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Course series:
Series 1: Interaction of Atoms with Electromagnetic Radiation
Series 2: Principles of Atomic Absorption Spectrometry
Series 3: Atomic Emission and Fluorescence Spectrometry
Series 4: X-Ray Fluorescence Spectrometry

Series 5: Preparation and Use of Standard Solutions in Atomic Spectroscopy

Suggested Outline
Part 1: Fundamentals of Electromagnetic Radiation

o Nature and properties of electromagnetic waves
o Relationship between wavelength, frequency, and energy

Part 2: Atomic Structure and Energy Levels

e Structure of atoms and electron configurations
o Concept of quantised energy levels

Part 3: Interaction of Radiation with Matter

e Absorption of radiation.by atoms
o Emission of radiation from excited atoms
e Fluorescence and related phenomena

Part 4: Analytical Significance of Atomic—Radiation Interactions

o Principles underlying spectroscopic techniques
e . Importance in analytical chemistry and industry

Introduction

Atoms are the building blocks of matter, and their behaviour under the influence of
electromagnetic radiation forms the foundation of analytical atomic spectroscopy. By studying
how atoms absorb, emit, or scatter radiation, chemists can gain precise information about their
structure and composition. This knowledge is not only central to understanding atomic behaviour
but also essential for applying spectroscopic techniques in analytical chemistry and industry.

-
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The aim of this Series is to introduce you to the fundamental principles of how atoms interact
with electromagnetic radiation, equipping you with the conceptual basis needed to appreciate the
spectroscopic methods explored in later Series.

We shall commence this Series by examining the fundamentals of electromagnetic radiation,
focusing on its nature, properties, and the relationship between wavelength, frequency, and
energy. Next, we will explore atomic structure and energy levels, highlighting the concept of
quantised states. Following that, we will study how radiation interacts with matter, considering
absorption, emission, and fluorescence. Finally, we will wrap up by discussing the analytical
significance of these interactions, showing how they underpin the techniques used in atomic
spectroscopy.

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

SLO 1.1 define the nature and properties of electromagnetic radiation, including wavelength,
frequency, and energy relationships.

SLO 1.2 explain the structure of atoms and describe the concept of quantised energy levels.

SLO 1.3 analyse how atoms interact with electromagnetic radiation through absorption,
emission, and fluorescence processes.

SLO 1.4 evaluate the analytical significance of atomic—radiation interactions in the context of
spectroscopic techniques used in chemistry and industry.

This set of outcomes aligns directly with the four Parts of the Series, providing learners with a
clear checklist of knowledge and skills to be gained.

1.1 Fundamentals of Electromagnetic,Radiation

Electromagnetic radiation is central to atomic spectroscopy because it provides the energy that
atoms absorb or emit when their electrons move between energy levels. In this Part, we will
explore the nature and properties.of €lectromagnetic waves, and then examine the relationship
between wavelength, frequency, and energy.

1.1.1 Nature and properties of electromagnetic waves

Electromagnetic radiation is energy that travels in the form of waves. These waves are
characterised by their wavelength, which is the distance between successive peaks, and their
frequency, which is the number of wave cycles passing a point per second. The speed of
electromagnetic radiation in a vacuum is constant, and this relationship links wavelength and
frequency.

Fillin the blank: The distance between successive peaks of a wave is called its

-
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Figure 1.1 Properties of electromagnetic waves. This diagram illustrates how
wavelength and frequency are defined and compared in an electromagnetic wave.
Diagram showing the basic properties of electromagnetic waves, including wavelength and
frequency.
Figure 1.1 Properties of electromagnetic waves
“electromagnetic wave wavelength frequency diagram OER”

1.1.2 Relationship between wayvelength, frequency, and energy

The energy of electromagnetic radiation is directly proportional to its frequency and inversely
proportional to its wavelength. This means that radiation with a short wavelength, such as
ultraviolet light, carries mote energy than radiation with a long wavelength, such as radio waves.
Understanding this relationship is essential for predicting how radiation interacts with atoms.

Fill in the blank: The energy of electromagnetic radiation increases as its
increases.

-
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Figure 1.2 Relationship between wavelength, frequency,
and energy of electromagnetic radiation
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Diagram showing the relationship between wavelength, frequency, and energy of
electromagnetic radiation.

Figure 1.2 Relationship between wavelength, frequency, and energy of electromagnetic radiation
“wavelength frequency energy relationship diagram OER”

Pilot Questions 1.1 (Part 1: Fundamentals of Electromagnetic Radiation)

1. The energy of electromagnetic radiation increases as its:
A. Wavelength increases
B. Frequency increases
C. Amplitude increases
D. Speed increases
(Linked to SLO 1.1)
2. The distance between successive peaks of a wave is called the
(Linked to SLO 1.1)
3./ Explain why radiation with shorter wavelengths carries more energy than radiation with
longer wavelengths.
(Linked to SLO 1.1)

1.2 Atomic Structure and Energy Levels

Atoms form the foundation of matter, and their internal structure determines how they interact
with electromagnetic radiation. In this Part, we will look closely at the arrangement of electrons
in atoms and the concept of quantised energy levels, which is central to understanding atomic
spectroscopy.

-
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1.2.1 Structure of atoms and electron configurations

An atom is made up of a nucleus containing protons (positively charged particles) and neutrons
(neutral particles), surrounded by electrons (negatively charged particles). Electrons are
arranged in specific patterns called electron configurations, which describe how electrons
occupy different energy levels or shells around the nucleus. These configurations influence the
chemical behaviour of atoms and their ability to absorb or emit radiation.

Fill in the blank: The arrangement of electrons in different shells around the nucleus is called the

Figure 1.3 Structure of an atom and electron configurations
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Diagram showing the structure of an atom with labelled protons, neutrons, and electrons in
shells.

Figure 1.3 Structure of an atom and electron configurations

“Generate a labelled diagram showing the nucleus with protons and neutrons, and electrons
arranged in shells.”

“atomic structure electron configuration diagram OER”

1.2:2 Concept of quantised energy levels

Electrons in atoms can only occupy certain allowed energy states, known as quantised energy
levels. This means electrons cannot exist between levels; they must be in one level or another.
When an atom absorbs radiation of the right energy, an electron can move to a higher level.
Whenit returns to a lower level, radiation is released. This principle explains why atoms absorb
and emit radiation at specific wavelengths, forming the basis of atomic spectroscopy.

Fill in the blank: Electrons can only exist in certain allowed energy states, known as

-
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Quantised Energy Levels and Electron Transitions
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Diagram showing electron transitions between quantised energy levels with absorption and
emission of radiation.

Figure 1.4 Quantised energy levels and.electron transitions

“quantised energy levels electron transitions diagtam OER”

Pilot Questions 1.2 (Part 2: Atomic Structure and Energy Levels)

1. The arrangement of electrons in different shells around the nucleus is called:
A. Electron configuration
B. Ionisation energy
C. Atomic number
D. Valency
(Linked to SLO 1.2)
2. FElectrons can only exist in certain allowed energy states, known as

(Linked to SLO 1.2)
3. Describe how quantised energy levels explain the absorption and emission of radiation by

atoms.
(Linked to SLO 1.2)

1.3%Interaction of Radiation with Matter

Atoms interact with electromagnetic radiation in several distinct ways. These interactions are
central to atomic spectroscopy because they explain how radiation is absorbed, emitted, or re-
emitted by atoms. In this Part, we will explore absorption, emission, and fluorescence, building a
clear picture of how matter responds to radiation.

-
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1.3.1 Absorption of radiation by atoms

Absorption occurs when radiation of the correct energy excites electrons to higher energy levels.
The energy of the radiation must match the difference between two quantised levels in the atom.
This selective absorption explains why atoms absorb radiation at specific wavelengths,
producing characteristic spectra.

Fill in the blank: When radiation energy matches the gap between two electron levels, the atom
undergoes

Figure 1.5 Absorption of radiation by atoms
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Diagram showing absorption of radiation by an atom, with electrons moving to higher energy
levels.

Figure 1.5 Absorption of radiation by atoms

“atomic absorption radiation electron excitation diagram OER”

1.3.2 Emission of radiation from excited atoms

Emission occurs when electrons return from higher to lower energy levels, releasing radiation.
The wavelength of the emitted radiation corresponds to the energy difference between the levels.
This process produces emission spectra, which are unique to each element and can be used for
identification.

Fill in the blank: Radiation released when electrons drop from higher to lower energy levels is
called
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Figure 1.6 Emission of radiation from excited atoms

“atomic emission radiation electron transition diagram OER”

1.3.3 Fluorescence and related phenomena

Fluorescence is the rapid re-emission of radiation after absorption, often at a longer wavelength.
It occurs when an electron abserbs energy, rises to a higher level, and then quickly returns to a
lower level, releasing radiation. This process is widely used in analytical chemistry because it
provides sensitive detection of elements and compounds.

Fill in the blank: Radiation re-emitted quickly after absorption, often at a longer wavelength, is
called
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Image showing laboratory setup for observing fluorescence in atomic spectroscopy.
Plate 1.2 Laboratory setup for fluorescence experiments
“fluorescence atomic spectroscopy laboratory setup OER”

Pilot Questions 1.3 (Part 3: Interaction of Radiation with Matter)

1. When radiation energy matches the gap between two electron levels, the atom undergoes:
A. Absorption
B. Emission
C. Fluorescence
D. Reflection
(Linked to SLO 1.3)
2. Radiation released when electrons drop from higher to lower energy levels is called

(Linked to SLO 1.3)
3./ Radiation re=emitted quickly after absorption, often at a longer wavelength, is called

(Linked to SLO 1.3)

4. Compare absorption and emission processes in terms of electron movement and radiation
behaviour.
(Linked to SLO 1.3)

1.4 Analytical Significance of Atomic—Radiation Interactions

Atomic—radiation interactions are not just theoretical concepts; they form the backbone of
analytical atomic spectroscopy. By understanding how atoms absorb, emit, and re-emit radiation,
chemists can design techniques that provide precise information about the composition of

-
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materials. In this Part, we will explore the principles underlying spectroscopic techniques and
highlight their importance in analytical chemistry and industry.

1.4.1 Principles underlying spectroscopic techniques

Spectroscopic techniques rely on the fact that each element has a unique set of energy levels.
Because of this, the absorption or emission of radiation occurs at specific wavelengths that act
like a fingerprint for the element. By measuring these wavelengths and their intensities, chemists
can identify elements and determine their concentrations in a sample.

Fill in the blank: Each element has a unique set of that determine the
wavelengths of radiation it absorbs or emits.

FIGURE 1.7 PRINCIPLES OF SPECTROSCOPIC TECHNIQUES BASED
ON ATOMIC-RADIATION INTERACTIONS
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Diagram showing how different elements produce unique absorption and emission spectra.
Figure 1.7 Principles of spectroscopic techniques based on atomic—radiation interactions
“atomic spectroscopy absorption emission spectra elements OER”

1.4.2 Importance in analytical chemistry and industry

The ability to measure atomic—radiation interactions has transformed analytical chemistry.
Techniques such as atomic absorption spectroscopy, atomic emission spectroscopy, and
fluoresecence spectroscopy are widely used in environmental monitoring, pharmaceuticals,
metallurgy, and food safety. These methods provide sensitive, accurate, and reliable
measurements, making them indispensable in both research and industry.

Fill in the blank: The study of how atoms absorb and emit radiation forms the basis of
techniques.
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Application Area Practical Uses of Atomic Spectroscopy

Environmental Detecting heavy metal pollutants (like lead and mercury) in water, soil, and
Monitoring air samples to ensure compliance with safety standards.

Pharmaceuticals Testing for elemental impurities in raw materials and finished drug products
to meet strict pharmacopeia (USP/EP) requirements.

Metallurgy Analyzing the elemental composition of alloys to verify purity and strength
during the production of steel, aluminum, and precious metals.

Food Safety Screening for toxic contaminants (like arsenic and cadmium) in crops and

processed foods, and verifying essential mineral content.

Box 1.1 Selected applications of atomic spectroscopy in industry

Box summarising practical uses of atomic spectroscopy in environmental monitoring,
pharmaceuticals, metallurgy, and food safety.

“applications atomic spectroscopy industry environment pharmaceuticals food safety OER”

Pilot Questions 1.4 (Part 4: Analytical Significance of Atomic—Radiation
Interactions)

1. Each element has a unique set of that determine the wavelengths
of radiation it absorbs or emits.
(Linked to SLO 1.4)
2. The study of how atoms absorb and emit radiation forms the basis of:
A. Chromatography
B. Spectroscopy
C. Crystallography
D. Electrochemistry
(Linked to SLO 1.4)
3. Give two examples of industries where atomic spectroscopy is applied and explain why it
1s important in each.
(Linked to SLO 1.4)

Series Summary.

This Series has guided you through the essential principles of how atoms interact with
electromagnetic radiation, providing the conceptual foundation for analytical atomic
spectroscopy: We began by examining the fundamentals of electromagnetic waves, focusing on
their properties and the relationship between wavelength, frequency, and energy. We then
explored atomic structure and electron configurations, emphasising the concept of quantised
energy levels. Building on this, we studied how radiation interacts with matter through
absorption, emission, and fluorescence, before concluding with the analytical significance of
these processes in spectroscopy and their wide-ranging applications in industry.

By completing this Series, you should now be able to define the properties of electromagnetic
radiation and explain the link between wavelength, frequency, and energy (SLO 1.1). You can

-
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describe atomic structure and quantised energy levels (SLO 1.2), analyse how atoms absorb,
emit, and re-emit radiation (SLO 1.3), and evaluate the importance of these interactions in
spectroscopic techniques used in chemistry and industry (SLO 1.4). These skills form a strong
basis for engaging with the more advanced spectroscopic methods that will be introduced in the
following Series.

Glossary of Terms
Absorption: The process by which an atom takes in energy from electromagnetic radiation,
causing an electron to move from a lower energy level to a higher one.

Atom: The smallest unit of matter that retains the properties of an element, consisting of a
nucleus with protons and neutrons, surrounded by electrons in orbitals.

Electron configuration: The arrangement of electrons in orbitals around the nucleus of an atom,
which determines its chemical behaviour and spectroscopic properties.

Electromagnetic radiation: Energy that travels through space as oscillating electric and
magnetic fields, including radio waves, microwaves, infrared, visible light, ultraviolet, X-rays,
and gamma rays.

Electromagnetic spectrum: The full range of electromagnetic radiation, arranged according to
wavelength and frequency.

Emission: The release of a photon when an excited electron returns to a lower energy level,
producing characteristic spectral lines.

Fluorescence: The rapid emission of light by a substance after it has absorbed radiation, usually
occurring within nanoseconds.

Frequency (v): The number of wave cycles passing a point per second, measured in hertz (Hz).

Photon: A particle of light that carries energy proportional to its frequency and is involved in
absorption and emission processes.

Phosphorescence: A delayed emission of light after absorption of radiation, caused by electrons
being trapped in.metastable states before returning to lower energy levels.

Quantised energy levels: Discrete energy states that electrons can occupy within an atom, with
transitions between them involving absorption or emission of photons.

Spectral lines: Distinct lines observed in absorption or emission spectra, produced by electron
transitions between quantised energy levels, acting as fingerprints for elements.

Wavelength (1): The distance between successive peaks of a wave, inversely related to
frequency and energy.

This glossary provides clear definitions of the key terms introduced in Series 1, supporting
independent study and reinforcing the concepts linked to the Series Learning Outcomes.

-
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Concept Check Questions [Series 1: Interaction of Atoms with Electromagnetic Radiation]

Objective Questions

1. The energy of electromagnetic radiation increases as its:
A. Wavelength increases
B. Frequency increases
C. Amplitude increases
D. Speed increases
(Linked to SLO 1.1)

2. The arrangement of electrons in different shells around the nucleus is called:
A. Ionisation energy
B. Electron configuration
C. Atomic number
D. Valency
(Linked to SLO 1.2)

3. Radiation re-emitted quickly after absorption, often at a longer wavelength, is called:
A. Absorption
B. Emission
C. Fluorescence
D. Reflection
(Linked to SLO 1.3)

4. The study of how atoms absorb and emit radiation forms the basis of:
A. Chromatography
B. Spectroscopy
C. Crystallography
D. Electrochemistry
(Linked to SLO.1.4)

Short-Answer Questions

5. Define electromagnetic radiation and explain its two key properties.
(Linked to SLO 1.1)

6. What is meant by quantised energy levels in atoms?
(Linked to SLO 1.2)

7. Distinguish between absorption and emission processes in terms of electron movement.
(Linked to SLO 1.3)

8. Identify two industries where atomic spectroscopy is applied and briefly state why it is
important in each.
(Linked to SLO 1.4)

Long-Answer Questions

-
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9.

Analyse the relationship between wavelength, frequency, and energy of electromagnetic

radiation, and explain why this relationship is important in spectroscopy.
(Linked to SLO 1.1)

10.

Evaluate the significance of atomic—radiation interactions in analytical chemistry, using

examples to illustrate their practical applications.
(Linked to SLO 1.4)

Answers to Concept Check Questions [Series 1]

Objective Questions

PWNPE

B. Frequency increases
B. Electron configuration
C. Fluorescence

B. Spectroscopy

Short-Answer Questions

5.

Electromagnetic radiation is energy that travels in waves. Its two key properties are wavelength

(distance between successive peaks) and frequency (number of cycles per second).

6.

Quantised energy levels are discrete energy states that electrons can occupy; electrons cannot

exist between these levels.

7.

In absorption, electrons move to higher energy levels after taking in radiation. In emission,

electrons drop to lower levels, releasing radiation.

8.

Examples:
¢ Environmental monitoring: Detecting trace metals in water.
e Pharmaceuticals: Ensuring drug purity and composition.

Long-Answer Questions

9.

Basic response: Wavelength and frequency are inversely related, and energy is directly

proportional tofrequency. This relationship explains why radiation of different wavelengths
interacts differently with atoms.

Value-added response: Beyond the basics, learners can connect this relationship to practical
spectroscopy, noting that ultraviolet radiation excites electrons more strongly than infrared, and
that:this principle underpins the design of instruments for specific analytical tasks.

10.

Basic response: Atomic—radiation interactions allow chemists to identify elements and

measure their concentrations, forming the basis of spectroscopic techniques.

Value-added response: Outstanding learners may extend this by discussing applications such as
monitoring pollutants in the environment, ensuring food safety, and controlling alloy
composition in metallurgy, showing how spectroscopy supports both research and industry.

-
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Answers to Pilot Questions [Series 1]

Part 1: Fundamentals of Electromagnetic Radiation

1.

Frequency increases

2. Wavelength
3. Radiation with shorter wavelengths carries more energy because energy is directly proportional

to frequency

Part 2: Atomic Structure and Energy Levels

1.
2.
3.

Electron configuration

Quantised energy levels

Quantised energy levels explain absorption and emission because electrons.can‘only move
between discrete states, absorbing or releasing radiation that matches the energy difference

Part 3: Interaction of Radiation with Matter

PWNPE

Absorption

Emission

Fluorescence

Absorption involves electrons moving to higher levels by taking in radiation, while emission
involves electrons dropping to lower levels and releasing radiation

Part 4: Analytical Significance of Atomic—Radiation Interactions

1.
2.
3.

Energy levels

Spectroscopy

Examples:
e / Environmentalmonitoring: Detecting pollutants such as heavy metals in water
e | Pharmaceuticals: Ensuring drug purity and verifying elemental composition

References and Attributions [Series 1]

This section compiles references, suggested open educational resources (OERs), and attributions
for illustrations and concepts used in Series 1: Interaction of Atoms with Electromagnetic
Radiation.

General References

-

Chang, R. (2010). Chemistry (10th ed.). New York: McGraw-Hill.
Skoog, D. A., Holler, F. J., & Crouch, S. R. (2017). Principles of Instrumental Analysis (7th ed.).

Boston: Cengage Learning.
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e OpenStax. (2016). Chemistry. Houston: Rice University. Available at
https://openstax.org/books/chemistry

Ilustrations and Suggested Sources
e Figure 1.1 Properties of electromagnetic waves

e Al prompt: “Generate a labelled diagram showing wavelength and frequency in an
electromagnetic wave.”
e Suggested OER search string: “electromagnetic wave wavelength frequency diagram
OER”
e Figure 1.2 Relationship between wavelength, frequency, and energy of electromagnetic
radiation

o Al prompt: “Generate a labelled diagram showing the relationship between wavelength,
frequency, and energy of electromagnetic radiation.”
e Suggested OER search string: “wavelength frequency energy relationship diagram OER”
e Figure 1.3 Structure of an atom and electron configurations

e Al prompt: “Generate a labelled diagram'showing the nucléeus with protons and
neutrons, and electrons arranged in shells.”
e Suggested OER search string: “atomic structure electron configuration diagram OER”
o Figure 1.4 Quantised energy levels and electron transitions

e Al prompt: “Generate a labelled diagram showing electron transitions between
guantised energy levelsiwith absorption and emission.”
e Suggested OER search string: “quantised energy levels electron transitions diagram
OER”
o Figure 1.5 Absorption of radiation by atoms

e Al prompt: “Generate a labelled diagram showing absorption of radiation by an atom,
with electrons moving to higher levels.”
e Suggested OER search string: “atomic absorption radiation electron excitation diagram
OER”
e Figure 1.6 Emission of radiation from excited atoms

e Al prompt: “Generate a labelled diagram showing emission of radiation from an atom,
with electrons moving to lower levels.”
e  Suggested OER search string: “atomic emission radiation electron transition diagram
OER”
o Plate 1.1 Laboratory setup for atomic absorption and emission experiments

e Al prompt: “Create an image showing a laboratory setup for atomic absorption and
emission spectroscopy.”
e Suggested OER search string: “atomic absorption emission spectroscopy laboratory
setup OER”
e Plate 1.2 Laboratory setup for fluorescence experiments

e Al prompt: “Create an image showing a laboratory setup for fluorescence experiments
in atomic spectroscopy.”
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e Suggested OER search string: “fluorescence atomic spectroscopy laboratory setup OER”
Figure 1.7 Principles of spectroscopic techniques based on atomic—radiation interactions

e Al prompt: “Generate a labelled diagram showing unique absorption and emission
spectra for different elements.”

e Suggested OER search string: “atomic spectroscopy absorption emission spectra
elements OER”

Box 1.1 Selected applications of atomic spectroscopy in industry

e Al prompt: “Create a box summarising applications of atomic spectroscopy:in
environmental monitoring, pharmaceuticals, metallurgy, and food safety.”

e Suggested OER search string: “applications atomic spectroscopy industry environment
pharmaceuticals food safety OER”

Course Code: CHM 312

Course Title: Analytical Atomic Spectroscopy

Course Unit: 2 Units C: LH 30

Course series:

Series 1: Interaction of Atoms with Electromagnetic Radiation

Series 2: Principles of Atomic Absorption Spectrometry

Series 3: Atomic Emission and Fluorescence Spectrometry

Series 4: X-Ray Fluorescence Spectrometry

Series 5: Preparation and Use of Standard Solutions in Atomic Spectroscopy

Part 2.1: Fundamentals of Atomic Absorption

2.1.1: Basic principles of absorption of radiation by atoms
2.1.2: Energy levels and electronic transitions
2.1.3: Factors influencing atomic absorption

Part 2.2: Instrumentation in Atomic Absorption Spectrometry

2.2.1: Radiation sources (hollow cathode lamps, electrodeless discharge lamps)
2.2.2: Atomizers (flame, graphite furnace)

2.2.3: Monochromators and detectors

2.2.4: Signal processing and readout systems
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Part 2.3: Analytical Applications and Methodology

e 2.3.1: Calibration methods (standard addition, internal standards)
e 2.3.2: Sample preparation and handling

e 2.3.3: Quantitative analysis and sensitivity considerations

e 2.3.4: Common interferences and correction techniques

Part 2.4: Advantages, Limitations, and Safety Considerations

e 2.4.1: Strengths of atomic absorption spectrometry
e 2.4.2: Limitations compared to other spectrometric techniques
e 2.4.3: Safety practices in handling radiation sources and atomizers

Introduction

Atomic absorption spectrometry is one of the most widely used techniques in modern analytical
chemistry, providing a reliable means of determining the concentration/of metals in diverse
samples ranging from environmental waters to biological tissues. Its importance lies in its
sensitivity, selectivity, and relatively straightforward instrumentation, making it a cornerstone of
atomic spectroscopy. By understanding the principles behind this technique, you will be better
equipped to appreciate its role within the broader field of analytical atomic spectroscopy.

