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Proposed Outline Series 1

1.1 Principles of Thermal Analysis

e 1.1.1 Definition and scope of thermal methods
e 1.1.2 Importance and applications inr analytical chemistry

1.2 Thermogravimetric and Derivative Thermogravimetric Analysis (TG and DTG)

e 1.2.1 Principles of TG and DTG
e 1.2.2 Instrumentation and measurement
e 1.2.3 Applications and limitations

1.3 Differential Thermal Analysis (DTA)

e 1.3.1 Principles of DTA
e 1.3.2'Instrumentation and interpretation of curves
e 1.3.3 Applications in material characterisation

1.4 Differential Scanning Calorimetry (DSC)
e 1.4.1 Principles of DSC

e 1.4.2 Instrumentation and data interpretation
o 1.4.3 Applications in polymer and pharmaceutical analysis

Introduction

-
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In analytical chemistry, the study of how materials respond to changes in temperature provides
valuable insights into their composition and properties. Thermal analytical techniques are
widely used to investigate processes such as decomposition, phase transitions, and heat flow.
These methods are essential in fields ranging from materials science to pharmaceuticals, where
understanding thermal behaviour is critical for quality control and research.

The aim of this Series is to introduce you to the principles and applications of thermal methods
of analysis, enabling you to explain their operation, interpret their outputs, and evaluate their
significance in analytical chemistry.

We shall commence this Series by examining the general principles of thermal analysis,
including its scope and importance. Next, we will explore thermogravimetric and derivative
thermogravimetric analysis, focusing on their principles, instrumentation, and applications.
Following that, we will study differential thermal analysis, considering how curves are
interpreted and applied in material characterisation. Finally, we will conclude with differential
scanning calorimetry, highlighting its role in polymer and pharmaceutical analysis.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e SLO 1.1 define thermal analysis and explain its scope in analytical chemistry,

e SLO 1.2 describe the principles of thermogravimetric and derivative thermogravimetric
analysis,

e SLO 1.3 demonstrate how TG and DTG instrumentation is used to measure thermal
changes,

e SLO 1.4 explain the principles of differential thermal analysis and interpret DTA curves,

e SLO 1.5 analyse the applications of DTA in material characterisation,

e SLO 1.6 explain the principles of differential scanning calorimetry,

e SLO 1.7 interpret DSC data and evaluate its applications in polymers and
pharmaceuticals.

1.2 Principles Of Thermal Analysis
1.1.1 Definition and scope of thermal methods

Thermal analysis refers to a group of techniques in which a property of a material is measured
as a function of temperature while the material is subjected to a controlled heating or cooling
programme. These methods provide information about physical and chemical changes such as
phase transitions, decomposition, and heat capacity.

-
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Thermal methods are widely used in analytical chemistry because they allow scientists to study
the stability, composition, and purity of materials. They are particularly useful in materials
science, pharmaceuticals, and polymer chemistry.

Fill in the blank: Thermal analysis involves measuring a property of a material as a function of
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Figure 1.1: Basic principle of thermal analysis.

1.1.2 Importance and applications in analytical chemistry

The importance of thermal analysis lies in its ability to provide detailed information about
material behaviour under temperature changes. For example:

o It helps determine decomposition temperatures of compounds.

o It identifies phase transitions such as melting or crystallisation.
e It measures heat capacities and enthalpy changes.

o It assesses purity and stability of pharmaceuticals and polymers.

Applications include quality control in industry, research in material development, and
environmental analysis of pollutants.

Fill in the blank: Thermal analysis can be used to determine the temperature of
compounds.

w

J
LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



OER TABLE: APPLICATIONS OF THERMAL
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Box 1.1: Selected applications of thermal analysis.

Pilot questions 1.1
1. Which of the following best defines thermal analysis? a. Measurement of a property of a
material as a function of temperature b. Measurement of a property of a material as a
function of pressure c. Measurement of a property of a material as a function of
concentration d. Measurement of a property of a material as a function of volume

2. Fill in the blank: Thermal analysis involves measuring a property of a material as a
function of

3. Which of the following is an application of thermal analysis? a. Determining
decomposition temperatures b. Measuring electrical conductivity c. Studying light
absorption spectra d. Measuring magnetic susceptibility

4. Fill in the blank: Thermal analysis can be used to determine the temperature of
compounds.

5. Which of the following industries commonly uses thermal analysis? a. Pharmaceuticals b.
Agriculture c. Textile design d. Astronomy

1.2 Thermogravimetrié/And Derivative Thermogravimetric Analysis (TG And DTG)
1.2.1 Principles of TG and DTG

Thermogravimetric analysis (TG) is a technique in which the mass of a sample is measured as
it is heated, cooled, or held at a constant temperature. It provides information about changes such
as decomposition, oxidation, or loss of volatile components.

Derivative thermogravimetry (DTG) is the first derivative of the TG curve with respect to time
or temperature. It highlights the rate of mass change, making it easier to identify overlapping
processes and pinpoint exact transition temperatures.

Fill in the blank: Derivative thermogravimetry is the first of the TG curve with respect to
time or temperature.

-
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OER DIAGRAM: TG AND DTG CURVES
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Figure 1.2: TG and DTG curves.

1.2.2 Instrumentation and measurement

TG instruments typically consist of a precision balance, a furnace, and a temperature control
system. The sample is placed on the balance inside the furnace, and its mass is continuously
recorded as the temperature changes.

In DTG, the instrument software calculates the derivative of the TG curve, producing peaks that
correspond to specific thermal events. This allows clearer identification of processes such as

moisture loss, decomposition, or oxidation.
Fill in the blank: A TG instrument usually consists of a balance, a furnace, and a control

system.
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Plate 1.2: Basic TG instrumentation.

1.2.3 Applications and limitations

OFR THERMAL ANALYSIS GUIDE

TG and DTG are widely applied in analytical chemistry:

Determining thermal stability of materials.

Measuring moisture and volatile content.
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o Studying decomposition pathways of polymers and pharmaceuticals.
o Investigating oxidation and reduction behaviour of metals.

However, limitations include sensitivity to sample size, potential overlapping of thermal events,
and the need for careful calibration to ensure accuracy.

Fill in the blank: TG and DTG can be used to measure the content of a sample.
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Box 1.2: Applications of TG and DTG.

Pilot questions 1.2
1. Which of the following best defines thermogravimetric analysis? a. Measurement of mass
change of a sample with temperature b. Measurement of heat flow of a sample with
temperature c. Measurement of pressure change of a sample with temperature d.
Measurement of colour change of a sample with temperature

2. Fill in the blank: Derivative thermogravimetry is the first of the TG curve with
respect to time or temperature.

3. Which.of the following components is part of a TG instrument? a. Balance b. Microscope
c. Spectrophotometer d. Electrode

4. _Fill in the blank: A TG instrument usually consists of a balance, a furnace, and a
control system.

5. Which of the following is a limitation of TG and DTG? a. Sensitivity to sample size b.
Ability to measure moisture content c. Ability to study decomposition pathways d.
Ability to investigate oxidation behaviour

1.3 Differential Thermal Analysis (DTA)
1.3.1 Principles of DTA

Differential thermal analysis (DTA) is a technique in which the temperature difference
between a sample and a reference material is measured as both are subjected to the same heating

-
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or cooling programme. Any thermal event in the sample, such as melting, crystallisation, or
decomposition, produces a peak on the DTA curve.

This method is particularly useful for identifying phase transitions and comparing thermal
behaviour between different materials.

Fill in the blank: In DTA, the temperature difference between a sample and a material is
measured.
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Figure 1.3: Principle of differential thetmal analysis
1.3.2 Instrumentation and interpretation of curves

A DTA instrument consists of a furnace, a sample holder, a reference holder, and thermocouples
to measure temperature differences. The sample and reference are heated simultaneously, and the
thermocouples record any deviation in temperature.

The resulting DTA curve shows endothermic peaks (heat absorbed, e.g. melting) and exothermic
peaks (heat released, e.g. crystallisation). The position and shape of these peaks provide
information about the type and magnitude of thermal events.

Fill in the blank: Endothermic peaks on a DTA curve indicate that heat is by the sample.
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Plate 1.3: Basic DTA instrumentation.
1.3.3 Applications in material characterisation

-
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DTA is widely applied in material science and analytical chemistry:
o Identifying phase transitions such as melting, crystallisation, and glass transitions.
e Studying decomposition behaviour of inorganic and organic compounds.
o Comparing thermal stability of different materials.
o Characterising polymers, ceramics, and pharmaceuticals.

Fill in the blank: DTA can be used to identify phase transitions such as and
crystallisation.
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Box 1.3: Applications of DTA in material characterisation.

Pilot questions 1.3
1. Which of the following best defines differential thermal analysis? a. Measurement of
temperature difference between a sample and a reference material b. Measurement of
mass change of a sample with temperature c. Measurement of heat flow of a sample with
temperature d: Measurement of pressure change of a sample with temperature

2. Fill in the blank: In DTA, the temperature difference between a sample and a
material 1s measured.

3. Which of the following peaks on a DTA curve indicates heat absorption? a. Endothermic
peak b. Exothermic peak c. Neutral peak d. Pressure peak

4. Fill in the blank: Endothermic peaks on a DTA curve indicate that heat is by the
sample.

5. Which of the following is an application of DTA? a. Identifying phase transitions b.
Measuring electrical conductivity c. Studying light absorption spectra d. Measuring
magnetic susceptibility

1.4 Differential Scanning Calorimetry (DSC)
1.4.1 Principles of DSC

-
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Differential scanning calorimetry (DSC) is a thermal analysis technique that measures the
difference in heat flow between a sample and a reference as they are subjected to a controlled
temperature programme. Unlike DTA, DSC provides quantitative data on the amount of heat
absorbed or released during thermal events such as melting, crystallisation, or chemical
reactions.

This makes DSC particularly valuable for studying thermodynamic properties, including
enthalpy changes and specific heat capacities.

Fill in the blank: DSC measures the difference in flow between a sample and a reference.
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Figure 1.4: Principle of differential scanning calorimetry.

1.4.2 Instrumentation and data interpretation

A DSC instrument consists of a furnace, sample and reference pans, sensors to detect heat flow,
and a computer interface for data recording. The sample and reference are heated
simultaneously, and the instrument records the difference in energy required to maintain equal
temperatures.

The resulting DSC eurve shows endothermic peaks (heat absorbed, e.g. melting) and exothermic
peaks (heat released, e.g. crystallisation). The area under each peak corresponds to the enthalpy
change of the process.

Fill in the blank: The area under a DSC peak corresponds to the change of the process.

-
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Plate 1.4: Basic DSC instrumentation.

1.4.3 Applications in polymer and pharmaceutical analysis

DSC is widely applied in both industrial and research contexts:

Polymers: Determining glass transition temperature, melting point, and crystallisation
behaviour.

Pharmaceuticals: Assessing puritys stability, and compatibility of drug formulations.
Food science: Studying fat crystallisation and protein denaturation.

Materials science: Evaluating thermal stability and phase transitions.

Fill in the blank: DSC can be used to'determine the glass temperature of polymers.
e Key DSC Applications & Informed Material
Discipline .
Parameters Properties

Polymers point ($T.m$), crystallinity, curing

Pharmaceuticals = analysis, glass transition in

Food Science

Materials Phase transitions (alloys), curing of
Science thermosets, oxidation stability.

Glass transition ($T g$), melting Processing conditions

o stiffness, thermal stability.
Kinetics.

Polymorphism screening, purity Bioavailability, shelf-life

amorphous drugs. stability, compatibility.

Texture, shelf-life, quality
control, ingredient
functionality.

Lipid phase transitions, starch
gelatinization, protein denaturation.

