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When S. Sørensen started to quantify solution acidity in 1909
by introducing the now ubiquitous concept of pH, he did so on the
basis of a potentiometricmeasurement cell. From theNernst equa-
tion this gives a change of the electromotive force that depends on
the logarithmic hydrogen ion activity. Because this earliest link
between pH and resulting potential has existed from the start, the
practical pH scale is still based on the output of a properly cali-
brated potentiometric pH probe. Today, glass electrodes measured
against a standardized reference electrode containing a 3M KCl
electrolyte in contact with the sample through a liquid junction are
most often used, but other electrode materials are also established.

Unfortunately, potentiometric probes give reproducibilities
on the order of mpH units and are therefore not adequate for
some applications where exquisite sensitivities are required. One
such example is the reliable monitoring of ocean acidification, an
anthropogenic problem of potentially enormous significance that
requires ultra-high resolution data. In the past 30 years, ocean pH
has decreased by 0.035 units, about 1.2 mpH per year or just 97
µpH per month. This is a difficult measurement science problem.

We have recently reported that pH measurements from po-
tentiometric probes can be made dramatically more sensitive by
operating in a capacitive detection mode.[1,2] It requires a cell po-
tential that is held constant while the sample pH is compared with
that of a reference solution. The unique feature relative to earlier
work is the use of an electronic capacitive component placed in
series with the pH probe (labeled as C in the Figure). Any small
pH deviation between the reference and sample solution still re-
sults in the same potential change, but since the cell potential
is held constant it must be compensated by an opposite voltage
change over the capacitive element. This gives rise to a current
spike that is more easily identifiable than the underlying potential
change. The current is background-subtracted and integrated to
give the corresponding charge, which serves as signal because it
is directly proportional to the change of pH. In our initial work
with membrane electrodes containing an aqueous inner solution,
a reproducibility (standard deviation) of 28 μpH in buffer and 67
µpH in stabilized seawater samples was achieved, which is orders
of magnitude better than with direct potentiometry.[1]

More recently, the concept has been extended to all solid-state
membrane electrodes that are pressure-insensitive and therefore
more practical for environmental use.[2] The inner ion-to-electron
transducing material is already characterized by a capacitance. It
is, however, non-ideal and gives rise to sluggish current transients

that are very difficult to quantify if no additional external capacitor
is added. Kirchhoff’s law is useful to choose the appropriate value
for the external capacitor as it needs to be chosen to dominate the
capacitance of the entire cell. We now aim to make this principle
applicable for the electrochemical in situmonitoring of ocean pH
with unsurpassed precision. A capacitive readout method is or-
ders of magnitude more sensitive than direct potentiometry.
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Principles of potentiometry and capacitive readout. Left: With established
potentiometric pH probes, a small pH change from a reference to a sam-
ple solution (bottom) results in a potential change that is often difficult to
distinguish from baseline drift (top). Right: With the new methodology the
cell potential is held constant and the potential change at the pH probe
results in a charging of the capacitive element C placed in series (bot-
tom). This results in a current spike that is more easily identified and iso-
lated (top). The final sensor signal is the charge from the integrated cur-
rent, which is proportional to the capacitance value and the pH change.
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