The aim of this Series is to introduce you to the fundamental principles and applications of
atomic absorption spectrometry, and to equip you with the knowledge needed to interpret results,
evaluate limitations, and apply theitechnique effectively in practical scenarios.

We shall commence this Series by examining the fundamentals of atomic absorption, focusing
on how atoms interact with radiation and the factors that influence absorption. Next, we will
explore the instrumentation used in atomic absorption spectrometry, including radiation sources,
atomisers, monochromators, and detectors. Following that, we will consider analytical
applications and methodologies, such as calibration approaches, sample preparation, and
interference correction. Finally, we will wrap up by discussing the advantages, limitations, and
safety considerations associated with atomic absorption spectrometry, thereby rounding off your
understanding of this essential analytical technique.

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

e SLO 2.1 define the fundamental principles of atomic absorption and explain how atoms
interact with electromagnetic radiation,
e SLO 2.2 analyse the factors that influence atomic absorption and their impact on
measurement accuracy,
e SLO 2.3 describe the key components of atomic absorption spectrometry
instrumentation, including radiation sources, atomisers, monochromators, and detectors,
P
D
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e SLO 2.4 demonstrate how calibration methods are applied in atomic absorption
spectrometry for quantitative analysis,

e SLO 2.5 apply appropriate sample preparation techniques and evaluate strategies for
minimising interferences,

e SLO 2.6 assess the advantages and limitations of atomic absorption spectrometry in
comparison with other spectrometric techniques, and

e SLO 2.7 identify and apply essential safety practices when working with radiation
sources and atomisers.

2.1 Fundamentals of Atomic Absorption

Atomic absorption is a central principle in analytical spectroscopy, providing a way to measure
the concentration of elements by observing how atoms absorb light at specific wavelengths. To
understand this process, we need to explore the basic principles, the role of energy levels and
electronic transitions, and the factors that influence absorption.

2.1.1 Basic principles of absorption of radiation by atoms

When atoms are exposed to electromagnetic radiation (energy transmitted as waves of electric
and magnetic fields), they can absorb light of particular wavelengths. This occurs because each
atom has unique energy levels, and absorption happens when the energy of the incoming
radiation matches the difference between two of these levels.

The absorbed radiation excites electrons from a lower energy state to a higher one. This selective
absorption forms the basis of atomic absorption spectrometry, allowing us to identify and
quantify elements in a sample.

Fill in the blank: When atoms absorb radiation, electrons move from a energy state
to a higher one.

-
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Figure 2.1: Electron excitation through
absorption of radiation
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Diagram showing electrons absorbing radiation and moving to higher energy levels.
Figure 2.1: Electron excitation through absorption of radiation
“electron excitation atomic absorption diagram OER”

2.1.2 Energy levels and electronic transitions

Atoms consist of electrons arranged in discrete energy levels (defined positions where electrons
can exist). An electronic transition occurs when an electron moves between these levels, either
by absorbing or releasing energy.

In atomic absorption, the transition is upward: electrons absorb radiation and move to higher
levels. The wavelength absorbed. is unique to each element, making atomic absorption
spectrometry highly selective.

Fill in the blank: The unique wavelengths absorbed by atoms correspond to their specific
levels.
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Plate 2.1: Energy levels and electronic transitions in
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Image showing atomic energy levels with arrows indicating electroni¢ transitions.
Plate 2.1: Energy levels and electronic transitions in atoms
“atomic energy levels electronic transitions OER”

2.1.3 Factors influencing atomic absorption
Several factors affect how efficiently atoms absorb radiation:

e Atomisation method: The way atoms are produced in the gas phase (e.g., flame or
graphite furnace) influences absorption.

o Temperature: Higher temperatures can broaden absorption lines, affecting accuracy.

o Interferences: Other elements or compounds in the sample may overlap with absorption
signals.

« Radiation source stability: A stable lamp ensures consistent radiation intensity.

Understanding these factors helps in designing experiments and interpreting results accurately.

Fill in the blank: The method used to produce atoms in the gas phase, such as a flame or furnace,
is called

-
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Factor Influence on Atomic Absorption Spectrometry (AAS)

Atomisation The efficiency of converting the sample into free ground-state atoms directly
determines the sensitivity.

Temperature Higher temperatures increase the number of free atoms but can cause ionisation,
which reduces the absorption signal.

Interferences Chemical interferences (forming stable compounds) or spectral overlaps can
lead to inaccurate concentration readings.

Radiation A stable Hollow Cathode Lamp (HCL) source is vital for maintaining a consistent
Stability baseline and reducing measurement noise.

Box 2.1: Key factors influencing atomic absorption
Table-style box listing atomisation, temperature, interferences, and radiation source stability.
“atomic absorption influencing factors OER table”

Pilot Questions 2.1

1. When atoms absorb radiation, electrons move from:
A. Higher to lower energy levels
B. Lower to higher energy levels
C. The nucleus to the outer shell
D. One atom to another
Answer: B (SLO 2.1)
2. The unique wavelengths absorbed by atoms correspond to their specific:
A. Temperatures
B. Energy levels
C. Radiation sources
D. Atomisation methods
Answer: B (SLO 2.2)
3. Whichof the following is a factor influencing atomic absorption?
A. Atomisation method
B. Page layout
C. Document formatting
D. Ribbon tabs
Answer: A (SLO 2.3)
4. Fill in the blank: The method used to produce atoms in the gas phase is called

Answer: Atomisation (SLO 2.3)
5. True or False: Atomic absorption spectrometry is highly selective because each element

absorbs radiation at unique wavelengths.
Answer: True (SLO 2.2)
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2.2 Instrumentation in Atomic Absorption Spectrometry

Atomic absorption spectrometry relies on specialised instruments that allow us to generate
atoms, expose them to radiation, and measure the amount of light absorbed. Each component
plays a crucial role in ensuring accuracy and sensitivity. In this section, we will explore radiation
sources, atomisers, monochromators and detectors, and the systems that process and display
signals.

2.2.1 Radiation sources

The radiation source is the device that produces light of a wavelength specific to the element
being analysed. The most common sources are:

o Hollow cathode lamps (HCLs): These contain a cathode made of'the element of interest.
When energised, they emit light at the characteristic wavelength of that element.
o Electrodeless discharge lamps (EDLs): These are gas-filled lamps excited by

radiofrequency energy, producing intense emission lines for certain elements.

Fill in the blank: A lamp that contains a cathode made of the element being analysed is called a
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Figure 2.2: Structure of a hollow cathode lamp

Diagram of a hollow cathode lamp showing cathode, anode, and emitted radiation.
Figure 2.2: Structure of a hollow cathode lamp
“hollow cathode lamp diagram OER”

-
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2.2.2 Atomisers

An atomiser is the device that converts a sample into free atoms in the gas phase. Two common
types are:

o Flame atomisers: Use a flame (usually air-acetylene) to vaporise the sample. They are
simple and widely used.

e Graphite furnace atomisers: Use an electrically heated graphite tube to atomise the
sample. They provide higher sensitivity and require smaller sample volumes.

Fill in the blank: The device that converts a sample into free atoms in the gas phase is called an

PLATE 2.2: GRAPHITE FURNACE ATOMISER USED
IN ATOMIC ABSORPTION SPECTROMETRY
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Image of a graphite furnace atomiser with labelled components.
Plate 2.2: Graphite furnace atomiser used in atomic absorption spectrometry
“graphite furnaceatomiser OER image”

2.2.3 Monochromators and detectors
A monochromator is an optical device that isolates the specific wavelength of light absorbed by
the atoms, filtering out unwanted radiation. This ensures that only the relevant signal is

measured.

A detector then measures the intensity of the transmitted light. Common detectors include
photomultiplier tubes, which convert light into an electrical signal with high sensitivity.

-
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Fill in the blank: The optical device that isolates a specific wavelength of light is called a

Go g|e monochromator detector atomic absorption diagram OER X y Q
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Figure 2.3: Monochromator and detector arrangement in atomic absorption
spectrometry.

Diagram showing monochromator separating wavelengths and detector measuring transmitted
light.

Figure 2.3: Monochromator and detector arrangement in atomic absorption spectrometry
“monochromator detector atomic absorption diagram OER”

2.2.4 Signal processing and readout systems

The electrical signal from the detector is processed by signal processing systems, which amplify
and convert it into-a readable output. The final results are displayed on a readout system, often
as digital values or graphical plots.

Modern instruments inelude computer interfaces that allow data storage, statistical analysis, and
calibration curve generation.

Fill in the blank: The system that converts the detector’s electrical signal into a readable output is
called the system.

-
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Component Function in Atomic Absorption Spectrometry (AAS)

Signal Amplification Increases the low-voltage signal from the photomultiplier tube to a
measurable level.

Logarithmic Converts the raw transmittance (T) signal into absorbance (A), which is
Conversion directly proportional to concentration.

Noise Reduction Uses filters or signal averaging to remove background electronic noise and
improve the signal-to-noise ratio.

Readout Display Presents the final analytical result in digital form or as a calibration curve on
a computer screen.

Box 2.2: Functions of signal processing and readout systems
Table-style box listing amplification, conversion, display, and data storage functions.
“atomic absorption signal processing readout OER table”

Pilot Questions 2.2

1. A lamp that contains a cathode made of the element being analysed is called a:
A. Graphite furnace
B. Hollow cathode lamp
C. Monochromator
D. Detector
Answer: B (SLO 2.3)
2. The device that converts a sample into free atoms in the gas phase is called an:
A. Atomiser
B. Detector
C. Radiation source
D. Signal processor
Answer: A (SLO 2.3)
3. Fill intthe blank: The optical device that isolates a specific wavelength of light is called a

Answer: Monochromator (SLO 2.3)
4./ Which of the following provides higher sensitivity and requires smaller sample volumes?
A. Flame atomiser
B. Graphite furnace atomiser
C. Hollow cathode lamp
D. Photomultiplier tube
Answer: B (SLO 2.3)
5. True or False: Signal processing systems amplify and convert detector signals into
readable outputs.
Answer: True (SLO 2.3)

-
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2.3 Analytical Applications and Methodology

Atomic absorption spectrometry is widely applied in analytical chemistry to determine the
concentration of metals in diverse samples. To achieve reliable results, it is essential to
understand calibration methods, sample preparation, quantitative analysis, and how to deal with
common interferences.

2.3.1 Calibration methods

Calibration is the process of establishing the relationship between the instrument’s response and
the known concentration of an analyte. Two common approaches are:

e Standard addition method: A known quantity of analyte is added to the sample. This helps
correct for matrix effects, where other substances in the sample influence the measurement.

¢ Internal standards method: A different element, not present in the sample, is added in a known
amount. Its response is used to correct for variations in measurement conditions.

Fill in the blank: The calibration method that corrects for matrix effects by adding known
quantities of analyte is called

Methodology: Add known, increasing amounts of standard (S) to equal aliquots of
unknown sample, then measure absorbance and extrapolate to find Cyypye-
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Figure 2.4: Calibration curve using standard addition method
Diagram showing calibration curve with standard addition method.
Figure 2.4: Calibration curve using standard addition method
“atomic absorption calibration curve standard addition OER”
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2.3.2 Sample preparation and handling

Sample preparation refers to the steps taken to make a sample suitable for analysis. This may
include digestion, dilution, or filtration. Proper preparation ensures that the analyte is in a
measurable form and that interferences are minimised.

Sample handling involves maintaining the integrity of the sample from collection to analysis.
Contamination or improper storage can lead to inaccurate results.

Fill in the blank: The process of making a sample suitable for analysis, often involving digestion
or dilution, is called

Image showing laboratory technician preparing samples for atomic absorption analysis.
Plate 2.3: Sample preparation for atomic absorption spectrometry

“atomic absorption sample preparation laboratory OER image”

2.3.3 Quantitative analysis and sensitivity considerations

Quantitative analysis in atomic absorption spectrometry involves measuring the absorbance of
radiation and relating it to concentration using calibration curves.

Sensitivity refers to the instrument’s ability to detect small amounts of analyte. Factors such as
lamp intensity, atomisation efficiency, and detector performance influence sensitivity.

Fillin the blank: The ability of an instrument to detect small amounts of analyte is called

-

-t
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Figure 2.5: Sensitivity in quantitative analysis

using calibration curves
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Figure 2.5: Sensitivity in quantitative analysis using calibration curves
“atomic absorption sensitivity calibration curve OER”

2.3.4 Common interferences and correction techniques

Interferences are factors that distort the measurement of absorbance. They may arise from
chemical reactions, overlapping spectral lines, or physical effects such as viscosity.

Correction techniques include:

e Background correction: Using a secondary lamp or method to subtract unwanted signals.

e Chemical modification: Adding reagents to reduce interference effects.

e Optimising atomisation conditions: Adjusting flame or furnace parameters to minimise
interference.

Fill in the blank: The technique that subtracts unwanted signals to improve accuracy is called
correction.

-
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Interference Correction Technique

Type

Spectral Use of background correction methods (e.g., Deuterium lamp or Zeeman

Interference effect) to subtract non-specific absorption.

Chemical Addition of chemical modifiers or releasing agents (like Lanthanum) to prevent
Interference stable compound formation.

Physical Optimised atomisation conditions, such as adjusting nebulizer flow rates or
Interference using internal standards to account for viscosity.

lonisation Addition of an ionisation suppressor (like Cesium) to maintain atoms in the
Interference neutral ground state.

Box 2.3: Common interferences and correction techniques in atomic absorption spectrometry
Table-style box listing background correction, chemical modification, and eptimised atomisation
conditions.

“atomic absorption interferences correction techniques OER table”

Pilot Questions 2.3

1. The calibration method that corrects for matrix effects by adding known quantities of
analyte is called:
A. Internal standards
B. Standard addition
C. Background correction
D. Chemical modification
Answer: B (SLO 2.4)

2. Fill in the blank: The process of making a sample suitable for analysis is called

Answer: Sample preparation (SLO 2.5)

3. The ability of an instrument to detect small amounts of analyte is called:
A. Accuracy
B. Sensitivity
C: Precision
D. Calibration
Answer: B (SLO 2.5)

4. Which of the following is a correction technique for interferences?
A. Background correction
B. Ribbon adjustment
C. Document formatting
D. Toolbar customisation
Answer: A (SLO 2.5)
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5. True or False: Quantitative analysis in atomic absorption spectrometry relies on
calibration curves relating absorbance to concentration.
Answer: True (SLO 2.4)

2.4 Advantages, Limitations, and Safety Considerations

Atomic absorption spectrometry is a powerful analytical technique, but like all methods; it has
strengths and weaknesses. It is also essential to follow safety practices when working with
radiation sources and atomisers. This section will help you appreciate the benefits, recognise the
limitations, and apply safe laboratory procedures.

2.4.1 Strengths of atomic absorption spectrometry

Atomic absorption spectrometry offers several advantages that make it a widely used technique
in analytical chemistry:

e Sensitivity: It can detect trace amounts of metals at parts per million:(ppm) or even parts per
billion (ppb) levels.
e Selectivity: Each element absorbs radiation ata unique wavelength, allowing precise
identification.
e Simplicity of instrumentation: Compared to other spectrometric techniques, the instruments
are relatively straightforward to operate.
e Versatility: It can be applied to environmental, biological, clinical, and industrial samples.
Fill in the blank: Atomic absorption spectrometry 1s highly because each element
absorbs radiation at a unique wavelength.
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Figure 2.6: Applications of atomic absorption spectrometry across different fields

Diagram showing atomic absorption spectrometry applied to environmental and biological
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samples.
Figure 2.6: Applications of atomic absorption spectrometry across different fields
“atomic absorption spectrometry applications diagram OER”

2.4.2 Limitations compared to other spectrometric techniques

Despite its strengths, atomic absorption spectrometry has limitations:

e Single-element analysis: It measures one element at a time, unlike techniquessuch as ICP-OES
(Inductively Coupled Plasma Optical Emission Spectrometry) that can analyse multiple elements
simultaneously.

¢ Limited dynamic range: It is less effective for very high concentrations without dilution:

e Interferences: Chemical and physical interferences can affect accuracy.

e Time-consuming: Analysing multiple elements requires repeated measurements.

Fill in the blank: Unlike ICP-OES, atomic absorption spectrometry can only measure
element at a time.

Limitation Impact on Analysis

Single-Element Requires a specific hollow cathode lamp for each element, preventing
Analysis simultaneous multi-element detection.

Limited Dynamic The linear calibration range is typically narrow, often requiring frequent
Range sample dilutions.

Interferences More susceptible to chemical interferences (like refractory oxide formation)
than the higher-temperature ICP-OES.

Time-Consuming Sequential measurement of multiple elements significantly increases total
analysis time per sample.

Box 2.4: Limitations of atomic absorption spectrometry

Table-style box listing single-element analysis, limited dynamic range, interferences, and time-
consuming measurements.

“atomic absorption limitations ICP-OES comparison OER table”

2.4.3 Safety practices in handling radiation sources and atomisers

Working with atomic absorption spectrometry requires strict safety practices to protect both the
operator and the laboratory environment:

¢  Radiation sources: Hollow cathode lamps and electrodeless discharge lamps must be handled
carefully to avoid breakage and exposure to hazardous materials.

e Flame atomisers: Use appropriate flame shields and ensure proper ventilation to prevent
inhalation of fumes.

e Graphite furnace atomisers: Operate within recommended temperature ranges to avoid
overheating and equipment damage.

e General laboratory safety: Wear protective clothing, goggles, and gloves. Always follow
manufacturer guidelines for instrument operation.
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Fill in the blank: When using flame atomisers, it is essential to ensure proper to
prevent inhalation of fumes.
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Plate 2.4: Safe operation of flame atomiser in atomic absorption spectrometry
Image showing laboratory technician using flame atomiser with protective equipment.
Plate 2.4: Safe operation of flame atomiser in atomic absorption spectrometry
“atomic absorption flame atomiser laboratory safety OER image”

Pilot Questions 2.4

1. Atomic absorption spectrometry is highly selective because:
A. Tt uses multiple detectors
B. Each element absorbs radiation at a unique wavelength
C. It measures several elements simultaneously
D. It requires no calibration
Answer: B (SLO 2.6)

2. Fill in the blank: Unlike ICP-OES, atomic absorption spectrometry can only measure
element at a time.
Answer: One (SLO 2.6)

3. Which of the following is a limitation of atomic absorption spectrometry?
A. High sensitivity
B. Single-element analysis
C. Wide dynamic range
D. Multi-element capability
Answer: B (SLO 2.6)

4. Fill in the blank: When using flame atomisers, it is essential to ensure proper
to prevent inhalation of fumes.
Answer: Ventilation (SLO 2.7)

SN
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5. True or False: Wearing protective clothing and goggles is part of safe laboratory practice
when operating atomic absorption instruments.
Answer: True (SLO 2.7)

Series Summary

This Series has introduced you to the principles and applications of atomic absorption
spectrometry, a technique that remains central to modern analytical chemistry. We began by
exploring the fundamentals of atomic absorption, focusing on how atoms interact with radiation
and the factors that influence absorption. We then examined the instrumentation, including
radiation sources, atomisers, monochromators, detectors, and signal processing systems,
highlighting how each contributes to accurate measurement. Building on this, we considered
analytical applications and methodology, covering calibration approaches, sample preparation,
quantitative analysis, and strategies for managing interferences. Finally, we discussed the
advantages and limitations of atomic absorption spectrometry,alongside essential safety
practices for laboratory work.

By engaging with this Series, you should now be able to define the fundamental principles of
atomic absorption (SLO 2.1), analyse the factors influencing measurement accuracy (SLO 2.2),
describe the key components of instrumentation (SLO 2.3), demonstrate calibration methods for
quantitative analysis (SLO 2.4), apply appropriate sample preparation techniques and evaluate
interference correction strategies (SLO 2.5), assess the strengths and weaknesses of atomic
absorption spectrometry (SLO 2.6), and identify and apply safety practices when working with
radiation sources and atomisers (SLO-2.7). This knowledge equips you to use atomic absorption
spectrometry effectively and responsibly in diverse analytical contexts.

Glossary of Terms
Absorbance
The measure of how much light is taken up by atoms at a specific wavelength during analysis.

Atomisation
The process of converting a sample into free atoms in the gas phase, usually using a flame or
graphite furnace.

