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DESCRIPTION

Coulometry is a powerful analytical electrochemistry
technique that measures the total charge passed during an
electrolysis reaction to determine the quantity of analyte
present. Based on Faraday’s laws of electrolysis, coulometry
directly relates the charge transferred to the amount of
substance oxidized or reduced at the electrode. Unlike
methods that rely on calibration curves or indirect
measurements, coulometry offers an absolute technique
where the analyte amount can be calculated with high
precision from the charge alone [1-3]. This makes it
particularly valuable for applications requiring accuracy in
quantitation, including trace analysis, pharmaceutical
evaluation and materials testing.

The principle behind coulometry is simple yet rigorous.
According to Faraday’s first law, the amount of chemical
change occurring during electrolysis is directly proportional to
the total charge passed. Mathematically, the amount of
substance, n, is related to the charge, Q, by the expression
n=Q/zF, where z represents the number of electrons
transferred per molecule and F is Faraday’s constant. Thus, by
measuring the charge associated with a complete electrolysis
reaction, the exact quantity of analyte can be determined.

There are two major types of coulometry: controlled-
potential coulometry and controlled-current coulometry. In
controlled-potential coulometry, the working electrode is
maintained at a constant potential sufficient to completely
oxidize or reduce the analyte of interest. As the reaction
proceeds, the current decreases with time as the analyte
concentration is depleted. The total charge is obtained by
integrating the current over the duration of the electrolysis.
This method is highly accurate, as only the analyte undergoing

oxidation or reduction at the selected potential contributes to
the measured charge [4-6].

Controlled-current coulometry, often referred to as constant-
current coulometry, applies a constant current to the
electrochemical cell until the analyte has been completely
electrolyzed. The quantity of electricity passed is calculated as
the product of current and time (Q=It). This approach is
operationally simpler than controlled-potential coulometry
but requires careful monitoring to ensure that side reactions
do not contribute to the measured charge. The Karl Fischer
titration, widely used for water determination in samples, is a
notable application of constant-current coulometry,
illustrating the method’s practical significance.

Coulometric titrations represent a hybrid application where
the titrant is generated electrochemically rather than added
externally. In this case, the analyte reacts with the
electrochemically produced species until equivalence is
reached. The total charge passed to generate the titrant
provides a measure of the analyte quantity. Coulometric
titrations are highly sensitive, allow analysis of small sample
volumes and avoid errors associated with reagent
standardization. They are particularly useful in analyzing
substances such as halides, sulfides and water.

The precision of coulometry makes it a valuable tool in
pharmaceutical analysis. It is often used to determine the
purity of active ingredients and to quantify trace impurities
that may affect drug safety or efficacy. For instance,
coulometric Karl Fischer titration is the standard method for
measuring water content in pharmaceutical substances,
ensuring  stability and compliance with regulatory
requirements [7]. Similarly, in electroplating and materials
science, coulometry is applied to measure the thickness of
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metal coatings by quantifying the charge required to dissolve
a defined area of the deposit.

Environmental monitoring also benefits from coulometric
methods. The ability to measure small amounts of pollutants
such as sulfur dioxide, chlorine, or nitrogen oxides through
electrolysis enables accurate assessments of air and water
quality. Coulometric sensors have been developed to provide
continuous monitoring in industrial and environmental
settings, offering precise and real-time detection of
contaminants.

Technological advances have enhanced coulometry’s
capabilities. Microcoulometry, which uses microelectrodes
and small sample volumes, allows analysis at the microscale
with faster response times. This approach is especially
relevant for biological and clinical samples where only limited
material may be available. Automated coulometric systems
with digital integration further improve reproducibility, data
handling and throughput, making the method more
accessible for routine laboratory use.

Despite its strengths, coulometry is not without limitations.
Complete electrolysis is essential for accuracy and this
requires careful control of experimental conditions. Side
reactions or electrode fouling can introduce errors,
particularly in complex matrices. However, by combining
coulometry with complementary methods such as
voltammetry or chromatography, selectivity can be enhanced
and interfering effects can be minimized. Advances in
electrode materials, such as chemically modified electrodes,
have also improved coulometry’s specificity and stability
[8-10].

Looking forward, the integration of coulometry into
miniaturized and portable devices promises expanded
applications in point-of-care diagnostics and field analysis.
Coupled with microfluidics and wireless communication,
coulometric systems can be developed for rapid on-site
quantitation of analytes in clinical, environmental and
industrial settings. Additionally, the use of computational
modeling to simulate electrolysis processes provides valuable
tools for optimizing experimental conditions and improving
data interpretation.

CONCLUSION

Coulometry stands out in analytical electrochemistry as an
absolute method capable of providing precise quantitative
results without the need for calibration. By measuring the
total charge passed during complete electrolysis, coulometry
offers accuracy in diverse applications, from pharmaceutical
purity testing and environmental monitoring to coating

analysis and trace detection. Advances in microcoulometry,
automation and integration with modern technologies
continue to expand its reach, ensuring that coulometry
remains a reliable and versatile method in both research and
applied sciences.
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