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In our previous work’, the anion-exchange chromatographic behaviour of 
various phosphorus oxo-anions was examined by use of Dowex 1~x8 resin with 
sodium chloride solution as the eluent, and some elution systems were proposed for 
the efficient separation of phosphorus oxo-anions by a single anion-exchange chro- 
matographic run. However, it was demonstrated that the hydrolysis of P-O-P 
linkages in diphosphate anions takes place during anion&change chromatography 
with potassium chloride or sodium chloride solution as the eluent and that the presence 
of EDTA anions in the eluent resulted in the good separation of linear phosphates2*3. 
It was therefore considered necessary to re-investigate the anion-exchange chro- 
matographic separation of phosphorus oxo-anions with an eluent containing EDTA 
anions. 

In this work we examined the possibilities of the separation of various phos- 
phorus oxo-anions by a single anion-exchange chromatographic run with sodium 
chloride solution containing EDTA anions as the eluent. 

EXPERIMENTAL 

Reference substances for phosphorus oxo-anions 
The following materials were used to determine the elution positions of 

individual phosphorus oxo-anions in anion-exchange chromatography : NaPHLOz - 
Hz0 [p(I)], Na,PHOB - 5H,O [P(III)], NaH,POd - 2H20 [P(V)], Na2H2P,06- 6H,O 
[P(IV)_P(IV)], Na,P,H205 [P(III)-O-P(III)], Na3P2H06-4Hz0 [P(III)-O-P(V)], 
NalP,O, - 10HzO [P(V)-O-P(V)], Na,P,O, - 14H,O [P(W)-P(U)-P(IV)], NaaP3H08 - 
Hz0 [P(III)-O-P(IV)-P(IV)], (NH&P309-xHLO [P(V)-O-P(IV)-P(IV)], and 
NaRflPn03n+l with ii = 4.5. 

Anion-exchange chromatography 
Anion-exchange chromatography was carried out with a 65 x 1.3 cm I.D. 

column of Bio-Rad AGI-X8 (Cl-) (100-200 mesh) and a multi-step gradient elution 
technique was employed’. The eluent (containing 5 mM EDTA anions3) consisted in 
the mixing bottle of 0.02 M NaCl(750 ml) and in the reservoir of 0.12 M NaCl (frac- 
tions l-150), 0.20 M NaCl (fractions 151-250), 0.35 M NaCl (fractions 251-350) and 
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1.50 M NaCl (fractions 351400). The pH was ca. 7 and the flow-rate ca. 1 ml-min-l. 
The effluent was collected in 10-g fractions with an automatic fraction collector 

and the phosphorus content in each effluent fraction was determined calorimetrically 
with the formation of orthophosphoric and/or hypophosphoric heteropofy blue by 
use of a molybdenum(V)-molybdenum(W) reagent ‘. The color development and the 
absorbance measurements were carried out by the procedures described in a previous 
paper’. 

RESULTS AND DISCUSSION 

A typical anion-exchange chromatogram is shown in Fig. 1. In the first step 
of this chromatographic run, three kinds of monophosphorus oxo-anions, viz., P(I), 
P(II1) and.P(V) anions, and two kinds of diphosphorus oxo-anions, viz., P(W)-P(IV) 
and P(III)-O-P(II1) anions, were eluted, although the latter pair was poorly resolved 
and could be distinguished only by calorimetric analysis with the molybdenum(V)- 
molybdenum(V1) reagent and 1 M sodium hydrogen sulphite solution. Two kinds of 
diphosphorus oxo-anions, riz., P(III)-0-P(V) and P(V)-O-P(V) anions, and tri- 
phosphorus P(IV)-P(III)-P(W) anions were eluted in the second step, although two 
peaks for these diphosphorus P-O-P-anions partly overlapped. At the start of the 
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Fig. 1. Anion-exchange chromatogram of phosphorus oxo-anions. Diphosphate and higher oligo- 
phosphates are abbreviated to P2, P3, etc. Conditions for colour development and absorbance 
measurement: 0, MO(V)-MO(W) reagent, i! = 810 nm; 0, MO(V)-Mo(VI) reagent + 1 M 
Na%IS03, I = 810 run: A, MO(V)-Mo(VI) reagent, i! = 610 mn; A, MO(V)-Mo(VI) reagent + 1 M 
NaHSOs. J. = 610 run. ----, calculated curve from the absorbance data; - - - - -, concentration 
of NaCl in the eluent. 
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third step, thr$e kinds of triphosphorus oxo-anions, viz., Po-&P(IV)-P(IV), 
P(V)-O-P(N)-P(N) and t&phosphate anions, were eluted. The first occurred just 
before the completely overlapped peaks of the latter two triphosphorus oxo-anions. 
Tetra- to heptaphosphate anions were eluted successively in the later stages-of the 
third step. The peak of octaphosphate anions appeared at the point of change to the 
final step and was followed by the peak of nona- and higher oligophosphate anions. A 
small peak of trimetaphosphate anions included in glassy sodium oligophosphate 
was eluted in the later stages of the &al step. 

In this chromatographic system, both chloride and EDTA anions are in com- 
petition with phosphorus oxo-anions for the ionic sites on the anion-exchange resin. 
With the concentration of EDTA anions fixed at 5 mM, some preliminary chromato- 
graphic runs were carried out with different sodium chloride concentrations in the 
eluents, but a substantial improvement in the resolution of the phosphorus oxo-anions 
compared with the results given in Fig. 1 was not obtained. 

It is concluded that many kinds of phosphorus oxo-anions can be separated 
as well resolved peaks by multi-step exponential gradient elution, although some 
phosphorus oxo-anions are eluted very close to each other. At present, the system 
employed here is considered to be the most useful for the separation of a mixture of 
phosphorus oxo-anions with different oxidation states and structural complexities. 
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