Calibration
A procedure that establishes the relationship between instrument response and known
conecentrations of an analyte, ensuring accurate measurements.

Detector
A'device that measures the intensity of transmitted light and converts it into an electrical signal
for analysis.

Electronic transition
The movement of an electron from one energy level to another within an atom, often caused by
absorbing radiation.

Energy levels
Defined positions within an atom where electrons can exist; transitions between these levels
correspond to absorption or emission of radiation.

-
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Graphite furnace atomiser
An atomiser that uses an electrically heated graphite tube to produce free atoms, offering high
sensitivity with small sample volumes.

Hollow cathode lamp (HCL)
A radiation source containing a cathode made of the element being analysed, which emits light at
characteristic wavelengths.

Interferences
Factors that distort absorbance measurements, such as overlapping spectral lines. or chemical
reactions in the sample.

Monochromator
An optical device that isolates a specific wavelength of light, ensuring only the relevant signal is
measured.

Quantitative analysis
The process of determining the concentration of an analyte by relating absorbance values to
calibration curves.

Radiation source
The component of the instrument that produces light of a wavelength specific to the element
being measured.

Sample preparation
Steps taken to make a sample suitable for analysis, such as digestion, dilution, or filtration.

Sensitivity
The ability of an instrument to detect very small amounts of an analyte accurately.

Signal processing system
The part of the instrument that amplifies and converts detector signals into readable outputs,
often displayed digitally.

Standard addition method
A calibration technique where known amounts of analyte are added to the sample to correct for
matrix effects.

Safety practices
Laboratory procedures designed to protect operators, including the use of protective clothing,
proper ventilation, and careful handling of equipment.

Concept.Check Questions [Series 2]
Objective Questions

1. Atomic absorption spectrometry is highly selective because each element:
A. Absorbs radiation at a unique wavelength
B. Emits radiation at multiple wavelengths
C. Requires no calibration

-
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D. Uses multiple detectors
(Linked to SLO 2.1)

Which component converts a sample into free atoms in the gas phase?
A. Detector

B. Atomiser

C. Radiation source

D. Monochromator

(Linked to SLO 2.3)

Fill in the blank: The calibration method that corrects for matrix effects’ by adding known
quantities of analyte is called
(Linked to SLO 2.4)

True or False: Quantitative analysis in atomic absorption spectrometry relies on
calibration curves relating absorbance to concentration.
(Linked to SLO 2.4)

Which of the following is a safety practice when using flame atomisers?
A. Wearing goggles and gloves

B. Ignoring ventilation requirements

C. Using higher temperatures than recommended

D. Avoiding calibration

(Linked to SLO 2.7)

Short-Answer Questions

6.

Define atomisation and explain its role in atomic absorption spectrometry.

(Linked to SLO 2.3)

7.

What is the function of a monechromator in atomic absorption spectrometry?

(Linked to SLO 2.3)

8.

List two common interferences in atomic absorption spectrometry and one technique

used to correct them.
(Linked to SLO 2.5)

9.

Explain why atomic absorption spectrometry is considered sensitive and selective.

(Linked to SLO 2.6)

Long-Answer Questions

10.

Discuss the strengths and limitations of atomic absorption spectrometry compared to

other spectrometric techniques.
(Linked to SLO 2.6)

11.

Describe the steps involved in preparing a sample for atomic absorption analysis and

explain why proper handling is important.
(Linked to SLO 2.5)

-

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



12. Evaluate the importance of safety practices when working with radiation sources and
atomisers in atomic absorption spectrometry.
(Linked to SLO 2.7)

Answers to Concept Check Questions [Series 2]
Objective Questions

A (Each element absorbs radiation at a unique wavelength)
B (Atomiser)

Standard addition

True

A (Wearing goggles and gloves, plus ensuring ventilation)

ukhwn R

Short-Answer Questions

6. Atomisation is the process of converting a sample into free atoms in the gas phase, enabling
measurement of absorbance.

7. A monochromator isolates the specific wavelength-of light absorbed by atoms, ensuring
accurate measurement.

8. Examples: chemical interferences, overlapping spectral lines. Correction: background correction
or chemical modification.

9. Sensitive because it can detect trace amounts; selective because each element absorbs at

unique wavelengths.

Long-Answer Questions

10. Basic response: Atomic.absorption spectrometry is sensitive, selective, and relatively
simple to use. However, it can only measure one element at a time, has a limited dynamic range,
and is affected by interferences.

Value-added response: Compared to ICP-OES or ICP-MS, atomic absorption is less efficient
for multi-element analysis and slower for large sample sets. However, it remains cost-effective,
widely accessibleyand reliable for routine trace metal analysis in environmental and clinical
laboratories.

11. Basic response: Sample preparation involves digestion, dilution, or filtration to make the
analyte measurable. Proper handling prevents contamination and ensures accurate results.
Value-added response: Outstanding learners may note that preparation varies by sample type
(e.g., biological vs. industrial), and improper handling can introduce systematic errors. They may
also highlight the importance of storage conditions and chain-of-custody in regulated
environments.

12. Basic response: Safety practices include wearing protective clothing, ensuring
ventilation, and following manufacturer guidelines. These prevent accidents and exposure to
harmful substances.

Value-added response: Outstanding learners may emphasise that safety extends beyond
personal protection to equipment longevity and laboratory compliance. They may also connect
safety practices to broader occupational health standards and environmental protection.

-
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Answers to Pilot Questions [Series 2]
Part 2.1 Fundamentals of Atomic Absorption

Lower to higher energy levels

Energy levels

Atomisation

Quick Access Toolbar (toolbar analogy question adapted to atomic absorption context)
True

vk wN R

Part 2.2 Instrumentation in Atomic Absorption Spectrometry

Hollow cathode lamp
Atomiser

Monochromator

Graphite furnace atomiser
True

vk wnN e

Part 2.3 Analytical Applications and Methodology

Standard addition
Sample preparation
Sensitivity
Background correction
True

ukwn e

Part 2.4 Advantages, Limitations, and Safety Considerations

Each element absorbs radiation at a unique wavelength
One

Single-element analysis

Ventilation

True

ukwnN e

References and Attributions [Series 2]
This section compiles references, suggested open educational resources (OERs), and attributions
for illustrations and concepts used in Series 2: Principles of Atomic Absorption Spectrometry.

General References

e Chang, R. (2010). Chemistry (10th ed.). New York: McGraw-Hill.
e Skoog, D. A, Holler, F. J., & Crouch, S. R. (2017). Principles of Instrumental Analysis (7th ed.).
Boston: Cengage Learning.
e OpenStax. (2016). Chemistry. Houston: Rice University. Available at
https://openstax.org/books/chemistry
)
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Ilustrations and Suggested Sources
e Figure 2.1: Electron excitation through absorption of radiation

e Al prompt: “Generate a simple labelled diagram showing electrons in an atom absorbing
radiation and moving to higher energy levels.”
e Suggested OER search string: “atomic absorption diagram electrons energy levels OER”
e Plate 2.1: Energy levels and electronic transitions in atoms

e Al prompt: “Illustrate atomic energy levels with arrows showing upward electronic
transitions.”
e Suggested OER search string: “atomic energy levels electronic transitions OER”
o Figure 2.2: Structure of a hollow cathode lamp

e Al prompt: “Generate a labelled diagram of a hollow cathode lamp showing cathode,
anode, and discharge.”
e Suggested OER search string: “hollow cathode lamp diagram OER”
e Plate 2.2: Graphite furnace atomiser used in atomic absorption spectrometry

e Al prompt: “Generate an image of a graphite furnace atomiser used in atomic
absorption spectrometry.”
e Suggested OER search string: “graphite furnace atomiser atomic absorption OER”
o Figure 2.3: Monochromator and detector.in atomic absorption spectrometry

e Al prompt: “Generate a labelled diagram showing monochromator and detector
arrangement in atomic absorption spectrometry.”

e Suggested OER search string: “atomic absorption monochromator detector diagram
OER”

o Figure 2.4: Calibration-curve using standard addition method

o Al prompt: “Generate a labelled diagram showing calibration curve using standard
addition‘/method in atomic absorption spectrometry.”

e Suggested OER search string: “atomic absorption calibration curve standard addition
OER”

o Plate 2.3: Sample preparation for atomic absorption spectrometry

e ' Alprompt:“Illustrate laboratory technician preparing samples for atomic absorption
spectrometry.”
e Suggested OER search string: “atomic absorption sample preparation laboratory OER
image”
o Figure 2.5: Sensitivity in quantitative analysis using calibration curves

e Al prompt: “Generate a graph showing absorbance vs concentration with sensitivity
limits in atomic absorption spectrometry.”
e Suggested OER search string: “atomic absorption sensitivity calibration curve OER”
e Box 2.3: Common interferences and correction techniques in atomic absorption
Spectrometry

e Al prompt: “Create a simple table listing common interferences and correction
techniques in atomic absorption spectrometry.”
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e Suggested OER search string: “atomic absorption interferences correction techniques
OER table”

o Figure 2.6: Applications of atomic absorption spectrometry across different fields

e Al prompt: “Generate a labelled diagram showing applications of atomic absorption
spectrometry in environmental, biological, and industrial fields.”

e Suggested OER search string: “atomic absorption spectrometry applications diagram
OER”

e Box 2.4: Limitations of atomic absorption spectrometry

e Al prompt: “Create a simple table listing limitations of atomic absorption spectrometry
compared to ICP-OES.”

e Suggested OER search string: “atomic absorption limitations ICP-OES comparison OER
table”

o Plate 2.4: Safe operation of flame atomiser in atomic absorption spectrometry

e Al prompt: “Illustrate laboratory technician using flame atomiser with protective
equipment in atomic absorption spectrometry.”

e Suggested OER search string: “atomic absorption flame atomiser laboratory safety OER
image”

Course Code: CHM 312
Course Title: Analytical Atomic Spectroscopy
Course Unit: 2 Units C: LH 30

Course series:
Series 1: Interaction of Atoms with Electromagnetic Radiation
Series 2: Principles of Atomic Absorption Spectrometry
Series 3: Atomic Emission and Fluorescence Spectrometry
Series 4: X-Ray Fluorescence Spectrometry

Series 5: Preparation and Use of Standard Solutions in Atomic Spectroscopy

Suggested Outline
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Part 3.1 Fundamentals of Atomic Emission and Fluorescence

e 3.1.1 Principles of atomic emission — definition, mechanism, and energy transitions.

e 3.1.2 Principles of fluorescence — definition, mechanism, and differences from emission.

e 3.1.3 Comparison of emission and fluorescence spectrometry — strengths and
distinctions.

Part 3.2 Instrumentation in Atomic Emission and Fluorescence Spectrometry

e 3.2.1 Radiation sources — flames, arcs, sparks, and plasma sources.

e 3.2.2 Optical systems — monochromators, filters, and detectors.

e 3.2.3 Fluorescence instrumentation — excitation sources, emission filters, and
photomultipliers.

Part 3.3 Analytical Applications and Methodology

e 3.3.1 Calibration approaches in emission and fluorescence — external calibration,
standard addition.

e 3.3.2 Sample preparation and handling — solid, liquid, and gaseous samples.

e 3.3.3 Quantitative and qualitative applications — trace metal analysis, biomolecular
fluorescence.

e 3.3.4 Interference and correction techniques — spectral overlap, quenching, matrix
effects.

Part 3.4 Advantages, Limitations, and Safety Considerations

e 3.4.1 Strengths of emission and fluorescence spectrometry — sensitivity, selectivity,
multi-element capability.

e 3.4.2 Limitations compared with other spectrometric techniques — complexity, cost,
susceptibility to quenching.

e 3.4.3 Safety practices in laboratory use — handling high-energy sources, UV radiation,
and chemical hazards.

Introduction

In the last Series, we explored the principles of atomic absorption spectrometry, focusing on how
atoms absorb radiation and how this process can be harnessed for quantitative analysis. Building
on that foundation, we now turn to atomic emission and fluorescence spectrometry, techniques
that rely on the light emitted by excited atoms or molecules. These methods are widely used in
analytical chemistry and biochemistry, offering powerful tools for detecting and quantifying
elements and compounds with high sensitivity.

The aim of this Series is to introduce you to the principles, instrumentation, and applications of
atomic emission and fluorescence spectrometry, while also helping you to critically evaluate
their advantages, limitations, and safety considerations. By the end of this Series, you will be

-
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equipped with the knowledge and skills to apply these techniques effectively in analytical
contexts.

We shall commence this Series by examining the fundamentals of atomic emission and
fluorescence, highlighting the principles and differences between the two. Next, we will explore
the instrumentation, including radiation sources, optical systems, and fluorescence-specific
components. Following that, we will consider analytical applications and methodology, covering
calibration approaches, sample preparation, and interference correction. Finally, we will
conclude by assessing the advantages and limitations of these techniques, alongside essential
safety practices for laboratory use.

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

SLO 3.1 define the principles of atomic emission and fluorescence spectrometry;

SLO 3.2 explain the differences between atomic emission andfluorescence processes,

SLO 3.3 describe the main components of instrumentation used in atomic‘emission and
fluorescence spectrometry,

SLO 3.4 apply appropriate calibration methods to quantitative analysis using emission and
fluorescence techniques,

SLO 3.5 demonstrate correct sample preparation and handling procedures for emission and
fluorescence measurements,

SLO 3.6 analyse common sources of interference in emission and fluorescence spectrometry and
outline correction strategies,

SLO 3.7 evaluate the advantages and limitations of atomic emission and fluorescence
spectrometry compared with other spectrometric techniques, and

SLO 3.8 identify and implement essential safety practices when working with radiation sources,
optical systems, and laboratory hazards in emission and fluorescence spectrometry.

3.1 Fundamentals of Atomic Emission and Fluorescence

Atomic emission and fluorescence spectrometry are powerful techniques that rely on the
interaction of atoms and molecules with light. While atomic absorption focuses on how atoms
absorb radiation, emission and fluorescence highlight how atoms and molecules release light
after excitation. These processes are central to analytical chemistry, enabling sensitive detection
of elements and compounds.

3.1.1 Principles of atomic emission

Atomic emission is the process by which atoms, excited to higher energy levels (defined as
discrete positions that electrons occupy within atoms), release photons as electrons return to
lower levels. The wavelength of the emitted radiation is characteristic of the element, making
emission spectrometry highly specific. Excitation can be achieved through flames, arcs, sparks,
or plasma sources.

-
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Fill in the blank: The process by which atoms release photons as electrons return to lower energy
levels is called

ATOMIC EMISSION AND PHOTON EMISSION

1. ELECTRON EXCITATION 5 2. PHOTON EMISSION
(ENERGY ABSORPTION) (ATOMIC EMISSION)

EXCITATION EMISSION

n=co ELECTRON
IONIZATIONENERGY  MOVESTO n=w
HIGHER

Energy
Levels (n)

s = n=3to n=2 -» 656 nm (RED)
(n) ELECTRONRETURNS | n=4 to n=2-> 486 nm (BLUE)
(Photon, Heat, TOLOWERENERGY | nag to n=z-» 486 nm (BLUE)

INCOMING
ENERGY

or Collision)
EXCITATION EMISSION
1. ELECTRON EXCITATION 2. PHOTON EMISSION
(ENERGY ABSORPTION) (ATOMIC EMISSION)

Figure 3.1: Atomic emission process.

Diagram showing electron excitation and photon emission.
Figure 3.1: Atomic emission process.
“atomic emission electron excitation photen emission diagram OER”

3.1.2 Principles of fluorescence

Fluorescence is the emission of light by a substance that has absorbed radiation. Unlike atomic
emission, fluorescence involvesmolecules or atoms absorbing photons and then re-emitting them
almost immediately. The emitted light usually has a longer wavelength than the absorbed light
due to energy loss during the process. This property makes fluorescence useful for detecting
trace amounts of substances, especially in biological and environmental applications.

Fill in the blank: The type of light emission that occurs almost immediately after a substance
absorbs radiation is called

-

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



Plate 3.1: Fluorescence emission compared with absorption

Figure 31
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Diagram adapted for Open Educational Resource (OER).

Image showing fluorescence emission with absorbed and emitted wavelengths.
Plate 3.1: Fluorescence emission compared-with absorption.
“fluorescence emission absorption wavelength diagram OER™

Fluorescence lifetime

The fluorescence lifetime is the average time a molecule remains in the excited state before
emitting a photon. It is typically very.short, on the order of nanoseconds, and provides
information about the environment of the molecule.

Fill in the blank: The average time a molecule remains in the excited state before emitting a

photon is called

3.13

Comparison of emission and fluorescence spectrometry

Although both-techniques involve light emission, they differ in their mechanisms and
applications. Atomic emission arises from excited atoms returning to lower energy states, while
fluorescence results from molecules or atoms re-emitting absorbed radiation. Emission
spectrometry is widely used for elemental analysis, whereas fluorescence spectrometry is often
applied to molecular systems, including biological samples.

-
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Table 3.1: Comparison of atomic emission and fl
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Table comparing atomic emission and fluorescence spectrometry.
Table 3.1: Comparison of atomic emission and fluerescence spectrometry.
“atomic emission vs fluorescence spectrometry comparison table OER”

Fill in the blank: The technique commonly used for elemental analysis is
spectrometry, while the technique often applied to molecular systems is
spectrometry.

Pilot Questions 3.1 (Fundamentals of Atomic Emission and Fluorescence)

1. The process by which atoms release photons as electrons return to lower energy levels is
called:
A. Atomic absorption
B. Atomic emission
C. Fluorescence
D. Tonisation
Answer: B (SLO 3.1)

2." The type of light emission that occurs almost immediately after a substance absorbs
radiation is called
Answer: Fluorescence (SLO 3.1)

3. The average time a molecule remains in the excited state before emitting a photon is
called
Answer: Fluorescence llfetlme (SLO 3.1)

4. Match the spectrometric technique in Column A with its primary application in Column
B.
Column A (Techniques) | Column B (Applications)
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Atomic emission | A. Elemental analysis
Fluorescence | B. Molecular systems, including biological samples
Answers: Atomic emission — A; Fluorescence — B (SLO 3.1)

5. The technique commonly used for elemental analysis is
spectrometry, while the technique often applied to molecular systems is
spectrometry.

Answer: Atomic emission spectrometry; Fluorescence spectrometry (SLO 3.1)

3.2 Instrumentation in Atomic Emission and Fluorescence
Spectrometry

Instrumentation is the backbone of atomic emission and fluorescence spectrometry. Each
component plays a specific role in ensuring that excitation, emission, and detection are carried
out with precision. In this Part, we will examine radiation sources, optical systems, and
fluorescence-specific instrumentation.

3.2.1 Radiation sources

Radiation sources are devices or systems that provide the energy needed to excite atoms or
molecules. In atomic emission spectrometry, common sources include flames, arcs, sparks, and
plasma sources. Flames provide moderate excitation suitable for routine analysis, while plasma
sources such as inductively coupled plasma (ICP) deliver high energy, enabling multi-element
detection.

Fill in the blank: The high-energy source that enables multi-element detection in atomic emission
spectrometry is

-
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Figure 3.2: Common radiation sources in atomic emission spectrometry
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Diagram showing different radiation sources (flame, arc, spark, plasma).
Figure 3.2: Common radiation sources in atomic emission spectrometry.

“atomic emission radiation sources flame arc plasma diagram OER”

3.2.2 Optical systems

Optical systems are arrangements of components that isolate and direct light to the detector. The
key element is the monochromator, defined as a device that selects a specific wavelength of
light from a broad spectrum. Moenochromators may use prisms or diffraction gratings. Filters are
sometimes employed to block unwanted wavelengths. Together, these systems ensure that only
the relevant emission or fluorescence signal reaches the detector.

Fill in the blank: The device thatisoelates a specific wavelength of light from a broad spectrum is
called a
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Figure 3.3: Optical system in atomic emission and fluorescence spectrometry.
A) Atomic Emission Spectrometry (AES)
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Diagram showing monochromator and filter arrangement:
Figure 3.3: Optical system in atomic emission and fluorescence spectrometry.

“monochromator filter optical system atomic emission fluorescence OER”

Detectors

Detectors convert light into measurable signals. A common detector is the photomultiplier
tube, defined as a device that amplifies weak light signals into electrical outputs. Modern
systems may also use solid-state detectors for improved stability and sensitivity.

Fill in the blank: The detector that amplifies weak light signals into electrical outputs is called a

3.2.3 Fluorescence instrumentation

Fluorescence spectrometry requires specialised instrumentation. The excitation source provides
radiation to excite molecules, often using xenon lamps or lasers. Emission filters or
monochromators then separate the fluorescence signal from scattered excitation light. Finally,
detectors such as photomultipliers measure the emitted light.

Fill in the blank: The component that separates fluorescence emission from scattered excitation
light is the
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- Plate 3.2: Basic fluorescence
spectrometer setup.

Excitation
Light Path
(Xenon Lamp)

Excitation
Light Path
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(Xenon Lamp)

-

Holder ~Sample
Cuvette

Image showing fluorescence spectrometer setup with-€xeitation source, sample holder, emission
filter, and detector.

Plate 3.2: Basic fluorescence spectrometer setup.

“fluorescence spectrometer setup excitation emission detector OER”

Box 3.1: Key features of fluorescence instrumentation

Box 3.1: Key features of fluorescence instrumentation.

| Excitation Source
Provides light of a specific wavelength to excite
the sample molecules.
Examples: Xenon arc lamps, lasers, LEDs.

Sample Holder (Cuvette) e
Holds the fluorescent sample solution in a
transparent cell. Typically placed at a 90-degree
angle to the light source to minimize scattering.

Emission Filter / Wavelength Selector

Selects only the emitted fluorescence light of
interest, filtering out scattered excitation light.

Uses optical filters or monochromators.

Detector
Converts the filtered light photons into an
electrical signal. Measures the intensity of the

fluorescence emission. Common types:
Photomultiplier tubes (PMTs), Photodiodes.

Single-column table listing features such as excitation source, emission filter, sample holder, and
detector.

Box 3.1: Key features of fluorescence instrumentation.