Service life, mechanical
performance, structural
reliability.

Box 1.4: Applications of DSC.

Pilot questions 1.4

-
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1. Which of the following best defines DSC? a. Measurement of heat flow difference
between a sample and a reference b. Measurement of mass change of a sample with
temperature c. Measurement of pressure change of a sample with temperature d.
Measurement of colour change of a sample with temperature

2. Fill in the blank: DSC measures the difference in flow between a sample and a
reference.

3. Which of the following peaks on a DSC curve indicates heat absorption? a. Endothermic
peak b. Exothermic peak c. Neutral peak d. Pressure peak

4. Fill in the blank: The area under a DSC peak corresponds to the change of the
process.

5. Which of the following is an application of DSC? a. Determining glass transition
temperature of polymers b. Measuring electrical conductivity c. Studying light absorption
spectra d. Measuring magnetic susceptibility

Series Summary

In this Series, we explored the principles and applications of thermal analytical techniques,
which are essential tools in analytical chemistry for studying material behaviour under controlled
temperature changes. We began with the general principles of thermal analysis, highlighting its
scope and importance. We then examined thermogravimetric analysis (TG) and derivative
thermogravimetry (DTG), focusing on how mass changes and their rates are measured.
Following that, we studied differential thermal analysis (DTA), which measures temperature
differences between a sample and a reference to identify phase transitions. Finally, we concluded
with differential scanning calorimetry (DSC), which quantifies heat flow differences and
provides valuable data on enthalpy changes and specific heat capacities. Altogether, this Series
has provided learners with a comprehensive understanding of how thermal methods are applied
in materials science, pharmaceuticals, polymers, and environmental chemistry.

Glossary of Terms

e  Thermal analysis: A group of techniques measuring material properties as a function of
temperature.

e Thermogravimetric analysis (T'G): Measurement of mass change of a sample with
temperature.

e Derivative thermogravimetry (DTG): The first derivative of the TG curve, showing the

rate of mass change.
P
S
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o Differential thermal analysis (DTA): Measurement of temperature difference between a
sample and a reference during heating or cooling.

o Endothermic peak: A peak on a DTA or DSC curve indicating heat absorption.
o Exothermic peak: A peak on a DTA or DSC curve indicating heat release.

o Differential scanning calorimetry (DSC): Measurement of heat flow difference
between a sample and a reference, providing quantitative data on enthalpy changes.

e Glass transition temperature: The temperature at which a polymer changes from a rigid
to a flexible state.

o Enthalpy change: The amount of heat absorbed or released during a process.

Concept Check Questions 1
Objective questions

1. Thermal analysis involves measuring a property of a'material as.a function of
(Linked to SLO 1.1)

2. Derivative thermogravimetry is the first of the TG curve with respect to time or
temperature. (Linked to SLO 1:2)

3. In DTA, the temperature difference between a sample and a material is measured.
(Linked to SLO 1.4)

4. The area under a DSC peak corresponds to the change of the process. (Linked to
SLO 1.7)

5. DSC can be used to‘determine the glass temperature of polymers. (Linked to
SLO 1.7)

Short-answer questions
6. Explain the difference between TG and DTG. (Linked to SLOs 1.2-1.3)

7. Describe how endothermic and exothermic peaks appear on DTA and DSC curves.
(Linked to.SLOs 1.4-1.7)

8. Outline the importance of DSC in pharmaceutical analysis. (Linked to SLO 1.7)
Long-answer questions

9. Analyse the applications of thermal analysis in materials science, pharmaceuticals, and
polymers. (Linked to SLOs 1.1-1.7)

10. Evaluate the limitations of TG and DTG compared to DTA and DSC. (Linked to SLOs
1.2-1.7)

11. Discuss how DSC provides quantitative data on enthalpy changes and why this is
important in analytical chemistry. (Linked to SLO 1.7)
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Answers To Pilot Questions 1

Part 1.1: 1.a, 2.temperature, 3.a, 4.decomposition, 5.a Part 1.2: 1.a, 2.derivative, 3.a,
4.temperature, 5.a Part 1.3: 1.a, 2.reference, 3.a, 4.absorbed, 5.a Part 1.4: 1.a, 2.heat, 3.a,

4.enthalpy, 5.a

References And Attributions 1

-

Figures 1.1-1.4: Suggested Al prompts for diagrams showing principles of thermal
analysis, TG/DTG curves, DTA setup, and DSC principle.

Plates 1.2—-1.4: Suggested Al prompts for images of TG, DTA, and DSC instrument

setups.

Boxes 1.1-1.4: Suggested Al prompts for tables summarising applications of thermal
analysis, TG/DTG, DTA, and DSC.

Open Educational Resources (OER) suggested search strings:

“OER diagram thermal analysis principle chemistry”
“OER diagram TG DTG curves chemistry”

“OER image TG instrument setup chemistry”

“OER diagram differential thermal analysis chemistry”
“OER image DTA instrument setup chemistry”

“OER diagram DSC principle chemistry”

“OER image DSC instrument setup chemistry”

“OER table DSC applications chemistry”

Attribution style: APA (institutional standard assumed). Example: OpenStax. (2016).
Chemistry.OpenStax CNX. Retrieved from https://openstax.org/books/chemistry
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Course code: CHM 410

Course title: Analytical Chemistry II

Course credit load: 2 Units

Series 1: Thermal Methods Of Analysis

Series 2: Electroanalytical And Potentiometric Techniques

Series 3: Conductometric, Amperometric And Colorimetric Methods

Series 4: Chromatographic Principles And Coupled
Techniques

Series 5: Radiochemical Methods In Environmental Analysis
Proposed Outline Series 2
2.1 Principles of Electroanalytical Techniques

e 2.1.1 Definition and scope of electroanalytical methods
e 2.1.2 Importance in analytical chemistry

2.2 Potentiometric Methods of Analysis

e 2.2.1 Principles of potentiometry
e 2.2.2 Measurement of pH and ion-selective electrodes
e 2.2.3 Applications and limitations

2.3 Other Electroanalytical Techniques

e 2.3.1 Overview of conductometric methods
e 2.3.2Overview of amperometric methods
e 2.3.3 Applications in environmental and industrial analysis

Introduction

Electroanalytical methods are among the most widely used techniques in analytical chemistry,
offering precise ways to measure chemical properties through electrical signals. These methods
are particularly important in environmental monitoring, industrial quality control, and biomedical

-
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applications. Potentiometric techniques, which involve measuring the potential difference
between electrodes, are especially useful for determining pH and ion concentrations.

The aim of this Series is to introduce you to the principles of electroanalytical methods, explain
the operation of potentiometric techniques, and highlight their applications in analytical
chemistry.

We shall commence this Series by examining the general principles of electroanalytical
techniques and their importance. Next, we will explore potentiometric methods of analysis,
focusing on pH measurement and ion-selective electrodes. Finally, we will con¢clude with an
overview of other electroanalytical techniques such as conductometry and amperometry,
considering their applications in environmental and industrial contexts.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e SLO 2.1 define electroanalytical techniques and explain their scope in analytical
chemistry,

e SLO 2.2 describe the principles of potentiometric methods of analysis,

e SLO 2.3 demonstrate how pH is measured using potentiometric techniques,

e SLO 2.4 explain the function of ion-selective electrodes in potentiometry,

e SLO 2.5 analyse the applications and limitations of potentiometric methods,

e SLO 2.6 describe the principles of conductometric methods,

e SLO 2.7 explain the principles of amperometric methods,

e SLO 2.8 evaluate the applications of conductometric and amperometric techniques in
environmental and industrial analysis.

2.1 Principles Of Electroanalytical Techniques
2.1.1 Definition and scope of electroanalytical methods

Electroanalytical methods are techniques in analytical chemistry that use electrical
measurements to study chemical systems. These methods rely on properties such as potential,
current, or conductivity to provide information about the composition and behaviour of
substances.

-
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They are widely applied in environmental monitoring, pharmaceutical analysis, and industrial
quality control because they allow precise and rapid determination of chemical species.

Fill in the blank: Electroanalytical methods use measurements to study chemical
systems.

OVERVIEW OF ELECTROANALYTICAL METHODS

GENERAL EXPERIMENTAL SETUP POTENTIOMETRY VOLTAMMETRY OER CHARACTERIZATION
(ZERO CURRENT) (DYNAMIC CURRENT) (Example application)

OER: OXYGEN EVOLUTION REACTION
S

MEASURING DEVICE / POTENTIOSTAT

VOLTMETER AT o
A we re (Mce e, OFR
T
WORKING REFERENCE WE RE Oooo
ELECTROD ELECTRODE
WORKING

COUNTER
LECTRODI

ELECTRODE R o WE catalyst
(CE) \/ I ) /M\/ 2H,0 — 0, + 4H" + de”
VOLTAGE VS. CONCENTRATION é
(Nemnstian Plot) wum

ELECTRODE
(WE)

ReFERENGE | 8 OER KINETICS AND ACTIVITY
WORKING COUNTER = = Anodic (s) OVERPOTENTIAL (1) (b) ELECTROCUTALYTIC
ELECTRODE ELECTRODE & v £ 2 el
(WE) (Ag/AgCI) Ex-V T g HEES) g
3 [cathodic [ g Sopaft =
'VOLTAGE VS. CONCENTRATION & =
ELECTROLYTE =L (Nerstian Plot) VS POTENTIAL (£) 5
SOLUTION S (Cyelic Voltammogram) AL (1) V. Time
C\AMEM DEW" (] {1V, Time)
el e
: oH 3 - TR, DETERIIINESCATAI.VSTAC‘HVI‘I’V
GENERAL EXPERIMENTAL SETUP D P TAMCEMETAL  STABILITY, AND REACTION MECHANISM.

Figure 2.1: Basic principle
2.1.2 Importance in analytical chemistry
Electroanalytical techniques are important because they provide:
o High sensitivity for detecting trace amounts of substances.
e Rapid and accurate measurements.
e Non-destructive analysis of samples.
e Versatility in studying ions, molecules, and complex mixtures.

They are particularly valuable in determining pH, monitoring pollutants, and analysing
biological fluids.

Fill in the blank: Electroanalytical techniques are especially valuable in determining in
solutions.

ADVANTAGES OF ELECTROANALYTICAL TECHNIQUES IN CHEMISTRY AND OER RESEARCH

TABLE 1: KEY ADVANTAGES & FEATURES OF ELECTROANALYTICAL TECHNIQUES

ADVANTAGE DESCRIPTION & WHY IT MATTERS EXAMPLES/SUPPORTING FACTS
:.::.'_ Capable of trace-level analysis (down to Excellent signal-to-noise ratio,
SENSITIVITY ¥ nanomolar/pico-molar concentrations) /\ .. | wide linear dynamic range
- Rapid data acquisition, real-time @ Analysis completed in minutes,
SPEED & RESPONSE @ monitoring of fast reaction kinetics f immediate feedback
Minimal sample consumption, bulk solution ¥..~sweeo | Consumes only a tiny fraction of
NON-DESTRUCTIVE remains d, permits oo | @analyte at the electrode surface
VERSATILITY 4 42 | Applicable to wide range of analytes (ions, organics, Inexpensive instrumentation,
& | pharmaceuticals, materials) in various matrices portable applications, automation

CASE STUDY: APPLYING ADVANTAGES TO OER (OXYGEN EVOLUTION REACTION)
ssusmvn’v . I SGmp,el Re""‘“‘“ Counter l : SENSITIVITY
Detects trace products = Monitorstet in monters
writh concentrations / @ intermediate steps
SPEED O mo ! l STiven " NON-DESTRUCTIVE
Monitor, the monitorior \ I Allows re-characterizat-
intermediate steps j on of the catalyst

SPECIFICITY VERSATILITY
Distinguishing catalysts STABILITV = © MECHANISM Test. different material
acawing catalysts (vs.y)  OER THREE-ELECTRODE CELL ‘O e R wavdy I

OER STUDIES: Unlocking kinetics, activity, stability, and reaction mechanistic insights.

