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In his comments, F. Malatesta confirms what we have stated in
previous publications.1,2 The “infinite sets of possible ion activity
coefficients able to satisfy” the equation of a voltaic cell “reduce
to one single set” if it is solved jointly with the equation for the
junction potential. While this is a very positive step, Malatesta fails
to notice that the values of this single set coincide closely with
those obtained using only the equation for an ion-selective electrode
(ISE) with an estimated value of the junction potential.2 Moreover,
Malatesta ignores the fact that data obtained by other researchers3,4

using Nernstian ISEs also agree with these values. In the case of
our measurements, the “coincidence” demonstrates that proper
calibration of the electrode’s response largely cancels any bias
introduced by an error in the value of the junction potential. In
fact, the slopes of ISEs used by us are closely Nernstian. In the
case of the values reported by Zhuo et al.,4 the coincidence is more
striking as these authors collected and reduced the data using
methods different from ours. They used a double junction instead
of a single junction reference electrode and assumed a null junction
potential. Instead of calibrating the ISE in the diluted region, they
used an expression for the ionic activity and fitted its parameters
using the data in the concentrated region. In addition to the above
coincidences, we have also shown that changing the nature and
concentration of the reference solution forming the junction with
the sample solution does not affect significantly the ionic activities
obtained.5,6 In this path, we have followed Leonardo Da Vinci’s
advice:7 “First I shall do some experiments before I proceed further,
because my intention is to cite experience first and then with
reasoning show why such experience is bound to operate in such
a way. And this is the true rule by which those who speculate
about the effects of nature must proceed.”

Contrary to what Malatesta states, the equation to calculate the
junction potential is far from arbitrary. Its derivation, based on the
potential for ion diffusion, has been discussed elsewhere.1 A
junction potential between reference and a sample solution exists
independently of the presence of an ISE in the system; i.e., the
equation to calculate the junction potential is independent of the
equation for the half-cell ISE. Thus, it is not surprising that
the simultaneous solution of these two equations will “collapse”
in a single set of ionic activities. G.N. Lewis and M. Randall,8

referring to the possibility of measuring ionic activities, stated that:
“This indeed might be accomplished if we had any general method
of calculating the potential at a liquid junction.” We have just
proved that this statement is true.

Malatesta closes his note warning scientists not to rely on our
measurements of ionic activities for validation purposes. He
indicates that our results can only be used in the case of two salts
with a common ion for comparison of the activities of the two
counterions. Regrettably, this comparison can be done without using
our measurements at all. It suffices to know the mean ionic activity

coefficients of the two salts in solution. On the other hand, he states
that our measurements in single electrolyte aqueous solutions
cannot be used to decide whether the cationic activity coefficients
are higher or lower than the anionic ones. This statement contra-
dicts experimental observations. The fact is that, using the same
Cl-ISE, the Cl- activity coefficients are higher than the mean ionic
activity coefficients of KCl in KCl solutions and lower than the
mean ionic activity coefficients of NaCl in NaCl solutions.1,5 As
we have shown that a bias introduced by the junction potential
largely cancels due to the electrode calibration,1,5,6 the conclusion
regarding the relative magnitudes of the ionic activity coefficients
seems unavoidable.

In closing, we acknowledge that there is much work to be done
before the matter of ionic activities is settled. We know that the
main source of uncertainty comes from the junction potential and
that this term cancels out when measuring mean ionic activity
coefficients. In an attempt to find weak points in our approach, we
have tested different methods of calculation1,2,9-11 and different
experimental conditions, changing even the physical nature of the
liquid junction.5,6 The more tests we do, the more convinced we
are that the measurement of ionic activities is possible and
perfectible. We welcome the discussion of this topic in the hope
that it will produce more light than heat.
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