“Create a single-column box listing key features of fluorescence instrumentation: excitation

-
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source, emission filter, sample holder, detector.”
Search string: “fluorescence spectrometry instrumentation components OER”

Pilot Questions 3.2 (Instrumentation in Atomic Emission and Fluorescence
Spectrometry)

1. The high-energy source that enables multi-element detection in atomic emission
spectrometry is .
Answer: Inductively coupled plasma (ICP) (SLO 3.2)

2. The device that isolates a specific wavelength of light from a broad spectrum is called a

Answer: Monochromator (SLO 3.2)
3. The detector that amplifies weak light signals into electrical outputs is.called a

Answer: Photomultiplier tube (SLO 3.2)
4. The component that separates fluorescence emission from scattered excitation light is the

Answer: Emission filter or monochromator (SLO 3.2)

5. Match the component in Column A with its function in Column B.
Column A (Components) | Column B (Functions)
Radiation source | A. Provides energy to excite atoms or molecules
Optical system | B. Selects and directs specific wavelengths of light
Detector | C. Converts light into measurable signals

Answers: Radiation source — A; Optical system — B; Detector — C (SLO 3.2)

3.3 Analytical Applications and Methodology

Atomic emission and fluorescence spectrometry are not only theoretical concepts but practical
tools widely used in laboratories. This Part will guide you through calibration approaches,
sample preparation;applications, and interference correction, helping you connect
instrumentation to real-world analysis.

3.3.1 Calibration approaches in emission and fluorescence

Calibration is the process of establishing the relationship between instrument response and
analyte concentration. In emission and fluorescence spectrometry, common approaches include
external calibration, which uses a series of standards to construct a calibration curve, and
standard addition, which compensates for matrix effects by spiking the sample with known
amounts of analyte.

-
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Fill in the blank: The calibration method that compensates for matrix effects by spiking the
sample with known analyte is called

Figure 3.4: External Calibration versus Standard Addition in
Emission and Fluorescence Spectrometry
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Diagram comparing external calibration curve and standard addition method.

Figure 3.4: External calibration versus standard addition in emission and fluorescence
spectrometry.

“calibration methods emission fluorescence spectrometry diagram OER”

3.3.2 Sample preparation and handling

Sample preparation refers to the procedures used to convert a sample into a form suitable for
measurement. For liquid samples, preparation may involve dilution, acidification, or filtration.
Solid samples often require digestion with acids to bring analytes into solution. In fluorescence
spectrometry, sample preparation may also include removing quenching agents or adjusting pH
to optimise fluorescence signals.

Fill in the blank: The process of converting a solid sample into a solution suitable for analysis is
called

-
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Figure 3.5: Sample preparation workflow for emission and
fluorescence spectrometry

1. Water Samples 2. Soil Samples 3. Biological Samples

Sample Sample Sample Collection Sample Collection  Tissves.
Collection Collection & Drying & Stabilization < Fory
(unfiltered) (filtered)

Sieving
(<2 mm fraction) Homogenization
Filtration (Mechanical, Ultrasonic)
(0.45 pm membrane)
Remove suspended solids Grinding &

Protein Precipitation
(e.g., Trichloroacetic acid,

Homogenization

Acidification = Acetonitrile)
(HNO3, pH < 2) Exiraction Methods — Remove interferences

Preserve trace r?e;als, prevem] isted i Ashing
precipitation/adsorption Digestion e.q., Tessier Analysis -
(EPA Method 3052) { sgcheme) (—] D?SO;J[ R
Optional: P i Block Digt Single Extraction wag?:?m
(e.g. St')lid Pha‘se Extraction, (HNO3/HCI/HF) || (e.g., DTPA-TEA) HNO;/H;O;)
on B
Filter/Centrifuge kf Dilution in
Extract Acid Matrix
Direct Analysis Analysis Analysis
(Emission or Fluorescence (Emission or Fl: ission or F
Spectrometry) Spectrometry) Spectrometry)
~ —
s EMISSION & FLUORESCENCE
SPECTROMETRY ICP-OES Fluorometer
(Emission) (Fluorescence)

Adapted from OER sources, e.g., EPA, AOAC methods. Figure is CC-BY 4.0
Flowchart showing sample preparation steps for water, soil, and biological samples.
Figure 3.5: Sample preparation workflow for emission and fluorescence spectrometry.
“sample preparation emission fluorescence spectrometry workflow OER”

3.3.3 Quantitative and qualitative applications

Emission and fluorescence spectrometry are versatile in both quantitative analysis (measuring
concentrations) and qualitative analysis (identifying substances). Atomic emission is widely
used for trace metal analysis in environmental monitoring, while fluorescence is applied in
biomolecular studies; medical diagnostics, and food safety.

Fill in the blank: The spectrometric technique often applied to biomolecular studies and medical
diagnostics is

-
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PLATE 3.3: APPLICATIONS OF FLUORESCENCE SPECTROMETRY

3" BIOMOLECULAR E¢ 1 MEDICAL i) ﬁ FOOD
(e STUDIES 3 DIAGNOSTICS

| SAFETY

Image showing applications of fluorescence in biom
Plate 3.3: Applications of ﬂuorescence spe

Interferences are factors that di ic measurements. In emission spectrometry,
spectral overlap occurs wk ents emit at similar wavelengths. In fluorescence,

Fill in the bla i f fluorescence intensity due to interactions with other molecules
is called
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COMMON INTERFERENCES IN EMISSION | &
AND FLUORESCENCE SPECTROMETRY | &A]
ATOMIC EMISSION SPECTROMETRY (AES) /] i MOLECULAR FLUORESCENCE SPECTROMETRY
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Figure 3.6: Common interferences in emission and fluorescence spectrometry.
Diagram showing spectral overlap in emission and quenching in fluorescence.
Figure 3.6: Common interferences in emission and-fluorescence spectrometry.
“spectral overlap quenching fluorescence emission correction diagram OER”

Box 3.2: Checklist for managing interferences

( Atomic Emission R Atomic Fluorescence
Spectrometry (AES) Spectrometry (AFS)
Excitation Source: Thermal Excitation Source: Radiative
(e.g., Flame, Plasma) (e.g., Lasers, HCLs)
Plasma A A Wavelength, Agx j Q
¥
Signal Generation ' Signal Generation
m,%r,r;?' o rcomsmExcitation gf’wp""" Fluorescence Emission

at Aem (Aem > Aex)

Emission
Signal Detector

Fluorescence
Signal

Spontaneous’ Excitation Background
Emission tter
¥
Sensitivity Characteristics Sensitivity Characteristics
X _ Very High i
i Wide Very Wide
z| High High - Very High ery
(2] (2}
Signal-to-Noise Ratio Dynamic Ran Signal-to-Noise Ratio Dynamic Range
o Ratio (S/N) 2 o ¢ Ratio (S/N) 2 g
5 Limitation: q 5 Advantages: /"
‘% é. e Matrix Interferences, % -3 Law%r [, N ®
8 Self-Absorplion 8g pE {
2 3 v :& 23 AFS Enhanced Signal  gatial  Time-
| Filtering  Gating
Detection Limit vs. Concentration Interferences Detection Limit vs. Concentration Scatter Reduction
Attribute AES AFS
Primary Noise Source Thermal energy Radiative Ecarcatore
Dynamic Range Venr- High Very Wide
Detection Limits High lower limit Detiection lower
L Interferences Matrix Matrix, Interferences Lower Background, Selectivity, Selectivity )

Figure 3.7: Sensitivity comparison of atomic emission and atomic fluorescence spectrometry.
Single-column table listing steps such as background subtraction, matrix matching, standard
addition, and wavelength selection.
Box 3.2: Managing interferences in emission and fluorescence spectrometry.
“emission fluorescence spectrometry interference checklist OER”
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Pilot Questions 3.3 (Analytical Applications and Methodology)

1. The calibration method that compensates for matrix effects by spiking the sample with
known analyte is called
Answer: Standard addition (SLO 3.3)

2. The process of converting a solid sample into a solution suitable for analysis is called

Answer: Digestion (SLO 3.3)

3. The spectrometric technique often applied to biomolecular studies and medical
diagnostics is .
Answer: Fluorescence spectrometry (SLO 3.3)

4. The reduction of fluorescence intensity due to interactions with other molecules is called

Answer: Quenching (SLO 3.3)

5. Match the calibration approach in Column A with its description in Column B.
Column A (Approach) | Column B (Description)
External calibration | A. Uses a series of standards to construct a calibration curve
Standard addition | B. Compensates for matrix effects by spiking the sample with known
analyte

Answers: External calibration — AjStandard addition — B (SLO 3.3)

3.4 Advantages, Limitations, and Safety Considerations

Atomic emission and fluorescence spectrometry are widely used because of their sensitivity and
versatility. However, like all analytical techniques, they have both strengths and weaknesses.
Safe laboratory practices are also essential when working with high-energy sources and
radiation.

3.4.1 Strengths of emission and fluorescence spectrometry

One of the main advantages of these techniques is their sensitivity, defined as the ability to
detect very low concentrations of analytes. Fluorescence, in particular, can detect trace amounts
of biomolecules. Another strength is selectivity, which refers to the ability to measure specific
elements or compounds with minimal interference. Emission spectrometry also offers multi-
element capability, allowing simultaneous detection of several elements when using plasma
sources.

Fill in the blank: The property that allows spectrometry to detect very low concentrations of
analytes is called

-
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" Box 3.3: Practical benefits of emission |
and fluorescence spectrometry

Key advantages include: €]

Multielement capabilities: Can analyze multiple

elements simultaneously or very rapidly.

« Determine dozens of elements in a single sample run
(especially ICP-AES).

Exceptional detection limits: Achieve very low

concentrations for trace analysis.

«» Measure at parts-per-billion (ppb) or parts-per-trillion
(ppt) levels for many elements.

Wide linear dynamic ranges: Calibrations span

several orders of magnitude.

« Analyze samples with a wide concentration range
without massive dilutions.

* High sample throughput: Rapid analysis for large
L numbers of samples.
« Analyze hundreds of samples per day, often automated.

Small sample size requirement: Minimizes material
use and waste.
« Analyze micro-volumes, preserving valuable samples.

e Robustness and versatility: Capable of analyzing
‘{Ay @ complex sample matrices.
« Analyze liquids, solids (via vaporization), and diverse
@J environmental or biological samples with minimal
preparation.

OER Learning Resource

Diagram comparing sensitivity of emission-and fluorescence spectrometry.
Figure 3.7: Sensitivity comparison of emission and fluorescence techniques.
“atomic emission fluorescence sensitivity comparison diagram OER”

Box 3.3: Practical benefits of emission and fluorescence spectrometry

' 3

Table 3.2: Limitations of emission and fluorescence
spectrometry compared with ICP-MS.

LIMITATIONS OF AES / AFS vs. ICP-MS

ATTRIBUTE | Emission and Fluorescence
Spectrometry (AES/AFS)

Lower sensitivity for many ;’m{,:{%ﬂl se?:;:z:g fet
elements (especially non- - ; )
metals), with detection limits (including ultra-trace levels),

SENSITIVITY | often in the ppm-ppb range. ﬁ‘e:ﬁ:t‘i)t:)r:-gr;;t?af;;(guently

Generally lower initial capital Yer{ high "t"."al capital cost
cost, moderate operating | (nstrument s expensive),
% : and high operating costs

costs (requires gases like '
argon, but fewer consumables ﬁ%%@iﬂiﬂﬁsggﬂji’fﬁ
2

COST than ICP-MS). maintenance).

SUSCEPTIBILITY | High susceptibility to spectral | Lower, but not negligible,
TO INTERFENCES | interferences (overlapping | spectral interferences
emission/fluorescence lines), | (isobaric and polyatomic).
and significant chemical High sensitivity to physical
interferences (e.g., formation | interferences (matrix
of stable compounds in the | effects, memory effects)
INTERFERENCES flame or plasma). and potential for clogging.

\ J
*This table izes key ive limitations and should be idered within the specific application context.

L4 OER Content-[A ypatheticalatribution or ‘Open Educationa Resource] )

Single-column table listing benefits such as sensitivity, selectivity, and multi-element capability.
Box 3.3: Practical benefits of emission and fluorescence spectrometry.
“advantages atomic emission fluorescence spectrometry OER”
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3.4.2 Limitations compared with other spectrometric techniques

Despite their strengths, emission and fluorescence spectrometry have limitations. Emission
spectrometry often requires high-energy sources, making instrumentation more complex and
costly. Fluorescence is susceptible to quenching, defined as the reduction of fluorescence
intensity due to interactions with other molecules. Both techniques may also face matrix
interferences, where sample composition affects measurement accuracy. Compared with ICP-
MS, fluorescence and emission may offer less sensitivity for ultra-trace detection.

Fill in the blank: The reduction of fluorescence intensity due to interactions with other molecules
is called

Table 3.2: Limitations of emission and fluorescence
spectrometry compared with ICP-MS.

LIMITATIONS OF AES / AFS vs. ICP-MS
ATTRIBUTE | Emission and Fluorescence
Spectrometry (AES/AFS)
Lower sensitivity for many ;/li%:g;' se?grsr:g\;;tsy for
e o | g i rce )
i ¥ etection limits frequently
SENSITIVITY often in the ppm-ppb range. in the ppt-ppg range.
Generally lower initial capital \{er)tl high irt\i_tial capital cost
cost, moderate operating ('"s I';‘.J"r"e" s t?(penswte),
% costs (requires gases like ?(?on slugm ;ﬁz? ':?ghc:rs gn
argon, but fewer consumables Hics, g arg
than ICP-MS) consumption, specialized
CosT 3 maintenance).
SUSCEPTIBILITY | High susceptibility to spectral | Lower, but not negligible,
y
TO INTERFENCES | interferences (overlapping | spectral interferences
emission/fluorescence lines), | (isobaric and polyatomic).
EXQ% and significant chemical High sensitivity to physical
interferences (e.g., formation | interferences (matrix
T0 of stable compounds in the | effects, memory effects)
flame or plasma). and potential for clogging.
INTERFERENCES P!

*This table key and should be within the specific ion context.

L OER Content- A hypothetical attibution or Open Educatonal Resource] |

Table comparing limitations of emission and fluorescence spectrometry with ICP-MS.
Table 3.2: Limitations of emission and fluorescence spectrometry compared with I[CP-MS.
“limitations atomic emission fluorescence vs I[CP-MS comparison table OER”

3.4.3 Safety practices in laboratory use

Safe operation is essential when working with high-energy sources and radiation. Plasma sources
generate very high temperatures, requiring protective equipment. Fluorescence spectrometry
oftenuses UV radiation, defined as electromagnetic radiation with wavelengths shorter than
visible light, which can damage eyes and skin. Proper shielding and eye protection are therefore
necessary. Handling chemicals for sample preparation also requires adherence to institutional
safety guidelines.

-

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



Fill in the blank: The type of radiation used in fluorescence spectrometry that can damage eyes
and skin is

Key safety measures include:

o Wearing appropriate personal protective equipment (PPE) such as lab coats, goggles,
and gloves.

o Ensuring proper ventilation when working with plasma or flame sources.

o Using shielding and protective eyewear when working with UV radiation.

e Following correct procedures for chemical handling and waste disposal:

Flgure 3.8: Safety checklist for :
emission and fluorescence spectrometry

_ PPE (Personal Protective Equipment)
([ Eye protection (safety glasses with side shields, or impact-resistant goggles)(”)
(3 Face shield for splash hazards
(3 Lab coat (flam: i and chemical-resi: ) \'\V‘

(O Appropriate gloves (nitrile for general use; check compatlblllty ﬂ t \J
matrix for specific chemicals)

[ Closed-toe shoes
SHIELDING

O Install appropriate optical shielding around powerful sources (e.g.,
lasers, arc, spark)

[ Use light-tight enclosures to prevent stray radiation and unintended

(3 Ensure sample compartment interlocks are fi

[ Post visible warning signs (e.g., ‘LASER RADIATION', 'HIGH VOLTAGE')

8 &)

- Q > -

- [ Operate within a properly funchomng fume hood = =
[ Ensure ventilation is adequate to exhaust toxic fumes, vapors,

]lm“ and gases (e.g., from sample decomposition) @

||_‘_=_\|"" O Verify laminar flow or equivalent if required for specific i o 4

=" (O Do not block or reduce air flow )

[ Store all chemical and in pproved, labeled 1
containers
(3 Refer to and maintain accessible Safety Data Sheets (SDS) for all materials .
([ Handle hazardous substances, particularly volatile or toxic materials,
with extreme care

[ Avoid contact with skin, eyes, and clothing
[ Have a clear pi | for spills and i

6)EX®)- Open Educational Resource

Safety checklist diagram for emission and fluorescence spectrometry showing PPE, shielding,
ventilation, and chemical handling:

Figure 3.8: Safety checklist for emission and fluorescence spectrometry.

“atomic emission fluorescence spectrometry safety checklist OER”
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Box 3.4: Emergency procedures and first aid

[ Box 3.4: Emergency Procedures and First Aid ”\

Summary of Emergency Procedures and First Aid
in Spectrometry Laboratories

THERMAL & CHEMICAL BURNS

o
~> Stop the source. Rinse chemical burns under =
0 —> Cool thermal burns wmu 059 safety shower or eyewash (min =7 | ©
running watev (10-15min). 2% 15 min). ’y_
(contain: care). = Remove contaminated clothing. ZZZ0
&

Avoid ice, ointments) ~» Seek medical attention for severe cases. )

UV EXPOSURE (ULTRAVIOLET)

S
% “ = Turmn off the UV source. » » . —> Use your eye protection.
\‘ w - ~—> Inform laboratory supervisor. | —> Seek medical advice
—> Apply saline solution for i (for delayed symptoms: eye
= eye iritation. ! pain, skin redness).

| —> Use designated eyewear in futun

GAS LEAKS (TOXIC/FLAMMABLE)

~—> Alert others immediately. ﬂ '
—> Shut off gas supply if safe. ll{")ll
~> Do not operate switches

17"\
or cause sparks. =
~—> Open windows (if safe). :& O

Call emergency services.

r CHEMICAL SPILLS

—> Alert lab personnel
* Treat exposed individuals

A —> Assess the spill :
Small Spills: '
£ .‘ = Wear PPE, consult SDS, |
D, g neutralize (it (' appllcable)
5 absorb, sweep up, :
drspose safely ' (eyewash/shower)
e a

Single-column table summarising immedlate actions for burns, UV exposure, gas leaks, and
chemical spills.

Box 3.4: Emergency procedures and first aid.
“laboratory emergency procedures burns UV exposure gas leak OER”

J

BYWOA)

Large/Hazardous Spills:
* Evacuate area @)
* Call for help (o]

* Provide info to responders

°

Pilot Questions 3.4 (Advantages, Limitations, and Safety Considerations)

1. The property that allows spectrometry to detect very low concentrations of analytes is
called
Answer: Sensitivity (SLO 3. 4)

2. The reduction of fluorescence intensity due to interactions with other molecules is called

Answer: Quenching (SLO 3.4)
3. ~The type of radiation used in fluorescence spectrometry that can damage eyes and skin is

Answer: Ultraviolet (UV) radiation (SLO 3.4)
4. Which of the following is a practical benefit of atomic emission spectrometry when using
plasma sources?
A. Lower cost instrumentation
B. Multi-element capability
C. Reduced quenching effects
D. Minimal sample preparation
Answer: B. Multi-element capability (SLO 3.4)
5. Match the safety measure in Column A with its purpose in Column B.
Column A (Safety Measures) | Column B (Purpose)
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Protective eyewear | A. Prevents damage from UV radiation
Ventilation | B. Reduces risks from plasma or flame sources
Chemical handling procedures | C. Ensures safe disposal and minimises exposure

Answers: Protective eyewear — A; Ventilation — B; Chemical handling procedures — C
(SLO 34)

Series Summary

This Series has introduced you to atomic emission and fluorescence spectrometry, highlighting
their principles, instrumentation, applications, and safety considerations. We began by examining
the fundamentals of emission and fluorescence, focusing on how atoms and molecules release
light after excitation and how these processes differ. We then explored the instrumentation,
including radiation sources, optical systems, and fluorescence-specific components. Following
that, we considered analytical applications and methodology, covering calibration approaches,
sample preparation, and both quantitative and qualitative uses, while also addressing interference
and correction techniques. Finally, we evaluated the advantages and limitations of these methods
and emphasised the importance of safe laboratory practices.

By engaging with these Parts, you should now be able to define the principles of atomic emission
and fluorescence, explain their differences, describe the instrumentation involved, apply
calibration and sample preparation methods, analyse interference issues, and evaluate the
strengths and weaknesses of these techniques. In addition, you should be able to identify and
implement essential safety practices. In achieving these outcomes, you have met the Series
Learning Outcomes (SLOs 3.1-3.8),/equipping you with the knowledge and skills to apply
atomic emission and fluorescence spectrometry confidently in analytical contexts.

Glossary of Terms
Absorption — The process by which atoms or molecules take in radiation energy, often leading
to excitation to higher energy levels.

Atomic emission < The release of photons when excited electrons in atoms return to lower
energy levels.

Calibration — A procedure used to establish the relationship between instrument response and
analyte concentration, often through external calibration or standard addition.

Detector — A device that converts light signals into measurable electrical outputs, such as a
photomultiplier tube.

Energy levels — Discrete positions that electrons occupy within atoms; transitions between these
levels result in absorption or emission of radiation.

Excitation source — A component that provides radiation to excite atoms or molecules, such as
flames, plasma, xenon lamps, or lasers.

Fluorescence — The immediate re-emission of light by a substance after it has absorbed
radiation, usually at a longer wavelength.

-
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Fluorescence lifetime — The average time a molecule remains in the excited state before
emitting a photon, typically measured in nanoseconds.

Matrix interferences — Effects caused by other components in the sample that alter
measurement accuracy, such as quenching or spectral overlap.

Monochromator — An optical device that isolates a specific wavelength of light from a broad
spectrum, ensuring only the relevant signal is measured.

Quenching — The reduction of fluorescence intensity due to interactions with other molecules or
environmental factors.

Radiation sources — Devices or systems that provide energy for excitation in spectrometry,
including flames, arcs, sparks, and plasma sources.

Selectivity — The ability of a spectrometric technique to measure a specific element or compound
with minimal interference.

Sensitivity — The capability of a spectrometric technique to detect very low: concentrations of an
analyte.

Spectral overlap — An interference that occurs when emissions from different elements or
compounds occur at similar wavelengths, making signals difficult to distinguish.

Ultraviolet (UV) radiation — Electromagnetic radiation with wavelengths shorter than visible
light, often used in fluorescence spectrometry but requiring protective measures due to health
risks.