BULK SOLUTION
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Box 2.1: Importance of electroanalytical methods.

Pilot questions 2.1
1. Which of the following best defines electroanalytical methods? a. Techniques that use
electrical measurements to study chemical systems b. Techniques that use heat
measurements to study chemical systems c. Techniques that use light measurements to
study chemical systems d. Techniques that use pressure measurements to study chemical
systems

2. Fill in the blank: Electroanalytical methods use measurements to study chemical
systems.

3. Which of the following is an advantage of electroanalytical techniques? a. High
sensitivity for detecting trace substances b. Requirement of large sample sizes ¢: Slow
and destructive analysis d. Limited to solid samples only

4. Fill in the blank: Electroanalytical techniques are especially valuable in determining
in solutions.

5. Which of the following fields commonly uses electroanalytical methods? a.
Environmental monitoring b. Astronomy c. Textile design d. Sculpture

2.2 Potentiometric Methods Of Analysis
2.2.1 Principles of potentiometry

Potentiometry is an electroanalytical technique in which the potential difference between two
electrodes is measured without drawing significant current. This potential difference is related to
the concentration of ions in the solution, making potentiometry a valuable method for chemical
analysis.

The most common application is pH measurement, where a glass electrode responds to hydrogen
ion activity. Other ion-selective electrodes can be used for ions such as sodium, potassium, or
chloride.

POTENTIOMETRIC SETUP: PRINCIPLE AND MEASUREMENT

A. EXPERIMENTAL CELL B. MEASURING DEVICE
REFERENCE IoN-SELECTIVE (R VOLTMETER/ELE)CTROMETER
ELECTRODE (RE) ELECTRODE (ISE) s (E,
(e.g., Ag/AgCl in Sat. KCI) (69, CHISE) | &~ Solastate CI1SE s
INNER REFERENCE
— ELECTRODE Retenenr | || L+ E_.=?V @
ey = [
| INNER =
) SOLUTION REFERENCE [ L X X ] ?
LIQUID JUNCTION 1 (KCI) ELEMENT
POTENTIAL (E,) ION-SELECTIVE
/ MEMBRANE L7 WYX seecmve TOTAL MEASURED
SAMPLESOLUTION—[— I~ MEMBRANE MEMBRANE | —— CELL POTENTIAL (E,,,)
(eg. [CI] [K*) POTENTIAL (E,)

;IS a direct measure

RESPONSE POTENTIAL

(Nemstian Equation) (Ecan)

C. POTENTIOMETRIC PRINCIPLE TYEICAL FE CALBRATION CORVE
Efe . s
o= Som ol et | 0SS 3y

(Nemnstian slope)
s=BLin(10)
Log(lon Activity, 8., ic0) not a kinetic current.

Principle: Measure cell potential at zero current to determine analyte activity via the Nernst Equation.

Potential (E,,, V)

ISE MEMBRANEF MEASURED

Figure 2.2: Principle of potentiometry.
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2.2.2 Measurement of pH and ion-selective electrodes

pH measurement is the most widely known application of potentiometry. A glass electrode
sensitive to hydrogen ions is paired with a reference electrode, and the potential difference is
measured to determine pH.

Ion-selective electrodes (ISEs) are designed to respond selectively to specific ions. For
example, a sodium electrode responds to sodium ions, while a fluoride electrode responds to
fluoride ions. These electrodes expand the scope of potentiometry beyond pH measurement.

Fill in the blank: A glass electrode is commonly used in potentiometry to measure ion
activity.

POTENTIOMETRIC pH MEASUREMENT: Glass Electrode System
OER APPLICATION CONTEXT

GLASS ELECTRODE | E,,,VS.pH
%‘gﬁ%ﬂ{,‘é’)‘z PHIVOLT METER

e

NERNST SLOPE:
-59.16 mV/pH
at25°C

POTENTIAL (V)

pH
Ecell = Eglass' ERE+EJ (junction potential) pH = le) = (Ecellls)

REFERENCE ELECTRODE
(pH-SENSITIVE MEMBRANE)

C. ELECTROCUTALYTIC
(AgiACl) (OER) APPLICATION
gy OER CATALYST, 0,
( Hydrated gel layers ) eglrc, "a"gpag'c = EVOLUTION
EXTERNAL GLASS

SAMPLE
SOLUTION

[H'] (aq.)
E INTES! INTE?‘ACE E pH me_alstjreme‘m I(/usingtthitshseltup)lis
= - : crucial to control/monitor the loca
MAIRITAINE STABLE  &cell glass © =RE © =j environment of OER, especially in

(pH-SENSITIVE MEMBRANE) (junction potential) neutral/alkaline media.

Plate 2.2: Potentiometric measurement of pH.

2.2.3 Applications and limitations
Potentiometric methods are applied in:
o Environmental monitoring, such as measuring ion concentrations in water.
o Pharmaceutical analysis, including drug formulation testing.
o Food industry, for quality control of beverages and dairy products.
¢ Clinical chemistry, for measuring electrolytes in blood samples.

Limitations include sensitivity to electrode calibration, interference from other ions, and the need
for stable reference electrodes.

Fill in the blank: Potentiometric methods are widely used in clinical chemistry to measure
in blood samples.
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SUMMARY OF POTENTIOMETRY: APPLICATIONS AND LIMITATIONS

TABLE 1: APPLICATIONS OF POTENTIOMETRY BY SECTOR & INTERFERENCES/LIMITATIONS

KEY APPLICATIONS LIMITATIONS & INTERFERENCES
SECTOR (ION & pH MEASUREMENT)  SPECIFIC EXAMPLES & METHODOLOGY ™), ic b across all sectors)
ENVIRONMENTAL | * Water Quality Monitoring (] E\lllglgde (F), Chioride (CI), Nitrate (NOy) |« Integ?r.ing lons (Selectivity
ANALYSIS (R'y B1S) .Lakes' Wastewater), |, Heavy Metals (e.g., Lead Pb*") trace analysis %oe clentst) imilar i
* Soil Testing * pH measurement for acidity/alkalinity N?pv?i?lﬁis‘ ocsll_"xia": lgr;? (c‘;'g"
: « pH buffering of solutions cause eror.
PHARMACEUTICAL | * Q14 Foruielon S |- Sodium (Na') and Potassium (k) M | 6™
ANALYSIS Purity Tesi @" content in electrolytes el |* Electrode Drift & Aging
* Purity Testing 7" |« Drug Stabilty testing V| Requires frequent calibration and
int 5
* Quality Assurance of * Sodium (Na*) content in dairy products AT
FOOD ANALYSIS | Beverages & Processed Foods| « Chloride (C) in salts * Temperature Effects
« Nutritional Label Verification | « pH of fruit juices Pel;?rf;gegé [?]" ":glt?éﬁn slope;
« Blood Gas & Ekectolyte * Sodium (Na'), Potassium (K') i e ?e s
CLINICAL ANALYSIS Analysis @I Clalcium (Ca*), and Chloride (CI) in . f«%’ﬂ’i’oﬁ 0 :tt're: glh%crttsu -
(POINT-OF-CARE) | , pzfient Diagnostics . gmﬂ gﬁ,’w;ﬁﬁ&e 0@ can affect accuracy.
OER APPLICATION CONTEXT (Link to Research)
\ oo JXR s OER studies (pH monitoring at catalyst-electrolyte interface, <IMAGE_3>) use potentiometry,
2 highlighting its importance for for environmental energy conversion.

Box 2.2: Applications and limitations of potentiometry.

Pilot questions 2.2
1. Which of the following best defines potentiometry? a. Measurement of potential
difference between two electrodes without drawing significant ¢urrent b. Measurement of
mass change of a sample with temperature c. Measurement of heat flow between a
sample and a reference d. Measurement of'colour change in a solution

2. Fill in the blank: Potentiometry measures the potential difference between two
without drawing significant current.

3. Which of the following is the most common application of potentiometry? a. pH
measurement b. Conductivity measurement ¢. Colour intensity measurement d. Pressure
measurement

4. Fill in the blank: A glass electrode is commonly used in potentiometry to measure
ion activity.

5. Which of the following is a limitation of potentiometric methods? a. Sensitivity to
electrode calibration b. Ability to measure electrolytes in blood c. Use in environmental
monitoring d. Application in food industry

2.3 Otherlklectroanalytical Techniques
2.3.1 Overview of conductometric methods

Conductometry is an electroanalytical technique that measures the electrical conductivity of a
solution. Conductivity depends on the concentration and mobility of ions present, making this
method useful for studying neutralisation reactions, salt content, and water purity.

Conductometric titrations are particularly valuable because they do not require indicators.
Instead, changes in conductivity are monitored as titration progresses, allowing precise
determination of end points.

Fill in the blank: Conductometry measures the electrical of a solution.
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Figure 2.3: Principle of conductometry.

2.3.2 Overview of amperometric methods

Amperometry is an electroanalytical technique in which the current flowing through an
electrochemical cell is measured at a fixed potential. The current is directly related to the
concentration of the analyte undergoing oxidation or reduction.

Amperometric titrations are widely used for detecting trace amounts of substances, such as
dissolved oxygen in water or glucose in blood samples.

Fill in the blank: In amperometry, the current is measured at a fixed

Rty o “.I

[ @ ""i' :,_"'] [ o) V=

Plate 2.3: Principle of amperometry.
2.3.3 Applications in environmental and industrial analysis
Conductometric and amperometric methods are applied in diverse fields:

o Environmental analysis: Monitoring water quality by measuring ion content and
dissolved oxygen.

o Industrial analysis: Quality control in food and beverage industries, such as salt content
in dairy products.

o Biomedical applications: Measuring glucose levels in blood using amperometric
Sensors.

-
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e Chemical research: Studying reaction kinetics and ion mobility.

Limitations include sensitivity to electrode condition, interference from other ions, and the need
for precise calibration.

Fill in the blank: Amperometric sensors are widely used in biomedical applications to measure
levels in blood.

Context Conductometric Applications Amperometric Applications
Monitoring water purity, Detection of heavy metals (e.g.,
. detecting salinity, and measuring = lead, mercury), dissolved oxygen
Environmental total dissolved solids (TDS) in levels, and vatious pollutants.in
wastewater. water supplies.
Quality control in food and Monitoring fermentation processes,
. beverage production (e.g., milk detecting specific chemical analytes
Industrial . N N | . o
purity), process monitoring in in industrial effluents, and titration
chemical manufacturing. endpoints.

Glucose biosensors for diabetes
management, detection of
neurotransmitters, and monitoring
blood gases.

Analysis of physiological fluids,
Biomedical monitoring dialysis.solutions,
and point-of-care diagnostics:

Development of novel
electrochemical sensors, studying
reaction mechanisms at electrode
surfaces, and electrocatalysis
research.

Studying ion-association in
solutions, kinetic studies of ionic
reactions, and characterization of
electrolyte properties.

Research

Box 2.3: Applications of conductometric and amperometric methods.

