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Abstract

All chemical, bischemical, and biclogical processes degend on pH. Since the 1820s, when the
first electrode was introduced to determing the concentration of hydrogen ions, pH
measurement techniques have been evolving to it the apolication at lsboratory and industrial
scalzs. These technigues include conventional methods based on elzciricsl and optical
methods Fee plass elsctrodes and variants. Most of the current methods still require 3 probe
to b immersed in 3 solution. Howsver, biomedical applications in the development stages
involve non-invasive probes that measure hydrogen ion concentration or electrica
condustivity, which is related to the concentration of all ions. Instruments also measure bath
thess properties simultanecusky for water analysis, agriculture, and elecirochemistry. pH drops
by as much as 80% increasing temperature from 5-45 °C (for Mp304, NaCl, and an acetste
buffer). The repeatabfty is excelent for 3 glass electrodes, which continues to be the
measurement technigue of choice for most laboratonies, with 3 standard deviation of better
than 0.08% for low molar concentrations (0.08 M) that increazes to above 0.2% at high molar
concentrations (= 0.7 M). Besides the standard potentiometric methods, emerging technigues
include ion-sensitive field transistors, pH imaging, conductometric, acoustic microsensors,
microcantisvers, and spaciroscopy. In the first & menths of 2020, Web of Science indexed
alrmost 10 000 articles that mentionsd pH 33 & keyword; mast were in environmental scisnces,
multidizziplinary chemistry, and chemical enginesring. Here, we review the latest
developments, including spectroscopic methods, progress towards miniaturzation, in
particular for bio-medical applications like skin and bio-fluids, unconventional sampling,
repeatability, and uncertainty.
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