Concept Check Questions [Series 3]
Objective Questions

1. Which radiation source provides the highest energy for atomic emission spectrometry?
A. Flame
B. Arc
C. Spark
D. Plasma
(Linked to SLO 3.3)

2. The immediate ré-emission of light by a substance after absorbing radiation is called

(Linked.to SLO 3.1)

3. Which optical component isolates a specific wavelength of light from a broad spectrum?
A. Filter
B. Monochromator
C. Detector
D. Lamp
(Linked to SLO 3.3)

4. The reduction of fluorescence intensity due to interactions with other molecules is known
as .
(Linked to SLO 3.6)

-
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5. Which type of radiation used in fluorescence spectrometry can damage eyes and skin?
A. Infrared
B. Ultraviolet
C. Visible
D. Microwave
(Linked to SLO 3.8)

Short-Answer Questions

6. Define atomic emission and explain its principle.
(Linked to SLO 3.1)

7. Describe the role of detectors in emission and fluorescence spectrometry.
(Linked to SLO 3.3)

8. List two practical applications of fluorescence spectrometry in biomolecular or medical

contexts.
(Linked to SLO 3.5)

9. Explain why standard addition is often used in fluorescence spectrometry.
(Linked to SLO 3.4)

Long-Answer Questions

10. Analyse the strengths and limitations of atomic emission and fluorescence spectrometry
compared with ICP-MS.
(Linked to SLO 3.7)

11. Evaluate the importance of safety practices when working with plasma sources and UV
radiation in spectrometry laboratories. Provide examples of specific precautions.
(Linked to SLO 3.8)

Answers to Concept Check Questions [Series 3]
Objective Questions

1./ D.Plasma

2. Fluorescence

3." Monochromator
4. Quenching

5. Ultraviolet

Short-Answer Questions

6. Atomic emission is the release of photons when excited electrons in atoms return to lower
energy levels. It is based on the principle that each element emits radiation at characteristic
wavelengths.

-
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7.

Detectors convert light signals into measurable electrical outputs. Photomultiplier tubes amplify

weak signals, while solid-state detectors provide stability and sensitivity.

8.

Applications include biomolecular fluorescence studies (e.g., protein analysis) and medical

diagnostics (e.g., detecting biomarkers).

9.

Standard addition is used to correct for matrix effects, ensuring accurate measurement even

when the sample composition interferes with fluorescence signals.

Long-Answer Questions

10.

11.

Basic response: Atomic emission and fluorescence spectrometry are sensitive and selective but
limited by quenching and matrix interferences. ICP-MS offers greater sensitivity and multi-
element capability.

Value-added response: ICP-MS provides ultra-trace detection and simultaneous multi-element
analysis, making it superior for complex samples. However,.emission and fluorescence
spectrometry remain cost-effective and simpler to operate, making them suitable for routine
laboratory use.

Basic response: Safety practices are vital because plasma sources generate high temperatures
and fluorescence spectrometry uses UV .radiation, which can harm eyes and skin. Precautions
include PPE, shielding, and ventilation.

Value-added response: Advanced safety measures include regular inspection of plasma
systems, interlocks to prevent accidental exposure, and training in emergency procedures for
burns, UV exposure, and chemical spills. These practices ensure both personal safety and
reliable laboratory operation.

Answers to Pilot Questions [Series 3.1-3.4]

Part 3.1: Fundamentals of Atomic Emission and Fluorescence

4IaY - Dl

Atomic emission

Fluorescence

Fluorescence lifetime

Atomic emission - Elemental analysis; Fluorescence - Molecular systems
Atomic emission spectrometry; Fluorescence spectrometry

Part 3.2: Instrumentation in Atomic Emission and Fluorescence Spectrometry

PonNE

-

Inductively coupled plasma (ICP)
Monochromator

Photomultiplier tube

Emission filter or monochromator

o)
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5. Radiation source - Provides energy; Optical system - Selects and directs wavelengths;
Detector - Converts light into signals

Part 3.3: Analytical Applications and Methodology

Standard addition

Digestion

Fluorescence spectrometry

Quenching

External calibration - Uses standards for calibration curve; Standard addition > Compensates
for matrix effects

vk wN R

Part 3.4: Advantages, Limitations, and Safety Considerations

Sensitivity

Quenching

Ultraviolet (UV) radiation

Multi-element capability

Protective eyewear - Prevents UV damage; Ventilation - Reduces plasma/flame risks;
Chemical handling procedures - Ensures safe disposal and minimises exposure

uhwnNRE

References and Attributions [Series 3]
This section compiles references, suggested open educational resources (OERs), and attributions
for illustrations and concepts used in Series 3: Atomic Emission and Fluorescence Spectrometry.

General References

e Chang, R. (2010). Chemistry (10th ed.). New York: McGraw-Hill.

e Skoog,D. A, Holler, F.J.,& Crouch, S. R. (2017). Principles of Instrumental Analysis (7th ed.).
Boston: Cengage Learning.

e OpenStax: (2016)./.Chemistry. Houston: Rice University. Available at
https://openstax.org/books/chemistry

Ilustrations and Suggested Sources
o . Figure 3.1 Atomic emission process

e Al prompt: “Generate a labelled diagram showing electron excitation to higher energy
levels and photon emission as electrons return to lower levels.”
e Suggested OER search string: “atomic emission electron excitation photon emission
diagram OER”
e Plate 3.1 Fluorescence emission compared with absorption

e Al prompt: “Create an image showing fluorescence emission with absorbed light at
shorter wavelength and emitted light at longer wavelength.”

-
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e Suggested OER search string: “fluorescence emission absorption wavelength diagram
OER”
e Table 3.1 Comparison of atomic emission and fluorescence spectrometry

e Al prompt: “Create a table comparing atomic emission and fluorescence spectrometry:in
terms of mechanism, timescale, and applications.”
e Suggested OER search string: “atomic emission vs fluorescence spectrometry
comparison table OER”
e Figure 3.2 Common radiation sources in atomic emission spectrometry

e Al prompt: “Generate a labelled diagram showing flame, arc, spark, and plasma sources
used in atomic emission spectrometry.”
e Suggested OER search string: “atomic emission radiation sources flame arc plasma
diagram OER”
e Figure 3.3 Optical system in atomic emission and fluorescence spectrometry

e Al prompt: “Generate a labelled diagram showing monochromator and filter
arrangement in atomic emission and fluorescence spectrometry.”
e Suggested OER search string: “monochromator filter optical system atomic emission
fluorescence OER”
e Plate 3.2 Basic fluorescence spectrometer setup

e Al prompt: “Create an image showing fluorescence spectrometer setup with excitation
source, sample holder, emission filter, and detector.”
e Suggested OER search string: “fluorescence spectrometer setup excitation emission
detector OER”
e Box 3.1 Key features of fluorescence instrumentation

e Al prompt: “Create a single-column box listing key features of fluorescence
instrumentation: excitation'source, emission filter, sample holder, detector.”
e Suggested OER search string: “fluorescence spectrometry instrumentation components
OER”
o Figure 3.4 External calibration versus standard addition in emission and fluorescence
Spectrometry

e [ Al prompt: “Generate a schematic comparing external calibration curve construction
and'standard addition method in emission and fluorescence spectrometry.”
o Suggested OER search string: “calibration methods emission fluorescence spectrometry
diagram OER”
e Figure 3.5 Sample preparation workflow for emission and fluorescence spectrometry

e Al prompt: “Create a flowchart showing sample preparation steps for water, soil, and
biological samples in emission and fluorescence spectrometry.”
e Suggested OER search string: “sample preparation emission fluorescence spectrometry
workflow OER”
e Plate 3.3 Applications of fluorescence spectrometry in biomolecular studies

e Al prompt: “Create an image showing fluorescence spectrometry applications in
biomolecular analysis, medical diagnostics, and food safety.”

e Suggested OER search string: “fluorescence spectrometry biomolecular medical
diagnostics OER”

-
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o Figure 3.6 Common interferences in emission and fluorescence spectrometry

e Al prompt: “Generate a diagram showing spectral overlap in atomic emission and
guenching in fluorescence spectrometry, with correction strategies.”
e Suggested OER search string: “spectral overlap quenching fluorescence emission
correction diagram OER”
e Box 3.2 Managing interferences in emission and fluorescence spectrometry

o Al prompt: “Create a single-column checklist for managing interferences in emission and
fluorescence spectrometry.”
e Suggested OER search string: “emission fluorescence spectrometry interference
checklist OER”
o Figure 3.7 Sensitivity comparison of emission and fluorescence techniques

e Al prompt: “Generate a schematic comparing sensitivity of atemic emission
spectrometry and fluorescence spectrometry.”
e Suggested OER search string: “atomic emission fluorescence sensitivity comparison
diagram OER”
e Box 3.3 Practical benefits of emission and fluorescence spectrometry

e Al prompt: “Create a single-column box listing practical benefits of emission and
fluorescence spectrometry.”
e Suggested OER search string: “advantages.atomic emission fluorescence spectrometry
OER”
e Table 3.2 Limitations of emission and fluorescence spectrometry compared with ICP-MS

e Al prompt: “Create a table comparing limitations of emission and fluorescence
spectrometry with ICP-MS in terms of sensitivity, cost, and susceptibility to
interferences.”

e Suggested OERssearch string: “limitations atomic emission fluorescence vs ICP-MS
comparison table OER”

o Figure 3.8 8afety checklist for emission and fluorescence spectrometry

e Al prompt: “Design arsafety checklist diagram for emission and fluorescence
spectrometry showing PPE, shielding, ventilation, and chemical handling.”
e [ Suggested OER search string: “atomic emission fluorescence spectrometry safety
checklist OER”
e _Box 3.4 Emergency procedures and first aid

o Al prompt: “Create a single-column box summarising emergency procedures for burns,
UV exposure, gas leaks, and chemical spills in spectrometry laboratories.”

e Suggested OER search string: “laboratory emergency procedures burns UV exposure gas
leak OER”

-
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Course Code: CHM 312
Course Title: Analytical Atomic Spectroscopy
Course Unit: 2 Units C: LH 30

Course series:
Series 1: Interaction of Atoms with Electromagnetic Radiation
Series 2: Principles of Atomic Absorption Spectrometry
Series 3: Atomic Emission and Fluorescence Spectrometry
Series 4: X-Ray Fluorescence Spectrometry
Series 5: Preparation and Use of Standard Solutions in Atomic Spectroscopy
Here’s a suggested outline for Series 4: X-Ray Fluorescence (XRF) Spectrometry, aligned

with the course structure and credit load requirements: Since this is part of a 2-credit course, the
Series should contain 3 to S main Parts.

Suggested Outline

Part 4.1 Fundamentals of X-Ray Fluorescence

e 4.1.1 Principles of XRF — definition, mechanism, and energy transitions.
e 4.1.2 Characteristic versus secondary radiation — distinction and importance.
e 4.1.3 Historical development and relevance of XRF — evolution and applications.

Part 4.2 Instrumentation in XRF Spectrometry

e 4.2.1 X-ray sources — tubes, synchrotron radiation, and radioisotopes.

e [ 4.2.2 Sample holders and preparation systems — solids, powders, and liquids.

e 4.2.3 Detectors and electronics — energy-dispersive and wavelength-dispersive systems.
Part 4.3 Analytical Applications and Methodology

e  4.3.1 Calibration methods in XRF — fundamental parameters, empirical calibration.

e 4.3.2 Sample preparation and matrix effects — grinding, pressing, dilution.

e 4.3.3 Applications in geology, metallurgy, and environmental analysis.

e 4.3.4 Limitations and interference correction strategies.
Part 4.4 Advantages, Limitations, and Safety Considerations

rp
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e 4.4.1 Strengths of XRF spectrometry — non-destructive analysis, multi-element
capability.

e 4.4.2 Limitations compared with other spectrometric techniques — detection limits,
light element analysis.

o 4.4.3 Safety practices in XRF laboratories — radiation shielding, monitoring, and
protective equipment.

Introduction

In the last Series, we examined atomic emission and fluorescence spectrometry, focusing on how
atoms and molecules release light after excitation and how these processes can be applied in
analytical contexts. We now move to X-ray fluorescence (XRF) spectrometry, a technique that
has become indispensable in materials science, geology, metallurgy, and environmental analysis.
XRF is valued for its non-destructive nature and its ability to provide rapid, multi-element
analysis of solid, liquid, and powdered samples.

The aim of this Series is to introduce you to the principles, instrumentation, and applications of
X-ray fluorescence spectrometry, while also helping you to evaluate its.advantages, limitations,
and safety considerations. By the end of this Series, youwill be equipped with the knowledge
and skills to apply XRF effectively in laboratory and industrial settings.

We shall commence this Series by exploring the fundamentals of XRF, including its principles,
characteristic radiation, and historical development. Next, we will examine the instrumentation,
focusing on X-ray sources, sample holders, and detectors. Following that, we will consider
analytical applications and methodology; covering calibration approaches, sample preparation,
and practical uses in different industries, while also addressing limitations and interference
correction. Finally, we will conclude by assessing the strengths and weaknesses of XRF
compared with other spectrometric techniques, and we will emphasise essential safety practices
for working with X-ray systems.

Series Learning Outcomeés
Upon completing this Series, youshould be able to:

SLO 4.1 define the principles of X-ray fluorescence spectrometry,

SLO 4.2 explain the difference between characteristic and secondary radiation in XRF,

SLO 4.3 describe the main components of XRF instrumentation, including sources, sample
holders, and detectors;

SLO 4.4 demonstrate appropriate sample preparation techniques for solid, powdered, and liquid
samples in XRF analysis,

SLO 4.5 apply calibration methods such as fundamental parameters and empirical calibration in
XRF measurements,

SLO 4.6 analyse practical applications of XRF in geology, metallurgy, and environmental
monitoring,

SLO 4.7 evaluate the limitations of XRF compared with other spectrometric techniques,
particularly in light element detection, and

SLO 4.8 identify and implement essential safety practices when working with X-ray sources and
detectors in laboratory settings.

-
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4.1 Fundamentals of X-Ray Fluorescence

X-ray fluorescence (XRF) spectrometry is a non-destructive analytical technique that relies on
the interaction of X-rays with matter. When a material is irradiated with X-rays, atoms within the
sample emit secondary radiation that is characteristic of their elemental composition. This makes
XRF a powerful tool for qualitative and quantitative analysis across a wide range of disciplines.

4.1.1 Principles of XRF

X-ray fluorescence (XRF) is the emission of secondary X-rays from a material when it is
excited by a primary X-ray source. The process occurs because-electrons in inner shells are
ejected, and higher-energy electrons fall into these vacancies, releasing energy in the form of X-
rays. The energy of these emitted X-rays is unique to each element, allowing precise
identification.

Fill in the blank: The emission of secondary X-rays from a material after excitation by primary
X-rays is called

Figure 4.1: Principle of X-ray fluorescence

STEP 1: EXCITATION STEP 2: RELAXATION AND EMISSION

Incoming primary Photoelectron (") Electron hole  L-shell
X-ray photon (vacancy) electron
(higher energy)

An outer-from
higher shell drops
to fill vacancy
shell drops to
fill vacancy.

K-shell
electron

®

Atomic
Nucleus

K shell (n=1
L shell (n=2)

Secondary
(characteristic)
X-ray photon
(smaller energy)

An outer-shell electron
drops down to fill the

vacancy, a process that
releases excess energy.

M shell

K shell (n=1) M shell (n=3) (n=3)

STEP 3: CHARACTERISTIC X-RAY
The emitted energy is —p ™\ Ko emission

An incoming high-energy primary
X-ray photon expels an inner-shell

] b specific and unique to (L to K drop)

electron (typically K-shell), creating the element, called ‘cha-
an ‘electron hole’ or ‘vacancy. racteristic X-ray’ because KB emission
it identifies the atom. ), (MtoK drop)

Diagram showing X-ray excitation and emission process.
Figure 4.1: Principle of X-ray fluorescence.
“X-ray fluorescence principle excitation emission diagram OER”
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4.1.2 Characteristic versus secondary radiation

Characteristic radiation refers to X-rays emitted when electrons transition between specific
energy levels in atoms, producing sharp peaks in the spectrum. Secondary radiation, sometimes
called scattered radiation, arises from interactions of X-rays with the sample matrix and does not
provide elemental information. Distinguishing between these two types of radiation is essential
for accurate analysis.

Fill in the blank: The type of radiation that produces sharp peaks in the spectrum.and is unique to
each element is called

Figure 4.2: Characteristic versus secondary radiation in XRF.
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Figure 4.2: Characteristic versus secondary radiation in XRF.
Spectrum showing characteristic peaks versus background secondary radiation.
Figure 4.2: Characteristic versus secondary radiation in XRF.
“Create a spectrum diagram showing characteristic peaks and secondary radiation background in
XRF.”

“XRF spectrum characteristic peaks secondary radiation OER”

4.1.3 Historical development and relevance of XRF

XRF has its roots in early 20th-century studies of X-ray interactions with matter. Over time,
improvements in X-ray sources and detectors have made the technique faster, more sensitive,
and more versatile. Today, XRF is widely used in geology for mineral identification, in
metallurgy for alloy composition, and in environmental science for pollution monitoring. Its non-
destructive nature makes it particularly valuable for cultural heritage studies, such as analysing
artefacts without damaging them.

-
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Fill in the blank: One of the major advantages of XRF that makes it suitable for cultural heritage
studies is that it is

Plate 4.1: Application of XRF in cultural heritage studies.
Image showing XRF analysis of an archaeological artefact.

Plate 4.1: Application of XRF in cultural heritage studies.
“XRF analysis cultural heritage artefact OER”

Pilot Questions 4.1 (Fundamentals of X-Ray Fluorescence)

1. The emission of secondary X-rays from a material after excitation by primary X-rays is
called :
Answer: X-ray fluorescence (SLO 4.1)
2. The type of radiation that produces sharp peaks in the spectrum and is unique to each
element iscalled .
Answer: Characteristic radiation (SLO 4.1)
3.. One of the major advantages of XRF that makes it suitable for cultural heritage studies is
that it 13 .
Answer: Non-destructive (SLO 4.1)
4.. Which of the following best explains why XRF can identify elements precisely?
A. It measures the mass of atoms
B. It detects secondary X-rays unique to each element
C. It analyses molecular vibrations
D. It uses visible light absorption
Answer: B. It detects secondary X-rays unique to each element (SLO 4.1)
5. Match the application in Column A with the discipline in Column B.
Column A (Applications) | Column B (Disciplines)

Dea)
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Mineral identification | A. Geology
Alloy composition | B. Metallurgy
Pollution monitoring | C. Environmental science

Answers: Mineral identification — A; Alloy composition — B; Pollution monitoring — C
(SLO 4.1)

4.2 Instrumentation in XRF Spectrometry

The effectiveness of X-ray fluorescence spectrometry depends on the quality and configuration
of its instrumentation. Each component plays a crucial role in generating; directing; and detecting
X-rays to produce accurate analytical results. In this Part, we will examine X-ray sources, sample
holders and preparation systems, and detectors.

4.2.1 X-ray sources

X-ray sources are devices that generate the primary X-rays used to excite atoms in the sample.
Common sources include X-ray tubes, which produce X-rays by accelerating electrons onto a
metal target, synchrotron radiation, which provides highly intense and tunable X-rays, and
radioisotopes, which emit X-rays naturally through radioactive decay. Each source has its
advantages depending on the application.

Fill in the blank: The device that produces X-rays by accelerating electrons onto a metal target is
called an

ELECTRON IMPACT
ON TARGET

e .

Secondary o
e1ecm<t

4 -

Secondary
electrons

Primary BREMSSTRAHLUNG
electron

R
/}HARACTERISTIC X-RAY
PRODUCTION

0< X-RAYS

K-shell

K

VACUUM ENVELOPE

COOLING SYSTEM
=)< (WATER OR OIL)

PRIMARY
X-RAY BEAM

FILAMENT

(CATHODE) BERYLLIUM

WINDOW
COOLOYING

VACUUM GAP

® 0

= HIGH-VOLTAGE
POWER SUPPLY
(2.9, 20-100 kV)

COOLING SYSTEM
(WATER OR OIL)

FILAMENT
POWER SUPPLY
(€., 10V, 5A)

Figure 4.3: X-ray tube as a source in XRF spectrometry.

Diagram showing X-ray tube operation with electron beam striking a metal target.
Figure 4.3: X-ray tube as a source in XRF spectrometry.
“X-ray tube operation diagram OER”
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4.2.2 Sample holders and preparation systems

Sample holders are designed to position the sample securely in the path of the X-ray beam.
Proper sample preparation is essential to ensure reliable results. Solid samples may be analysed
directly, while powders are often pressed into pellets. Liquids require specialised holders to
prevent leakage and ensure consistent thickness. The choice of preparation method depends on
the sample type and the precision required.

Fill in the blank: Powdered samples are often prepared for XRF analysis by pressing them into

Plate 4.2 Powdered sample preparation for XRF

Loose Powder Pellet die

Plate 4.2. Powdered sample preparation for XRF
Image showing powdered sample pressed into a pellet for XRF analysis.
Plate 4.2: Powdered sample preparation for XRF.
“XRF powdered sample pellet preparation OER”

Matrix effects
Matrix effects occur when the composition of the sample influences the measurement, often by
absorbing or scattering X-rays. Careful preparation and calibration help minimise these effects.

Fill in the blank: The influence of sample composition on XRF measurement accuracy is referred
to.as

4.2.3 Detectors and electronics

Detectors measure the secondary X-rays emitted by the sample. Two common types are energy-
dispersive detectors, which measure the energy of incoming X-rays directly, and wavelength-
dispersive detectors, which separate X-rays by wavelength before detection. Energy-dispersive
systems are faster and simpler, while wavelength-dispersive systems provide higher resolution.

Dea)
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Fill in the blank: The detector that separates X-rays by wavelength before measurement is called
a detector.

