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INCE 1927 the view has been held! that the change
of the apparent molar refraction of strong electrolytes
with concentration is due to the formation of combinations
of oppositely charged ions coming in direct contact with
each other without water molecules between them, i.e.,
due to the formation of undissociated particles.? The
investigation of the apparent molar dispersion? gave an
additional strong support for this view as does, according
to Neugebauer,* his result that the refractometric effects
are due to the interpenetration of the electronic systems.
The preceding letter leads to the conclusion that the
formation of undissociated particles should be accompanied
by a change of volume of the ions themselves.

As has been known for a long time, in the infinitely
dilute solution the attraction of the water by the ions
causes a contraction of the surrounding water (electro-
striction) thus diminishing the apparent volume (®) of
the electrolyte.

When the solution becomes concentrated two effects
are involved which should cause an increase of ® for a
completely dissociated electrolyte consisting of rigid ions:
The electrostriction of the water removed is eliminated;
the electric field of the ions is partly screened and its
contracting action on the remaining water diminished due
to the formation of Debye's ionic atmosphere.

The theory of the influence of the Debye effect® gives
for small concentrations a limiting linear relation between
® and +/c, the slope of which is 1.9 cc/(mole/liter)? for
mono-monovalent electrolytes at 25°C.

It has been found® that this theoretical slope holds for
NaCl up to 0.4N, for higher concentrations the effect
shows individual behavior for different electrolytes al-
though the relation becomes again linear.” Figure 1 gives
a small selection of the available data.®

One can expect that if the individual behavior of
different electrolytes were due exclusively to interionic
forces between rigid ions those electrolytes which have
equal osmotic or activity coefficients would come near
each other also in respect to their slopes for the & vs. 4/¢
lines. This is not at all the case; e.g., among the electro-
lytes given in Fig. 1, KF and NaBr have nearly equal
osmotic coefficients but the slope of KF (3.35) in Fig. 1
is very much larger than that of NaBr (1.80). The com-
parison of a large number of cases with similar coefficients
shows that the factor which is responsible for this dis-
crepancy is the influence of the mutual polarization of the
ions on their volumes.

A comparison of Fig. 1 with Fig. 1b (see page 281)
shows at once that those salts for which the apparent
volume increases strongly when their ions are brought
from the infinitely dilute solution into the direct contact
in the crystal have the largest slopes in Fig. 1. On the
other hand Lil which is at the bottom of Fig. 1b on
page 281 has the smallest initial slope among the salts.
The simplest conclusion is that the change of volume
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F1G. 1. Difference between the apparent molar volume at the molarity
¢ and at infinite dilution as a function o f +/¢. The numbers on the
curves refer to the slope in cc/(mole, liter)
in concentrating the solution is due not only to the screen-
ing of the field of the ions but also to an individual effect
caused by their interpenetration. The strongest evidence,
however, which can be derived from Fig. 1 for the con-
clusion that concentrated solutions of strong electrolytes
contain appreciable amounts of undissociated particles is
given by the behavior of HI, for which a considerable
negative slope was found.®

It was mentioned in the preceding letter that the intro-
duction of the proton into the iodide ion diminishes its
refraction and consequently its volume by about one-third
of the initial value. A mere association of OHz* with I~
must also cause a very considerable effect in the same
direction. Thus the negative slope of the HI curve must
be explained by the predominance of one or both of these
effects over the effect of the diminution of the electro-
striction. The small cation Li* is next to the proton in
the deforming power and we see in Fig. 1 that the curves
for Lil and LiBr, after an initial rise, go through a maxi-
mum and fall at high concentrations.

I thank Mr. Norman Bauer very much for valuable
discussion.
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