Pilot questions 2.3
1. Which of the following best defines conductometry? a. Measurement of electrical
conductivity of a.solution b. Measurement of potential difference between electrodes c.
Measurement of heat flow between a sample and a reference d. Measurement of colour
change in a solution

2. Fill in the blank: Conductometry measures the electrical of a solution.

3. Which of the following best defines amperometry? a. Measurement of current at a fixed
potential b. Measurement of mass change with temperature c. Measurement of pressure
change with concentration d. Measurement of light absorption in a solution

4. Fill in the blank: In amperometry, the current is measured at a fixed

5. Which of the following is an application of amperometric sensors? a. Measuring glucose
levels in blood b. Measuring melting points of solids c. Studying colour intensity of dyes
d. Measuring magnetic susceptibility
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Series Summary

In this Series, we examined the principles and applications of electroanalytical and
potentiometric methods, which are central to modern analytical chemistry. We began with the
general principles of electroanalytical techniques, highlighting their scope and importance in
chemical analysis. We then studied potentiometric methods, focusing on how potential
differences are measured, the role of pH measurement, and the use of ion-selective electrodes.
Finally, we explored other electroanalytical techniques, including conductometry and
amperometry, and considered their applications in environmental, industrial, and biomedical
contexts. Altogether, this Series has provided learners with a clear understanding of how
electrical measurements can be used to analyse chemical systems with precision and versatility.

Glossary of Terms

o Electroanalytical methods: Techniques that use electrical measurements to study
chemical systems.

o Potentiometry: Measurement of potential difference between two electrodes without
drawing significant current.

e pH measurement: Determination of hydrogen ion activity using a glass electrode and a
reference electrode.

o lon-selective electrode (ISE): An electrode designed to respond selectively to a specific
ion.

e Conductometry: Measurement of electrical conductivity of a solution, often used in
titrations.

o Amperometry: Measurement of current at a fixed potential, related to the concentration
of analytes undergoing oxidation or reduction.

o End point (titration): The stage at which a titration reaction is complete, often detected
by changes in conductivity or current.

Concept Check Questions 2

Objective questions

1. Electroanalytical methods use measurements to study chemical systems. (Linked
to SLO 2.1)
2. . Potentiometry measures the potential difference between two without drawing

significant current. (Linked to SLO 2.2)

3. A glass electrode is commonly used in potentiometry to measure 1ion activity.
(Linked to SLO 2.3)
4. Conductometry measures the electrical of a solution. (Linked to SLO 2.6)

-
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5. In amperometry, the current is measured at a fixed . (Linked to SLO 2.7)

Short-answer questions

6. Explain the difference between potentiometry and conductometry. (Linked to SLOs 2.2,
2.6)

7. Describe how ion-selective electrodes expand the scope of potentiometry. (Linked to
SLO 2.4)

8. Outline the importance of amperometric sensors in biomedical applications. (Linked to
SLO 2.8)

Long-answer questions

9. Analyse the applications of potentiometric methods in environmental, pharmaceutical,
food, and clinical chemistry. (Linked to SLOs 2.5)

10. Evaluate the strengths and limitations of conductometric and amperometric methods in
industrial and environmental analysis. (Linked to SLOs 2.6-2.8)

11. Discuss how electroanalytical methods provide sensitivity and versatility compared to
other analytical techniques. (Linked to SLOs 2.1-2.8)

Answers To Pilot Questions 2

Part 2.1: 1.a, 2.electrical, 3.a, 4.pH, 5.a Part 2.2: 1.a, 2.electrodes, 3.a, 4.hydrogen, 5.a Part 2.3:
1.a, 2.conductivity, 3.a, 4.potential, 5.a

References And Attributions 2

e Figures 2.1-2.3: Suggested Al prompts for diagrams showing principles of
electroanalytical methods, potentiometry, and conductometry.

o Plates 2.2-2.3: Suggested Al prompts for images of potentiometric and amperometric
setups.

o Boxes 2.1-2.3: Suggested Al prompts for tables summarising importance, applications,
and limitations of electroanalytical methods.

o ' Open Educational Resources (OER) suggested search strings:
e “OER diagram electroanalytical methods chemistry”
e “OER diagram potentiometry principle chemistry”
e “OER image potentiometry pH measurement chemistry”
e “OER table potentiometry applications chemistry”
e  “OER diagram conductometry titration chemistry”

e “OER image amperometry setup chemistry”

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



e “OER table conductometry amperometry applications chemistry”

o Attribution style: APA (institutional standard assumed). Example: OpenStax. (2016).
Chemistry. OpenStax CNX. Retrieved from https://openstax.org/books/chemistry

Course code: CHM 410

Course title: Analytical Chemistry II
Course credit load: 2 Units

Series 1: Thermal Methods Of Analysis

Series 2: Electroanalytical And Potentiometric Techniques
Series 3: Conductometric, Amperometric And Colorimetric Methods
Series 4: Chromatographic Principles And Coupled Techniques
Series 5: Radiochemical Methods In Environmental Analysis
Proposed Outline Series 3
3.1 Conductometric Methods Of Analysis

e 3.1.1 Principles of conductometry

e 3.1.2 Conductometric titrations and applications

e 3.1.3 Limitations of conductometry
3.2 Amperometric Methods Of Analysis

e 3.2.1 Principles of amperometry

e 3.2.2 Amperometric titrations and applications

e | 3.2.3 Limitations of amperometry
3.3 Colorimetric Methods Of Analysis

e 3.3.1 Principles of colorimetry

e 3.3.2 Instrumentation and measurement of absorbance

e 3.3.3 Applications in chemical and biological analysis
e 3.3.4 Limitations of colorimetric methods
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Introduction

In analytical chemistry, measuring how substances respond to electrical and optical signals
provides powerful insights into their composition and behaviour. Conductometric,
amperometric, and colorimetric techniques are widely used because they offer sensitivity,
accuracy, and versatility across diverse applications. These methods are essential in
environmental monitoring, industrial quality control, and biomedical analysis.

The aim of this Series is to introduce you to the principles and applications of conductometric,
amperometric, and colorimetric methods, enabling you to explain their operation, interpret their
outputs, and evaluate their significance in analytical chemistry.

We shall commence this Series by examining conductometric methods, focusing on their
principles, titrations, and limitations. Next, we will explore amperometric methods, considering
how current measurements at fixed potentials are applied in titrations and analysis. Finally, we
will conclude with colorimetric methods, studying how absorbance measurements are used to
determine concentrations in chemical and biological systems, along with their applications and
limitations.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e SLO 3.1 define conductometric methods and explain their principles,

e SLO 3.2 demonstrate how conductometric titrations are performed and applied,

e SLO 3.3 analyse the limitations of conductometric methods,

e SLO 3.4 describe the principles of amperometric methods,

e SLO 3.5 demonstrate how amperometric titrations are conducted and applied,

e SLO 3.6 evaluate the limitations of amperometric methods,

e SLO 3.7 explain the principles of colorimetric methods,

e SLO 3.8 demonstrate how absorbance is measured using colorimetric instrumentation,

e SLO 3.9 analyse the applications of colorimetric methods in chemical and biological
analysis,

e SLO 3.10 evaluate the limitations of colorimetric methods.

3.1 Conductometric Methods Of Analysis

-
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3.1.1 Principles of conductometry

Conductometry is an electroanalytical technique that measures the electrical conductivity of a
solution. Conductivity depends on the concentration and mobility of ions present, and it changes
during chemical reactions such as neutralisation or precipitation. This makes conductometry
particularly useful for monitoring reactions without the need for visual indicators.

Fill in the blank: Conductometry measures the electrical of a solution.

OER DIAGRAM: CONDUCTOMETRY

METHOD & PRINCIPLE OOER
~ CONDUCTOMETRIC SETUP & |0N|C CONDUCTIVITY CONDUCTOMETRIC CURVE & INFORMATION
'DETECTION GEOMETRY 3 PRECIPITATION 0INT
ffag.n&':l)'"’m Curtent () ~Distance (L) L TITRATION — |_J 6 Lt D ENTIFICATION
FlowZ4 7 £ Endpoints correspond
- / %Area (A) + COMPLEXATION to complete reaction
| 1= PRECIPITATION
conduatmen'c) TITRATION TITRATION a0 R PRETATION

e
Aireaa (¥) of the solution Interpret ionic

ACID-BASE
BASELINE \ TITRATION M‘k oH concentration changes |
T L& and kinefics (9., 0G/dt)
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Figure 3.1: Principle of conductometry.
3.1.2 Conductometric titrations and applications

Conductometric titrations involve monitoring changes in conductivity as a titrant is added to a
solution. The end point is determined by a sharp change in conductivity, which corresponds to
the completion of the reaction. Unlike traditional titrations, conductometric titrations do not
require colour indicators, making them suitable for coloured or turbid solutions.

Applications include:
o Determining the concentration of strong and weak acids or bases.
e Measuring salt content in food and beverages.
e Monitoring water purity and ion content.
e Studying precipitation reactions.

Fill in the blank: Conductometric titrations determine the end point by monitoring changes in
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Plate 3.1: Conductometric titration setup.

3.1.3 Limitations of conductometry

While conductometry is versatile, it has certain limitations:

o Itis less effective for reactions that do not involve significant ionic changes.

o Results can be influenced by temperature fluctuations, requiring careful control.

o Electrodes must be properly maintained to avoid inaccurate readings.

o It may not distinguish between different ions contributing to conductivity.

Fill in the blank: Conductometry results can be influenced by fluctuations in

Limitation

Temperature
Sensitivity

Electrode
Maintenance

Ton Interference

Concentration
Range

Description

Conductivity'is highly dependent
on temperature ($\kappa$
increases ~2% per °C).

Electrodes (e.g., platinized
platinum) can degrade, foul, or
lose calibration.

Measures total ionic
conductivity; cannot distinguish
between different ion types.

Conductometry is generally
restricted to dilute solutions.

Box 3.1: Limitations of conductometry.

Pilot questions 3.1

Impact on Analysis

Requires precise temperature
control or compensation to avoid
significant errors.

Leads to inconsistent readings;
necessitates frequent cleaning
and recalibration.

Limited selectivity in complex
mixtures; requires prior
separation or specific reagents.

Deviations from linearity occur at
high concentrations due to inter-
ionic effects.

1. Which of the following best defines conductometry? a. Measurement of electrical
conductivity of a solution b. Measurement of potential difference between electrodes c.
Measurement of heat flow between a sample and a reference d. Measurement of colour
change in a solution

-
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2. Fill in the blank: Conductometry measures the electrical of a solution.

3. Which of the following is a key advantage of conductometric titrations? a. They do not
require colour indicators b. They require large sample volumes c. They are limited to
transparent solutions d. They cannot be used for acids and bases

4. Fill in the blank: Conductometric titrations determine the end point by monitoring
changes in

5. Which of the following is a limitation of conductometry? a. Sensitivity to temperature
fluctuations b. Ability to measure salt content in food c. Use in monitoring water purity. d.
Application in precipitation reactions

3.2 Amperometric Methods Of Analysis
3.2.1 Principles of amperometry

Amperometry is an electroanalytical technique in which the ‘current flowing through an
electrochemical cell is measured at a fixed potential. The magnitude of the current is directly
related to the concentration of the analyte undergoing oxidation or reduction. This makes
amperometry particularly useful for detecting trace amounts of substances.

Fill in the blank: In amperometry, the current is measured at a fixed

OER DIAGRAM: AMPEROMETRY

METHOD & PRINCIPLE OO0ER
AMPEROMETRIC SETUP & IONIC CURRENT AMPEROMETRIC CURVE & KINETIC INTERPRETATION
) CURREHT-MEASURlNG |
‘ (EeLecL!IionEs e (DETECTION GEOMETRY < PRECIPTION  TOTAL CURRENT |, MAER o
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Sl . ‘ \Mea&mem Wl PEAK{ | Redlon § excess § selecive curent
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Mechani
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Figure 3.2: Principle of amperometry.

