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Series 1: Measurement of pH

Part 1 Fundamentals of pH

1.1.1 Definition of pH
1.1.2 Importance of pH in chemistry and everyday applications
1.1.3 pH scale and interpretation

Part 2 Methods of measuring pH

1.2.1 Indicators and colour change methods
1.2.2 pH meters: principle and operation
1.2.3 Good laboratory practice in pH measurement

Part 3 Applications and calculations involving pH

1.3.1 pH in acid—base chemistry
1.3.2 pH in environmental and biological systems
1.3.3 Simple calculations involving hydregen ion concentration and pH

Introduction

In everyday life, the acidity oralkalinity of substances plays a crucial role, from the food we eat
to the medicines we take and the water we drink. Chemists use the concept of pH to express this
property in a precise and measurable way. Learning how to measure pH is therefore fundamental
in chemistry, as it provides insight into chemical reactions, environmental conditions, and
biological processes. This Series will help you appreciate the importance of pH measurement and
prepare you to carry it out accurately in the laboratory.

The aim of this Series is to introduce you to the concept of pH, equip you with practical methods
for measuring it, and enable you to apply pH values in chemical calculations and real-world
contexts.

We shall commence this Series by exploring the fundamentals of pH, including its definition,
importance, and the pH scale. Next, we will move on to methods of measuring pH, ranging from
simple indicators to the use of pH meters, together with good laboratory practices. Finally, we
will wrap up by considering applications and calculations involving pH in acid—base chemistry,
environmental systems, and biological contexts. In conclusion, this Series will provide you with
both theoretical understanding and practical competence in measuring and applying pH.
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Series Learning Outcomes

Upon completing this Series, you should be able to:

define pH and explain its significance in chemistry,

describe the pH scale and interpret values in terms of acidity and alkalinity,
demonstrate how to measure pH using indicators,

operate a pH meter and explain its principle of measurement,

apply good laboratory practices when measuring pH,

calculate pH from hydrogen ion concentration,

analyse the role of pH in acid—base chemistry,

evaluate the importance of pH in environmental and biological systems.

1.1 Fundamentals Of pH
1.1.1 Definition of pH

pH is defined as the negative logarithm of the hydrogen ion concentration in a solution. It
provides a numerical scale to express the acidity or alkalinity of a substance. A solution with a
high concentration of hydrogen ions has a low pH, indicating acidity, while a solution with a low
concentration of hydrogen ions has a high pH, indicating alkalinity.

Fill in the blank: A solution with a high concentration of hydrogen ions has a pH.

1.1.2 Importance of pH in chemistry and everyday applications

pH is important because it influences chemical reactions, biological processes, and
environmental conditions. In chemistry, pH determines the rate and extent of acid—base
reactions. In biology, enzymes function optimally within specific pH ranges. In everyday life, pH
affects food preservation, water quality, and even skin care products.

Fill in the blank: Enzymes function optimally within specific ranges.

1.1.3 pH scale and interpretation

The pH scale ranges from 0 to 14, with 7 representing neutrality. Values below 7 indicate
acidity, while values above 7 indicate alkalinity. Strong acids typically have pH values close to
0, and strong bases have values close to 14. The scale is logarithmic, meaning each unit change
represents a tenfold difference in hydrogen ion concentration.
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Fill in the blank: The pH scale is , meaning each unit change represents a tenfold
difference in hydrogen ion concentration.

pH Classification Example Notes
range substance
0-6 |Acidic Lemon juice Contains citric acid, giving it a sharp sour taste
Neither acidic nor alkaline, serves as the reference
7 Neutral Pure water

point

Contains alkaline compounds, useful for cleaning and
removing grease

Table 1.1 pH ranges with examples

8 —14 |Alkaline Soap

PH SCALE: UNDERSTANDING ACIDITY & ALKALINITY

o 2 3 6 7 8 =] 13 14
ACIDIC (0-6) NEUTRAL (7) ALKAINE (8-14)

* Ex: Lemon Juice, = Ex: Pure Water, Human Blood = Ex: Soap, Baking Soda,
Vinegar, Battery Acid Ammonia

FIGURE 4.1 THE PH SCALE VISUALAIZED

CHEMISTRY & ECOLOGY: MEASURING WATER & SOIL HEALTH VISUALIZED

Figure 1.1 — The pH Scale

Pilot questions 1.1

Define pH.

What does a low pH value indicate?

State one importance of pH in biology.

What.is the range of the pH scale?

What does each unit change on the pH scale represent?

