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Figure S1.  Conductivity of cetrimonium nalidixate in water

0.00 0.05 0.10 0.15 0.20
0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

 

 

 Cet Nal

C
on

du
ct

iv
ity

 / 
Sc

m
-1

Concentration / M

The free energy of dissolution of a salt in a liquid solvent

The free energy of dissolution of a salt in a liquid solvent, Gs, at any temperature below the 
melting point, Tm, of the salt can be considered, in principle, in terms of a thermal cycle 
Figure S2 that relates Gs to other measurable parameters. These can be accessed using 
differential scanning calorimetry and isothermal calorimetry or similar as long as the 
temperature range is within the stability limits of the components involved.  The analysis 
allows the consideration of the effect of mixing at a lower temperature, T1, when mixing or 
dissolution is known to be spontaneous to some degree at some higher temperature, T2, 
above the melting point of the salt.
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Figure S2. Thermochemical cycle comparing the dissolution of a crystalline salt in a solvent 
with dissolution of the liquid phase of the same salt.

The analysis is as follows, where the  indicate the change from salt + solvent to solution:

Recognising that at constant pressure:
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then Gs at one temperature can be related to Gs at some other temperature via:
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(note that the free energy of melting of the salt at its melting point does not appear because 
it is zero by definition).

Each of these quantities is in principle accessible by measuring the heat capacities as a 
function of temperature between a higher temperature T2 where the two liquids are 
assumed to be miscible (  is negative) to a lower temperature T1 where the solute is ∆𝐺𝑠(𝑇2)
below its melting point. The integrals can be carried out numerically and this would most 
directly be done by calculating  from the individually measured  data.∆𝐶𝑃(𝑇) 𝐶𝑃(𝑇)