3.2.2 Amperometric titrations and applications

Amperometric titrations involve monitoring the current as a titrant is added to a solution. The
end point is determined by a sudden change in current, which corresponds to the completion of
the reaction. These titrations are highly sensitive and can detect very low concentrations of
analytes.

Applications include:

e Determining dissolved oxygen in water samples.
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e Measuring glucose levels in blood using biosensors.

e Studying redox reactions in chemical research.

e Monitoring pollutants in environmental analysis.

Fill in the blank: Amperometric titrations determine the end point by monitoring changes in

Plate 3.2: Amperometric titration setup.

3.2.3 Limitations of amperometry

Although amperometry is highly sensitive, it has limitations:

e It requires precise control of electrode potential.

e Electrodes must be carefully maintained to avoid contamination.

o Interference from other electroactive species can affect accuracy.

o It may not be suitable for reactions with slow kinetics.

Fill in the blank: Amperometry results can be affected by interference from other

species.

Limitation

Electrode
Maintenance

Interference
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Description

Surfaces can become poisoned or
fouled by reaction products or
contaminants.

Non-selective nature means other
electroactive species in the
sample can also react at the
applied potential.

Impact on Analysis

Results in reduced sensitivity and
drift; necessitates frequent
cleaning and re-activation.

Compromises accuracy in
complex mixtures; requires
separation or specific potential
optimization.



Limitation Description Impact on Analysis

. The current response is highly Requires precise instrumentation
Potential .. . . . o1
sensitive to the exact potential (potentiostat) to maintain stability
Control . . :
applied ($ES). and prevent side reactions.

Mass Transport
Dependency

Influenced by stirring,
temperature, and viscosity,
requiring highly reprodueible
conditions.

Current depends on the diffusion
of the analyte to the electrode
surface.

Box 3.2: Limitations of amperometry.

Pilot questions 3.2

1.

Which of the following best defines amperometry? a. Measurement of current at a fixed
potential b. Measurement of mass change with temperature c. Measurement of heat flow
between a sample and a reference d. Measurement of colour change in a solution

Fill in the blank: In amperometry, the current is measured at a fixed

Which of the following is an application of amperometric titrations? a. Determining
dissolved oxygen in water b. Measuring melting points of solids c. Studying colour
intensity of dyes d. Measuring magnetic susceptibility

Fill in the blank: Amperometric titrations determine the end point by monitoring changes
in

Which of the following is a limitation of amperometry? a. Interference from other
electroactive species b. Ability to measure glucose in blood c. Use in environmental
analysis d. Application in redox studies

3.3 Colorimetri€Methods OfiAnalysis
3.3.1 Principles of colorimetry

Colorimetry is an analytical technique that measures the intensity of colour in a solution to
determine the concentration of a substance. The principle is based on the fact that the amount of
light absorbed by a coloured solution is directly proportional to the concentration of the
absorbing species, according to Beer—Lambert’s law.

This makes colorimetry particularly useful for analysing compounds that form coloured
complexes or naturally exhibit colour.

Fill in the blank: The amount of light absorbed by a coloured solution is directly proportional to

1ts
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OER DIAGRAM: COLORIMETRY
PRINCIPLE AND METHOD O0Er
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Figure 3.3: Principle of colorimetry.

3.3.2 Instrumentation and measurement of absorbanece

A colorimeter consists of a light source, a filter or monochromator to select specific
wavelengths, a sample holder (cuvette), and a detector to measure transmitted light. The
instrument calculates absorbance, which is related to concentration.

Absorbance measurements are widely used in both qualitative and quantitative analysis. By
preparing a calibration curve with known eoncentrations, the concentration of unknown samples
can be determined accurately.

Fill in the blank: A colorimeter uses a light source, filter, cuvette, and to measure
transmitted light.

N

1
\
l\{t DETECTOR —

I
I\"--._ MONOCHROMAT! I':_'.l
FILTER

Plate 3.3: Basic colorimeter setup.
3.3.3 Applications in chemical and biological analysis
Colorimetric methods are applied in diverse fields:

e Chemical analysis: Determining concentrations of metal ions that form coloured
complexes.

o Biological analysis: Measuring glucose, proteins, and enzymes in clinical samples.
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o Environmental analysis: Monitoring pollutants such as nitrates and phosphates in water.

o Food industry: Assessing colour quality and nutrient content in beverages and dairy
products.

Fill in the blank: Colorimetric methods are widely used in clinical chemistry to measure
levels in blood samples.

| | OERTABLE: APPLICATIONS OF COLORIMETRY
‘ CHEMICAL, BIOLOGICAL, ENVIRONMENTAL, & FOOD ANALYSIS GUIDE @y ogr

TARGET ANALYTES |
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Box 3.3: Applications of colorimetry.
3.3.4 Limitations of colorimetric methods
Despite their usefulness, colorimetric methods have limitations:
o They are restricted to substances that are coloured or can form coloured complexes.
o Interference from turbidity or other coloured species can affect accuracy.
e Results depend on proper calibration and instrument maintenance.
o Sensitivity may be lower compared to advanced spectrophotometric techniques.

Fill in the blank: Colorimetric methods are restricted to substances that are naturally coloured or
can form complexes.

Limitation Description Impact on Analysis
. Analyte must be inherently Requires specific reagents to
Species :
. coloured or react to form a develop colour, which may not be
Restriction .
coloured complex. feasible for all analytes.

Other coloured species or turbid

Can lead to inaccurate absorbance
Interference samples can absorb or scatter . o
light readings and false positives.
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Limitation Description Impact on Analysis

. . Relies on the Beer-Lambert law Demands accurate preparation of
Calibration . . . .
($A =\varepsilon Ic$), requiring standard solutions for every analysis
Needs o g
a standard curve. to ensure validity.
e Limited by the sensitivity of the May struggle with detectingwvery
Sensitivity . ;
detector and the molar low concentrations of certain
Issues ..
absorptivity of the analyte. analytes.

Box 3.4: Limitations of colorimetry.

Pilot questions 3.3
1. Which of the following best defines colorimetry? a. Measurement of colour intensity to
determine concentration b. Measurement of mass change with temperature c.
Measurement of heat flow between a sample and a reference d. Measurement of potential
difference between electrodes

2. Fill in the blank: The amount of light absorbed by a coloured solution is directly
proportional to its

3. Which of the following components is part of a colorimeter? a. Light source b.
Microscope c. Spectrophotometer d. Electrode

4. Fill in the blank: A colorimeter uses a light source, filter, cuvette, and to measure
transmitted light.

5. Which of the following is a limitation of colorimetric methods? a. Restriction to coloured
species b. Ability to measure glucose in blood c¢. Use in environmental analysis d.
Application in food industry

Series Summary

In this Series, we explored the principles and applications of conductometric, amperometric,
and colorimetric techniques, which are essential electroanalytical and optical methods in
analytical chemistry. We began with conductometry, focusing on how electrical conductivity is
measured and applied in titrations. We then studied amperometry, examining how current at
fixed potentials 1s used in sensitive titrations and detection. Finally, we concluded with
colorimetry, highlighting how absorbance measurements are applied in chemical, biological,
environmental, and food analysis. Together, these methods provide learners with versatile tools
for monitoring reactions, detecting analytes, and ensuring quality control across diverse fields.

Glossary of Terms

e Conductometry: Measurement of electrical conductivity of a solution, often used in
titrations.

-
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e Conductometric titration: A titration where the end point is determined by changes in
conductivity.

e Amperometry: Measurement of current at a fixed potential, related to analyte
concentration.

e Amperometric titration: A titration where the end point is determined by changes in
current.

e Colorimetry: Measurement of colour intensity to determine concentration of a substance.

e Beer-Lambert’s law: A principle stating that absorbance is directly proportional to
concentration.

o Calibration curve: A graph of absorbance versus concentration used to determine
unknown concentrations.

o Ion mobility: The speed at which ions move under an electric field, affecting
conductivity.

Concept Check Questions 3
Objective questions
1. Conductometry measures the electrical of a solution. (Linked to SLO 3.1)

2. Conductometric titrations determine the end point by monitoring changes in
(Linked to SLO 3.2)

3. In amperometry, the current is measured at a fixed . (Linked to SLO 3.4)

4. Amperometric titrations determine the end point by monitoring changes in
(Linked to SLO 3.5)

5. The amount of light absorbed by a coloured solution is directly proportional to its
. (Linked to SLO 3.7)

6. <A colorimeter uses a light source, filter, cuvette, and to measure transmitted light.
(Linked to SLO 3.8)

Short-answer questions

7. Explain the difference between conductometric and amperometric titrations. (Linked to
SLOs 3.2, 3.5)

8. Describe how Beer—Lambert’s law is applied in colorimetry. (Linked to SLO 3.7)

9. Outline the importance of calibration curves in colorimetric analysis. (Linked to SLO 3.8)

Long-answer questions

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



10. Analyse the applications of conductometric methods in food, water, and environmental
analysis. (Linked to SLO 3.2-3.3)

11. Evaluate the strengths and limitations of amperometric methods in biomedical and
environmental contexts. (Linked to SLOs 3.5-3.6)

12. Discuss how colorimetric methods are applied in chemical, biological, and industrial
analysis, and assess their limitations compared to spectrophotometry. (Linked to SLOs.3.9-3.10)

Answers To Pilot Questions 3

Part 3.1: 1.a, 2.conductivity, 3.a, 4.conductivity, 5.a Part 3.2: 1.a, 2.potential, 3.a, 4.current, 5.a
Part 3.3: 1.a, 2.concentration, 3.a, 4.detector, 5.a

References And Attributions 3

o Figures 3.1-3.3: Suggested Al prompts for diagrams showing principles of
conductometry, amperometry, and colorimetry.

o Plates 3.1-3.3: Suggested Al prompts for images of conductometric titration,
amperometric titration, and colorimeter setup.

o Boxes 3.1-3.4: Suggested Al prompts for tables summarising limitations and applications
of conductometry, amperometry, and colorimetry.

e Open Educational Resources (OER) suggested search strings:
e “OER diagram conductometry principle chemistry”
e “OER image conductometric titration chemistry”
e “OER diagram amperometry principle chemistry”
e (“OER image amperometric titration chemistry”
e “OER diagram colorimetry principle chemistry”
e “OER image colorimeter setup chemistry”
e “OER table colorimetry applications chemistry”
e “OER table colorimetry limitations chemistry”

o Attribution style: APA (institutional standard assumed). Example: OpenStax. (2016).
Chemistry. OpenStax CNX. Retrieved from https://openstax.org/books/chemistry
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Course code: CHM 410
Course title: Analytical Chemistry II
Course credit load: 2 Units
Series 1: Thermal Methods Of Analysis
Series 2: Electroanalytical And Potentiometric Techniques
Series 3: Conductometric, Amperometric And Colorimetric Methods
Series 4: Chromatographic Principles And Coupled Techniques
Series 5: Radiochemical Methods In Environmental Analysis
Proposed Outline Series 4
4.1 Fundamentals Of Chromatography
e 4.1.1 Definition and scope of chromatography:
e 4.1.2 Classification of chromatographic methods
e 4.1.3 General principles of separation
4.2 Major Chromatographic Techniques
e 4.2.1 Principles of gas ehromatography (GC)
e 4.2.2 Principles of liquid chromatography (LC)
e 4.2.3 Applications of GC and LC
4.3 Coupled Chromatographic Techniques
e 4.3.1 Chromatography-mass spectrometry (GC—MS and LC-MS)

e 4.3.2 Chromatography—infrared spectroscopy (LC—IR)
e 4.3.3 Applications of coupled techniques in analytical chemistry

Introduction

Chromatography is one of the most powerful tools in analytical chemistry, allowing scientists to
separate, identify, and quantify components in complex mixtures. From environmental
monitoring to pharmaceutical quality control, chromatographic methods are indispensable in
modern laboratories. Coupled techniques, such as chromatography linked with mass

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



spectrometry, further enhance analytical power by combining separation with precise
identification.