-

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



1.2 Methods Of Measuring pH

1.2.1 Indicators and colour change methods

Indicators are substances that change colour depending on the pH of the solution they are placed
in. They provide a simple and inexpensive way of estimating pH. Common examples include
litmus, phenolphthalein, and methyl orange. Each indicator has a specific pH transition range,
which is the range of pH values over which it changes colour.

Fill in the blank: Litmus is an indicator that turns red in acidic solutions and n
alkaline solutions.

ACID-BASE INDICATORS:
pPpH COLOR CHANGES

VISUALIZING pH WITH COMMON INDICATORS

Litmus i Phenophthein Methyl Orange

— — Colorless i
i (Acid/Neutral) U Pink (Base)
Litmus
Red (Acid) Yellow (Neutral) Yellow (Base)

o Strong Acid 7 Strong Base 8-14
Weak Acid/Neutral

0o-3 Strong Acid Neutral Alkanine 14

FUNDAMENTALS OF ANALYTICAL & PHYSICAL CHEMISTRY 2\

Figure 1.2 Colour changes of indicators at different pH values

1.2.2 pH meters: principle and operation

A pH meter is an electronic device that measures pH more accurately than indicators. It works
by detecting the voltage difference between a glass electrode, sensitive to hydrogen ions, and a
reference electrode. This voltage is converted into a pH reading displayed on the meter. Proper
calibration with standard buffer solutions is essential before use to ensure accuracy.

Fill in the blank: A pH meter must be calibrated using standard solutions before
measurement.
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Plate 1.1 Digital pH meter in use

1.2.3 Good laboratory practice in pH measurement

Accurate pH measurement requires careful attention to laboratory practice. Electrodes should be
rinsed with distilled water between measurements to avoid contamination. Buffers should be
fresh and properly prepared. Instruments must be calibrated regularly, and readings should be
taken promptly to avoid drift. By following these practices, reliable and reproducible results can
be obtained.

Fill inthe blank: Electrodes should be rinsed with water between measurements to
avoid contamination.

Pilot questions 1.2

What is an indicator in pH measurement?

State the colour change of litmus in acidic and alkaline solutions.
What principle does a pH meter operate on?

Why is calibration necessary before using a pH meter?

Mention one good laboratory practice in pH measurement.
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1.3 Applications And Calculations Involving pH
1.3.1 pH in acid—base chemistry

In acid—base chemistry, pH plays a central role in determining the strength of acids and bases;
as well as the direction of chemical reactions. Strong acids such as hydrochloric acid have very
low pH values, while strong bases such as sodium hydroxide have very high pH values. The
neutralisation of an acid by a base results in a solution with a pH closer to 7.

Fill in the blank: Neutralisation of an acid by a base results in a solution with a pH closer to

1.3.2 pH in environmental and biological systems

pH is critical in both environmental and biological contexts. In environmental science, pH
determines water quality, influencing the survival of aquatic organisms. Acid rain, for example,
lowers the pH of lakes and rivers, harming fish and plants. In biological systems, pH affects
enzyme activity and metabolic processes. Human blood, for instance, must maintain a pH around
7.4 for proper physiological function.

Fill in the blank: Human blood must maintain a pH around for proper physiological
function.

1.3.3 Simple calculations involving hydrogen ion concentration and pH
pH of a Solution

The pH of a solution can be caleulated using the formula:

pH = —logio[H']

Where:

. [H*] 1s the hydrogen ion concentration in moles per litre.

Example:

If the hydrogen 1on concentration is 1 x 10 mol/L, then:

pH=—logio(1 x.103%) =3

This logarithmic relationship means that small changes in hydrogen ion concentration lead to
significant changes in pH.

Fill in the blank: A solution with [H*] =1 % 10~ mol/L has a pH of

Table 1.3 Hydrogen ion concentrations and pH values
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Hydrogen ion concentration [H"| pH Classification Example
(mol/L) value substance
1 x10! 1 Strongly acidic Gastric acid
1 x1073 3 Moderately Vinegar
acidic
1 x1077 7 Neutral Pure water
1 X102 12 Strongly alkaline | Household
ammonia

Pilot questions 1.3

What does pH indicate in acid—base chemistry?

What is the pH of a neutral solution?

State one environmental application of pH.

What is the approximate pH of human blood?

Write the formula used to calculate pH from hydrogen ion concentration.

