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Influence of Weak Acids on Sparingly Soluble Phosphates 

D. P . .Joshi and D. V . .Jain 

}'rum o. Ryrttomatic atudy ofth.o &olubility oftho phO!Iph.Btea of Ba, Rr, Cr, Zn, Mn, Co, Cu, Di, Cd, Pb, Al, 
anrl :\1!!; in ""lutionaof anma orp:anio acidH, the Rolubility oanboarrangerl in theordor: on lie.> t&rttt.ri<? citric> 
formi•·> n.N•tie. The P<a05.1~rolubility gro.due.lly inc.ri'&IU!-11 with the increal!e in the eon('entrA.tion o£ ~arbonic acid 
in tht••· .. ~of~IJ!:. Ua, Sr, lln,Co, C'u, an•l Bi ph011ph"tea. but it decrr.B.Bl'll in the case of •U,Cr,Cd, Pb, a.nd Zn 
plv>'~phn.t-l!!!. In ~l;\ocine, unlike other Arida, copper ph•lMphate inHtead of magnesium ph09pb.&te shows tho 
mllximum aoluilility. Holubility belw.vinur of tht'Hn phnsphe.tN h&H bP.Pn explained on the bal!ia of pH of the 
equilihrium mixture11, di11110cintion oonatn.nts, o.nd poRH.iblo rco.c.tiona rJf the aridB. 

Yllri·JUI:l w.,rkerM 1 ·S ho.vP st.udicd the solubility of mineral phosphates in citric acid. 
Crnmon•l• studied th<1 solubility of na.turnl phosphateR and slag in various organic and 
llihtte minl"FO.l B.('ids. Calcaw.i' studied the action of so ;I on natural phosphates. Lehr and 
WeHl•maci6 oml DhA.r and Sharma' studied the influence of salts or. the solubility of 
phol'll'hate!'l. C:Jpaux and Da.rieB mado a comparative study of the solubility of various 
n~t.tllral p~1ospl1ates by potentiometer. The present investigation deals with the influence 
of ux;t.lic, ritric, ta.rttuil", formic, acetic, carbonic, and amino-acetic aci(ls on the phosphatee 
ofBa., Sr, Cr, Zn, Mn, Co, Cu, Bi, Cd, Pb, AI, and Mg regarding which practically no com· 
p.uative work appears in the litera.ture. -

EXPERIMENTAL 

AlP04.H~O, CrP04 .6H110, Ba.HP04 .2H110, SrHP04 , llgHP04 • 3H20, Zn3 (P04 } •• 

4H20, MnHP0
4

• 3H.,O, Co3 (P04 ).a, Cu3(P04 ) 11 .3H20, BiP04 • ~(P04)11 , and Pb3 (P04 ) 8 

U'led were pure la.b:>ra.tory chomica.ls. Each sample used was first analysed for its P 8 0 5 
content and th'3 pJrc&nhge of P 20 5 c:>rresp:md~d to the above mentioned formulas. 
The organic a.cids used were of chemica-lly pure quality .and their concentrations employed 
were O.lN, 0.02N, O.OIN, and O.OOIN. Carbonic a.cid of different con('entratione was pre
p!!.red by passing CO,. ga.s (prepared by the action of HCl on marble pieces) for different 
periods in double distilled water. The concentration of CO,. was computed by titrating9 
a.gainst a. standard baryta. solution. 

1. Robertson, J. Soc. CAem. Ind. 1916, 35, 217. 
2. Tooher, J. Agric. Bci., 1922, 12, 1.26. 
3. lll:eurice a.nd Harten&, G'liem. Ab8., 1938, 32, 5141. 
4. A""· .:Mm. AppZ., 1917, 7, 200, 
6. Ibid., 1930, 20, 74. 
6. J.Boll8~.,1952,3,125. 
7. Pt"OC. Na£1 • .ActJd.&S.,l956, 2SA,IS15, 696. 
s. s...zz . .,. c:Aitn., toM, 3&, nus, 
9. Vogel, "Q~tit&tivo Iq_orsania Analya.ie", 2Ju1 ed., Longma1111, 1960, p. 24-l!, 
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L~FLUENCE OF WEAK ACIDS 0~ APARINOtY SOLUBLE PHOSPHATES 68& 

Thcphospha.l.e sample(lg.) was shaken with the solution (lOOml) for5min. in a260-ml 
JenA. glA.ss bott.le and the contents were allowed to stand for 24 hr. in a "Gallenkamp" 
thormosta.t, maintained at 25° ±0.1 °. On the next day, the clear liquid was filtered. Aliquot 
p~)rtimu1 were taken for tho estimation of P 110 5 

volumetrica.lly•0 , using ammonium 
molybdate. The pH of the solution was also determined as in our previous communi
cation". Tho experiments were carried out under similar conditions and with as much 
uniformity as p:>ssiblo so as to minimise the error in solubility due to variation in the time 
of contact of the phosphate and tho solution. Observations in large number were taken. 
Somo of the typical results are summarised in Table I. 

