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In recent years, vapor phase osmometry, VPO,
has been used by us in order to estimate aggrega-
tion numbers of salts of long-chain amines'? as
well as salts of dinonyl- and didodecylnaphthale-
nesulfonic acids in various diluents.’ In the latter
case the aggregation was found to increase with
water content. Recently Mikulich ef al.* commu-
nicated ion exchange and water uptake data for
primary to quaternary ammonium ions on dino-
nylnaphthalenesulfonic acid (HDNNS) in three
diluents as well as on the solid cation exchanger
KRS-8. These data were taken from Mikulich’s
thesis.’ In this work the aggregation numbers
were also measured using VPO. The data were
fitted by a simple two-parameter equation assum-
ing the aggregation numbers of the mixed aggre-
gates to be the arithmetic mean of those for the
pure ionic forms.® This restriction was rather se-
vere, and an acceptable fit could only be obtained
by using values for the pure ionic forms rather
different from those experimentally determined.
It is the purpose of this note to show that the
Hogfeldt three-parameter model™ " gives a satis-
factory fit, and to compare with results obtained
earlier for similar systems.’

Mikulich measured the aggregation numbers
for samples slightly (wet) and much (dry) de-
hydrated. The water content and composition
were determined for each sample. The water con-
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tent is conveniently given as the number of water
molecules per sulfonate group. This quantity, W,
is given by:
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Fig. 1. n plotted against x(=X.,;) for the system
(CH3),N*—H* on HDNNS in heptane. T~ 298 K.

QO dry samples; @ wet samples. The curve has been
calculated from the model with the parameters given
in Table 1. The number of water molecules per
sulfonate group, W, is also given for each sample.
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Fig. 2. n plotted against x(=X,,) for the system
(C,Hs)s,N"—H* on HDNNS in heptane. O dry
samples; @ wet samples. The curve has been
calculated from the model with the parameters given
in Table 1. The number of water molecules per
sulfonate group, W, is also given for each sample.

W = ([H,Ol,y — [H;0]4/[HDNNS],. M

The amount of water extracted by the diluent, in
the present case heptane, is small.!! The results
for tetramethyl- and tetraethylammonium salts
are shown in Figs. 1 and 2. These figures also give
the water content, W, of each sample. There is a
considerable difference in water content between
the wet and dry samples.

According to the model, a mixture of A and B
can be divided into three regions, one corre-
sponding to pure A, one to pure B and one with
both A and B. It is assumed that any molar
property, Y, has the value corresponding to pure
A in the first region, y,, one corresponding to

pure B, yg, in the second region and one value in
the mixture, y,. Assuming that the amount of
each region is proportional to the number of
A—A pairs, B—B pairs and A—B = B—A pairs,
Guggenheim’s zero’th approximation'? gives:

Y = y\ii + ypki + 2yiafs )]

where X,,%z are the equivalent fractions of the
two ionic forms in the exchanger (solid or liquid).

Most data in the literature are reported as
Y =1f(x). It is then practical to introduce the
equation:

Y = ypfta + ypip + BfoB 3)

where B is an empirical constant. By least-
squares methods the two parameters y,,yy and
the empirical constant B are obtained.

The third parameter. y,, is now obtained from:

Ym =3(ya +y5 + B) 4

which is derived by combining eqns. (1) and (2).
When applying this approach to the data in Figs.
1 and 2, the parameters given in Table 1 were
obtained. The curves in Figs. 1 and 2 have been
computed from the model using the parameters
in Table 1. This table also gives the standard
deviation, s(s), which can be used as a measure
of the goodness of fit.

From Figs. 1 and 2 it is evident that water
promotes aggregation, in agreement with earlier
findings.? It is also seen that the increase in size is
small for the HDNNS micelles but large for the
ammonium salts. These latter ions might be able
to build a cage of water molecules around them-
selves, the amount of water co-extracted with
these ions being vary large.* For the mixed aggre-
gates the difference is also small. In mose cases
ni, is close to 3[7i(0) + A(1)], as seen in Table 1.

Table 1. Parameters obtained by least-squares fitting to eqn. (3). HDNNS in heptane. T= 298 K.

System A(0)? A(1)? fim 3[A(0)+A(1)] s(A)

(CHg)N*—H*: dry 9.2 11.8 14.9 105 +0.5
(CHy),N* —H*; wet 10.9 18.9 16.4 14.9 +0.4
(CoHg)N*—H*; dry 9.9 249 17.6 17.4 +1.3
(CHg),N*—H*; wet 11.0 323 19.9 21.7 12

“n’(0) refers to pure HDNNS, A(1) to pure salt.
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Most authors agree on monodispersity of
HDNNS and its salts in organic diluents." If this
is so, the parameters in Table 1 should be re-
placed by the nearest integers. If, on the other
hand, the systems are polydisperse, as suggested
by some recent low-angle scattering data,'* they
represent averages.
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