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Electrochemistry is a branch of chemistry that studies the relationship between electrical energy
and chemical change. At the heart of this field lie electrochemical cells and the process of
electroplating. These technologies are indispensable in industries ranging from battery
manufacturing to automotive finishing, and from analytical laboratories to jewelry production.
However, the true power of these systems is unlocked only when precise measurements using
electrochemical cells and electroplating are performed. Accurate measurement governs
everything from the thickness of a protective coating to the state of charge of a battery. This article
explores the fundamental principles, practical techniques, and advanced methods that make such
measurements possible, offering a comprehensive guide for students, technicians, and engineers
alike.

FUNDAMENTALS OF ELECTROCHEMICAL CELLS

What is an Electrochemical Cell?

An electrochemical cell is a device capable of either generating electrical energy from chemical
reactions or facilitating chemical reactions through the input of electrical energy. In essence, it is a
system where oxidation and reduction reactions occur in separate compartments connected by an
electrolyte. These reactions involve the transfer of electrons, and it is this electron flow that forms
the basis for all measurements using electrochemical cells and electroplating.

Key Components: Electrodes, Electrolyte,
Salt Bridge

Every electrochemical cell consists of three fundamental elements:

e Electrodes: Two conductors, typically metals or graphite, that facilitate electron transfer. The
anode is where oxidation occurs (loss of electrons), while the cathode is where reduction
occurs (gain of electrons).

» Electrolyte: A solution containing ions that can move freely, allowing charge to be
transferred between the electrodes. The electrolyte may be a liquid, gel, or solid.

e Salt Bridge: In galvanic cells, a salt bridge (or a porous membrane) maintains electrical
neutrality by allowing the flow of ions between the half-cells without mixing the solutions.

Understanding these components is essential because any measurement of voltage, current, or
resistance depends on their proper composition and condition.

Types: Galvanic vs Electrolytic

Electrochemical cells fall into two main categories:

1. Galvanic (Voltaic) Cells: These convert chemical energy into electrical energy
spontaneously. A classic example is the Daniel cell (zinc and copper electrodes in their
respective sulfate solutions). Measuring the potential difference (voltage) across such a cell
provides information about the driving force of the reaction.

2. Electrolytic Cells: These require an external power source to drive a non-spontaneous
chemical reaction. Electroplating is a prime example. Here, measurements of current and time
are crucial for controlling the amount of material deposited.

The type of cell dictates the measurement techniques used. For instance, measurements using
electrochemical cells and electroplating in an electrolytic cell often focus on current density
and coulombic efficiency, whereas in a galvanic cell, open-circuit potential is a key parameter.

PRINCIPLES OF MEASUREMENT IN ELECTROCHEMICAL SYSTEMS

Voltage and Potential Measurements

Voltage, or electrical potential difference, is perhaps the most direct measurement in an
electrochemical cell. In a galvanic cell, the cell voltage (E.,) is the difference between the reduction
potentials of the cathode and the anode. This is measured with a high-impedance voltmeter to avoid
drawing current. In electroplating, the applied voltage between the anode and cathode determines
the rate of deposition and the quality of the coating. Potentiometric measurements are fundamental
to measurements using electrochemical cells and electroplating because they allow us to
monitor the state of a system without disturbing it.
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Current and Coulometry

Current (l) is the rate of flow of electric charge. In an electrolytic cell used for electroplating, the
current is directly related to the amount of metal deposited per unit time, as described by Faraday’s
laws of electrolysis. Coulometry involves measuring the total charge (Q = | x t) passed through the
cell to determine the mass of substance deposited or consumed. This is one of the most accurate
methods for measurements using electrochemical cells and electroplating in quality control,
where precise coating thickness is required.

Resistance and Conductivity

The resistance of the electrolyte and the cell itself affects both voltage and current measurements.
Conductivity (the inverse of resistance) is a measure of how well the electrolyte conducts ions. High
conductivity is desirable in electroplating to reduce energy losses. Measuring conductivity using a
conductivity cell (a type of electrochemical cell) helps in optimizing electrolyte composition. In
research, impedance measurements provide deeper insights, as discussed later.

ELECTROPLATING: PROCESS AND MEASUREMENT TECHNIQUES

The Electroplating Setup

Electroplating is the process of depositing a metal coating onto a conductive surface by passing a
direct current through an electrolytic cell. The object to be plated serves as the cathode, while the
metal to be deposited is typically used as the anode (or an inert anode with the metal ions in
solution). The electrolyte contains dissolved salts of the plating metal. For example, in copper
electroplating, the bath contains copper sulfate and sulfuric acid.

