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The adiabatic compressibility, Bs, of the liquid was calculated from its density, d,
and the sound velocity by the equation of Newton and Laplace:

Bs = —(0ln V/dP)s = 1/u*d. 3)

Here V, P, and 8, are volume, pressure, and entropy, respectively.

Results—These are shown in Tables 1 and 2. Each molarity, ¢, is calculated
from the weights of the components and the average of the measured densities
(self-consistent to about 0.0019;). The densities of the solutions are represented
by cubic equations in ¢”?, fitted by the method of least squares:

d =di + 42129 X 107% — 2.028 X 10—%3*? — 5.07 X 10~5%2 (NaCl), (4)
d = dy + 4.7795 X 10~% — 1.807 X 10—%*?> — 16.69 X 10=5%2 (KCI). (5)
These give quadratic equations in ¢”* for the apparent molar volume,

®Vy, = w[M, — 10%c—(d — dy)] cc mole™1, (6)

when vy is the specific volume of solvent in gm cc—?, M, the solute molecular weight,
and k£ = 1.000028 cc ml~'. Our equations for d reproduce the classic results of
Baxter and Wallace® and later more precise work of Kruis,' Geffken and Price,!!
and Maclnnes and Dayhoff!? as well as they do our own. Our values of ®V,°
may be compared with those reported in the last three papers: 16.60 cc mole—! for
NaCl™ (corrected to current values of M, and d;), and 26.81' and 26.50'2 cc mole—!
for KCL
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F1G. 3.—Apparent molar adiabatic compressibilities of NaCl and KCI.
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The mean of our nine determinations of the velocity of sound in water at 25°C,
uy = 1496.55 m sec—! (¢ = 0.035 m sec™!), agrees quite well with 1496.73 (¢ =
0.05) m sec—! found by Owen and Simons.’* The compressibilities of the solutions
also are represented by cubic equations in ¢/, fitted by the method of least squares.

B = B — 6.0112 X 10~% + 8.827 X 10~7c”* + 8.85 X 10~%* (NaCl), (7)

B = B — 57596 X 10~% + 9.519 X 10~7c”* + 6.21 X 10~ (KCl). (8)
These yield quadratic equations for the apparent molar adiabatic compressibility,
BK, = v1[Mspy — 10%kc—2(dBy — diB) ] ce bar—! mole—. 9)

Plots of ®K for the two salts in Figure 3 include results for KCI obtained by Dr.
Tatsuya Yasunaga of the University of Hiroshima with an earlier apparatus in our
laboratory. He found u; = 1496.92 m sec—*, hence his values of u were multiplied
by (1496.55/1886.92) to put them on a common basis with our results. Since no
systematic difference was found between the two series, his values of 8 and d were
combined with ours to determine the coefficients of the empirical equations.

The Debye-Hiickel limiting law predicts that ®K, is a linear function of ¢'/? in
very dilute solutions, with the same limiting slope for all salts of the same valence
type. However, the theoretical slope depends upon pressure derivatives of the
dielectric constant which are not known with sufficient accuracy, and we must rely
upon extrapolation to zero concentration with empirical equations until the experi-
mental limiting slope can be determined by more accurate measurements of sound
velocities and densities now under way in our laboratory.

Tt is a pleasure to acknowledge our indebtedness to Mr. Maurice Williams for construction of
most of the mechanical apparatus here described, to Mr. George Siddons and Mr. Gerald L. Stout
for the electrical equipment, to Dr. Richard K. Leininger for the spectroscopic analyses, and to
Dr. David Hill for help with the calculations and preparation of the paper.

* Read in part before the Academy, November 18, 1959. This research was made possible by
the generous support of a contract with the U.S. Atomic Energy Commission.
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