Series Summary

This Series has guided you through the concept and measurement of pH, a fundamental aspect of
chemistry with wide-ranging applications in laboratory practice, environmental science, and
biological systems. Its purpese was.to help you appreciate the relevance of pH and to equip you
with the skills needed to measure and apply it accurately.

We began by examining the fundamentals of pH, including its definition, importance, and the
interpretation of values on the pH scale. We then moved on to methods of measuring pH, from
simple indicators to the use of pH meters, supported by good laboratory practices. Finally, we
explored applications and caleulations, considering pH in acid—base chemistry, environmental
and biological systems, and how to calculate pH from hydrogen ion concentration. In line with
the Series Learning Outcomes, you should now be able to define and describe pH, demonstrate
its measurement using indicators and pH meters, apply good laboratory practices, perform pH
calculations, and evaluate its importance in chemical, environmental, and biological contexts.

Concept Check Questions [Series 1]
Objective questions

Define pH. (Linked to SLO 1.1)
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What is the pH of a neutral solution? (Linked to SLO 1.2)

Which indicator turns red in acidic solutions and blue in alkaline solutions? (Linked to SLO
1.3)

State the principle on which a pH meter operates. (Linked to SLO 1.4)

Why should electrodes be rinsed with distilled water between measurements? (Linked to
SLO 1.5)

Short-answer questions

6. Describe the importance of pH in enzyme activity. (Linked to SLO 1.8)

7. Explain why calibration is necessary before using a pH meter. (Linked to SLO 1.4)

8. Write the formula used to calculate pH from hydrogen ion concentration. (Linked to SLO 1.6)
9. Give one example of how pH affects environmental systems. (Linked to SLO 1.8)

10. Mention one everyday application of pH measurement. (Linked to SLO 1.2)

Long-answer questions

11. Analyse the role of pH in acid—base chemistry, giving examples of neutralisation reactions.
(Linked to SLO 1.7)

12. Evaluate the strengths and limitations of using indicators compared with pH meters for
measuring pH. (Linked to SLOs 1.3 and 1.4)

13. Discuss the importance of maintaining blood pH at approximately 7.4 and the consequences
of deviations. (Linked to SLO 1.8)

Answers to Concept Check Questions [Series 1]

Objective questions

pH is the negative logarithm of hydrogen ion concentration in a solution.

7

Litmus.

It measures voltage difference between a glass electrode sensitive to hydrogen ions and a
reference electrode.

To avoid contamination and ensure accurate readings.

Short-answer questions

6..Enzymes function optimally within specific pH ranges; deviations reduce their activity.
7. Calibration ensures accuracy by adjusting the meter to known buffer values.

8. (pH = -\log_{10}[H"+]).

9. Acid rain lowers the pH of lakes and rivers, harming aquatic life.

10. Food preservation.

Long-answer questions
11. Basic response: pH indicates acidity or alkalinity, and in acid—base chemistry it determines
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reaction direction. Neutralisation reactions, such as hydrochloric acid reacting with sodium
hydroxide, produce water and salt with pH near 7.

Value-added response: Learners may also explain how neutralisation is applied in titrations,
industrial processes, and environmental treatment of acidic waste.

Basic response: Indicators are simple and inexpensive but provide only approximate pH values.
pH meters are more accurate and reliable.

Value-added response: Outstanding learners may add that indicators are useful in fieldwork or
quick checks, while pH meters require calibration and maintenance but allow continuous
monitoring in industrial and research settings.

Basic response: Blood pH must remain around 7.4 for enzymes and metabolic processes to
function properly. Deviations can impair physiological activity.

Value-added response: Learners may expand by discussing acidosis and alkalosis, their causes,
and how the body regulates blood pH through buffers, respiration, and kidney function.

Answers to Pilot Questions [Series 1]

Part 1.1 Fundamentals of pH

pH is the negative logarithm of hydrogen ion concentration in a solution.

A low pH value indicates acidity.

Enzymes function optimally within specific pH ranges.

The pH scale ranges from 0 to 14.

Each unit change on the pH scale represents a tenfold difference in hydrogen ion
concentration.

Part 1.2 Methods of measuring pH

An indicator is a substance that changes colour depending on the pH of a solution.

Litmus turns red in acidie solutions and blue in alkaline solutions.

A pH meter operates by detecting voltage differences between a glass electrode and a
reference electrode.

Calibration is necessary to ensure accuracy by adjusting the meter to known buffer values.

Rinsing electrodes with distilled water between measurements prevents contamination.

Part 1.3 Applications and calculations involving pH

pH indicates the strength of acids and bases in acid—base chemistry.

