Module-4 Sensors and Corrosion Science

Sensors: Introduction, terminologies-Transducer, Actuators and Sensors. Conductometric sensor-principle, con-
struction and its application in the estimation of acid mixture. Colorimetric sensor-principle, instrumentation and
its application in the estimation of copper in PCB. Electrochemical gas sensors- principle, construction and its
application in the detection of NOx and SOx in air sample. Biosensor-principle, construction and working for the
detection of glucose in biofluids.

Corrosion: Introduction, electrochemical theory of corrosion, types of corrosion-differential metal and differen-
tial aeration corrosion-waterline and pitting corrosion. Corrosion control galvanization and anodization. Vapour
corrosion inhibitors for protecting computer circuit boards, corrosion penetration rate (CPR)-definition and nu-
merical problems.

Introduction:

» Asensor is a device that measures or detects a physical or chemical quantity such as temperature, pressure, hu-
midity, ion concentration, light, sound, or motion. The sensor converts this quantity into an electrical signal that
can be processed by computers or electronic systems.

* A sensor is often defined as a device that receives and responds to a signal or stimulus. Eyes, ears, and nose are
all different types of sensors that help you navigate your surroundings on a day-to-day basis by detecting and
processing light, sound, and smell/taste.

Examples:
» pH Sensor (glass electrode): Detects H' ion concentration in solutions.
» Conductivity Sensor: Measures the ionic conductivity of an electrolyte.
» Gas Sensor: Detects CO2, H2S, or O: levels in chemical or environmental systems.
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The key components are: Receptor, Transducer and Actuator.

* Receptor: It is a chemical element which is capable of interacting with analyte specifically and selectively. It
produces signal corresponding to interaction in the form of change in potential, conductivity heat, pH etc.

* Transducer: A transducer is a device that converts energy from one form to another, typically transforming a
signal in one form of energy into a signal in another.

» Transducers are often used in automation, measurement, and control systems to convert physical quan-
tities such as energy, force, torque, light, motion, and position into electrical signals, or vice versa.
This process, known as transduction, enables the measurement, monitoring, and control of various
physical phenomena.

» In sound and vibration, transducers specifically convert mechanical energy (vibrations or sound
waves) into electrical energy or vice versa. For example, microphones convert sound waves into elec-
trical signals for recording and amplification, while loudspeakers convert electrical signals back into
sound waves for audio playback.



» In a pH meter, the glass electrode acts as a transducer by converting hydrogen ion activity into an
electrical voltage that represents p''.
Example: Electrochemical Oxygen Sensor - Converts dissolved oxygen concentration into an electrical current.
* Actuator: An actuator is a device that receives an electrical signal (or other forms of input energy) and produces
a physical or chemical action. It is often used for control in experiments. It is a component of a machine that is
responsible for moving and controlling a mechanism or system.
Example: Electrolysis Cell - Converts electrical current into chemical products (H2 and O: gases).

Electrochemical sensor:

An electrochemical sensor is a device that detects chemical substances by converting their concentration into an
electrical signal through redox reactions. It typically consists of a working, reference, and counter electrode im-
mersed in an electrolyte. The measured signal (current, voltage, or conductivity) corresponds to the analyte concen-
tration. Based on the detection principle, they are classified as potentiometric, amperometry, or conductometric sen-
sors. They offer high sensitivity, selectivity, and fast response.

Examples: pH electrodes, glucose sensors, and oxygen sensors.

Conductometric Sensors:
Principle, Construction, and its Application in Acid Mixture Estimation

Principle:
Conductometric sensors are electrochemical devices that measure the electrical conductivity of a solution, which

depends on ion concentration and mobility. During titration, conductivity changes as ions are consumed or replaced.
In this method, two inert metal electrodes are used. The ions or electrons produced during an electrochemical reaction
may change the conductivity or resistivity of the solution. The conductivity of ionic solutions can be measured by
using a conductometer. H™ ions being the smallest ions shows the highest conductivity.

In acid mixture estimation, the neutralization of a strong acid (HCI) and a weak acid (CHsCOOH) with a strong base
(NaOH) produces characteristic conductivity changes, allowing their individual quantification.