The aim of this Series is to introduce you to the principles of chromatography, explain the
operation of major chromatographic techniques, and highlight the role of coupled methods in
advanced analysis.

We shall commence this Series by exploring the fundamentals of chromatography, including its
definition, scope, and general principles of separation. Next, we will examine major
chromatographic techniques such as gas chromatography and liquid chromatography,
considering their principles and applications. Finally, we will conclude with coupled
chromatographic techniques, focusing on how methods like GC-MS and LC-MS are applied in
analytical chemistry to achieve highly accurate results.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 4.1 define chromatography and explain/its scope in analytical chemistry,

e SLO 4.2 classify chromatographic methods based on their principles of separation,

e SLO 4.3 describe the general principles of chromatographic separation,

e SLO 4.4 explain the principles of gas chromatography (GC),

e SLO 4.5 explain the principles of liquid chromatography (LC),

e SLO 4.6 analyse the applications.of GC and LC in analytical chemistry,

e SLO 4.7 describe the principles of coupled techniques such as GC—MS and LC-MS,

e SLO 4.8 explain the principles of chromatography—infrared spectroscopy (LC—IR),

e SLO 4.9 evaluate the applications of coupled chromatographic techniques in advanced
analysis.

4.1 Fundamentals Of Chromatography
4.1.1 Definition and scope of chromatography

Chromatography is a separation technique used to isolate and analyse components of a mixture
based on their distribution between a stationary phase (a solid or liquid fixed in place) and a
mobile phase (a liquid or gas that moves through the stationary phase). The differences in how
substances interact with these phases allow them to be separated and identified.

-
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Chromatography is widely applied in environmental monitoring, pharmaceutical analysis, food
quality control, and forensic science.

Fill in the blank: Chromatography separates components of a mixture based on their distribution
between a stationary phase and a phase.

Chromatography: Principle, Types,
Stationary Phase Mobile Pk

Semgle spotsed on TLE plate Cotrpounds sepursted based o

-

TLC Fixe TLC Chambes

Figure 4.1: Principle of chromatography.

4.1.2 Classification of chromatographic methods

Chromatographic methods can be classified based on the nature of the mobile phase and the
separation mechanism:

e Gas chromatography (GC): Uses a gaseous mobile phase to separate volatile
compounds.

e Liquid chromatography (LLC): Uses a liquid mobile phase to separate compounds in
solution.

e Thin-layer chromatography (TLC): Uses a thin layer of adsorbent material as the
stationary phase.

o Paper chromatography: Uses paper as the stationary phase for simple separations.

Fill in the blank: Gas chromatography uses a mobile phase to separate volatile
compounds.
Type of Stationary Phase Mobile Phase Typical Key Features
Chromatography y yp y
Gas H1gh-b01l1ng Inert gas (e.g.. Used for Vo‘lat‘lle
liquid or solid . compounds; high
Chromatography Helium, .
coated on a . resolution and fast
(GO) Nitrogen) L
column analysis times.
Liquid Solid pa}”tlcles L1qu}d solvent Used for non-volatile or
Chromatography (e.g., silica, or mixture of thermally unstable
(LO) alumina) solvents y
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Type of Stationary Phase =~ Mobile Phase Typical Key Features

Chromatography

compounds; highly

versatile.
Thin-Layer Thin layer of solid = Liquid solvent ch.k’ [neXpensive

. . qualitative analysis;
Chromatography adsorbent on a (via capillary .
. excellent for reaction

(TLC) plate action) o

monitoring.

Simple technique often
Paper Cellulose fibers in Liquid solvent used for separating
Chromatography filter paper d pigments or small

molecules.
Box 4.1: Classification of chromatographic methods.
4.1.3 General principles of separation

The separation in chromatography depends-on differences in affinity of substances for the
stationary and mobile phases. Substances with stronger interactions with the stationary phase
move more slowly, while those with weaker interactions move faster. This difference in
migration rates leads to separation.

Key factors influencing separation include:
e Polarity of the stationary and mobile phases.
e Solubility of the analytes.
e Temperature and pressure conditions.
e Flow rate of the mobile phase.

Fill in the blank: Substances with stronger interactions with the stationary phase move more
during chromatography.

E\ 0

LIQUID CHROMATOGRAPHY

Plate 4.1: Chromatographic separation in a column.

-
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Pilot questions 4.1
1. Which of the following best defines chromatography? a. A separation technique based on
distribution between stationary and mobile phases b. A method of measuring heat flow in
a sample c. A technique for measuring electrical conductivity of a solution d. A method
of measuring colour intensity in a solution

2. Fill in the blank: Chromatography separates components of a mixture based on their
distribution between a stationary phase and a phase.

3. Which of the following is a type of chromatography? a. Gas chromatography b.
Electrogravimetry c. Calorimetry d. Potentiometry

4. Fill in the blank: Gas chromatography uses a mobile phaseto separate volatile
compounds.

5. Which of the following factors influences chromatographic separation? a. Polarity of
phases b. Flow rate of mobile phase ¢. Temperature conditions d. All of the above

4.2 Major Chromatographic Techniques
4.2.1 Principles of gas chromatography (GC)

Gas chromatography (GC) is a technique in which a gaseous mobile phase carries volatile
compounds through a column containing a stationary phase. The separation occurs because
different compounds travel at different speeds depending on their volatility and interaction with
the stationary phase. GC is particularly useful for analysing gases and volatile liquids.

Fill in the blank: Gas chromatography uses a mobile phase to separate volatile Figure

. Ll |
Fodusing Lens
—
.
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4.2: Principle of gas chromatography.
4.2.2 Principles of liquid chromatography (LC)

Liquid chromatography (LC) uses a liquid mobile phase to separate compounds dissolved in
solution. The stationary phase may be a solid adsorbent or a liquid immobilised on a solid
support. High-performance liquid chromatography (HPLC) is a widely used form of LC that
provides high resolution and sensitivity.

-
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LC is suitable for non-volatile and thermally unstable compounds, making it versatile for
pharmaceutical, biochemical, and environmental applications.

Fill in the blank: Liquid chromatography uses a mobile phase to separate compounds in
solution.

tH
v

Plate 4.2: Principle of liquid chromatography.
4.2.3 Applications of GC and LC
Both GC and LC are widely applied in-analytical chemistry:

e Gas chromatography: Used in environmental analysis for detecting pollutants, in
forensic science for drug testing, and in petrochemical industries for hydrocarbon
analysis.

e Liquid chromatography: Applied in pharmaceutical quality control, biochemical
research for protein and-enzyme analysis, and food industry for detecting additives and
contaminants.

Fill in the blank: Gas chromatography is widely used in forensic science for testing.

Gas chromatography (GC) and liquid chromatography (LC) are essential analytical tools utilized
across various sectors.

o Environmental Analysis: GC is frequently used for detecting volatile organic
compounds (VOCs) and pesticides in water or soil samples, while LC is often employed
for non-volatile organic pollutants and large polar molecules.

e Pharmaceutical Industry: LC (specifically HPLC) is the primary method for testing
drug purity, stability, and quantifying active ingredients. GC is commonly used to ensure
the absence of residual solvents in pharmaceutical products.

o . Forensic Science: GC is widely used for toxicology screenings, such as analyzing blood
alcohol levels or arson accelerants. LC is utilized for analyzing drugs of abuse that are
thermally unstable or non-volatile, such as certain opioids and controlled substances.

o Industrial Processes: GC monitors quality control for petrochemicals and natural gas
purity. LC is applied to monitor reaction mixtures, ensure product quality in food and
beverage manufacturing, and analyze additives or preservatives.

-
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Box 4.2: Applications of GC and LC.

Pilot questions 4.2
1. Which of the following best defines gas chromatography? a. Separation technique using a
gaseous mobile phase b. Separation technique using a liquid mobile phase c. Separation
technique using paper as stationary phase d. Separation technique using thin-layer
adsorbent

2. Fill in the blank: Gas chromatography uses a mobile phase to separate volatile
compounds.

3. Which of the following best defines liquid chromatography? a. Separation technique
using a liquid mobile phase b. Separation technique using a gaseous mobile phase c.
Separation technique using paper as stationary phase d. Separation technique using thin-
layer adsorbent

4. Fill in the blank: Liquid chromatography uses a mobile phase to separate
compounds in solution.

5. Which of the following is an application of gas chromatoegraphy? a. Drug testing in
forensic science b. Protein analysis in biochemistry c. Quality control in pharmaceuticals
d. Detection of food additives

4.3 Coupled Chromatographic Techniques
4.3.1 Chromatography—mass spectrometry (GC-MS and LC-MS)

Chromatography—mass spectrometry (GC-MS and LC-MS) combines the separation power
of chromatography with the identification capability of mass spectrometry. In GC-MS, volatile
compounds are first separated by gas chromatography and then identified by their mass spectra.
LC-MS works similarly but uses liquid chromatography to separate non-volatile compounds
before mass spectrometric detection.

This coupling allows both qualitative and quantitative analysis with high sensitivity and
specificity.

Fill in the blank: GC-MS combines gas chromatography with spectrometry for
compound identification.
= T 2223
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Figure 4.3: Principle of GC-MS.

4.3.2 Chromatography—infrared spectroscopy (LC-IR)

Chromatography—infrared spectroscopy (LC-IR) couples liquid chromatography with
infrared spectroscopy. After separation, compounds are analysed by their infrared absorption
spectra, which provide information about functional groups and molecular structure.

LC-IR is particularly useful for studying complex mixtures and identifying organic compounds
with characteristic IR spectra.

Fill in the blank: LC—IR couples liquid chromatography with spectroscopy to identify
functional groups.

Purifier

Inlet | | petector Ampltﬁor
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Plate 4.3: Principle of LC—IR.

4.3.3 Applications of coupled techniques in analytical chemistry

Coupled chromatographic techniques are applied in a wide range of fields:

Environmental analysis: Detecting trace pollutants and contaminants in air, water, and
soil.

Pharmaceuticals: Identifying drug metabolites and ensuring purity of formulations.
Forensic science: Analysing toxic substances, drugs, and explosives.

Biochemistry: Studying proteins, peptides, and complex biomolecules.

These techniques provide unmatched sensitivity and specificity, making them indispensable in
modern analytical laboratories.

Fill in the blank: Coupled chromatographic techniques are widely used in forensic science to
analyse substances.
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Coupled chromatography-spectroscopy techniques provide enhanced identification capabilities
by combining the separation power of chromatography with the structural analysis of
spectroscopy or mass spectrometry.

o Environmental Analysis: GC-MS is the gold standard for identifying volatile organic
pollutants (e.g., pesticides, PCBs) in water and air. LC-MS is preferred for identifying
polar or thermally labile environmental toxins and emerging contaminants. LC-IR is used
to investigate structural features of unknown organic compounds in environmental
matrices.

o Pharmaceutical Industry: GC-MS is used for identification of process-related
impurities and volatile residual solvents. LC-MS is critical for drug development,
metabolite identification, and impurity profiling. LC-IR provides structural verification,
particularly for complex drug degradation products.

o Forensic Science: GC-MS remains essential for identifying drugs, poisons, and
accelerants in complex forensic samples. LC-MS is increasingly used for large, non-
volatile molecules like biological toxins and modern synthetic drugs. LC-IR offers unique
fingerprinting capabilities for identifying counterfeit pharmaceuticals.

o Biochemical Analysis: GC-MS is utilized for metabolic profiling of small volatile
metabolites. LC-MS is the workhorse for proteomics, lipidomics, and metabolomics,
allowing for the analysis of high-molecular-weight biomolecules. LC-IR is used in
structural studies of biopolymers and lipids to analyze functional groups.