The pH of a neutral solution is 7.

One environmental application of pH is monitoring water quality, for example in lakes and
rivers.

Human blood has an approximate pH of 7.4.

The formula is (pH = -\log_ {10} [H"+]).
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Series 2: Determination of Relative Molar
Mass from Colligative Properties

Part 1 Fundamentals of colligative properties

2.1.1 Definition of colligative properties

2.1.2 Types of colligative properties (vapour pressure lowering, boiling point-elévation,
freezing point depression, osmotic pressure)

2.1.3 Relationship between colligative properties and molar mass

Part 2 Experimental methods for determining molar mass

2.2.1 Freezing point depression method
2.2.2 Boiling point elevation method
2.2.3 Osmotic pressure method

Part 3 Applications and calculations

2.3.1 Worked examples of molar mass detérmination
2.3.2 Practical applications in chemistry and industry
2.3.3 Limitations and sources of error in colligative property methods

Introduction

When chemists need to determine the size of molecules, one of the most practical approaches is
to use colligative properties, which depend only on the number of particles in a solution rather
than their identity. Everyday experiences such as salt lowering the freezing point of ice or sugar
raising the boiling point of water are simple demonstrations of these properties. In the laboratory,
these same principles allow us to calculate the relative molar mass of unknown substances,
making this topic highly relevant to both academic study and industrial applications.

The aim of this Series is to introduce you to the concept of colligative properties and to equip
you with the skills needed to determine relative molar mass experimentally and through
calculations.

We shall commence this Series by exploring the fundamentals of colligative properties,
including their definition, types, and relationship to molar mass. Next, we will move on to
experimental methods, focusing on freezing point depression, boiling point elevation, and
osmotic pressure techniques. Finally, we will wrap up by applying these methods to worked
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examples, considering practical applications in chemistry and industry, and discussing
limitations and sources of error. In conclusion, this Series will provide you with both theoretical
understanding and practical competence in determining relative molar mass using colligative
properties.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define colligative properties and explain their dependence on the number of solute particles,

describe the main types of colligative properties including vapour pressure lowering, boiling
point elevation, freezing point depression, and osmotic pressure,

analyse the relationship between colligative properties and relative molar mass,

demonstrate how to determine molar mass using the freezing point depression method,

demonstrate how to determine molar mass using the boiling point €levation method,

demonstrate how to determine molar mass using the osmotic pressure method,

apply colligative property data to calculate relative molar mass in worked examples,

evaluate practical applications of molar mass determination in chemistry and industry,

identify limitations and sources of error in colligative property methods.

2.1 Fundamentals Of Colligative Properties

2.1.1 Definition of colligative properties

Colligative properties are physical properties of solutions that depend only on the number of
solute particles present, not on their identity or type. This means that whether the solute is sugar,
salt, or another compound, the effect on the solvent is determined by how many particles are
dissolved. These properties are particularly useful in determining the relative molar mass of
unknown substances.

Fill in the blank: Colligative properties depend only on the of solute particles, not
their identity.

2.1.2 Types of colligative properties

There are four main types of colligative properties:

Vapour pressure lowering: The presence of solute particles reduces the escaping tendency of
solvent molecules, lowering vapour pressure.

Boiling point elevation: Adding solute raises the boiling point of the solvent because more energy is
required for molecules to escape into vapour.
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Freezing point depression: Solute particles interfere with the formation of a solid lattice, lowering
the freezing point of the solvent.

Osmotic pressure: The pressure required to stop solvent molecules from passing through a
semipermeable membrane into the solution.

Fill in the blank: The addition of solute particles lowers the point of a solvent.

COLLIGATIVE PROPERTIES:
UNDERSTANDING SOLUTION BEHAVIOR
VISUALIZING THE EFFECTS OF SOLUTES ON SOLVENTS

FOUR COLLIGATIVE PROPERTIES

1. VAPOR PRESSURE 2. BOILING POINT 3. FREEZING POINT 4. OSMOTIC
LOWERING ELEVATION DEPRESSIONS PRESSURE
T @s Ss .$o 65,’ ' = '
€3 v DS =L
Fewer solvent Higher boiling Ice lattice Solvent flows
molecules point with disrupted by through semipemiable
escape liquid phase. solute particles. solute. membrane
Ex: Salt in water Ex: Adding salt to Ex: Salt on roads Ex: Water absroption
reduces evaopation water to cook pasta melts ice by plant roots

SOLUTE ADDITION — ALTERED SOLVENT PROPERTIES

CHEMISTRY & ECOLCOGY: VISUALIZING SOLUTIONS IN SCIENCE

Figure 2.1 — Types of Colligative Properties

2.1.3 Relationship between colligative properties and molar mass

Colligative properties are directly related to the number of solute particles, which in turn depends
on the:molar mass. of the solute. By measuring changes in freezing point, boiling point, or
osmotic pressure, chemists can calculate the molar mass of an unknown compound. This makes
colligative properties a powerful tool in analytical chemistry.

