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quantities. The values of the volume expansion coefficient and
the Isothermal compressibility thus obtained are given in Tables
I1 and 111, respectively.
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Figur 2. Devtatkm pbts of the density data from the equation of state
proposed by Kagawa et al. along the 340 K isotherm.

results agree well with the data by Michels (9) and those by
Zander (70) within *0.2% in pressure deviation.
We calculated the derivatives of density with respect to
temperature at constant pressure and those of density with
respect to pressure at constant temeprature from the data
given in Table I by approximation as differences of these
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Solubility Products of the Trivalent Rare-Earth Phosphates
F. Henry Flrschlng" and Stephen N. Brune
School of Sciences, Southern Illinois University, Edwardsvilie, Illinois 62026

The solublltty and solublllty products of 14 rare-earth
phosphates In aqueous solution have been determlned at
25 f 1 OC. The most soluble compound Is yttrium
phosphate (pK = 24.76). The Ieaa soluble ones are
lanthanum phosphate (pK = 26.15) and ytterblum
phosphate (pK = 26.17). The rareaarth phosphates
were prepared by preclpltatlon from homogeneous
solution. Saturated solutions were analyzed for pH, the
concentratlons of some rare-earth catlons, and the total
concentratlon of phosphate. Actlvlty products were
calculated from the experimental data. The solubllltles of
the rareearth phosphates are so low that the solubillty
products and the actlvlty products are essentlally the
same value. The rare-earth phosphates are more
Insoluble at hlgher temperatures. Lanthanum phosphate
has a pK of 26.49 at 70 OC. Twelve values for the
actlvlty product of rareaarth phosphates at elevated
temperatures were determlned.
Introductlon
Previous work by Jonasson, Bancroft, and Nesbitt ( 7 ) reported on the solubilities of only the lanthanum, praseodymium,
neodymium, and erbium phosphates. Limited experlmental In0021-9588/91/1736-0093$02.50/0

formation was presented. The study reported here involved the
entire trivalent rare-earth series, excluding scandium and cerium. Solubilities at 25 OC and at higher temperatures are reported.

Experimental Section
Commercial raraearth phosphates were unsatisfactory for
use in this study. Colloidal suspensions formed that did not
settle out of solution even after months of standlng.
Satisfactory crystals of rare-earth phosphates were prepared
by precipitation from homogeneous solution using the hydrolysis
of urea.
Equimolar amounts (0.005 mol) of rare-earth cation and
phosphoric acid were added to a 1 4 beaker with 5 mL of 70%
HCIO, to prevent the rare-earth phosphate from precipitating.
Deionized water was added to bring the volume to about 900
mL. A 3-5-9 amount of urea was slowly added with constant
stirring. The solution was heated to hydrolyze the urea, increase the pH, and bring about the precipitation of the rareearth phosphate. The solution was heated for an addlonal hour
after precipitation began. The resulting crystals were washed
10-15 times with deionized water. The last two washings were
made with a 0.10 M perchloric acid solution to eliminate the
possibility of rare-earth carbonate being present. No fizzing
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