UlfJCUFI8ION 

·~nlu.bilily of PkrJIIpkates in lY ater, Oxalic, Tartaric, Citric, Formic, a11tl Acetic Acitls.
From Table I, it is ovidl•nt that tho solubility in water of the phosphates of metals lies 
in tJacordor: Mg > Sr > Pb>AI > Cu >Or >Ba >Co> Bi> Mn >Zn> Cd. 

The solubility of tho phosphates in these acicls can be arranged in the.following 
fb':lrc:l.l!ling order: oxalic >tartaric >citric >formic >acetic. 

Solubilising action of these acids on the sparingly soluhle phosphates can be explain
ed on the basis of their dissociation constBJ"!.ts•a. The H+ ions available from the acids have 
a dissoh·ing action on the sparingly soluble phosphates: hence POl- ions available from the 
sp!.ringly soluble phosphates are converted to less dissociated HPO/- and H 11P04- ions 
according to equations (I) and (2): 

(1) 

(2) 

pH of the equilibrium mi:xt.ure also supports this contention. In cB.Be of bismuth and 
lead phosphates, the final pH values at all dilutions of the acids are found to be compara
tively low witb. respact to the correep:mding pH values in other phosphates. This may be 
either due to the smaller amount of the metallic ions going into the solution or due to the 
adsorption of basic ions on the solid residue of thll phosphate. 

The res11lts indicate that o.nions 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 
phosphate is more soluble, irrespective ofthe pH of thee q uilibrium mixture. The solubility 
of aluminium phosphate in O.IN solutions of tartaric and citric acids supports this view. 

Solubility of the Pkospkatu in Carbonic Acid.-The results i11dicate that the P 110 5 -

solubility gradually increases with the increase in the concentration of carbonic acid in the 
case of phosphates ofMg, Ba., Sr, Mn, Co, Cu, and Bi (magnesium phosphate being the most 
soluble). In the ca.se of phosphates of AI, Cr, Cd, Pb,and Zn, the P.05 -solubility decreases 

10. Vogol, ibid., p. 380. 
11. Joshi aDd Jain, t.b,is Jouraal, 1964, 41, 33. 
12. Hodgema.n, '"Hand Book of Physica and Chomiatry' •, pp. 1486-77 and 1504-~, 
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in presence of CI'Lrlwnic acid, flO much so, tho.t zinc phospha.te is pra.etieally in10luble in 
it. Likewise, the dissnlvinq p'JWCr of carbonic acid ca.o be oxplaioed on the b&Rill of rliMOria
tinn cunRtants. 

Solubility of the Phosphates in Glycine.-Jn glycine solul.ions, the phoRphat.es 11'9 

more soluble tlum in ·water o.lonc. 

Unlike uth~r ar.icl~, copper phosphate, instea.d of ma.gnesium phosphate, llhowed 
ffillximum llllhlbility in glyc·ine. Of particU]II.r interost is the fact that at tbe 9&1118 
1\ilution ofO.I.tV, coppt•r phoR]Jhatt• is more soluble in glycine than i:n a.ceticacid. Jnthil 
particular CURl~, 71ll or the Anhtf,iull do<lfl not 8Cl'm to have any relation With the FJOmbility 
of Lhc ph1isplultc•. With otht•r pho~tplultcR, however, the solubility increases with thedeereue 
of pH Vl\lun. In tho I' lUte of nopper phoRphate, the supernatant liquid is deep blue in eolnar 
1md the markrll inl'rl'LlRC in solubility l'IUJ lm cxpla.inPd clue to formation of the deep 
bluo C'flllj)llr-glyl·im· l'om:ph·x in Molution. 

[
Cu ( .tXH; ffH• ) ] 

'o-eo II • Thc"•tuthnrR arc thankful to the Meentt College authoritieR for pro"ridinR nere•1'J 
fd.cilities. T.t·tnks arc tdii!J tlU'3 to Dr. D. Sharma. for some help in this work. 
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