Fill in the blank: Colligative properties are used to calculate the mass of an
unknown compound.

Pilot questions 2.1

What are colligative properties?
Name the four main types of colligative properties.
Which property explains why salt lowers the freezing point of water?
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How are colligative properties related to molar mass?
Why do colligative properties depend on the number of solute particles rather than their identity?

2.2 Experimental Methods For Determining Molar Mass

2.2.1 Freezing point depression method

Freezing Point Depression

Freezing point depression occurs when solute particles lower the freezing point of a solvent. The
extent of depression is proportional to the number of solute particles present, and this
relationship is expressed by the formula:

ATf=Kf - m

Where:

ATf = freezing point depression
Kf = cryoscopic constant of the solvent
m = molality of the solution

By measuring the change in freezing point, the molar mass of the solute can be calculated.

Fill in the blank: The freezing point depression.is proportional to the of the solution.

FREEZING POINT DEPRESSION

SOLUTE PARTICLES INTEREFFE WITH CRYSTAL LATTICE FORMATION

2. SOLUTION
1. PURE SOLVENT (SOLVENT + SOLUTE)

Ordered Solute Particles
Crystal Lattice

C> _— Disrupt Lattice

High Freezing
Point

— Requires Lower
Temperature to Freeze
(Freezing Point)

Addition of Solute

Solution

Tenperature)

== ~~- ATf (Freezing
Point Depression)

Tim
Pure Sovlent me

FUNDAMETALS OF PHYSICAL CHEMISTRY & THERRDAAMICS
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Figure 2.2 Freezing point depression caused by solute particles

2.2.2 Boiling point elevation method
Boiling Point Elevation

Boiling point elevation occurs when solute particles raise the boiling point of a solvent. The
relationship is given by:

ATb=Kb - m
Where:

ATb = boiling point elevation
Kb = ebullioscopic constant of the solvent
m = molality of the solution

This method is particularly useful for determining molar mass when working with volatile
solvents.

Fill in the blank: The boiling point elevation is directly proportional to the of the
solution.

BOILING POINT ELEVATION: HOW SOLUTES
RAISE THE BOLLING POINT OF LIQUIDS

VISUALIZING A COLLIGATIVE PROPERTY IN CHEMISTRY

BOILING 102°C
POINT
e e e ®©
100°C AN | |
(&) o o (@]
& S o
PURE SOLUTION
SOLVENT (+ SOLUTE)

SOLUTE PARTICLES DISRUPT SOLVENT-SOLVENT INTERACTIONS,
REQUIRING MORE ENERGY TO BOIL

CHEMISTRY & ECOLOGY: UNDERSTAI®ING THERONDAMICS OF SOLUTIONS VISUALIZED

3
o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Figure 2.3 — Boiling Point Elevation

2.2.3 Osmotic pressure method
Osmotic Pressure

Osmotic pressure is the pressure required to stop the flow of solvent molecules through a
semipermeable membrane into the solution. It is related to molar mass by the equation:

n=M-R-T

Where:
T = osmotic pressure
M = molarity of the solution
R = gas constant

T = absolute temperature

This method is especially useful for determining the molar mass of large molecules such as
polymers and biological macromolecules.

Fill in the blank: Osmotic pressure is the pressure required to stop the flow of
molecules through a semipermeable membrane.
Pilot questions 2.2

What is the formula for freezing point depression?

What constant isused in boiling point elevation calculations?

Define osmotic pressure.

Which method is most useful for determining molar mass of biological macromolecules?
Why do colligative property.methods depend on the number of solute particles?

2.3 Applications And Calculations

2.3.1 Worked examples of molar mass determination
Determination of Molar Mass Using Colligative Properties

To determine molar mass (the mass of one mole of a substance), colligative property data such as
freezing point depression or boiling point elevation can be applied.