Accurate measurements using electrochemical cells and electroplating begin with the setup:
the distance between electrodes, the surface area of the cathode, and the concentration of the
electrolyte all affect the plating outcome.

Monitoring Plating Thickness

Coating thickness is one of the most critical parameters in electroplating. Several measurement
methods are employed:

¢ Coulometric (strip) method: An anodic current is applied to dissolve the coating locally,
and the time required to strip a known area is measured to calculate thickness.

e X-ray fluorescence (XRF): Non-destructive, XRF measures the intensity of characteristic
X-rays from the coating to determine thickness.

e Eddy current or magnetic induction: For non-conductive or magnetic coatings, these

electromagnetic methods are common.

However, the coulometric method is directly based on electrochemical principles, making it a
fundamental tool in measurements using electrochemical cells and electroplating.

Current Density and Deposition Rate

Current density (current per unit area) governs the morphology and properties of the deposited
layer. Too high a current density can lead to rough or burnt deposits; too low results in slow plating.
By measuring the current and the cathode area, operators can maintain optimal conditions. The
deposition rate (in micrometers per minute) is directly proportional to current density according to
Faraday’s law. Real-time monitoring of current and cell voltage is essential for process control.

PRACTICAL APPLICATIONS OF MEASUREMENTS USING ELECTROCHEMICAL CELLS
AND ELECTROPLATING

Quality Control in Manufacturing

In industries such as electronics, automotive, and aerospace, electroplated coatings must meet
strict specifications. Measurements using electrochemical cells and electroplating are
routinely applied to:

 Verify coating thickness on connectors, circuit boards, and engine components.
e Measure the porosity of coatings (using electrochemical tests like the ferroxyl test).
e Ensure adhesion by subjecting the plated part to a controlled electrochemical stress.

Coulometric thickness testers are widely used because they provide direct, traceable results.

Corrosion Testing

Electrochemical cells are central to corrosion studies. Techniques such as potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) measure the corrosion rate of metals
and the protective performance of coatings. For instance, a coated sample is made the working
electrode in a three-electrode cell, and its corrosion potential and current are measured. This helps
predict the lifetime of electroplated parts in real-world environments.

Analytical Chemistry (pH, lon-Selective
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Electrodes)

Beyond electroplating, electrochemical cells are used for analytical measurements. pH meters,
which measure the voltage between a glass electrode and a reference electrode, are a classic
example. Similarly, ion-selective electrodes (ISEs) are used to measure concentrations of specific
ions (e.g., F~, Na*, CI7) in solutions. These are all measurements using electrochemical cells
that rely on the same principles as electroplating but for diagnostic purposes.

ADVANCED MEASUREMENT METHODS

Potentiostatic and Galvanostatic
Techniques

In research and high-precision plating, two primary control modes are used:

* Potentiostatic: The working electrode potential is held constant (relative to a reference
electrode) while the current is measured. This allows precise control of the electrochemical
reaction, important for depositing alloys or multilayers.

e Galvanostatic: A constant current is applied, and the potential is monitored. This is common
in industrial electroplating because it directly controls deposition rate.

These techniques require a potentiostat/galvanostat, which is an instrument designed specifically for

measurements using electrochemical cells and electroplating under controlled conditions.

Electrochemical Impedance Spectroscopy
(EIS)

EIS is a powerful tool that applies a small alternating voltage (or current) over a range of frequencies
and measures the impedance (AC resistance). By analyzing the Nyquist or Bode plots, researchers
can extract information about charge-transfer resistance, double-layer capacitance, and diffusion
processes. In electroplating, EIS can evaluate the quality of the electrolyte, the condition of the
anode, and the properties of the growing deposit. This non-destructive method is increasingly used
for in-situ measurements using electrochemical cells and electroplating.

CONCLUSION

From the basic operation of a Daniell cell to the sophisticated real-time analysis of an electroplating
bath, measurements using electrochemical cells and electroplating form the backbone of
modern electrochemical science and industry. Accurate measurement of voltage, current, charge,
and impedance enables engineers to control deposition thickness, monitor corrosion, and ensure
product reliability. As technology advances, techniques like EIS and coulometry continue to evolve,
offering ever greater precision. Whether you are a student first learning about redox reactions or a
professional optimizing a production line, a solid understanding of these measurement principles is
essential. By mastering them, you gain the ability to not only use electrochemical cells and
electroplating effectively but also to innovate and solve real-world challenges.



