r 4.6 pri 7.0 pH 9.2 

kzv 

-- __-_ 

I<,, R8 - Is’,, 

-- 

(Al 
R8 R* I< 
(A) 

a 2, R, 
(A) (A! 

--- ------ ..------- __--_______----__.__-.-.__---_--_-__-----.-_______. - 

0.67 

o-54 
o*44 
0.39 
0.36 
0.32 
0.28 
0.2G 

0.24 
0.21 

4:: 
G-4 
G.9 
7.2 
7.6 
8.0 

8.3 
8.G 
8.9 

o&7 
o-54 
0.44 
0#40 

o-35 
O-33 
0.2g 

0.26 

0.24 
0.21 

0.20 

0.18 

0.15 

4.4 
5-G 
G-4 
0.9 

;:z 
8.0 
8.3 
8.6 
9.0 
9.2 
9.4 
9.8 

- 

0.70 

0.53 
0.45 
0.40 
0.36 
0.33 
0.29 

0.2G 
0.24 
0.21 

0.20 

0.20 

4:; o.Gg 
0.54 

0.4 0.44 
6.9 0.40 

;:: 
0.38 

0.34 
8.0 0.29 

8.3 0.27 
8.6 0.23 
9.0 0.21 

9.2 0.19 

9.2 

4.3 
5.6 
6.4 
G-9 
7.0 
7.5 
S.0 

8.2 

8.7 
8.9 
9.2 

graphed on a Sephadex G-25 column with an eluent of pH 7 are also symmetrical. 
The elution curves for some linear phosphates with higher fi values have a relatively 
high background because of hydrolysis of the samples. The decomposition of the 
samples, however, is not so serious as to affect their elution positions because a greater 
part of each phosphate remained unchanged. 

The I<,, values of the linear phosphates at pH 2.0,4.6,7,0 and 9.2 are shown in 
Table I, together with their effective sizes X, estimated according to the method 
described in the preceding paper ll. The distribution coefficient ZCav is defined by 
eqn. I, 

where V, is the elution volume of the solute, Vt the total volume of the gel bed and 
V. the void volume outside the gel particles. The A, values of the linear phosphates 
increase, as expected, with increase of the degree of polymerization. 

It is well known that linear phosphates with a $J higher than 5 are hydrolyzed 
in aqueous solution to produce cyclic trimetaphosphate and smaller linear phosphates. 
The rate of formation of trimetaphosphate increases with increase of the acidity of 
solution. Therefore, it could be expected that the linear phosphates in acidic solution 
would have a configuration close to a six-membered cyclic structure. Deformation of 
this kind would be reflected in the variation in Ii’ QV values. As shown in Table I, 
however, there is no distinguishable variation in the Kav values of the linear phosphates 
in the wide pH range of the solutions. 

Many investigators have found linear relationships between elution volumes of 
solute molecules and logarithms of their molecular weights or degrees of polymer- 
ization. As can be seen in Fig. 2, there is a similar relationship between the Kau values 
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t I , II111111 

1 5 10 
p in log stole 

Fig. 2. Relationship between ICau and p. Gel, Scph,zdcx G-25 ; bed volume, ISO ml; eluent, 
0.1 M KCI, pII 7.0. 

and the logarithms of thep values of the linear phosphates. Although this relationship 
is quite empirical, it is useful for estimating the molecular weights or distribution of 
the linear phosphates. 

In order to test the applicability of the above relationship the following experi- 
ments were carried out. Several polyphosphate fractions, the 5 of which had prelimi- 
narily been determined by conventional pH titration, were chromatographed on a 
Sephadex G-25 column with a 0.1 M potassium chloride solution adjusted to pH 7.0. 
As an example, the elution curves for polyphosphates with 9 values of 3-13 are 

Fig. 3. Klution curves for some polyphosphate 
150 ml ; eluent, 0.1 M KCl, pH 7.0. 

fractions. Gel, Sephadcx G-25: bed volume, 
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illustrated in Fig. 3. The j5 of a sample can be calculated from such an elution curve 
by eqn. 2, 

=a e-p 
p = ~(xt/j%> 

(2) 

where xi denotes the content of phosphorus in the i-th fraction of the effluent and $1 
is the average degree of polymerization of the linear phosphates in the z’-th fraction, 
which can be determined from the linear relationship in Fig. 2. The j5 values of the 

TRBLB II 

AVERAGE DRGREES 01' POLYMERI%ATION OF 

GEL CHROMATOGRAPHY AND PI-1 TITRATION 
SODIUM POLYPHOSPIIATE FRACTIONS DETRRMINRD l3Y 

Gel, ScplIaclcx G-25; bccl volu~~c, 150 ml; cluc~~t, 0.1 &I KC1 (pH 7.0). 
- 
Gel cltrovnato- p’H 
gvaphy on lilYUliOV2 
Sephadex G-25 

.-- 

3.2 3.0 
8.4 8.2 

9.3 9.’ 
9.5 10.1 
12.0 11.0 
14.0 13.1 
-- - 

polyphosphate fractions calculated in this manner are listed in Table 
ment is observed between the 3 values determined by both methods. 

II. Good agree- 
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