For instance, if a solution of an unknown solute in benzene lowers the freezing point by a
measurable amount, the molar mass can be calculated using the formula:
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M= (w - Kf)/ (ATf - m)
Where:

M = molar mass

w = mass of solute

Kf = cryoscopic constant of the solvent
ATf = freezing point depression

m = mass of solvent

Fill in the blank: The molar mass of a solute can be calculated from freezing point depression
using the constant

2.3.2 Practical applications in chemistry and industry

Colligative property methods are widely used in both laboratory and industrial contexts. In
chemistry, they help determine the molar mass of unknown compounds, especially polymers and
biological molecules. In industry, freezing point depression.is applied in antifreeze formulations,
while osmotic pressure methods are used in pharmaceutical research to study drug molecules.

Fill in the blank: Freezing point depression is applied in industry to produce
formulations for vehicles.

2.3.3 Limitations and sources of error in colligative property methods

Although colligative property. methods are powerful, they are subject to limitations. Impurities in
solvents, inaccurate temperature measurements, and non-ideal solution behaviour can introduce
errors. Large molecules such as proteins may not behave ideally, making molar mass
determination less precise. Careful experimental design and repeated trials help reduce these
errors.

Fill in the blank: Non-ideal solution behaviour can introduce in molar mass
determination using colligative properties.

Pilot questions 2.3

What formula is used to calculate molar mass from freezing point depression?

State one industrial application of colligative properties.

Why are colligative property methods useful for determining molar mass of polymers?
Mention one limitation of colligative property methods.

How can experimental errors in colligative property measurements be reduced?

Series Summary
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This Series has introduced you to the determination of relative molar mass using colligative
properties, a practical and reliable approach in chemistry. Its purpose was to help you understand
how properties that depend only on the number of solute particles can be applied to calculate
molar mass, making the topic relevant to both laboratory practice and industrial applications.

We began by examining the fundamentals of colligative properties, including their definition,
types, and connection to molar mass. We then moved on to experimental methods, focusing on
freezing point depression, boiling point elevation, and osmotic pressure techniques. Finally, we
explored worked examples, practical applications in chemistry and industry, and considered
limitations and sources of error. In line with the Series Learning Outcomes, youshould now be
able to define and describe colligative properties, demonstrate experimental methods for molar
mass determination, apply data to perform calculations, evaluate their practical uses, and identify
possible sources of error.

Concept Check Questions [Series 2]

Objective questions

Define colligative properties. (Linked to SLO 2.1)

List the four main types of colligative properties. (Linked to SLO 2.2)

Which colligative property explains why salt lowers the freezing point of water? (Linked to
SLO 2.2)

State the formula for boiling point elevation. (Linked to SLO 2.5)

What is osmotic pressure? (Linked to SLO 2.6)

Short-answer questions

6. Explain why colligative properties depend on the number of solute particles rather than their
identity. (Linked to SLO 2.1)

7. Describe the relationship between colligative properties and molar mass. (Linked to SLO 2.3)
8. Write the formula used to calculate molar mass from freezing point depression data. (Linked
to SLO 2.4)

9. Give one practical application of colligative properties in industry. (Linked to SLO 2.8)

10. Identify one limitation of colligative property methods in molar mass determination. (Linked
to SLO 2.9)

Long-answer questions

11. Analyse the use of freezing point depression in determining molar mass, including an
example calculation. (Linked to SLO 2.4, 2.7)

12. Evaluate the strengths and limitations of using boiling point elevation compared with osmotic
pressure methods. (Linked to SLO 2.5, 2.6, 2.9)

13. Discuss the importance of colligative properties in pharmaceutical research and polymer
chemistry. (Linked to SLO 2.8)
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Answers to Concept Check Questions [Series 2]

Objective questions

Colligative properties are physical properties of solutions that depend only on the number of
solute particles.

Vapour pressure lowering, boiling point elevation, freezing point depression, and osmotic
pressure.

Freezing point depression.

ATb=Kb - m

Osmotic pressure is the pressure required to stop solvent molecules passing through a
semipermeable membrane into the solution.

Short-answer questions

6. Because the effect is determined by particle count, not chemical identity.

7. Colligative properties are proportional to the number of solute particles, which is related to
molar mass.

8. M= (w - Kf)/(ATf - m)

9. Antifreeze production in the automotive industry.

10. Non-ideal solution behaviour can‘reduce accuracy.

Long-answer questions

11. Basic response: Freezing point depression lowers the freezing point of a solvent. By
measuring the depression and applying the formula, the molar mass of the solute can be
calculated.

Value-added response: Learners may also explain how this method is applied in determining
molar mass of organic compounds, polymers, and in food chemistry, with worked numerical
examples.