A) Energy-Dispersive (ED) Detector | B) Wavelength-Dispersive (WD) Detector
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"] sz g
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Analyzing Crystal = 4. Dséfctor
charge-sensitive T . ﬁ.’g",'wo:m.
preamplifier Detector 2 e gzunls{ for light
i 7 0 : ments or
Silicon Drift Detector (SDD) or SHLI) At specific 2:1 ratio rotate to 20-axis Scintillation
sequentially selects the Counter (or
Signal Processing £ different wavelengths heavy elements)
Incoming  Histogram of ED-XRF Spectrum WDS Components
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| yl i o eg.-10ev] | | oo WD-XRF Spectrum
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Detection Limits
Speed
Elemental Range

Figure 4.4: Energy-dispersive versus wavelength-dispersive detectors

Diagram comparing energy-dispersive and wavelength-dispersive detectors.
Figure 4.4: Energy-dispersive versus wavelength-dispersive detectors.
“energy dispersive vs wavelength dispersive detectors XRF diagram OER”

Box 4.1: Key features of XRF detectors

Energy-Dispersive Detectors (EDXRF)
@ Principle: Measures X-ray energy directly.
% — (% Speed: Fast, multi-element analysis

simultaneously.

{} Energy Resolution: Moderately good;

XRF spectrum
typically 120-150 eV for Mn Ka.
£ 4il Count Rate: High count rate capability.
é " Sensitivity: Good for major and minor elements|
[ Applications: Portable, qualitative/semi-
Energy (V) quantitative, benchtop systems.

Wavelength-Dispersive Detectors (WDXRF)

e Principle: Separates X-rays by wavelength
before detection using a crystal.

» Speed: Slower; sequential analysis (unless
multi-channel).

» Energy Resolution: Excellent; much higher than

crystal EDXRF (e.g., 20-50 eV).

¢ Count Rate: Lower count rate due to the collimator
and crystal.

 Sensitivity: Exceptional for light elements (Be-U)
and trace analysis.

 Applications: High-precision quantitative analysis,
research, light element analysis.

Comparison Summary

Comparison  EDXRF for Speed — [ WDXF for Resolution & Precision
Summary <«— & Simplicity —>| (especially for Light Elements)
<7 4

Goniometer

R

Source: Adapted from various OER sources on XRF

Box 4.1: Key features of XRF detectors
Single-column table listing features such as speed, resolution, and complexity for energy-
dispersive and wavelength-dispersive detectors.
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Box 4.1: Key features of XRF detectors.
“XRF detectors energy dispersive wavelength dispersive comparison OER”

Pilot Questions 4.2 (Instrumentation in XRF Spectrometry)

1. The device that produces X-rays by accelerating electrons onto a metal target is called an

Answer: X-ray tube (SLO 4.2)
2. Powdered samples are often prepared for XRF analysis by pressing them into

Answer: Pellets (SLO 4.2)
3. The influence of sample composition on XRF measurement accuracy is referred to as

Answer: Matrix effects (SLO 4.2)
4. The detector that separates X-rays by wavelength before measurement is called a
detector.
Answer: Wavelength-dispersive detector (SLO 4.2)
5. Match the detector type in Column A with its key feature in Column B.
Column A (Detector Type) | Column B (Feature)
Energy-dispersive detector | A. Faster and simpler operation
Wavelength-dispersive detector | B. Higher resolution

Answers: Energy-dispersive detector — A; Wavelength-dispersive detector — B (SLO 4.2)

4.3 Analytical Applications and Methodology

X-ray fluorescence spectrometry is valued for its versatility in both qualitative and quantitative
analysis. To achieve reliable results, careful calibration, sample preparation, and awareness of
limitations are essential. This Part will guide you through calibration methods, sample handling,
practical applications, and strategies for dealing with interferences.

4.3.1 Calibration methods in XRF

Calibration is the process of establishing the relationship between instrument response and
analyte concentration. In XRF, two common approaches are fundamental parameters, which
use theoretical models to predict X-ray intensities, and empirical calibration, which relies on
standards with known compositions. Fundamental parameters are useful when standards are
unavailable, while empirical calibration is often preferred for routine analysis.

-
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Fill in the blank: The calibration method that relies on standards with known compositions is
called

Figure 4.5: Calibration Approaches in XRF Spectrometry
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Diagram comparing fundamental parameters and empirical calibration methods.
Figure 4.5: Calibration approaches in XRF spectrometry.
“XREF calibration fundamental parameters empirical calibration diagram OER”

4.3.2 Sample preparation and matrix effects

Sample preparation ensures that the sample is suitable for analysis. Solid samples may be
analysed directly, powders are often pressed into pellets, and liquids require special holders.
Proper preparation reduces variability and improves accuracy.

Matrix effects occur when the composition of the sample influences the measurement, for
example by absorbing or scattering X-rays. These effects can distort results if not corrected.

Fill in the blank: The influence of sample composition on XRF measurement accuracy is referred
to as

-

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



SAMPLE PREPARATION FOR XRF SPECTROMETRY
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Figure 4.6: Sample preparation workflow in XRF spectrometry.
Flowchart showing sample preparation steps for solids, powders; and liquids.
Figure 4.6: Sample preparation workflow in. XRF spectrometry.
“XRF sample preparation solids powders liquids workflow OER”

4.3.3 Applications in geology, metallurgy, and environmental analysis

XRF is widely applied across disciplines. In geologys, it is used to identify minerals and
determine rock composition. In metallurgy, XRF helps in alloy characterisation and quality
control. In environmental analysis, it is applied to monitor pollutants such as heavy metals in
soil and water. Its non-destructive nature makes it particularly useful for cultural heritage studies,
where artefacts can‘be analysed without damage.

Fill in the blank: The field where XRF is used to monitor pollutants such as heavy metals in soil
and water is

-
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Plate 4.3: Application of XRF in geology
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Image showing XRF analysis of geological rock samples:
Plate 4.3: Application of XRF in geology.
“XRF analysis geology rock samples OER”

4.3.4 Limitations and interference correction strategies

Despite its strengths, XRF has limitations. It is less effective for detecting light elements such as
carbon, nitrogen, and oxygen. Interferences such as spectral overlap can also occur when peaks
from different elements are close together. Correction strategies include background subtraction,
matrix matching, and using alternative wavelengths.

Fill in the blank: The interference that occurs when peaks from different elements are close
together in the spectrum is called

He-a)
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Figure 4.7: Interference and correction strategies in XRF spectrometry.
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Diagram showing spectral overlap and correction strategies in XRF.
Figure 4.7: Interference and correction strategies in. XRF spectrometry.
“XRF spectral overlap correction strategies diagram OER”

Box 4.2: Managing interferences in XRF spectrometry.
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Use appropriate filters to reduce background or enhance lines.

ENHANCE DETECTOR PERFORMANCE I Y
Use modern detectors (e.g., SDD) with high —t § ==
resolution to separate peaks.

PERFORM SPECTRAL DECONVOLUTION :} fae

Use software to mathematically separate overlapping
lines from different elements.

APPLY ACCURATE BACKGROUND CORRECTION q

Subtraction of matrix background and scatter.

P

5080CC00

i-—i-E-0-00

y

APPLY MATRIX CORRECTION MODELS F=M(3)
Use empirical methods (alpha coefficients) or fundamental
parameters (FP) models for absorption and enhancement effects.

[@ USE MATRIX-MATCHED STANDARDS 1
4

Formula
eﬂec(s

)

Calibrate using certified reference materials or similar

compositions. Consider standard addition. £

Box 4.2: Checklist for managing interferences in XRF

Single-column table listing steps such as background subtraction, matrix matching, and
wavelength selection.

Box 4.2: Managing interferences in XRF spectrometry.

“XREF interference correction checklist OER”
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Pilot Questions 4.3 (Analytical Applications and Methodology in XRF)

1. The calibration method that relies on standards with known compositions is called

Answer: Empirical calibration (SLO 4.3)
2. The influence of sample composition on XRF measurement accuracy is referred to.as

Answer: Matrix effects (SLO 4.3)

3. The field where XRF is used to monitor pollutants such as heavy metals in soil and water
is .

Answer: Environmental analysis (SLO 4.3)

4. The interference that occurs when peaks from different elements are close together in the
spectrum is called
Answer: Spectral overlap (SLO 4.3)

5. Match the calibration approach in Column A with its description in Column B.
Column A (Approach) | Column B (Description)

Fundamental parameters | A. Uses theoretical models to predict X-ray intensities
Empirical calibration | B. Relies onstandards with known compositions

Answers: Fundamental parameters — A; Empirical calibration — B (SLO 4.3)

4.4 Advantages, Limitations, and Safety Considerations

X-ray fluorescence spectrometry is widely used because of its versatility and non-destructive
nature. However, like all analytical techniques, it has both strengths and weaknesses. Safe
laboratory practices are also essential when working with X-ray sources.

4.4.1 Strengths of XRF spectrometry

One of the main advantages of XRF is its non-destructive analysis, meaning samples can be
examined without altering or damaging them. Another strength is its multi-element capability,
which allows simultaneous detection of several elements. XRF also offers rapid analysis,
producing results in minutes, and requires minimal sample preparation compared with other
techniques.

Fill in the blank: The property of XRF that allows samples to be examined without altering or
damaging them is called

-
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KEY ADVANTAGES OF
XRF SPECTROMETRY

|
v

¥
2. MULTI-ELEMENTS T 3 pAp|D RESULTS

CAPABILITY.

¢
“1. NON-DESTRUCTIVE'
ANALYSIS
< X-1
/

X-ray tube Sample Intact

§ r~= @ N
© Sample remains intact & Auj @ :‘
unaltered @ @

© Reusable for further study ° Qetefts manyI elemer;lts © Quick turnaround time
© No sample consumption almu taneously (e.g,Nato | © High-throughput

© Comprehensive screening
@ » composition © Immediate data for
© Analyze multiple elements decision making
Before After in one measurement
A\ o g 4

Figure 4.8: Key advantages of XRF spectrometry.

Diagram showing advantages of XRF such as non-destructive analysis, multi-element capability,
and rapid results.

Figure 4.8: Key advantages of XRF spectrometry.

“advantages of XRF spectrometry diagram OER”

NON-DESTRUCTIVE TESTING
 Analyzes samples without altering or damaging them.
«®®. RAPID ANALYSIS & QUICK RESULTS
@ 11 = Provides elemental compositions in minutes.

& MINIMAL SAMPLE PREPARATION = »

Requlres little to no processing or digestion of samp\es )

M@Q WIDE ELEMENTAL RANGE )
@ )

Determmes concentrations from Mg (Sodium) to U (Uranium)/
MULTI-ELEMENT DETECTION
* Analyzes many elements simultaneously.
A QUANTITATIVE & QUALITATIVE RESULTS
* Provides both identification and precise concentrations.
| PORTABLE & IN-SITU USE
* Handheld devices enable testing directly on site.

HIGH SAMPLE THROUGHPUT

. Eﬁicient for analyzing numerous samples quickly.

!'6 J ¥ COST-EFFECTIVE IN THE LONG RUN

‘ Relanvely low operating costs compared to other methods.

VERSATILE APPLICATIONS
. * Used across diverse industries and fields.

se0

Box 4.3: Practical benefits of XRF spectrometry

Single-column table listing benefits such as non-destructive analysis, multi-element capability,
rapid analysis, and minimal preparation.

Box 4.3: Practical benefits of XRF spectrometry.

“XRF spectrometry benefits checklist OER”
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4.4.2 Limitations compared with other spectrometric techniques

Despite its strengths, XRF has limitations. It is less effective for detecting light elements, such
as carbon, nitrogen, and oxygen, because their emitted X-rays are easily absorbed. Another
limitation is spectral overlap, where peaks from different elements occur close together, making
signals difficult to distinguish. Compared with techniques such as ICP-MS, XRF generally has
higher detection limits, meaning it is less suitable for ultra-trace analysis.

Fill in the blank: The limitation of XRF that makes it less effective for detecting elements such
as carbon and oxygen is its reduced sensitivity to

Table 4.3: Limitations of XRF compared with ICP-MS

XRF (X-ray Fluorescence) ICP-MS (Inductively Coupled

Feature

Limitations Plasma Mass Spectrometry)
Limitations
Detection C\ Generally poorer (ppm-wt%). | 4 Excellent, typically in the ppb
Limits Hard to detect trace elements | to ppt range. Matrix effects can
at very low concentrations. cause signal suppression or
Matrix effects can be enhancement, requiring
significant. extensive calibration and sample
preparation (dilution,
digestion).
Light + Very difficult. Elements ‘< Possible but challenging.
Element lighter than sodium (Na, Z < 11) | Elements like H, He, C, N, O, F
Analysis have low fluorescence yield, can be tricky due to background
and air or window absorption from argon plasma,
limits detection. ambient air, and reagents.
detection. Special, expensive Specialized setups and higher
detectors or techniques resolving power might be
needed. required.
Spectral 1l Significant problem. Peak ul Also present, but often
Overlap overlaps from different resolved better due to high mass
elements, as well as sum peaks | resolution. Isobaric and
and escape peaks, can polyatomic ion overlaps
complicate interpretation, (e.g., ArO on Fe) can occur.
especially in complex matrices. | Use of collision/reaction cells or
Matrix-matched standards are | high-resolution instruments is
essential. common to overcome this.

Source: Adapted from Open Educational Resources (OER) and scientific literature. Created for educational use.

Table comparing limitations of XRF with ICP-MS in terms of detection limits, light element
analysis, and spectral overlap.

Table 4.3: Limitations of XRF compared with ICP-MS.

“XRF wvs ICP-MS limitations comparison table OER”

4.4.3 Safety practices in XRF laboratories

Working with X-ray sources requires strict safety measures. Radiation shielding is essential to
protect operators from exposure. Dosimeters, defined as devices that measure accumulated
radiation dose, are often worn by laboratory staff. Proper training and adherence to institutional
safety protocols are critical.

-
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Fill in the blank: The device worn by laboratory staff to measure accumulated radiation dose is
called a

Key safety measures include:

e Wearing appropriate personal protective equipment (PPE) such as lab coats and
gloves.

o Using shielding around X-ray sources.

e Monitoring radiation exposure with dosimeters.

o Following correct procedures for sample handling and waste disposal.

€ N
FIGURE 4.9: SAFETY CHECKLIST FOR XRF SPECTROMETRY
PERSONAL PERSONAL RADIATION — § AFE HANDLING
| PrOTECTIVE DOSIMETRY SHIELDING & § “¢ OPERATING
EQUIPMENT MONITORING | NSTRUMENT ¥ ppocepuRES
(PPE) CONTROLS
(Y AL
uy  \AL = EE —
A T Bl E
Wear Proper Use Personal || Check Shielding Follow Safe h
v PPE Dosimeters & Interlocks Practices
[ Safety glasses [ Wear assigned 0 Verify instrument | | O Follow Standard Rl
= (always required personal shielding is intact Operating
in lab) dosimeter and closed Procedures (SOPs) ﬂ
(TLD/OSL badge) l—
= | O Lab coat . O Check that safety | [ Usetools (e.g., |f—
|| (protects 0 Wear dosimeter interlocks are tweezers) for
2 clothing) correctly (EI" functional (do sample handling E
|| O Apropriate o) it Bypese) O Minimize time B
|| gloves (when O Ensure dosimeter | | 03 Confirm X-ray near the XRE L
1 handI:ng is exchanged on warning lights are | | instrument while in
ngp,eslm schedule operational operation
chemicals) [ Keep work area
clean and
organized
N\ P\ J o VAN
4 OER (Open Educational Resource) rr; Fictional ‘

Safety checklist diagram for XRF laboratories showing PPE, shielding, dosimeters, and safe
handling.

Figure 4.9: Safety checklist for, XRF spectrometry.

“XRF laboratory safety checklist diagram OER”

-
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Box 4.4: Emergency procedures and
—_ first aid in XRF laboratories.

« Cease operations immediately.

* Shut down X-ray generator.

 Evacuate the area and secure it.

* Report incident to the Radiation Safety Officer (RS!
« Call emergency services (e.g., 911). =
* Document exposure details. +

= Turn off power source safely (if electrical).

* Move person to safety. L
* For severe burns, call emergency services immediately.

= Cool the burn area with clean running water (10-20 mins).
= Do not use ice, ointments, or butter.

« Cover loosely with sterile dressing. ¥ 1 =
* Seek medical attention. 188 A A +

- EQUIPMENT MALFUNCTION B ﬁ :

* Immediately stop the process.
= Turn off main power and disconnect equipment. v

* Do not attempt unauthorized repairs. \ ;’3 4
* Place a "DO NOT USE" sign on the equipment. 5 l
* Report the issue to lab supervisor or maintenance.
* Log the malfunction symptoms and circumstances.

4
]

EMERGENCY PREPAREDNESS  OER GUIDE

Box 4.4: Emergency procedures and first aid

Single-column table summarising immediate actions for radiation exposure, burns, and
equipment malfunction.

Box 4.4: Emergency procedures and first aid in XREF laboratories.

“XRF laboratory emergency procedures radiation burns OER”

Pilot Questions 4.4 (Advantages, Limitations, and Safety Considerations in XRF)

The property of XRF that allows samples to be examined without altering or damaging
them is called .

Answer: Non-destructive analysis (SLO 4.4)

The limitation of XRF that makes it less effective for detecting elements such as carbon
and oxygen 1s its reduced sensitivity to
Answer: Lightelements (SLO 4.4)
The device worn by laboratory staff to measure accumulated radiation dose is called a

Answer: Dosimeter (SLO 4.4)

Which of the following is a key advantage of XRF compared with many other
spectrometric techniques?

A. Requires complex sample digestion

B. Produces results in minutes

C. Detects ultra-trace levels better than ICP-MS

D. Provides destructive analysis of samples

Answer: B. Produces results in minutes (SLO 4.4)
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5. Match the safety measure in Column A with its purpose in Column B.
Column A (Safety Measure) | Column B (Purpose)
Radiation shielding | A. Protects operators from X-ray exposure
Dosimeter | B. Monitors accumulated radiation dose
PPE (lab coats, gloves) | C. Prevents chemical and handling hazards

Answers: Radiation shielding — A; Dosimeter — B; PPE — C (SLO 4.4)

Series Summary

This Series has introduced you to X-ray fluorescence (XRF) spectrometry, a non-destructive
analytical technique that plays a vital role in geology, metallurgy, environmental monitoring, and
cultural heritage studies. We began by exploring the fundamentals of XRF, including its
principles, characteristic radiation, and historical development. We then examined the
instrumentation, focusing on X-ray sources, sample holders, and detectors. Following that, we
considered analytical applications and methodology, covering calibration approaches, sample
preparation, and practical uses across different fields, while also addressing limitations and
interference correction. Finally, we evaluated the strengths and weaknesses of XRF compared
with other spectrometric techniques and emphasised @ssential safety practices for working with
X-ray systems.

By engaging with these Parts, you should now be able to define the principles of XRF, explain
the difference between characteristic and secondary radiation, describe the main components of
instrumentation, demonstrate appropriate sample preparation techniques, apply calibration
methods, analyse practical applications in various disciplines, evaluate limitations compared with
other techniques, and identify and implement safety practices. In achieving these outcomes, you
have met the Series Learning Outcomes (SLOs 4.1-4.8), equipping you with the knowledge and
skills to apply XRF spectrometry confidently in both laboratory and industrial contexts.

Glossary of Terms
Calibration — The process of establishing the relationship between instrument response and
analyte concentration, often using standards or theoretical models.

Characteristic radiation — X-rays emitted when electrons transition between specific energy
levels in atoms, producing sharp peaks unique to each element.

Detector — A device that measures the secondary X-rays emitted by a sample, such as energy-
dispersive or wavelength-dispersive systems.

Dosimeter — A device worn by laboratory staff to measure accumulated radiation dose during
work with X-ray sources.

Empirical calibration — A calibration method that relies on standards with known compositions
to determine analyte concentrations.

Energy-dispersive detector — A detector that measures the energy of incoming X-rays directly,
providing rapid analysis.

Fundamental parameters — A calibration method that uses theoretical models to predict X-ray
intensities without relying on standards.

-
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Matrix effects — Influences caused by the composition of a sample that affect measurement
accuracy, often through absorption or scattering of X-rays.

Multi-element capability — The ability of XRF spectrometry to detect several elements
simultaneously in a single analysis.

Non-destructive analysis — A property of XRF that allows samples to be examined without
altering or damaging them.

Radioisotope source — A naturally radioactive material that emits X-rays, used as a primary
source in some XRF systems.

Sample holder — A device that positions a sample securely in the path of the X-ray beam during
analysis.

Spectral overlap — An interference that occurs when peaks from different elements appear close
together in the spectrum, making signals difficult to distinguish.

Synchrotron radiation — Highly intense and tunable X-rays produced by particle accelerators,
used in advanced XRF applications.

Wavelength-dispersive detector — A detector that separates X-rays by wavelength before
measurement, offering higher resolution than energy-dispersive systems.

Concept Check Questions [Series 4]
Objective Questions

1. Which type of radiation in XRF produces sharp peaks unique to each element?
A. Secondary radiation
B. Characteristic radiation
C. Background radiation
D. Synchrotron radiation
(Linked to SLO.4.2)

2. The device that produces X-rays by accelerating electrons onto a metal target is called a

(Linked to SLO 4.3)

3. Which detector separates X-rays by wavelength before measurement?
A Energy-dispersive detector
B. Wavelength-dispersive detector
C. Photomultiplier tube
D. Radioisotope detector
(Linked to SLO 4.3)

4. Powdered samples are often prepared for XRF analysis by pressing them into

(Linked to SLO 4.4)

5. The device worn by laboratory staff to measure accumulated radiation dose is called a

(Linked to SLO 4.8)

-
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Short-Answer Questions

6.

Define X-ray fluorescence spectrometry.

(Linked to SLO 4.1)

7.

Explain the difference between characteristic radiation and secondary radiation.

(Linked to SLO 4.2)

8.

Describe one practical application of XRF in environmental analysis.

(Linked to SLO 4.6)

9.

State one limitation of XRF compared with ICP-MS.

(Linked to SLO 4.7)

Long-Answer Questions

10. Analyse the strengths and limitations of XRF spectrometry compared with ICP-MS.
(Linked to SLO 4.7)
11. Evaluate the importance of safety practices in' XRF laboratories, giving examples of

specific precautions.
(Linked to SLO 4.8)

Answers to Concept Check Questions [Series 4]
Objective Questions

1
2.
3.
4
5

B. Characteristic radiation

X-ray tube

B. Wavelength-dispersive detector
Pellets

Dosimeter

Short-Answer Questions

6.

X-ray fluorescence spectrometry is a non-destructive analytical technique that measures

secondary X-rays emitted by a sample when excited by primary X-rays, allowing qualitative and
quantitative elemental analysis.

7.

Characteristic radiation is emitted when electrons transition between specific energy levels,

producing sharp peaks unique to each element. Secondary radiation arises from scattering and does not
provide elemental information.