Box 4.3: Applications of coupled chromatographic techniques.

Pilot questions 4.3
1. Which of the following best defines GC-MS? a. Combination of gas chromatography and
mass spectrometry b.Combination of liquid chromatography and infrared spectroscopy c.
Combination of paper chromatography and UV spectroscopy d. Combination of thin-
layer chromatography and calorimetry

2. Fill in the blank: GC-MS combines gas chromatography with spectrometry for
compound identification.

3. Which of the following best defines LC-IR? a. Combination of liquid chromatography
and infrared spectroscopy b. Combination of gas chromatography and mass spectrometry
c. Combination of paper chromatography and UV spectroscopy d. Combination of thin-
layer chromatography and calorimetry

4. Fillin the blank: LC-IR couples liquid chromatography with spectroscopy to
identify functional groups.

5. . Which of the following is an application of coupled chromatographic techniques? a.
Analysing toxic substances in forensic science b. Measuring melting points of solids c.
Determining electrical conductivity of solutions d. Studying colour intensity of dyes
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Series Summary

In this Series, we studied the principles and applications of chromatographic methods and
coupled techniques, which are central to modern analytical chemistry. We began with the
fundamentals of chromatography, examining its definition, scope, classification, and general
principles of separation. We then explored major chromatographic techniques, focusing on gas
chromatography (GC) and liquid chromatography (LC), and considered their applications in
environmental, pharmaceutical, and forensic contexts. Finally, we concluded with coupled
chromatographic techniques such as GC-MS, LC-MS, and LC-IR, highlighting how these
combinations enhance analytical power by linking separation with precise identification.
Altogether, this Series has provided learners with a comprehensive understanding of how
chromatography and its coupled techniques are applied in advanced chemical analysis.

Glossary of Terms

o Chromatography: A separation technique based on distribution between stationary and
mobile phases.

o Stationary phase: The fixed solid or liquid phase in chromatography.
e Mobile phase: The moving liquid or gas phase in chromatography.

e Gas chromatography (GC): Chromatography using a gaseous mobile phase for volatile
compounds.

e Liquid chromatography (LC): Chromatography using a liquid mobile phase for
compounds in solution.

o High-performance liquid chromatography (HPLC): A high-resolution form of LC.

e GC-MS: Coupling of gas chromatography with mass spectrometry for compound
identification.

e LC-MS: Coupling of liquid chromatography with mass spectrometry for non-volatile
compounds:

e LC-IR: Coupling of liquid chromatography with infrared spectroscopy for functional
group analysis.

¢ Affinity: The degree of interaction between a substance and the stationary or mobile
phase.

Concept Check Questions 4
Objective questions

1. Chromatography separates components of a mixture based on their distribution between a
stationary phase and a phase. (Linked to SLO 4.1)

2. Gas chromatography uses a mobile phase to separate volatile compounds.
(Linked to SLO 4.4)
o
D
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3. Liquid chromatography uses a mobile phase to separate compounds in solution.

(Linked to SLO 4.5)
4. GC-MS combines gas chromatography with spectrometry. (Linked to SLO 4.7)
5. LC-IR couples liquid chromatography with spectroscopy. (Linked to SLO 4.8)

Short-answer questions

6. Explain the difference between gas chromatography and liquid chromatography. (Linked
to SLOs 4.4-4.5)

7. Describe how affinity influences separation in chromatography. (Linked to SLO 4.3)
8. Outline the importance of GC—MS in forensic analysis. (Linked to SLO 4.7)
Long-answer questions

9. Analyse the applications of GC and LC in environmental, pharmaceutical, and forensic
contexts. (Linked to SLO 4.6)

10. Evaluate the strengths and limitations of coupled techniques such as GC—-MS and LC-IR
in advanced analysis. (Linked to SLOs 4.7-4.9)

11. Discuss how chromatography provides versatility compared to other analytical
techniques. (Linked to SLOs 4.1-4.9)

Answers To Pilot Questions 4

Part 4.1: 1.a, 2.mobile, 3.a, 4.gas, 5.d Part4.2: 1.a, 2.gas, 3.a, 4.liquid, 5.a Part 4.3: 1.a, 2.mass,
3.a, 4.infrared, 5.a

References And Attributions 4

o Figures 4.1-4.3: Suggested Al prompts for diagrams showing principles of
chromatography, GC-MS, and LC-IR.

o Plates'4.1-4.3: Suggested Al prompts for images of chromatographic separation, LC
setup, and LC—IR instrumentation.

o | Boxes 4.1-4.3: Suggested Al prompts for tables summarising classification, applications,
and limitations of chromatographic methods.

e Open Educational Resources (OER) suggested search strings:
e “OER diagram chromatography principle chemistry”
e “OER diagram gas chromatography setup chemistry”
e “OER image liquid chromatography setup chemistry”
e “OER diagram GC-MS principle chemistry”
e “OER image LC—IR principle chemistry”
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e “OER table chromatography types chemistry”
e “OER table GC LC applications chemistry”
e “OER table coupled chromatography applications chemistry”

e Attribution style: APA (institutional standard assumed). Example: OpenStax. (2016).
Chemistry. OpenStax CNX. Retrieved from https://openstax.org/books/chemistry

Course code: CHM 410
Course title: Analytical Chemistry IT
Course credit load: 2 Units
Series 1: Thermal Methods Of Analysis
Series 2: Electroanalytical And Potentiometric Techniques
Series 3: Conductometric, Amperometric And Colorimetric Methods
Series 4: Chromatographic Principles And Coupled Techniques
Series 5: Radiochemical Methods In Environmental Analysis
Proposed Outline Series 5
5.1 Fundamentals Of Radiochemical Methods
e 5.1.1 Definition and scope of radiochemical analysis
e 5.12 Principles of radioactivity and detection
e 5.1.3 Safety considerations in radiochemical analysis
5.2 Radiochemical Techniques In Environmental Monitoring
e 5.2.1 Radiotracer methods for pollutant tracking
e 5.2.2 Radioisotope dilution analysis
e 5.2.3 Applications in water, soil, and air monitoring
5.3 Instrumentation And Applications Of Radiochemical Methods
e 5.3.1 Radiation detectors and measurement systems

e 5.3.2 Case studies in environmental analysis
e 5.3.3 Limitations and challenges of radiochemical techniques
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Introduction

Radioactivity, though often associated with nuclear energy, plays an important role in
environmental analysis. Radiochemical methods provide highly sensitive tools for detecting
pollutants, tracing chemical pathways, and monitoring contamination in air, water, and soil.
These techniques are invaluable in ensuring environmental safety and compliance with
regulatory standards.

The aim of this Series is to introduce you to the principles of radiochemical methods; explain
their application in environmental monitoring, and highlight the instrumentation and challenges
involved in their use.

We shall commence this Series by exploring the fundamentals of radiochemical methods,
including their scope, principles of radioactivity, and safety considerations. Next, we will
examine radiochemical techniques in environmental monitoring, focusing on radiotracer methods
and isotope dilution analysis. Finally, we will conclude with instrumentation and applications,
considering case studies and limitations of radiochemical techniques in environmental contexts.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 5.1 define radiochemical methods and explain their scope in environmental
analysis,

e SLO 5.2 describe the principles of radioactivity and detection,

e SLO 5.3 evaluate safety considerations in radiochemical analysis,

e SLO 5.4 explain radiotracer methods for tracking pollutants,

e SLO 5.5 demonstrate how radioisotope dilution analysis is applied in environmental

monitoring;

e SLO 5.6 analyse applications of radiochemical methods in water, soil, and air
monitoring,

e SLO 5.7 describe radiation detectors and measurement systems used in radiochemical
analysis,

e SLO 5.8 evaluate case studies of radiochemical applications in environmental contexts,
e /SLO 5.9 assess the limitations and challenges of radiochemical techniques.

5.1 Fundamentals Of Radiochemical Methods

-
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5.1.1 Definition and scope of radiochemical analysis

Radiochemical analysis refers to techniques that use radioactive isotopes or radiation detection
to study chemical systems. These methods are highly sensitive and can trace minute quantities of
substances in complex environments. Their scope includes environmental monitoring, medical
diagnostics, and nuclear industry applications.

Fill in the blank: Radiochemical analysis uses radioactive isotopes or detection to study
chemical systems.
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Figure 5.1: Principle of radiochemical-analysis.

5.1.2 Principles of radioactivity and detection

Radioactivity is the spontaneous emission of particles or energy from unstable atomic nuclei.
The three main types of radiation are alpha particles, beta particles, and gamma rays.

Radiation detection involves instruments such as Geiger—Miiller counters, scintillation
detectors, and semiconductor detectors. These devices measure radiation intensity and help
quantify the presence of radioactive substances.

Fill in the blank: The three main types of radiation are alpha particles, beta particles, and
rays.
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Plate 5.1: Types of radiation and penetration.
5.1.3 Safety considerations in radiochemical analysis

Working with radioactive materials requires strict safety protocols to protect both the analyst and
the environment. Key considerations include:

o Using shielding materials such as lead to reduce exposure.

o Wearing protective clothing and gloves.

e Monitoring radiation levels with dosimeters.

o Following proper waste disposal procedures for radioactive materials.

Fill in the blank: Radiation exposure can be reduced by using shielding materials such as

Safety . . L
D P
Measure escription rimary Objective
Use of appropriate barriers (e.g4 Attenuates 10nizing radiation to
Shielding lead, plexiglass) based on protect personnel from external
radiation type. exposure.
. P inati f ski
Protective Use of lab coats, gloves, goggles, revepts contamination of skin and
. . clothing; tracks cumulative
Clothing and dosimeters.
exposure.
o . Frequent use of Geiger-Miiller Detectg leaks or spillages
Monitoring . N immediately to ensure a safe
counters or scintillation detectors. : .
working environment.
Segregation of radioactive waste Prevents long-term environmental
Waste . . .
. by half-life and activity; strict hazards and ensures regulatory
Disposal Y .
labeling. compliance.

Box 5.1: Safety considerations in radiochemical analysis.

Pilot.questions5.1
1. Which of the following best defines radiochemical analysis? a. Techniques using
radioactive isotopes or radiation detection to study chemical systems b. Techniques using
heat flow to study chemical systems c. Techniques using colour intensity to study
chemical systems d. Techniques using electrical conductivity to study chemical systems

2. Fill in the blank: Radiochemical analysis uses radioactive isotopes or detection to
study chemical systems.

3. Which of the following is a type of radiation? a. Alpha particles b. Beta particles c.
Gamma rays d. All of the above
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4. Fill in the blank: The three main types of radiation are alpha particles, beta particles, and
rays.

5. Which of the following is a safety consideration in radiochemical analysis? a. Using
shielding materials b. Wearing protective clothing c. Monitoring radiation levels d. All.of
the above

5.2 Radiochemical Techniques In Environmental Monitoring
5.2.1 Radiotracer methods for pollutant tracking

Radiotracer methods involve introducing a small quantity of a radioactive isotope into an
environmental system to trace the movement or transformation of pollutants. Because radioactive
isotopes can be detected at extremely low concentrations, radiotracers provide highly sensitive
insights into pollutant pathways in water, soil, and air.

These methods are especially useful for studying dispersion patterns, adsorption processes, and
chemical transformations in complex environments.

Fill in the blank: Radiotracer methods involve introducing a small quantity of a isotope
into an environmental system.

