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Following our recent determination of the solu-
bility of water in phosphorus,' a non-polar liquid
with a very high solubility parameter, it appeared
desirable to determine its solubility in one having
an extremely low parameter, such as zn-perfluoro-
heptane. The Fisher reagent could again be used
without the procedural complications necessary
with phosphorus.

The fluorocarbon was purified by passing very
slowly through a 1 meter long column of silica gel,
then distilled, taking a middle portion boiling at
81.8° at 747.5 mm. It showed no ultraviolet
absorption down to 2400 A. Its density was
1.7192. For the measurements at 50°, the material
had to be repurified. This was done by repeated
washings with (1) concd. H,SO,, (2) 109, NaOH,
(3) water and (4) mercury, drying over Drierite,
filtering, passing through silica gel, and finally
distilling, giving a density of 1.7186 and a boiling
point of 82.0° at 755.7 mm. These figures agree
satisfactorily, taking account of the uncertain
amount of air dissolved, with the density 1.7180
and the boiling point, 82.5° at 760 mm. reported
by Oliver, Blumkin and Cunningham.? Our
material gave an infrared spectrum identical with
the one reported by these investigators. We
determined that as little as 0.1, of hydrocarbon
could be detected by its C—H band at 2930 cmm. %,

The solubility of water was determined by rock-
ing for 24 hours about 80 cc. of the fluorocarbon
with 10 cc. of water and removing much of it for
analysis through a special pipet, with a turned-up
tip, from which could be removed by blowing any
water caught as the tip was thrust through the
water into the interior of the perfluoroheptane.
During the removal and the analysis with the Fisher
reagent the liquid was exposed only to dry nitrogen.
The analysis was carried out in a flask equipped
with a magnetic stirrer. The following results
were obtained, expressed as mg. H,0/100 g. of
n-C7F 16.

25.06°: 2.0 1.5 2.4 2.5 2.4
50.00°: 5.6 4.4 5.5 6.0 5.3

Upon introducing the mean value for 25° into
the general solubility equation applicable to solu-
tions from which hydrogen bonds are absent, as
was done for other liquids in the paper on the solu-
bility of water in phosphorus,! we calculate an
empirical solubility parameter for water, &, and
extend the table previously given to include per-
fluoroheptane, with the results given in Table I.
It is remarkable that the values for §; show no more
variation than they do in view of the 200-fold
range in solubility and the strong dipole of water.
The interaction of water with these solvents in-
volves unusually large induced dipole effects super-
imposed upon the London dispersion effect. The
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TABLE I

THE SOLUBILITY PARAMETER OF WATER &; CALCULATED
FROM ITS SOLUBILITY IN VARIOUS LIQUIDS AT 25°

Solvent wt., % Vol., % &1 (solvent) 6: (water)
P, 0.38 0.67 14.4 26.2
CS, .014 .020 10.0 26.1
CCl, .010 .016 8.6 24.7
n-C7Hs .013 .009 8.1 24.7
7n-CH\e .0022 .0037 5.9 23.8

drift in the calculated 8, values with changing §;
is therefore not surprising. By allowing for this,
it seems evident that considerable confidence could
be placed in a calculated value for the solubility of
water in another non-polar liquid.

The increase in solubility from 25 to 50° may be
attributed to the increase in the vapor pressure of
water, 23.76 to 92.51 mm. If the water were
applied as vapor at 50° at the same pressure as at
25°, its solubility, applying Henry's law, would be
only 1.4 weight per cent. less than at 25°, in accord
with the smaller §; of perfluoroheptane at the higher
temperature.
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The ability to ‘‘sequester” caleium ions, pre-
venting their precipitation as calcium soaps and
thus effectively softening water, is an outstanding
property of glassy sodium metaphosphate. The
mechanism of this sequestering action is not
known, but it has been suggested that a slightly
dissociating complex anion which contains the
calcium is formed. In connection with such specu-
lations, it is of interest to see what compounds, if
any, exist in the binary system NaPO;—Ca(POs;),
or NayO-P;0;—Ca0-P,0:;.

The method used was to make known mixtures of
the two end members by fusion and to determine
the melting point by the quenching method used in
this Laboratory, details of which, including cali-
bration of the thermocouples, have been described
by Morey and Ingerson.! No difficulties were
encountered, and the phase equilibrium diagram
is a simple one. Details are given in Table I and
in the diagram in Fig. 1. The melting point of
NaPOQ; is 627.6°1; of Ca(PO;),, 977°.2 A binary
compound is formed, 4NaPO,;CaP,0¢ or 2Na,0-
Ca0-:3P;0;, which melts congruently at 738°.
Its optical properties® are: biaxial, negative, 2V =
80°; a = 1.518, B = 1.564, vy = 1.581. The
eutectic between NaPQO; and 2Na;0-CaO:3P,05
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‘ (:?)The measurements of the optical properties were made by Miss

Jewell Glass, of the U, 8. Geological Survey, te whom I am glad to ex-
press my obligation.