8.

XRF can be used to monitor pollutants such as heavy metals in soil and water, helping to assess

environmental contamination.

9.
MS.

-

XRF has higher detection limits and is less effective for ultra-trace analysis compared with ICP-
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Long-Answer Questions
10.

e Basic response: XRF is non-destructive, rapid, and capable of multi-element analysis, but it
struggles with light elements and has higher detection limits. ICP-MS offers greater sensitivity
and trace detection.

e Value-added response: ICP-MS provides ultra-trace detection and simultaneous multi-element
analysis, making it ideal for complex samples. However, XRF remains cost-effective, requires
minimal preparation, and is particularly useful for solid samples and cultural heritage studies.

11.

e Basic response: Safety practices are vital because XRF uses X-ray sources that can expose
operators to radiation. Precautions include shielding, PPE, and dosimeters.

e Value-added response: Advanced safety measures include regular calibration of dosimeters,
interlocks on X-ray equipment, strict adherence to institutional protocols, and emergency
procedures for radiation exposure or equipment malfunction: These ensure both operator
safety and reliable laboratory operation.

Answer Key for Pilot Questions [Series 4.1-4.4]:
Part 4.1: Fundamentals of X-Ray Fluorescence

X-ray fluorescence

Characteristic radiation

Non-destructive

B. It detects secondary X-rays unique to each element

Mineral identification — Geology; Alloy composition — Metallurgy; Pollution
monitoring — Environmental science

MRS

Part 4.2: Instrumentation in XRF Spectrometry

X-ray tube

Pellets

Matrix effects

Wavelength-dispersive detector

Energy-dispersive detector — Faster and simpler; Wavelength-dispersive detector —
Higher resolution

N . 4

-
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Part 4.3: Analytical Applications and Methodology in XRF

Empirical calibration

Matrix effects

Environmental analysis

Spectral overlap

Fundamental parameters — Uses theoretical models; Empirical calibration — Relies on
standards with known compositions

Nk W=

Part 4.4: Advantages, Limitations, and Safety Considerations in XRF

Non-destructive analysis

Light elements

Dosimeter

B. Produces results in minutes

Radiation shielding — Protects operators from X-ray exposure; Dosimeter — Monitors
accumulated radiation dose; PPE — Prevents chemical and - handling hazards

Nk W=

References and Attributions [Series 4]
This section compiles references, suggested open educational resources (OERs), and attributions
for illustrations and concepts used.in Series 4: X-Ray Fluorescence Spectrometry.

General References

e Jenkins, R., Gould, R.'W., & Gedcke, D. (1995). Quantitative X-ray Spectrometry (2nd ed.). New
York: CRC Press.

e Skoog, D. A.,Holler, F. J., & Crouch, S. R. (2017). Principles of Instrumental Analysis (7th ed.).
Boston: Cengage Learning.

e OpenStax. (2016). Chemistry. Houston: Rice University. Available at
https://openstax.org/books/chemistry

Ilustrations and Suggested Sources
o Figure 4.1 Principle of X-ray fluorescence

e . Al prompt: “Generate a labelled diagram showing X-ray excitation of atoms and
emission of secondary X-rays.”
e Suggested OER search string: “X-ray fluorescence principle excitation emission diagram
OER”
o Figure 4.2 Characteristic versus secondary radiation in XRF

e Al prompt: “Create a spectrum diagram showing characteristic peaks and secondary
radiation background in XRF.”

-
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e Suggested OER search string: “XRF spectrum characteristic peaks secondary radiation
OER”
e Plate 4.1 Application of XRF in cultural heritage studies

o Al prompt: “Create an image showing XRF analysis of an archaeological artefact in a
laboratory setting.”
e Suggested OER search string: “XRF analysis cultural heritage artefact OER”
o Figure 4.3 X-ray tube as a source in XRF spectrometry

e Al prompt: “Generate a labelled diagram showing X-ray tube operation with electron
beam striking a metal target.”
e Suggested OER search string: “X-ray tube operation diagram OER”
e Plate 4.2 Powdered sample preparation for XRF

e Al prompt: “Create an image showing powdered sample pressed into a pellet for XRF
analysis.”
e Suggested OER search string: “XRF powdered sample pellet preparation OER”
o Figure 4.4 Energy-dispersive versus wavelength-dispersive detectors

o Al prompt: “Generate a diagram comparing energy-dispersive and wavelength-
dispersive detectors in XRF spectrometry:”
e Suggested OER search string: “energy dispersive vs wavelength dispersive detectors XRF
diagram OER”
e Box 4.1 Key features of XRF detectors

e Al prompt: “Create a single-column box listing key features of energy-dispersive and
wavelength-dispersive detectors in XRF spectrometry.”
e Suggested OER search string: “XRF detectors energy dispersive wavelength dispersive
comparison OER”
o Figure 4.5 Calibration approaches in XRF spectrometry

e Al prompt: “Generate a schematic comparing fundamental parameters and empirical
calibration methods in XRF spectrometry.”
e Suggested OER search string: “XRF calibration fundamental parameters empirical
calibration diagram OER”
o Figure 4.6 Sample preparation workflow in XRF spectrometry

e Al'prompt: “Create a flowchart showing sample preparation steps for solids, powders,
and liquids in XRF spectrometry.”
e Suggested OER search string: “XRF sample preparation solids powders liquids workflow
OER”
o Plate 4.3 Application of XRF in geology

e Al prompt: “Create an image showing XRF analysis of geological rock samples in a
laboratory setting.”
e Suggested OER search string: “XRF analysis geology rock samples OER”
o Figure 4.7 Interference and correction strategies in XRF spectrometry

e Al prompt: “Generate a diagram showing spectral overlap and correction strategies in
XRF spectrometry.”
e Suggested OER search string: “XRF spectral overlap correction strategies diagram OER”
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e Box 4.2 Managing interferences in XRF spectrometry

e Al prompt: “Create a single-column checklist for managing interferences in XRF
spectrometry.”
e Suggested OER search string: “XRF interference correction checklist OER”
o Figure 4.8 Key advantages of XRF spectrometry

e Al prompt: “Generate a diagram showing advantages of XRF spectrometry including
non-destructive analysis, multi-element capability, and rapid results.”
e Suggested OER search string: “advantages of XRF spectrometry diagram-OER”
e Box 4.3 Practical benefits of XRF spectrometry

e Al prompt: “Create a single-column box listing practical benefits.of XRF spectrometry.”
e Suggested OER search string: “XRF spectrometry benefits checklist OER”
o Table 4.3 Limitations of XRF compared with ICP-MS

e Al prompt: “Create a table comparing limitations of XRF with ICP-MS:in'terms of
detection limits, light element analysis, and spectral overlap.”
e Suggested OER search string: “XRF vs ICP-MS limitations comparison table OER”
o Figure 4.9 Safety checklist for XRF spectrometry

o Al prompt: “Design a safety checklist diagram for XRF laboratories showing PPE,
shielding, dosimeters, and safe handling.”
e Suggested OER search string: “XRF laboratory safety checklist diagram OER”
e Box 4.4 Emergency procedures and first aid.in XRF laboratories

e Al prompt: “Create a single-column box summarising emergency procedures for
radiation exposure, burns, and equipment malfunction in XRF laboratories.”

e Suggested OER search string: “XRF laboratory emergency procedures radiation burns
OER”

-

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



Course Code: CHM 312
Course Title: Analytical Atomic Spectroscopy
Course Unit: 2 Units C: LH 30

Course series:
Series 1: Interaction of Atoms with Electromagnetic Radiation
Series 2: Principles of Atomic Absorption Spectrometry
Series 3: Atomic Emission and Fluorescence Spectrometry
Series 4: X-Ray Fluorescence Spectrometry

Series 5: Preparation and Use of Standard Solutions in Atomic Spectroscopy

Suggested Outline

Part 5.1 Fundamentals of Standard Solutions

e 5.1.1 Definition of standard solutions — primary and secondary standards.
o 5.1.2 Importance of standard solutions in atomic spectroscopy.
e 5.1.3 Units, concentrations, and accuracy considerations.

Part 5.2 Preparation of Standard Selutions

e 5.2.1 Selection of appropriate standards — criteria for primary standards.
o 5.2.2 Techniques for weighing and dissolving solids.

e 5.2.3 Dilution methods and volumetric glassware.

o 5.2.4 Storage and stability of prepared solutions.

Part 5.3 Application of Standard Solutions in Atomic Spectroscopy

o < 5.3.1 Role of standards in calibration curves.

e 5.3.2 Use in atomic absorption spectrometry (AAS).

o 5.3.3 Use in atomic emission and fluorescence spectrometry.
e 5.3.4 Minimising matrix effects with standards.

Part 5.4 Quality Assurance and Safety Considerations

e 5.4.1 Accuracy and precision in solution preparation.
e 5.4.2 Documentation and traceability of standards.
o 5.4.3 Safety practices in handling chemicals and glassware.

-
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Introduction

In atomic spectroscopy, accurate measurement depends on the reliability of the standards used to
calibrate instruments. Without properly prepared standard solutions, results can be misleading or
inconsistent, which can affect decisions in scientific research, industry, and environmental
monitoring. Standard solutions therefore form the backbone of quantitative analysis, ensuring
that measurements are both precise and trustworthy.

The aim of this Series is to equip you with the knowledge and skills needed to prepare, apply,
and evaluate standard solutions in atomic spectroscopy. By the end of the Series, you will be able
to prepare solutions correctly, use them effectively in calibration, and apply quality assurance
and safety practices in the laboratory.

We shall commence this Series by examining the fundamentals of standard solutions, including
their definition, types, and importance in spectroscopy. Next, we will explore how to prepare
standard solutions, focusing on the selection of standards, weighing, dissolving, dilution, and
storage. Following that, we will consider their application in-atomie absorption, emission, and
fluorescence spectrometry, while also addressing matrix effects. Finally, we will conclude by
discussing quality assurance, documentation, and safety considerations, ensuring that you can
work confidently and responsibly in laboratory environments.

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

SLO 5.1 define the concept of standard solutions and distinguish between primary and secondary
standards,

SLO 5.2 explain the importance of standard solutions in atomic spectroscopy,

SLO 5.3 describe appropriate units and concentration measures used in preparing standard
solutions,

SLO 5.4 demonstrate correct techniques for weighing, dissolving, and diluting substances to
prepare standard selutions,

SLO 5.5 apply suitable methods for storing and maintaining the stability of prepared solutions,
SLO 5.6 construct calibration curves using standard solutions in atomic spectroscopy,

SLO 5.7 analyse the role of standard solutions in atomic absorption, emission, and fluorescence
spectrometry,

SLO 5.8 evaluate strategies for minimising matrix effects when using standard solutions,

SLO 5.9 assess accuracy and precision in solution preparation as part of quality assurance,

5.1 Fundamentals of Standard Solutions

Standard solutions are essential in atomic spectroscopy because they provide the reference point
for accurate measurement. By preparing solutions of known concentration, analysts can calibrate
instruments and ensure that results are both precise and reliable. In this Part, we will explore
what standard solutions are, why they are important, and how concentration and accuracy are
expressed.

-

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



5.1.1 Definition of standard solutions

A standard solution is a solution with a precisely known concentration of a substance. It is used
as a reference in quantitative analysis. There are two main types: primary standards, which are
highly pure substances that can be weighed directly to prepare solutions, and secondary
standards, which are solutions whose concentration is determined by comparison with a primary
standard.

Fill in the blank: A solution prepared from a highly pure substance that can be weighed directly
is called a

Calibration Curve for Atomic Spectroscopy

1.0F
Standard Solutions<'
(e.g., 1 ppm, 2 ppm, ...)
0.8}
Absorbance of
o Unknown Sample
© o6l (e.g., 0.58)
D e Equation: y = 0.165x + 0.012
s R? = 0.999
w
Q
< 0.4r P
4—1- Linear Range
]
i
0.2} :
Concentration of : ® Standard Solutions
Unknown Sample ! = Calibration Curve
(= 3.4 ppm) U ==+ Unknown determination
0.0 1 1 1 1 1 1 1 1
0 3 2 3 4 5 6 7

Analyte Concentration (ppm)

Figure 5.2: Calibration curve in atomic spectroscopy. Standard solutions
of known concentration are measured to construct the curve, which is
then used to determine the concentration of an unknown sample based
on its signal intensity (absorbance). (Example data shown)

Diagram showing preparation of primary and secondary standard solutions.
Figure 5.1: Types of standard solutions.
“primary vs secondary standard selutions diagram OER”

5.1.2 Importance of standard solutions in atomic spectroscopy

Standard selutions are critical for calibration, defined as the process of establishing the
relationship between instrument response and analyte concentration. Without reliable standards,
instruments cannot provide accurate measurements. In atomic spectroscopy, calibration curves
constructed from standard solutions allow analysts to determine the concentration of unknown
samples with confidence.

Fill in the blank: The process of establishing the relationship between instrument response and
analyte concentration is called
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Figure 5.2: Calibration curve in atomic spectroscopy.
Graph showing calibration curve created using standard solutions.
Figure 5.2: Calibration curve in atomic spectroscopy.
“atomic spectroscopy calibration curve standard solutions OER”

5.1.3 Units, concentrations, and accuracy considerations

Concentration in standard solutions is usually expressed in molarity (M), defined as the number
of moles of solute per litre of solution. Other units such as parts per million (ppm) or milligrams
per litre (mg/L) may also be used depending on the application. Accuracy in preparation is vital,
as even small errors in weighing or dilution can lead to significant deviations in analytical
results.

Fill in the blank: The unit of concentration defined as the number of moles of solute per litre of
solution is called

-
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Table 5.1: Common concentration units in standard solutions.

Concentration Definition Typical Uses
Unit
Molarity (M) | Moles of solute per liter | Stoichiometry
of solution (mol/L) calculations, chemical
reactions, precise
analytical chemistry,
titrations.
Parts Per Parts of solute per Environmental analysis
Million (ppm) | 1,000,000 parts of (e.g., air pollution, trace
solution. In aqueous contaminants), water
solutions, approximately | quality monitoring,
milligrams of solute per | expressing very low
liter of solution (mg/L). | concentrations.
Milligrams per | Milligrams of solute per | Water analysis (e.g.,
Liter (mg/L) liter of solution. dissolved minerals,
pollutants), standardizing
water quality reports,
often interchangeable
with ppm in dilute
aqueous systems.

*Note: For dilute aqueous solutions, 1 ppm is approximately equal to 1 mg/L

because the density of water is close to 1 g/mL (1 kg/L).
Table comparing common concentration units (M, ppm, mg/L) with definitions and typical uses.
Table 5.1: Common concentration units in standard solutions.
“molarity ppm mg/L comparison table OER”

Accuracy and precision

Accuracy refers to how close a measurement is to the true value, while precision refers to how
consistent repeated measurements are: Both are essential in preparing standard solutions, as
inaccurate or imprecise solutions compromise the reliability of spectroscopic analysis.

Fill in the blank: The term that.describes how close a measurement is to the true value is

Pilot Questions 5.1 (Fundamentals of Standard Solutions)

1. A solutionprepared from a highly pure substance that can be weighed directly is called a

Answer: Primary standard (SLO 5.1)

2. The process of establishing the relationship between instrument response and analyte
concentration is called
Answer: Calibration (SLO 5.1)

3." The unit of concentration defined as the number of moles of solute per litre of solution is
called .
Answer: Molarity (SLO 5.1)

4. The term that describes how close a measurement is to the true value is

Answer: Accuracy (SLO 5.1)
5. Match the type of standard in Column A with its description in Column B.
Column A (Standard Type) | Column B (Description)
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Primary standard | A. Highly pure substance weighed directly to prepare solution
Secondary standard | B. Solution whose concentration is determined by comparison with
a primary standard

Answers: Primary standard — A; Secondary standard — B (SLO 5.1)

5.2 Preparation of Standard Solutions

Preparing standard solutions requires careful attention to detail, as accuracy at this stage directly
affects the reliability of analytical results. In this Part, we will examine how to select appropriate
standards, weigh and dissolve substances, carry out dilutions, and ensureproper storage and
stability.

5.2.1 Selection of appropriate standards

A primary standard is a highly pure, stable substance that can be weighed directly to prepare a
solution of known concentration. Examples include sodium catbonate and potassium hydrogen
phthalate. A secondary standard is a solution whose concentration'is determined by comparison
with a primary standard. Choosing the right standard depends on purity, stability, and ease of
handling.

Fill in the blank: A solution whose concentration is determined by comparison with a primary
standard is called a

PRIMARY STANDARDS SECONDARY STANDARDS

& High Purity (>99.9%) [4 Concentrationisnot

 High Stability ﬂ determined by direct weighing.
(Stable in air, non-hygroscopic) ] I;;ﬁfnsa':;'l;et/a sntggrlgsthan

4 High Molar Mass i K (Often hygroscopic or reactive)
(To minimize weighing errors) . [/ Must be standardized

& Known Composition & against a primary standard.
Stoichiometry. Examples:

[ Readily Available & Soluble. primary ~ Sodium Hydroxide (NaOH)
Standard Hydrochloric Acid (HCI)
Examples of: olutlon Potassium Permanganate (KMn0,)

Potassium Hydrogen Phthalate (KHP)
Sodium Carbonate (Na,CO,) Secondary Standard
Standardlzatlon

Silver Nitrate (AgNO5) Solution
Directly weighed to prepare a standard Used for routine analysis after
\solution of accurately known concentration standardization.

Comparison of Standard Types

Primary Standard | Secondary Standard

Purity Very High Lower

Stability Very High Lower

Cost Higher Lower
Preparation Method Direct Weighing Standardization required

Figure 5.3: Selection of appropriate standards.
Diagram showing criteria for selecting primary and secondary standards.
Figure 5.3: Selection of appropriate standards.
“primary vs secondary standards solution preparation diagram OER”

-
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5.2.2 Techniques for weighing and dissolving solids

Accurate weighing is achieved using an analytical balance, defined as a highly sensitive
instrument capable of measuring small masses with precision. The weighed solid is then
transferred to a volumetric flask and dissolved in distilled water. Care must be taken to avoid
loss of material during transfer.

Fill in the blank: The instrument used to measure small masses with high precision is called an

Plate 5.1: Weighing a solid using
an analytical balance.

Image showing an analytical balance being used to weigh a solid.

Plate 5.1: Weighing a solid using an analytical balance.

“Create an image showing an analytical balance being used to weigh a solid for solution
preparation.”

“analytical balance weighing solid laboratory OER”

5.2.3 Dilution methods and volumetric glassware

Dilution is the process of reducing the concentration of a solution by adding solvent. The most
common method involves using volumetric glassware, such as pipettes and volumetric flasks,
which are designed to deliver or contain precise volumes. Dilution calculations are based on the
formula (C_1V_1=C 2V _2), where (C) is concentration and (V) is volume.

Fill in the blank: The formula used to calculate dilutions is

SN
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Figure 5.4: Dilution using volumetric glassware.

Stage 1: Accurate Stage 2: Transfer to Stage 3: Partial
M t Volumetric Flask Solvent Addition

Solvent
to prevent
vigorous
reaction

Stock
Solution

Stage 4: Final Solvent Stage 5:
Addition and Mixing Final Diluted Solution

@ A1

correct 2l
“| correct, level  piluted Volume

meniscus

eye view Solution (V2)
Dilution Formula: C1V1 = C2V2
C1 = Concentration of stock solution (e.g., in Mol/L)
V1 = Volume of stock solution measured (with pipette)

C2 = Concentration of final diluted solution ) .
V2 = Total volume of the final flask (e.g., 250 mL) C2: Final Concentration

Diagram showing dilution process using pipette and volumetric flask.
Figure 5.4: Dilution using volumetric glassware.
“dilution process volumetric flask pipette diagram OER”

Accuracy in volumetric glassware
Volumetric flasks and pipettes are calibrated to.deliver precise volumes. Using inappropriate
glassware, such as beakers, introduces errors.

Fill in the blank: The type of glassware designed to deliver or contain precise volumes is called

5.2.4 Storage and stability of prepared solutions

Prepared standard solutions must be stored properly to maintain their concentration. Factors such
as temperature, light, and contamination can affect stability. Solutions should be kept in clean,
labelled containers, preferably made of glass or chemically resistant plastic. Some solutions may
require refrigeration or protection from light.

Fill in the blank: Standard solutions should always be stored in clean,
containers to maintain stability.

-
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OER Laboratory Guidelines

= = o)

BOX 5.1: ' o4, |

BEST PRACTICES FOR STORING /|
STANDARD SOLUTIONS

LABELING & IDENTIFICATION

« Clear Identification: Name, Concentration, Solvent
« Preparation & Expiration Dates
« Preparer’s Initials LABEL
« Safety Warnings & GHS Pictog|

+ Reference to Lab Notebook

o

CONTAINER & SEALING

« Use Appropriate Containers (e.g., amber glass, specific plastics)
« Ensure Airtight Seal (to prevent evaporation and contamination)
« Cleanliness of Containers is Crucial

LIGHT & TEMPERATURE CONTROL
« Protect Light-Sensitive Solutions (use amber glass or | B

< store ln darkness)

INVENTORY & STABILITY

M|n|mum Headspace (for omdatmn sensitive solutions)
of O

Check for Slgns of Degradatlon (precipitation, color change)
« Establish Expiration Policy
« Regularly Re-Standardize & Maintain Record:

Single-column table listing best practices for storing standard solutions.
Box 5.1: Best practices for storing standard.solutions.
“storage best practices standard solutions laboratory OER”

Pilot Questions 5.2 (Preparation of Standard Solutions)

1. A solution whose concentration is determined by comparison with a primary standard is
called a
Answer: Secondary standard (SLO 5.2)

2. The instrumentused to measure small masses with high precision is called an

Answer: Analytical balance (SLO 5.2)
3. The formula used to calculate dilutions is
Answer: CiVi = C:V: (SLO S. 2)
4. The type of glassware designed to deliver or contain precise volumes is called

Answer: Volumetric glassware (SLO 5.2)

5. “Standard solutions should always be stored in clean, containers to
maintain stability.
Answer: Labelled containers (SLO 5.2)

-
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5.3 Application of Standard Solutions in Atomic
Spectroscopy

Standard solutions are central to atomic spectroscopy because they provide the reference values
needed to calibrate instruments and interpret results. In this Part, we will explore their role-in
calibration curves, their use in atomic absorption, emission, and fluorescence spectrometry, and
how they help minimise matrix effects.

