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Influence of Weak Acids on Sparingly Soluble Phosphates
D. P. Joshi and D. V. Jain

From o syatematic study of the solubility of the phosphates of Ba, Sr, Cr, Zn, Mn, Co, Cu, Bi, Cd, Ph, A,
and M in anlutions of some organic acids, the solubility canboarranged in the order: oxalics> tartarics eitries
formiv> neetic. The Po(hy.solubility gradually increases with the ineresss in the concentration of carhonie ecid
in the cuse of Mg. Ba, Br, Mn, Co, C'u,and Bi phosphates, but it decrcases inthe case of Al,Cr,Cd, Pb, and Zn
Phosphates. In glycine, unlike other acids, copper phosphate instead of magnesium phosphate shaws the
maximum solubility. Solubility behuviour of thesr phosphates has been explained on the basis of pH of the
equilibrium mixtures, dissociation constants, and possible resctions of the acida.

Varivus workers!-? have studied the solubility of mineral phosphates in citric acid.
Cremonat studied the solubility of natural phosphates and slag in varions organic and
dilute mineral acids. Calcagni® studied the action of 80, on natural phosphates. Lehr and
Wescemae!® and Dhar and Sharma? studied the influence of salts or the solubility of
phosphates. Copaux and Darie® made a comparative study of the solubility of varions
natural phosphates by potentiometer. The present investigation deals with the influence
of oxalie, citrie, tartnric, formie, acetic, carbonic, and amine-acetic acids on the phosghates
of Ba, Sr, Cr, Zn, Mn, Co, Cu, Bi, Cd, Pb, Al, and Mg regarding which practically no com-
parative work appears in the literature.

EXPERIMENTAL

AlP0O, H,0, CrPO,.6H,0, BaHPO,.2H,0, StHPO,, MgHPO,. 3H,0, Zn, (PO,),.
4H,0, MnHPO,. 3H,0, Co4(PO,),, Cuy(PO,),.3H,0, BilO,, Cd,(PO,),, and Pl (PO,),
used were pure lab>ratory chomicals. Each sample used was first analysed for its P,0,
content and ths pircentage of P,0, correspindad to the above mentioned formulas.
The organic acids used were of chemically pure quality and their concentrations employed
were 0.1N, 0.02N, 0.01N, and 0.001N. Carbonic acid of different concentrations was pre-
pared by passing CO, gas (prepared by the action of HCI on marble pieces) for different
periods in double distilled water. The concentration of CO, was computed by titrating®
against a standard baryta solution.
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The phosphate sample(1g.) was shaken with the solution (100ml) for 5 min. in a 260-ml
Jenn glass bottle and the contents were allowed to stand for 24 hr. in a *‘Gallenkamp”
thormostat, maintained at 25°40.1°. On the next day, the clear liquid was filtered. Aliquot
portions were taken for the estimation of P,0, volumetrically'®, using ammonium
molybdate. The pH of the solution was also determined as in our previous communi-
cation'’. The experiments were carried out under similar conditions and with as much
uniformity as passible 8o as to minimise the error in solubility due to variation in the time
of contact of the phosphate and the solution. Observations in large number were taken.
Some of the typical results are summarised in Table 1.

DISCUSBION

Solubility of Phosphatesin Water, Ozalic, Tartaric, Citric, Formic,and Acetic Acids—
¥rom Table I, it is evident that the solubility in water of the phosphates of metals lies
in the order: Mg > Sr>Pb > Al > Cu> Cr>Ba > Co > Bi> Mn > Zn > Cd.

The solubility of the phosphates in these acids can be arranged in the following
(ls'src'.lsing order: oxalic >tartaric >>citric >formiec > acetic.

Solubilising action of these acids on the sparingly soluble phosphates can be explain-
ed on the basis of their dissociation constarts'?. The H* ionsavailable from the acids have
a dissolving action on the sparingly soluble phosphates: hence PO 3~ ions available from the
sparingly soluble phosphates are converted to less dissociated HPQ,*~and H,PO,™ ions
according to equations (1) and (2):

PO~ -+ H* === HPO/- .. (1)
HPO> + Ht == H,POs .. (2

pH of the equilibrium mixture also supports this contention. In case of bismuth and
lead phosphates, the final pH valtes at all dilutions of the acids are found to be compara-
tively low with respact to the corresponding pH values in other phosphates. This may be
eithor due to the smaller amount of the metallic ions going into the solution or due to the
adsorption of basic ions on the solid residuc of tht phosphate.

The results indicate that anions are also involved and the solubility of the phosphates
becomes greater in the case of that acid in which the anion complex with the metal of the
phoephate is more soluble, irrespective of the pH of the equilibrium mixture. The solubility
of aluminium phosphate in 0.1N solutions of tartaric and ecitric acids supports this view.

Solubility of the Phosphates in Carbonic Acid.—The results indicate that the P,0,-
solubility gradually increases with the increasein the concentration of carbonic acid in the
case of phosphates of Mg, Ba, Sr, Mn, Co, Cu, and Bi (magnesium phosphate being the most
soluble). In the case of phosphates of Al, Cr, Cd, Pb, and Zn, the P,0,-solubility decreases

10. Vogel, sbid., p. 380.
11. Joshi and Jain, this Journal, 1964, 41, 33.
12. Hodgeman, "“Hand Book of Physics and Chemistry'’, pp. 1466-77 and 15047,
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in presence of earbonic acid, 8o much so, that zinc phosphate is practically ineoluble in
it. Likewiso, the dissolving power of carbonie acid can be explained on the basis of dissoria-
tion constants.

Solubility of the Phosphates in Glycine.—In glycine solutions, the phosphates are
moare soluble than in water alone.

Unlike other acids, copper phosphate, instead of magnesium phosphate, showed
maximum solubility in glycine. Of particular interest is the fact that at the same
dilution of 0.1N, copper phosphate is more soluble in glycine than in aceticacid. In this
particular cage, pH of the solutivn does not scem to have any relation with the sombility
of the phosphate. With other phosphates, however, the solubility increases with the decreass
of pH value. In the case of copper phosphate, the supernatant liquid is deep hluein colour
and the marked inereuse in solubility can be explained due to formation of the deep
blue copper-glycine complex in solation.
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