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ABSTRACT  The change of supersunic velocity and henee the change of compressibility
of ditferent clectralylic solutions with concentration have been studied by previons workerse
from the standpoint of the donie theor of Debne  Thev have so far observed only a rise of
supersonie velocily with coneentration and have explained minor charaeteristies ot the cmve.
H has heen shown here that heavy alkali balides show ot dirst o deerease of veloeitv with
concentration and then an increase of veloeity. This cteet is enhanced at loghe temperataee.,
Inasmuch as this hehaviour is of opposite natwie 1o the general helviom of the othu
vleetrolytes, the compressibility.concentration velationship hems w close relationship with {1
viscosity-concentration relationship. These similarities Tave heen erifically considered

‘I'wo papers on the variation of supersonic velocity with the concentration
of clectrolytic solutious have drawn some attention. Onc of them by Sralay!
gives measurcments of supersonic velocity on LiCl, NaCl, KCl, KBr, 1,i,80,,
MgSQy, ZnS0,, CdSO4 and Aly(SO4);. He has observed that the velocity
increases with the concentration lincarly.  'The rate of increase of velocity seemed
to have no relationship with the valency of the ions. Considering the respuctive
densities he observed thal the compressibility decreases with the concentration
in electrolytes. e has, however, tried to show that the percentage decrease of
compressibility df3/f at any concentration falls within definitc ranges according to
the concentration and the ionic valency.

FFalkenhagen and Bachem? have tried to show in another paper the relation-
ship of the variation of compressibility with conceutration from the stand-
point of the ionic theory of Debye and  Falkenhagen. Ifrom the experi-
mental data on the variation of supersonic velocity with concentration and the
densities at the corresponding concentrations, they worked out the compressi-
bilities of different salts at dilierent concentrations and piotled the vespective
curves, ‘These curves show a slight inclination towards the axis. ‘T'hus the
curves are of the type S=f,+A'/C +B/C3/2 where A’ is large and negative and
1¥ is of a smaller order and positive. In essence, Falkenhagen and Bacliem have
compared the coefficient B’ with a constant derived from the ionic theory, the
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larger coeflicient A/, which determines the general slope of the curves has been
left out of consideration, The basis of comparison in Falkenhagen and Bachem’s
work is as follows :—

‘The apparent molar compressibility of a solution ¢(k) can be determined
when the concentration, the densities and compressibilities of the solvent and
the solution are known. ‘Thus the apparent molar compressibility is given by
the relationship

. (6V [8p) = (~=8V /8
ng
where V oand V; are the voiumes ol sojution and solvent and ng is the number
of moles dissolved, |
L BV =BV,

He

or Plicg) -

where f3 and 3 are the compressibilities of the solution and solvent,

or (,b(krz) =f 1000 _ f3y (.].E wod 1\'19)
C li] c

where M3 is the molar wi. of the solute. Hence knowing f3, /3, d, d;, ¢, M,,
¢(ky) can be experimentally determined and a graph of ¢(kq) against ¢ or ¥ ¢ can
be drawn.

Now, ¢(ky) is related with the partial molar compressibility 7\:9» which varies
with the concentration according {o a definite law determined by the ionic theory
of Debye and Falkenhagen.

Thus kg, the partial molar compressibility

-~ ~ ’ O 1
0 /ﬁ oV \_ o ([;‘V).—:g -ngl:‘}ﬁ(i»:g)J

0712\ 8[) ) i 8112 Ro

since 3, and V, cortesponding to the solvent are constants.

or ko= ¢(/_\’2) +n 2&[’(8/‘, 2)
Ny

=¢,(l~2) + Ci"i.(_k_’) .
be

If ky is of the foim a+mve =a F§by/ ¢, it can e also writlen as

kg=a+bnc 4 c.- b -
2V

=(a+byec )+c-§ (at+bc).
c P

Comparing the two equation for I_c.,, thus obtained one gets,

¢(ky)=a+byc when Eg=a+3b ve.
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Now, according to ionic  theory, an eapression for k;. can be obtiined in the forn

) "‘-l‘ni )'

kg-—“-r;s-.'h-(RT (F=uyi+ Ve
of 1)" T2

where the secoud term is negligible compated with the thivd, so tha ko is roughly

v

of the form kg=a+m v+ whete m s the constant from (e ionie theory
and can he caleulated when the valeney ol the cleetrolyte is knovn ‘I'his value
of “m’ detived from the ionic tleay can he cotupared with the coefiicient
(3 ) bin the equation for partial compressibility, where b is ohvained from the
graph of apparent molar compressibility drnows apainst ¢,
fy the results caleulated by falkenhagen and Bachem, the values are of
the same ordetr. But as Bachem® points out iu a later paper, the cocfficient of
the sawe valency docs not remain constant as demanded by theory.
However, since BV Ep =8V 8p

neo

Pplhy) = - a+ba

"