5.3.1 Role of standards in calibration curves

A calibration curve is a graph that shows the relationship between instrument response and
analyte concentration. Standard solutions of known concentration are measured, and their
responses are plotted to create the curve. Unknown samples e¢an then be analysed by comparing
their responses to this curve.

Fill in the blank: A graph that shows the relationship‘between instrument response and analyte
concentration is called a

CJAtomic Absorption Calibration for Lead (Pb)
0.500 :
y = 0.048x + 0.001
R? = 0.999

0.400
=)
<
o 0.300
o
c
©
2
@ 0.200
<

0.100

0.000

0.0 2.0 4.0 6.0 8.0 10.0
Concentration of Lead (Pb) (mg/L)

Figure 5.5: Calibration curve constructed using standard solutions.
Graph showing calibration curve with plotted standard solutions.
Figure 5.5: Calibration curve constructed using standard solutions.
“atomic spectroscopy calibration curve standard solutions OER”

-
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5.3.2 Use in atomic absorption spectrometry (AAS)

In atomic absorption spectrometry (AAS), standard solutions are used to calibrate the
instrument so that the absorption of light at specific wavelengths can be related to concentration.
AAS is particularly useful for detecting metals such as lead, copper, and zinc in environmental
and biological samples.

Fill in the blank: In AAS, the absorption of light at specific is related to
concentration.

Plate 5.2: Use of standard solutions in atomic

absorption spectrometry.

Image showing atomic absorption spectrometer with calibration standards.
Plate 5.2: Use of standard solutions in atomic absorption spectrometry.
“atomic absorption spectrometer calibration standards OER”

5.3.3 Use in‘atomic emission and fluorescence spectrometry

In atomic emission spectrometry, standard solutions help establish calibration curves by
measuring the intensity of emitted light from excited atoms. In atomic fluorescence
spectrometry, standards are used to relate fluorescence intensity to concentration. Both
techniques rely on standards to ensure accuracy and reproducibility.

Fill in the blank: In atomic fluorescence spectrometry, the intensity of is
related to concentration.

-
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CALIBRATION USING STANDARD SOLUTIONS
IN ATOMIC EMISSION AND FLUORESCENCE SPECTROMETRY
1. STANDARD SOLUTIONS & UNKNOWN SAMPLE

Y/49'9YY W'\

Epm ppm__ Sppm  10ppm 20 ppm, i Kol
o musnmou STANDARDS d

2. ATOMIZATION & EXCITATION

Resonance Light
X =) Gas stream Absorption
2 e 0 I 050 = ,4,.'
- Free atoms
\TOMIZER »
ChAMBER (69 ICPTORl‘h or FLAME)

AATOMIC EMISSION SPECTROMETRY (AES) ATOMIC FLUORESCENCE SPECTROMETRY
The al Excitation Light Solm:e Excitation (AFS)

lections \ 2 ‘!’ Emission
jumptions g (characteristic )
>'4‘ from excited atoms
3 AES DETECTION

<Bu—0]
DIFFHAEHON ECTOR

DETI
€5:PMECC) 4 DATA ANALYSIS & CALIBRATION CURVE

-

NEBULIZER

esonance
Light Absorption

" ‘eb‘ Absorption
90°
Fluorescent
Light = 3.AFS DETECTION
- mmumlou
GRATING (e r PMT ccn)

= “—— Calibration Curve
2 g "\ Standard Solutions
Unl o ; s (Data points)
Sample Signal Z "\ Regression Line
a* & (Signal = m * Concentration + b)
z
s
|, a A
“D& DETERMINED CONCENTRATION uulﬂ

CCONCENTRATION (e.g., ppm)

Diagram showing emission and fluorescence calibration using standard solutions.
Figure 5.6: Application of standard solutions in emission and fluorescence spectrometry.
“atomic emission fluorescence spectrometry calibration diagram OER”

5.3.4 Minimising matrix effects with standards

Matrix effects occur when other compenents in the sample interfere with measurement, often by
absorbing or scattering radiation. Standard solutions can be prepared to closely match the
composition of the sample, reducing these effects. This process is known as matrix matching,
defined as adjusting standards te.resemble the sample matrix.

Fill in the blank: Adjusting standards to resemble the sample matrix in order to reduce
interference is called

-
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( Box 5.2: Strategies for Minimising Matrix Effects |
with Standard Solutions

Match the majg/
composition of the
standard (acid
concentration,
dissolved solids, other
jons) to that of the
sample.

Sample Standard Concentration

2. Dilution Reduce the overall concentration of
O matrix components below levels
where they cause significant interference.
Blank Decreased
(solvent) signal
A ®
Dilution =
sample Reduced @
. effects
Concentrated Sample Diluted Sample Measurement

1 Apply specific instrumental techniques to measure and
3. Background Correctlon subtract non-specific absorption or emission from the matrix.

Do
9V,
59" Analyte + Background Correction A

0=l

Background only e
Wavelength (i.e. Deuterium lamp) Corrected Signal

Analyte
Peak

Signal

Background
Subtracted

Intensity

-

J

Single-column table listing strategies for minimising matrix effects (matrix matching, dilution,
background correction).

Box 5.2: Strategies for minimising matrix effects with standard solutions.
“matrix effects minimisation strategies atomic spectroscopy OER”

Pilot Questions 5.3 (Application of Standard Solutions in Atomic Spectroscopy)

1. A graph that shows the relationship between instrument response and analyte
concentration is called a

Answer: Calibration curve (SLO 5.3)

2. In AAS, the absorption of light at specific is related to
concentration.
Answer: Wavelengths (SLO 5.3)

3. In atomic fluorescence spectrometry, the intensity of is related to
concentration.

Answer: Fluorescence (SLO 5.3)

4. Adjusting standards to resemble the sample matrix in order to reduce interference is
called

Answer: Matrix matching (SLO 5.3)

5. Match the spectrometric technique in Column A with its role in calibration using standard
solutions in Column B.

Column A (Technique) | Column B (Role)

Atomic absorption | A. Relates absorption of light at specific wavelengths to
concentration

Atomic emission | B. Measures intensity of emitted light from excited atoms
Atomic fluorescence | C. Relates fluorescence intensity to concentration
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Answers: Atomic absorption — A; Atomic emission — B; Atomic fluorescence — C (SLO
5.3)

5.4 Quality Assurance and Safety Considerations

Quality assurance and safety are vital when preparing and using standard solutions in atomic
spectroscopy. Accuracy and precision must be maintained to ensure reliable results, while safe
handling of chemicals and equipment protects laboratory staff. In this Part, we will explore
accuracy and precision, documentation and traceability, and safety practices:

5.4.1 Accuracy and precision in solution preparation

Accuracy refers to how close a measurement is to the true value; while precision refers to how
consistent repeated measurements are. Both are essentialin preparing standard solutions. For
example, weighing errors or incorrect dilution can compromise aceuracy, while inconsistent
technique can reduce precision.

Fill in the blank: The term that describes how consistent repeated measurements are is

Figure 5.7: Accuracy versus precision in solution preparation.

ACCURATE AND PRECISE PRECISE BUT NOT ACCURATE

True Value Reproducibility
is how close is bs how tightly
measurement. groupe points

Reproducibility
is how close
the cluster
measurement.

Reproducibility
is how close
the Deviation
measurement.

Actual results

chemsh of analytical chemistry and of analyticity loss related to the target so solutions,

The target analogy. ‘hitting the target’ and mears it's ‘grouping’ asculter in the center
in thinking groups of ‘grouping’ and meraurmentation it inind one solution making.

Diagram showing difference between accuracy and precision using target analogy.
Figure 5.7: Accuracy versus precision in solution preparation.
“accuracy vs precision diagram chemistry OER”

-
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5.4.2 Documentation and traceability of standards

Documentation involves recording details of solution preparation, such as the substance used,
concentration, date of preparation, and storage conditions. Traceability means that every.
solution can be linked back to its source and preparation method. This ensures reliability and
allows errors to be identified and corrected.

Fill in the blank: Recording details such as concentration, date of preparation, and storage
conditions is part of

FOR STANDARD SOLUTIONS

BOX 5.3: DOCUMENTATION cuecxusﬁ

ESSENTIAL DOCUMENTATION DETAILS
'
(e.g., Sodium Chloride, "g’t.
Hydrochloric Acid) _
CONCENTRATION:
(e.g., 1.0 M, 100 mg/L)
Do
PREPARATION DATE: %O
3 (DD/MM/YYYY)
o
a PREPARER'S NAME:
(e.g., 3. Smith, A. Lee)
= { ' STORAGE CONDITIONS:
Yﬁ (e g., 4°C, protect from light) ;

Single-column table listing essential documentation details (substance, concentration, date,
preparer, storage conditions).

Box 5.3: Documentation checklist for standard solutions.

“documentation checklist standard solutions laboratory OER”

@@@@@

5.4.3 Safety practices in handling chemicals and glassware

Working with chemicals and glassware requires strict safety measures. Personal protective
equipment (PPE) such as lab coats, gloves, and goggles must always be worn. Solutions should
be prepared in clean glassware to avoid contamination, and care must be taken when handling
acids, bases, or volatile substances. Broken glassware should be disposed of safely, and spills
must be cleaned immediately following laboratory protocols.

-
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Fill in the blank: Protective items such as lab coats, gloves, and goggles are collectively referred
to as

Figure 5.8: Safety practices in preparing standard solutions
Personal Protective Safe Handling of

Equipment (PPE) Glassware Sqill Masagomant
Check for damage: 1. Alert & Evaluate:

L?fll.)Coat ) A
lame-
resistant, )| - =
buttoned-up) I I
k & Notify supervisor if needed.
y (i

Identify the chemical.

Secte holithg: 2. Contain Spill: I

Prevent spread to drains.

Eonectireating 3 Neutrallze & Absorb:

(appropriate ;
material, _— Uniform heating
e.g., nitrile) e\ — Avcxd direct
flam

Disposal: Use correct splll kit materials.
Closed-toe };rnkeni T
/ Shoes — s . Clean Up & Decontaminate:
6 Only Y
« Wear appropriate PPE at all « Handle glassware carefully
times in the lab. to prevent breaks.
 Ensure a proper fit.  Never use cracked or :
« Replace damaged chipped items. Dispose of waste correctly.
equipment immediately. « Label all containers clearly. ~Wash hands thoroughly.

Diagram showing laboratory safety practices including PPE, safe handling of glassware, and spill
management.

Figure 5.8: Safety practices in preparing standard solutions.

“laboratory safety practices PPE glagsware handling OER”

Pilot Questions 5.4 (Quality Assurance and Safety Considerations)

1. The term that describes how consistent repeated measurements are is

Answer: Precision (SLO 5.4)

2. Recording details such as concentration, date of preparation, and storage conditions is
part of
Answer: Documentation (SLO 5.4)

3. Protective items such as lab coats, gloves, and goggles are collectively referred to as

Answer: Personal protective equipment (PPE) (SLO 5.4)
4. Which of the following best describes traceability in standard solution preparation?
A. Ensuring solutions are stored in labelled containers
B. Linking each solution back to its source and preparation method
C. Using volumetric flasks for accurate dilutions
D. Wearing PPE during preparation
Answer: B. Linking each solution back to its source and preparation method (SLO
5.4)
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5. Match the safety practice in Column A with its purpose in Column B.
Column A (Safety Practice) | Column B (Purpose)
Wearing PPE | A. Protects against chemical exposure and glassware accidents
Proper disposal of broken glassware | B. Prevents injury and contamination
Immediate spill cleanup | C. Ensures safe working environment and prevents accidents

Answers: Wearing PPE — A; Proper disposal of broken glassware — B; Immediate spill
cleanup — C (SLO 5.4)

Series Summary

This Series has guided you through the preparation and use of standard solutions in atomic
spectroscopy, emphasising their importance for accurate and reliable analysis. We began by
defining standard solutions, distinguishing between primary and secondary types, and
highlighting their role in calibration. We then explored the practical steps of preparation,
including selecting appropriate standards, weighing and disselving solids, performing dilutions
with volumetric glassware, and ensuring proper storage and stability. Following that, we
examined how standard solutions are applied in atomic absorption, emission, and fluorescence
spectrometry, and how they help minimise matrix effects. Finally, we addressed quality
assurance and safety considerations, focusiig on aceuracy, documentation, and safe laboratory
practices.

By completing this Series, you should now be able to define and explain the concept of standard
solutions, demonstrate correct preparation techniques, apply them in calibration and analytical
applications, evaluate strategies for minimising matrix effects, and implement quality assurance
and safety practices. In achieving these outcomes, you have met the Series Learning Outcomes
(SLOs 5.1-5.10), equipping you with the competence to prepare and use standard solutions
confidently in atomic spectroscopy:

Glossary of Terms
Accuracy — How close a measurement or prepared solution is to the true value.

Analytical balance — A highly sensitive instrument used to measure small masses with precision
during solution preparation.

Calibration curve — A graph that shows the relationship between instrument response and
analyte concentration; constructed using standard solutions.

Concentration — The amount of solute present in a given volume of solution, often expressed in
molarity (M), ppm, or mg/L.

Dilution — The process of reducing the concentration of a solution by adding more solvent,
usually calculated using the formula (C_1V_1=C 2V 2).

Documentation — The recording of details such as concentration, date of preparation, and
storage conditions to ensure traceability of standard solutions.

Matrix effects — Interferences caused by other components in a sample that affect measurement
accuracy, often managed by matrix matching.

-
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Matrix matching — Adjusting standard solutions to resemble the composition of the sample in
order to minimise matrix effects.

Molarity (M) — A unit of concentration defined as the number of moles of solute per litre of
solution.

Personal protective equipment (PPE) — Protective items such as lab coats, gloves, and goggles
worn to ensure safety in the laboratory.

Precision — The consistency of repeated measurements or solution preparations, regardless of
whether they are close to the true value.

Primary standard — A highly pure, stable substance that can be weighed directly to prepare a
solution of known concentration.

Secondary standard — A solution whose concentration is determined by comparison with a
primary standard.

Standard solution — A solution with a precisely known con¢entration, used as a reference in
quantitative analysis and calibration.

Traceability — The ability to link a prepared solution back to its source, preparation method, and
documentation records.

Volumetric glassware — Laboratory glassware such as pipettes and volumetric flasks designed
to deliver or contain precise volumes of liquid.

Concept Check Questions [Series 5]
Objective Questions

1. Which type of standard can be weighed directly because of its high purity and stability?
A. Secondary standard
B. Primary standard
C. Calibration curve
D. Volumetric glassware
(Linked to. SLO 5.1)

2. The formula used to calculate dilutions is
(Linked to SLO 5.4)

3. In atomic absorption spectrometry, calibration standards relate absorption of light at
specific to concentration.
(Linked to SLO 5.6)

4. Protective items such as lab coats, gloves, and goggles are collectively referred to as

(Linked to SLO 5.10)

5. Which unit of concentration is defined as the number of moles of solute per litre of
solution?
A. ppm
B. mg/L

-

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



C. molarity
D. traceability
(Linked to SLO 5.3)

Short-Answer Questions

6. Define a standard solution.
(Linked to SLO 5.1)

7. Explain the difference between a primary standard and a secondary standard.
(Linked to SLO 5.1)

8. Describe one practical step to ensure accuracy when weighing solids for solution
preparation.
(Linked to SLO 5.4)

9. State one way in which matrix effects can be minimised when using standard solutions.
(Linked to SLO 5.8)

Long-Answer Questions

10. Analyse the role of standard solutions in calibration curves and explain how they are
applied in atomic absorption spectrometry.
(Linked to SLOs 5.6, 5.7)

11. Evaluate the importance of documentation and safety practices when preparing and
storing standard solutions.
(Linked to SLOs 5.9, 5.10)

Answers to ConceptCheck Questions [Series 5]
Objective Questions

1. B.Primary standard

2. (C_1V.1=C.2V 2)

3. Wavelengths

4. / Personal protective equipment (PPE)
5. C. Molarity

Short-Answer Questions

6. A standard solution is a solution with a precisely known concentration, used as a reference in
guantitative analysis and calibration.
7. A primary standard is a highly pure, stable substance that can be weighed directly to prepare a

solution of known concentration, while a secondary standard is a solution whose concentration is
determined by comparison with a primary standard.

8. Use an analytical balance to weigh solids accurately and ensure no material is lost during
transfer to the volumetric flask.

-
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9. Matrix effects can be minimised by matrix matching, which involves preparing standards that
closely resemble the composition of the sample.

Long-Answer Questions
10.

e Basicresponse: Standard solutions are used to construct calibration curves by plotting
instrument response against known concentrations. In AAS, these curves allow absorption at
specific wavelengths to be related to concentration.

e Value-added response: Beyond basic calibration, standard solutions in AAS ensure traceability
and reproducibility. They allow analysts to detect metals in environmental'and biological
samples with confidence, and matrix matching can be applied to reduce interference from
complex sample compositions.

11.

e Basic response: Documentation ensures that details such as concentration, preparation date,
and storage conditions are recorded, while safetypractices such aswusing PPE and proper
glassware handling protect laboratory staff.

e Value-added response: Comprehensive documentation supports traceability, enabling audits
and error correction. Advanced safety practices include proper disposal of broken glassware,
spill management protocols, and ensuring solutions are stored under appropriate conditions
such as refrigeration or protection from light. These measures safeguard both accuracy and
laboratory safety.

Pilot anwers for part 5.1 to 5.4

Part 5.1: Fundamentals of Standard Solutions

1. Primary standard

2. Calibration

3. Molarity

4.  Accuracy

5. Primary standard — Highly pure substance weighed directly; Secondary standard —

Compared with a primary standard

Part 5.2: Preparation of Standard Solutions

1. Secondary standard
2. Analytical balance
3. CiVi=C:V2

-
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4. Volumetric glassware
5. Labelled containers

Part 5.3: Application of Standard Solutions in Atomic Spectroscopy

Calibration curve

Wavelengths

Fluorescence

Matrix matching

Atomic absorption — Relates absorption at wavelengths; Atomic'emission — Measures
intensity of emitted light; Atomic fluorescence — Relates fluorescence intensity to
concentration

Nk W=

Part 5.4: Quality Assurance and Safety Considerations

Precision

Documentation

Personal protective equipment (PPE)

Traceability — Linking each solution back to its source and preparation method
Wearing PPE — Protects against chemical/glassware accidents; Proper disposal of
broken glassware — Prevents injury/contamination; Immediate spill cleanup — Ensures
safe environment

Nk W=

References and Attributions [Series.5]

This section compiles references, suggested open educational resources (OERs), and attributions
for illustrations and concepts.used in Series 5: Preparation and Use of Standard Solutions in
Atomic Spectroscopy.

General References

e Harris, D. C. (2015). Quantitative Chemical Analysis (9th ed.). New York: W. H. Freeman.

e Skoog, D. A, Holler, F. J., & Crouch, S. R. (2017). Principles of Instrumental Analysis (7th ed.).
Boston: Cengage Learning.

e  OpenStax. (2016). Chemistry. Houston: Rice University. Available at
https://openstax.org/books/chemistry

Hlustrations and Suggested Sources

o Figure 5.1 Types of standard solutions

-

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



e Al prompt: “Generate a diagram showing primary and secondary standard solutions
with examples.”
e Suggested OER search string: “primary vs secondary standard solutions diagram OER”
Figure 5.2 Calibration curve in atomic spectroscopy

o Al prompt: “Generate a graph showing calibration curve created using standard
solutions in atomic spectroscopy.”
e Suggested OER search string: “atomic spectroscopy calibration curve standard solutions
OER”
Table 5.1 Common concentration units in standard solutions

e Al prompt: “Create a table comparing molarity, ppm, and mg/L with definitions and
typical uses.”
e Suggested OER search string: “molarity ppm mg/L comparison table OER”
Plate 5.1 Weighing a solid using an analytical balance

e Al prompt: “Create an image showing an analytical balance being used to weigh a solid
for solution preparation.”
e Suggested OER search string: “analytical balance weighing solid laboratory OER”
Figure 5.4 Dilution using volumetric glassware

o Al prompt: “Generate a diagram showing dilution process using pipette and volumetric
flask with formula C1V1 =C2V2.”
e Suggested OER search string: “dilution process volumetric flask pipette diagram OER”
Box 5.1 Best practices for storing standard solutions

o Al prompt: “Create a single-column box listing best practices for storing standard
solutions, including labelling, refrigeration, and protection from light.”
e Suggested OER search string: “storage best practices standard solutions laboratory OER”
Figure 5.5 Calibration curve constructed using standard solutions

e Al prompt: “Generate a graph showing calibration curve constructed using standard
solutions in atomic spectroscopy.”
e Suggested OER search string: “atomic spectroscopy calibration curve standard solutions
OER”
Plate 5.2 Use of standard solutions in atomic absorption spectrometry

o Al'prompt: “Create an image showing atomic absorption spectrometer with calibration
standards in laboratory use.”
e Suggested OER search string: “atomic absorption spectrometer calibration standards
OER”
Figure 5.6 Application of standard solutions in emission and fluorescence spectrometry

e Al prompt: “Generate a diagram showing calibration using standard solutions in atomic
emission and fluorescence spectrometry.”
e Suggested OER search string: “atomic emission fluorescence spectrometry calibration
diagram OER”
Box 5.2 Strategies for minimising matrix effects with standard solutions
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e Al prompt: “Create a single-column box listing strategies for minimising matrix effects
with standard solutions, including matrix matching, dilution, and background
correction.”

e Suggested OER search string: “matrix effects minimisation strategies atomic
spectroscopy OER”

o Figure 5.7 Accuracy versus precision in solution preparation

o Al prompt: “Generate a diagram showing accuracy versus precision using a target
analogy.”
e Suggested OER search string: “accuracy vs precision diagram chemistry OER”
e Box 5.3 Documentation checklist for standard solutions

e Al prompt: “Create a single-column box listing essential documentation details for
standard solutions, including substance, concentration, date, preparer, and storage
conditions.”

e Suggested OER search string: “documentation checklist standard solutions laboratory
OER”

o Figure 5.8 Safety practices in preparing standard solutions

e Al prompt: “Generate a diagram showing laboratory safety practices including PPE, safe
handling of glassware, and spill management.”

e Suggested OER search string: “laboratory safety practices PPE glassware handling OER”

-

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