Basic response: Boiling point elevation is simple to measure but less precise than osmotic
pressure for large molecules. Osmotic pressure is more suitable for biological macromolecules.
Value-added response: Outstanding learners may add that boiling point elevation requires
volatile solvents and careful temperature control, while osmotic pressure methods are widely
applied in biochemistry and polymer science, though they require specialised equipment.

Basic response: Colligative properties are important in pharmaceutical research for determining
drug molar mass and in polymer chemistry for characterising large molecules.

Value-added response: Learners may expand by discussing how osmotic pressure methods are
used to study proteins and macromolecules, and how freezing point depression is applied in drug
formulation and stability testing.
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Answers to Pilot Questions [Series 2]

Part 2.1 Fundamentals of colligative properties

Colligative properties are physical properties of solutions that depend only on the number of
solute particles.

Vapour pressure lowering, boiling point elevation, freezing point depression, and osmotic
pressure.

Freezing point depression.

Colligative properties are related to molar mass because the number of solute particles
depends on molar mass.

Because the effect is determined by particle count, not chemical identity.

Part 2.2 Experimental methods for determining molar mass

ATf=Kf - m

The ebullioscopic constant (Kb)

Osmotic pressure is the pressure required to stop solvent molecules passing through a
semipermeable membrane into the solution:

Osmotic pressure method.

Because colligative properties depend on the number of solute particles present.

Part 2.3 Applications and calculations

M = (w - Kf) / (ATf - m)

Antifreeze production.

Because colligative properties are proportional to particle number, making them suitable for
large molecules like polymers.

Non-ideal solution behaviour.

By careful experimental design, accurate measurements, and repeated trials.

Series 3: Demonstration of Partition
Coefficient in Two Immiscible Solvents

Part1 Fundamentals of partition coefficient
3.1.1 Definition of partition coefficient

3.1.2 Principle of solute distribution between immiscible solvents
3.1.3 Factors affecting partition coefficient
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Part 2 Experimental demonstration of partition coefficient

3.2.1 Choice of solvents and solute
3.2.2 Laboratory procedure for determining partition coefficient
3.2.3 Recording and interpreting experimental data

Part 3 Applications and calculations

3.3.1 Worked examples of partition coefficient calculations
3.3.2 Applications in pharmaceutical and environmental chemistry
3.3.3 Limitations and sources of error in partition coefficient determination

Introduction

In everyday life, substances often distribute themselves between two different environments. For
example, when oil and water are mixed; certain.compounds prefer one layer over the other. This
behaviour is explained by the partition coefficient, which describes how a solute divides itself
between two immiscible solvents. Understanding this prineiple is vital in chemistry, as it
underpins processes such as drug absorption, extraction techniques, and environmental pollutant
distribution. This Series will help you see how the partition coefficient can be demonstrated and
applied in practical contexts.

The aim of this Series is to/introduce you to the concept of partition coefficient and to equip you
with the skills needed to demonstrate its determination experimentally, perform related
calculations, and evaluate its applications in chemistry and industry.

We shall commence this Series by exploring the fundamentals of partition coefficient, including
its definition, the principle of solute distribution, and the factors that influence it. Next, we will
move on to the experimental demonstration, where you will learn about the choice of solvents
and solute, the laboratory procedure, and how to record and interpret data. Finally, we will wrap
up by applying these principles to worked examples, considering applications in pharmaceutical
and environmental chemistry, and discussing limitations and sources of error. In conclusion, this
Series will provide you with both theoretical insight and practical competence in demonstrating
partition coefficient in two immiscible solvents.

Series Learning Outcomes

Upon completing this Series, you should be able to:
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define the partition coefficient as the ratio of solute concentrations in two immiscible
solvents,

explain the principle of solute distribution between immiscible solvents,

analyse the factors that affect partition coefficient values,

demonstrate the experimental procedure for determining partition coefficient in the
laboratory,

record and interpret experimental data related to partition coefficient measurements,

apply partition coefficient values to perform worked calculations,

evaluate the applications of partition coefficient in pharmaceutical and environmental
chemistry,

identify limitations and sources of error in partition coefficient determination.

3.1 Fundamentals Of Partition Coefficient

3.1.1 Definition of partition coefficient
Partition Coefficient

The partition coefficient is defined as the ratio of the concentration of a solute in two immiscible
solvents at equilibrium. It is usually expressed as:

K=Ci/C:
Where:

C: = concentration of the solute in solvent 1
C: = concentration of the solute in solvent 2

This value provides insight into the solute’s preference for one solvent over another, and is
widely used in.chemistry, biology, and pharmaceutical sciences.