OER RADIOTRACER MOVEMENT IN A WATER
SYSTEM TO TRACK POLLUTANT DISPERSION oo

SYSTEM & INJECTION SETUP DISPERSION CURVE & INFORMATION

Treatment Plant [—Tvacev Storage
(or Source Point) ==\ &Dosing

-C PEAK IBEMTIFICA'"DH h A ﬂUANYIFICAﬂﬂN

& espond to
spzcmc mnspon Dlenomens

DIFFERENTIAL
TRACER DETECTION

B gt o the
poliutant’s conc.

570 POTENTIAL CONTROL

INTERPRETATION

o In e poentl e
pencentcurent changes

\ Sockoutcs 9.

Pollutant 1

t
RATE comy 0M|5¢d
A/ Molecule |y equi o synies
%
om

jater Sensors
Samples {e.g., Scintilation)
+—Sensors—+
 DIFFERENTIAL TRACER
DETECTION

Water
sampes [ Santiaton)
|_oif nmevmj
et

Tracer Signal (e.g., counts/min/mg)
o

Temperature

| | Water Body ; Control Principle: Tracnga polsar by
(e.g., Lake/River Section) Exhaust ' T
inaracton

INTEGRATED ANALYSIS PROCESS S

L3
Time or Distance (Vd) gk 5k ;"’Kf, S |

oy = Step Outp:
Sample ) Cell Assembly & | (WafecSystom)_ 5" | |0 & —»Pnllmanlcnmpnsllmn
[L‘M: Potentil Program; " Jﬂmp"'“‘ DA leauslpeaks Transpor(% D) | &lnterpret &Ki

KEY APPLICATIONS: 4 Sol Determinatio enent Format isport steps OER RADIOTRACER TRACKING GUIDE

Figure 5.2: Radiotracer tracking of pollutants.
5.2.2 Radioisotope dilution analysis

Radioisotope dilution analysis is a quantitative technique where a known amount of radioactive
isotope 1s added to a sample. The dilution of radioactivity after mixing allows precise
determination of the concentration of the target substance.

This method is widely applied in environmental chemistry to measure trace elements and
pollutants that are otherwise difficult to quantify.

Fill in'the blank: Radioisotope dilution analysis determines concentration by measuring the
dilution of after mixing.
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Sample Spike helix

Plate 5.2: Principle of radioisotope dilution analysis.
5.2.3 Applications in water, soil, and air monitoring
Radiochemical techniques are applied across environmental contexts:

o Water monitoring: Detecting pollutants such as heavy metals, nitrates, and organic
contaminants.

e Soil monitoring: Studying nutrient.eycles,pollutant adsorption, and pesticide residues.
e Air monitoring: Tracing dispersion of industrial emissions and radioactive fallout.

These applications provide regulators and secientists with precise data for environmental
protection and remediation.

Fill in the blank: Radiochemical techniques are widely used in air monitoring to trace dispersion
of industrial

Environmental . C L. -
Medium Target Analytes Specific Applications Significance
Pollutants (e.g., Monitoring pollutant Pollution control;
Water nitrates, heavy plumes; tracing flow regulatory
metals) dynamics. compliance.
Trace elements, Studying soil nutrient Resource
Soil mineral transport and pollutant management;
contamination immobilization. agricultural safety.
' Trapkmg dispersion of Environmental
. Particulate matter, radioactive or i
Air : . safety; health impact
gaseous effluents chemically active
assessment.
aerosols.

Box 5.2: Applications of radiochemical techniques in environmental monitoring.

Pilot questions 5.2
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1. Which of the following best defines radiotracer methods? a. Introducing radioactive
isotopes to trace pollutant movement b. Measuring colour intensity of pollutants c¢. Using
heat flow to monitor pollutants d. Measuring electrical conductivity of pollutants

2. Fill in the blank: Radiotracer methods involve introducing a small quantity of a
isotope into an environmental system.

3. Which of the following best defines radioisotope dilution analysis? a. Adding radioactive
isotope to a sample and measuring dilution of radioactivity b. Measuring heat flow.in a
sample c. Using colour indicators to measure pollutant concentration d. Measuring
electrical conductivity of a solution

4. Fill in the blank: Radioisotope dilution analysis determines concentration by measuring
the dilution of after mixing.

5. Which of the following is an application of radiochemical techniques in environmental
monitoring? a. Detecting pollutants in water b. Studying nutrient cycles in soil c¢. Tracing
industrial emissions in air d. All of the above

5.3 Instrumentation And Applications Of Radiochemieal Methods
5.3.1 Radiation detectors and measurement systems

Radiation detectors are instruments used to measure the presence and intensity of radiation.
Common types include:

e Geiger—Miiller counters: Detect ionising radiation by measuring electrical pulses caused
by radiation interacting with gas inside the tube.

o Scintillation detectors: Use a scintillating material that emits light when struck by
radiation, which is then converted into an electrical signal.

e Semiconductor detectors: Employ solid-state materials such as silicon or germanium to
detect radiation with high precision.

These systems-are essential for'quantifying radioactivity in environmental samples.

Fill in the blank: Geiger—Miiller counters detect ionising radiation by measuring electrical
caused by radiation.
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Figure 5.3: Geiger—Miiller counter principle.
5.3.2 Case studies in environmental analysis
Radiochemical methods have been applied in several notable environmental studies:

e Water pollution: Radiotracers have been used to track the dispersion of heavy metals in
rivers.

e Soil contamination: Radioisotope dilution analysis has helped quantify pesticide
residues in agricultural soils.

e Air quality: Radiochemical monitoring has traced radioactive fallout from industrial
emissions and nuclear accidents.

These case studies demonstrate the versatility of radiochemical techniques in addressing real-
world environmental challenges.

Fill in the blank: Radiochemical monitoring has been used to trace radioactive from
industrial emissions.

Plate 5.3: Case studies of radiochemical applications.
5.3.3 Limitations and challenges of radiochemical techniques

Despite their sensitivity, radiochemical methods face certain challenges:
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o Handling and disposal of radioactive materials require strict safety protocols.

o Instruments can be expensive and require specialised training.

o Environmental samples may contain interfering substances that complicate analysis.
o Public perception of radioactivity can limit acceptance of these techniques.

Fill in the blank: One major challenge of radiochemical methods is the safe handling and
disposal of materials.

Limitation Description Impact on Analysis/Application
Safet Handling radioactive materials Requires rigorous safety protocols,
Conchns poses risks of exposure and specialized training, and stringent

contamination. regulatory oversight.

H¥gh expe.:n(.hture associated Can limit accessibility for smaller

with specialized . .
Cost . . e institutions or routine, large-scale

instrumentation, shielding, and . L

. environmental monitoring.

waste disposal.

Presence of naturally occurring May require complex signal
Interference background radiation or other processing or chemical separation to

radioactive species. isolate the signal of interest.
Public General public concern Often necessitates intensive
Perception regarding radioactivity and community engagement and clear

nuclear-related technologies. communication of risk versus benefit.

Box 5.3: Limitations of radiochemical techniques.

Pilot questions 5.3
1. Which of the following best defines a Geiger—Miiller counter? a. An instrument that
detects ionising radiation by measuring electrical pulses b. An instrument that measures
colour intensity of solutions c. An instrument that measures heat flow in samples d. An
instrument that measures electrical conductivity

2.. Fill'in the blank: Geiger—Miiller counters detect ionising radiation by measuring electrical
caused by radiation.

3. Which of the following is a case study application of radiochemical methods? a. Tracking
heavy metals in rivers b. Quantifying pesticide residues in soil c. Tracing radioactive
fallout in air d. All of the above

4. Fill in the blank: Radiochemical monitoring has been used to trace radioactive
from industrial emissions.

5. Which of the following is a limitation of radiochemical techniques? a. Safety concerns in
handling radioactive materials b. High cost of instruments c. Interference from
environmental samples d. All of the above

-
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Series Summary

In this Series, we examined the principles and applications of radiochemical methods in
environmental analysis. We began with the fundamentals, defining radiochemical analysis,
exploring the principles of radioactivity, and emphasising safety considerations. We then studied
radiochemical techniques in environmental monitoring, focusing on radiotracer methods and
radioisotope dilution analysis, and considered their applications in water, soil, and air
monitoring. Finally, we explored instrumentation and applications, including radiation detectors,
case studies, and the limitations and challenges of radiochemical techniques. Altogether, this
Series has provided learners with a clear understanding of how radiochemical methods contribute
to environmental monitoring and protection.

Glossary of Terms

o Radiochemical analysis: Techniques using radioactive isotopes ot radiation detection to
study chemical systems.

o Radioactivity: Spontaneous emission of particles or energy from unstable atomic nuclei.

o Radiotracer method: Technique using radioactive isotopes to trace pollutant movement
in environmental systems.

o Radioisotope dilution analysis: Quantitative method where radioactivity dilution is used
to determine concentration.

o Geiger—Miiller counter: Instrument that detects ionising radiation by measuring
electrical pulses.

o Scintillation detector: Radiation detector that converts light flashes into electrical
signals.

e Semiconductor detector: Solid-state radiation detector using materials such as silicon or
germanium.

o Dosimeter: Device used to monitor radiation exposure.

Concept Check Questions 5
Objective questions

1." Radiochemical analysis uses radioactive isotopes or detection to study chemical
systems. (Linked to SLO 5.1)

2. The three main types of radiation are alpha particles, beta particles, and rays.
(Linked to SLO 5.2)

3. Radiotracer methods involve introducing a small quantity of a isotope into an
environmental system. (Linked to SLO 5.4)

-
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4. Radioisotope dilution analysis determines concentration by measuring the dilution of
after mixing. (Linked to SLO 5.5)

5. Geiger—Miiller counters detect ionising radiation by measuring electrical caused
by radiation. (Linked to SLO 5.7)

Short-answer questions

6. Explain the difference between radiotracer methods and radioisotope dilution analysis.
(Linked to SLOs 5.4-5.5)

7. Describe how radiation detectors such as scintillation detectors work. (Linked to SLO
5.7)
8. Outline the importance of radiochemical techniques in air monitoring. (Linked to SLO
5.6)

Long-answer questions

9. Analyse the applications of radiochemical methods in water, soil, and air monitoring.
(Linked to SLO 5.6)

10. Evaluate case studies of radiochemical applications in environmental contexts. (Linked to
SLO 5.8)
11. Discuss the limitations and challenges of radiochemical techniques, including safety and

public perception. (Linked to SLO 5.9)
Answers To Pilot Questions 5

Part 5.1: 1.a, 2.radiation, 3.d, 4.gamma, 5.d Part 5.2: 1.a, 2.radioactive, 3.a, 4.radioactivity, 5.d
Part 5.3: 1.a, 2.pulses, 3.d, 4.fallout, 5.d

References And Attributions 5

o Figures 5.1-5.3: Suggested Al prompts for diagrams showing principles of radiochemical
analysis, radiotracer tracking, and Geiger—Miiller counter operation.

o Plates 5.1-5.3: Suggested Al prompts for images of radiation types, radioisotope dilution
analysis, and case studies in environmental monitoring.

o Boxes 5.1-5.3: Suggested Al prompts for tables summarising safety considerations,
applications, and limitations of radiochemical methods.

e Open Educational Resources (OER) suggested search strings:
e “OER diagram radiochemical analysis principle chemistry”
e “OER image types of radiation chemistry”
e “OER diagram radiotracer pollutant tracking chemistry”
e “OER image radioisotope dilution analysis chemistry”
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e “OER image radiochemical environmental case studies chemistry”
e “OER table radiochemical safety chemistry”

e “OER table radiochemical environmental monitoring chemistry”

e “OER table radiochemical limitations chemistry”

o Attribution style: APA (institutional standard assumed). Example: OpenStax. (2016).
Chemistry. OpenStax CNX. Retrieved from https://openstax.org/books/chemistry
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