Construction:
The electrode system is a conductivity cell, made up of two platinum plates of unit cross-sectional area (A=1cm?)
separated by unit distance (L=1cm). The volume between electrodes = 1 cm?®. When ‘L’ and ‘A’ are maintained

constant, the ratio of L/A is constant. . Cell constant = L/A ii
Electrolyte solutions obey Ohm’s Law just as metallic conductors which
is given by, — Glass tube
V=IR - I« I/R, where R is Resistance, V is potential, and I is Current.
Solution
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Conductance of unit volume is called specific conductance (K) and is given
by:

K = (1/R) x (L/A), where R =resistance, and L/A = Cell constant

An alternating current (AC) source is used to prevent polarization, and the output is measured by a conductometer.




Working:
The conductivity cell is dipped in the solution whose conductance is to be measured and connected to conductivity

meter. When a potential difference is applied, an electric field is generated in the electrolyte. Cations migrate toward
the cathode, and anions toward the anode. At electrodes, ions are neutralized or deposited, producing a chemical
change, which is sensed and converted to an electrical signal by the transducer. The conductance of the ions in the
solution is controlled by adding titrant and for each addition conductance is measured.

Estimation of Acid Mixture:

Strong Acid-Strong Base titration (HCI vs NaOH):

HCI +NiOH —— NaCl + HO

«  When HCl is titrated against NaOH, H,O and NaCl are formed. o P

* The initial conductivity will be very high due to the presence of NaOH ———=Na' + OF
small H" ions.

* As NaOH is added, H' ions are neutralized, conductance decreases
sharply due to Highly mobile H* ions are replaced by less mobile
Na* ions,

HCI1 + NaOH — NaCl + H20
*  On addition of NaOH the conductivity decreases due to the for-
mation of H>O and NaCl. This decrease in conductance is ob-
served till all the acid is completely neutralized (Equivalence . :
point). Volume of NaOH —
* After the equivalence point, the NaOH added adds more OH™ ions
to the solution thereby increasing the conductance.
* The plot of conductance Vs Volume of NaOH is as shown below.
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Weak Acid-Strong Base titration (CH3COOH vs NaOH):

Strong Electrolyte

*  When CH3COOH is titrated against NaOH, H>O and 00K NH——> C 00N * 5 T —
CH3COONa are formed. . : n—

* The initial conductivity will be very low due to the partial ioni-
zation of CH3COOH ions. i

CH,COONE =g Na* + CH,COO f

» After HCl is neutralized, acetic acid starts neutralizing; conduct-

ance decreases more slowly due to partial dissociation.
CH3COOH + NaOH — CH3COONa + H20

* On addition of NaOH the conductivity increases till equivalence
point due to the presence of Sodium acetate which is a strong
electrolyte. Votume of alkah added (ml)

» After the equivalence point, the NaOH added adds more OH"
ions to the solution thereby increasing the conductance rapidly

* The plot of conductance Vs Volume of NaOH (alkali) is as shown below.
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Mixture of strong acid and weak acid with a strong base (HCI+CH3COOH v/s NaOH):

* In the titration of acid mixture containing strong and weak acid, the strong acid gets completely neutralized
first and then the weak acid neutralization starts.

* The initial conductivity will be very high due to the presence
of small H+ ions.

* On addition of NaOH the conductivity decreases due to the
formation of H>O and NaCl. This decrease in conductance
is observed till all the acid is completely neutralized (First
equivalence point A).

HCI + NaOH — NaCl + H20

* Thereafter the conductivity slowly increases till equivalence
point due to the presence of Sodium acetate which is a
strong electrolyte (Second Equivalence point B).

Conductance in milli mohs

CH3COOH + NaOH — CH3COONa + H:0 'A ‘B
» After the 2nd equivalence point, the NaOH added. After all —_—
acids are neutralized, excess OH™ ions increase conductance Volume of NaOH in cm’
sharply.

Colorimetric Sensor:
Principle, Instrumentation and its Application in the Estimation of Copper in PCB

* Colorimetry is a quantitative analytical technique for measuring the transmittance and absorbance of light
passing through a colored solution.

* Colorimeter is based on Beer-Lambert Law which states that “when a monochromatic light is passed through
a coloured solution, the absorbance is directly proportional to the concentration of the solution when the path
length is kept constant.”

A=¢lc

Where, A = absorbance, € = molar absorptivity, | = path length, ¢ = analyte concentration

Principle of Colorimetric Sensor:

« Optical sensors work on the interaction of electromagnetic radiation (UV, visible, or IR) with a chemical
species. Interaction can result in absorption, emission, scattering, or reflection of light.

