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that pressure causes a much larger decrease in B' for methanol solutions than for 
aqueous solutions. This can be understood on the basis of the Debye-Onsager 
theory of electrolytic conduction. Onsager calculated 13 in the relation 

..1 = ..10 - Bx! 

where the A 's are molar conductances and x is the concentration in mole I. - I. 
For a I : I-electrolyte his theory gives 5 

8·15 X 105..10 81'9 
B = +--

(DT)% (DT)i 7}' 

where D is the dielectric constant of the solvent, 7} is its viscosity in poises, and 
T is the temperature COK). Changing to molal units, 

I 8·15 X J05 ..10' pt 81'9 p{' 
B = ----- .- + --

(DT)'~ (DT)t7}' 

where p is the specific gravity of the solution. The quantities p, 7}, D and ..10' 
are aU pressure dependent. Bridgman 4, 6, 7 has measured p and 7} for methanol 
and water at high pressures, and Kyropoulos 8 has measured D. Some values 
of ..10' are given in table 6. From these data it is possible to calculate B': the 
results are shown in the last column of table 6. 

Clearly the Onsager values of B' change with pressure in much the same way 
as the experimental values. For methanol the numerical agreement is not good, 
but it is known that, even at atmospheric pressure, the Onsager formula applies 
only approximately to methanol solutions.9 The decrease of B' in methanol at 
high pressures is caused principally by the large increase in viscosity of the solvent, 
which reduces the electrophoretic effect. 

IONIZATION CONSTANTS 

At 45° C the ionization constant K of piperidine in methanol increases from 
2·8 x 10- 6 mole kg- I at 1 atm to 3,] x 10- 3 mole kg- 1 at 12,000 atm. The 
value of K for piperidine in water at atmospheric pressure and 45° C is 1·2 X 10- 3 
mole kg- 1,lO From this it might be said that methanol at 12,000 atm is a better 
" ionizing" solvent than water at 1 atm. But it should be emphasized that the 
change of ionization with pressure arises only partly from the changed properties 
of the solvent ; at least half of the pressure effect is due to the compression of the 
ions (the factor (a) below). This was not appreciated by Kritschewsky,ll who 
attributed the whole of the pressure effect to the change in dielectric constant of 
the medium, and was thereby forced to adopt unrealistic values for ionic radii. 

In fig. I we compare the effects of high pressures on the ionization of ammonia 
in water and of piperidine in methanol, The quantity DoG; - DoG; is the differ
ence between the standard free energy of ionization at the pressure p atm and the 
corresponding value at 1 atm. It is defined by 

DoG; - DoG; = - RT In (Kp/KI). 

Some density measurements in this laboratory 3 have shown that oDoG%p 
for the ionization of piperidine in water at 1 atm is less negative than it is for the 
ionization of ammonia in the same solvent. We can safely conclude from this 
that the plot of DoG; - DoG; against pressure for the piperidine + water system 
would lie above the curve for the ammonia + water system. The difference 
between the two experimental curves in fig. I must therefore be ascribed to the 
change .of solvent. 

Tn previous papers 1, 2 we have suggested that the increase in ionization of a 
weak electrolyte at high pressures is caused by the lowering of the free energy 
of solvation of its ions. This can be estimated by calculating the Born solvation 
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energy 12 of a pair of ions of about the same size as those of the weak eleCtrolyte. 
and allowing for (a) the change in the mean radius of the ions with pressure. and 
(b) the change in the dielectric constant of the solvent with pressure. We have 
given 2 the results of this calculation for the ions Cs+ + F - in water. We have 
now made similar calculations for the same pair of ions in methanol. The factor 
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FIG. I.-Full curves: the ionization free energies of weak bases; dotted curves: the 
theoretical solvation energies of the ions Cs+ + F- . All the data are for 45° C. 

(a) is, of course. unaltered by the change of solvent but the factor (b) is more im
portant for methanol than for water because of the larger percentage increase in 
the dielectric constant of methanol at high pressures.s Fig. I shows that the 
change from water to methanol shifts the predicted solvation energies in the same 
direction as it does the experimental free energies of ionization. 

The work described in this paper was carried out as part of the programme 
of the Division of Industrial Chemistry of the Commonwealth Scientific and 
Industrial Research Organization, Australia. 
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