1 1s apparent that i the relationship =0, + \'/C +B C': the coefficient A’ s
composed of the cocflicient ‘o in the equation for apparent molar compressibility
and the coeflicient B’ is composed of the coefficiont b in the former equation.
As we have mentioned previously that in the equaiion for compressibility A’ is
lurge and of a higher order than B, we compare hy the method of Falkenhagen
and Rachem a secondary eficet on the course of the compressibility curve, and
the general nature of the variation of compressilnlity with concentration remains
Leyond the scope of the ionic theory alone.  “[lns 1emains yet an open problem.,

1t was considered by us that the compressibiiity of a liquid medium or a
solution would he dependent on the intermolecular cohesive foree existing in
the mediwm and this characterises as well the viseosity of the medium.  Thus
some short of interdependence was expected by us between the compressibility
and the viscosity of the solution  In the case of lectrolytic solutions it is well
known that  with most  clectrolytes the relative viscosity  of the solution
fcompared to water) inereases with coneentration, and the viscosity 15 always
grcater than that of the solvent, whereas in the case of some cleetrolytes,
specially, with the heavy-moleenle alkali halides, the relative  viscosity ot
first decreases and then increases with concentration and the viscosity of the
solution is very offen Jower than the viscosity of water. Tt was, therefore,
expected that although the compressibility of most of the dectrolytes deercases
with concentration, 1.¢., the velocity inercases with concentration, some heavy
alkali halide solution might show a decrease of velocity with concentration
and thus perhaps an increase of compressibility with concentration. Tt should
be noted in this conncction that the variation of density with concentration is
quite regular without having any maximum or minimum for all the clectrolytes.
Hence the shape of the compressibility curves is determined primarily by
the shape of the veiocity curves. With this view we have measured the
velocity of supersonic waves in some clectrolytic solutions  which show abnormal
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viscosity and have taken our measurcnients at differem temperatures. 1t will
be evident from the graphs of 1elative velocity against concentration, that these
solutions show abnormal behaviour with regard to the velocity as well, although
under not exactly the same condition of temperature and concentration.
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Figs, 1 and 1a  show the relative  velocity of  sapersonic  waves  in
electrolvtes as obtained by Szalay and by Falkenhagen and Bachem. In Fig. 2
the relative velocity of supersonic waves in particular clectrolytes sclected
by us for their abn@rmal viscosity curve have been plotted. They show a
decrcase of velocity with concentration at the lower concentration ranges and
then an increase of velocity. In all other electrolytes so far studied by other
workers this peculiarity has not heen noted. Further, the course of the
velocity-concentration  graph  changes appreciably at different temperatures.
T'he deerease of relative velocity with concentration, which may he considered
as abnormal, i~ cnhanced at lhigher temperatures. These arc shown in
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graphs 3, 3¢, 3b. It will be scen, for example, with KI at higher tempera-
tures, that the compressibility is very much incrcased compared to that of
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water.,  Our ideas ap to the present wete that the compressibility always
decreases when uan electrolyte s dissolved in water. The finding is thus
corroboratory to the idea obtained {rom the study of relative viscosity
concentration curves that clectrolytes fall into two distinet groups according as
they increase or tend to decrcase the viscosily of water when dissolved. The
variation with temperature of the relative viscosity-concentration curves are
drawn in Fig. 4, for comparison, from which it will he apparent that there is
a peculiar difference in the two classes of clectiolytes both from the stand-
point of viscosity and the velocity of elastic waves. Other workers have so
far failed to note this peculiarity. -
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It is interesting 1o note that at o higher temperature the percentage-
variation of velocity of both KI and MgsSt)y, the two typical cases, decreases.
This indicates a decrease of cohiesional force hetween the components of the
solulion at a higher temperatnre and one would cxpect a decrease of relgtive
viscosity as well with the risc of temperatire. But whereas MgSO, shows
the decrease in relative viscosity, K1 shows an inciease of relative viscosity
with the rise of temperature. Since this increase of viscosity in the case
of Kl is not due to the increase of cohesional force hetween the components
as proved by a deerease of relative velocity, .o, an increase ol relative conipressi-
hility  with temperatuye, one is almost forced to the conclusion that with
KI type of molecules, the dimcension ol cach woving component increases
with temp., 1.e., the KI molecules altach more water molecules around the
ions as the temperature increases.  This hecomes plausible in view of the
fact that at the highe temperature, the association in water breaks up more easily
or 1$ already broken up and thos water molecule can be attached to the KT ons in,
solution. The idea of attachiment of water molecules lo lieavy alkali halide
jons was also suggested by Prins” when  working on  N-ravs of clectro-
Ivtic solutions.  The idea fits in with the finding that the compressibility
in KI is greater than that of pure waler as against the general behaviour
of other group of clectrolytes und fuwrther that the increase of compressibility
is more pronounced the higher the temperature.

The velationships brought forth in the above work call for a diversion
of procedure in tackling with the compressibility of clectrolytic  solutions.
So far, attempts have been made to look into the compressibility data from
the ionic standpoint. DBut our work reveals that compressibility of electro-
lytic selutions might he better understood if we look into it fron: an aogle
from which viscosity of the solution might as well be viewed. 'This requires
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a better understanding of the plienonicnon of viscosity  of solutions,

Attempls
are being carried out in this direction.
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