« The intensity of light after interaction provides information about the analyte concentration.

« The intensity of the blue color is proportional to the copper concentration.

«  Measurement is performed at ~620 nm using absorbance, following Beer-Lambert Law:

A=¢lc
Where:
A = absorbance, € = molar absorptivity, | = path length, ¢ = analyte concentration



Instrumentation:

Polychromatic Light Monochromatic Light
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The key components are:

1. Light Source: Provides monochromatic or filtered light at the wavelength absorbed by the copper-ammonia
complex (~620 nm). Examples: LED, tungsten lamp.
2. Filters / Monochromator: Selects the desired wavelength.
3. Sample Holder / Cuvette: Holds the solution of the copper-ammonia complex.
4. Photocell / Detector: Converts transmitted or absorbed light into an electrical signal.
5. Signal Processor / Display: Records and displays the signal as absorbance or concentration.
Working:

Procedure for Estimation of Copper in PCB:

Light from a light source is passed through the monochromator to obtain the radiations of desired wavelength
(Amax), monochromatic light

This monochromatic light is allowed to pass through the colored solution (Analyte) taken in the cuvette.
Part of the light is absorbed by the deep blue coloured complex taken in the cuvette.

Absorbance depends on concentration and path length.

Detector converts light intensity into electrical signal and it is displayed
as absorbance. T B B B @
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Draw out 5,10,15 & 20 Cm?® of given copper sulphate solution into four
separate 50 cm® standard flasks.

Add 5 cm?® of NH3 to each one of them and also into the test and blank
solution, dilute up to the mark with distilled water and mix well.

After 10 minutes, measure the absorbance of each of these against blank
solution (only ammonia and water) at 620 nm.

Plot a graph of absorbance (OD) (Y-axis) against concentration of copper
(X-axis) and determine the concentration of copper in the e-waste solu- )
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Copper sulphate (CuSOs) reacts with ammonia to form deep blue coloured Cuprammonium sulphate complex having
maximum absorbance at 620nm.

CuSO4+ 4NH3 — [Cu (NH3)4]SO4



* Colorimetric sensors provide an effective and practical approach for the estimation of copper in PCBs.

* By forming stable-colored complexes with copper ions, these sensors enable accurate and reliable detection.

* They are particularly valuable in manufacturing, environmental monitoring, and recycling applications, mak-
ing them an essential tool in the field of analytical chemistry and materials management.

Electrochemical Gas Sensors:

Electrochemical gas sensors are devices that detect specific gases by chemically reacting with the target gas and
converting this reaction into an electrical signal. They are widely used in environmental monitoring, industrial safety,
air quality control and automotive emission testing.

Electrochemical gas sensors are commonly used for the detection and monitoring of various gases, including sulfur
oxides (SOx) and nitrogen oxides (NOx).

Electrochemical gas sensors- principle, construction and its application in the detection of
NOXx in air sample:

Nitrogen oxides are a group of gases that include nitric oxide (NO) and nitrogen dioxide (NO2). They are produced
during combustion processes in engines, industrial activities, and from natural sources.
Principle:
The sensor works on the oxidation or reduction of the target gas at an electrode, which produces a current proportional
to the gas concentration.
» The target gas diffuses through a gas-permeable membrane into the sensor.
» It reacts at the working electrode in the presence of an electrolyte, producing electrons.
» The measured current is directly proportional to the gas concentration in air.
Construction:
*  Working or Sensing Electrode (WE): Metal oxide-coated
electrode where NOx reduction occurs.

* Reference Electrode (RE): Usually gold; maintains stable
potential.

* Counter Electrode (CE): Completes the circuit.

* Electrolyte: Liquid or solid medium that facilitates ion
transport between electrodes.

* Gas-permeable Membrane: Controls diffusion of NOx gas
and prevents electrolyte leakage.

* Housing: Encases the sensor and provides electrical connections.

Working:
* When air containing NOX interacts with the sensor, the NOx gas oxidizes and reacts with the electrolyte at the

sensing electrode, resulting in the production of an electric current proportional to the concentration of NOX in the
air.
» The sensor monitors the oxidation of NO as it occurs on the electrode surface.
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