Fill in the blank: The partition coefficient is the ratio of solute concentrations in two
solvents at equilibriums
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Figure 3.1 Distribution of solute between two immiscible solvents

3.1.2 Principle of solute distribution between immiscible solvents

The principle of solutedistribution is based on the fact that a solute will distribute itself between
two immiscible solyvents in a fixed ratio at equilibrium, provided the solute does not undergo
chemical change. This ratio depends on the relative solubility of the solute in each solvent. For
example, iodine distributes between water and carbon tetrachloride, with a higher concentration
in carbon tetrachloride due to greater solubility.

Fill in.the blank: A solute distributes itself between two immiscible solvents in a fixed
at equilibrium.
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SEPARATORY FUNNEL: LIQUID-LIQUID EXTRACTION

VISUALIZING PARTITION COEFIICIENT & SEPARATION
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Plate 3.1 Laboratory demonstration of solute distribution between immiscible solvents

3.1.3 Factors affecting partition coefficient

Several factors influence the value of the partition coefficient:

Nature of solvents: The polarity and miscibility of solvents affect solute distribution.

Temperature: Changes intemperature can alter solubility and hence the partition coefficient.

Chemical interactions: If the solute reacts or associates in one solvent, the partition coefficient will
be affected.

lonisation: lonisable solutes may show different distribution depending on pH.

Fill in the blank: The polarity of solvents is one of the key affecting the partition
coefficient.

Pilot questions 3.1

What is the partition coefficient?

State the principle of solute distribution between immiscible solvents.

Give one example of a solute that distributes between water and carbon tetrachloride.
Mention two factors that affect partition coefficient.

Why does polarity of solvents influence partition coefficient?
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3.2 Experimental Demonstration Of Partition Coefficient
3.2.1 Choice of solvents and solute

To demonstrate the partition coefficient, two immiscible solvents (liquids that do not mix, such
as water and chloroform) are selected. A suitable solute (a substance to be distributed between
the solvents, such as iodine) is then introduced. The solute will distribute itself between the two
solvents according to its relative solubility.

Fill in the blank: The partition coefficient experiment requires two solvents and a
suitable solute.

PARTITION COFFIICIENT: SOLUTE

SOLUTE DISTRIBUTION IN IMMISSIICLE SOLVENTS
VISUALIZING EQUILIRIUM & RELATIVE SOLUBLITY IN CHEMISTRY

FOUR COLLIGATIVE PROPERTIES
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(POLAR SOLVENT - WATER) (NON-POLAR - CHLROFORM)
* Water Phase: Idoine is less * Solute Phase disolves readily
Crystals remain mostly Crystals sulable in solution turns
undissowed Most particles here

CHEMISTRY & ECOLOGY: UNDERSTANDING SOLVENT EXTRATION SOLUTIONS VISUALIZED

Figure 3.2 — Choice of Solvents and Solute

3.2.2 Laboratory procedure for determining partition coefficient

The experiment is usually carried out using a separatory funnel, which allows the two
immiscible solvents to form distinct layers. The solute is added, and the funnel is shaken gently
to allow distribution. After equilibrium is reached, samples are taken from each layer and
analysed to determine solute concentration.
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Fill in the blank: A separatory is commonly used to demonstrate partition
coefficient in the laboratory.

3.2.3 Recording and interpreting experimental data

Once concentrations of the solute in each solvent are measured, the partition coefficient is
calculated using the formula:

K = Cl / Cz
Where:

C, = solute concentration in solvent 1
C> = solute concentration in solvent 2

C: and C: are the solute concentrations in solvent 1 and solvent 2 respectively. Accurate
recording of data is essential, as errors in measurement can affectthe calculated value. The result
provides insight into the solute’s preference for one solvent over another.

Fill in the blank: The partition coefficient is.calculated as the ratio of solute concentrations in
solvents.

Pilot questions 3.2

What type of solvents are required for partition coefficient experiments?

Which laboratory apparatus is commonly used to demonstrate partition coefficient?
What is the formula for calculating partition coefficient?

Why is accurate recording of solute concentrations important?

What does the partition coefficient value indicate about a solute?

3.3 Applications And Calculations

3.3.1' Worked examples of partition coefficient calculations

The partition coefficient can be calculated once the concentrations of a solute in two immiscible
solvents are known. For example, if iodine distributes between water and carbon tetrachloride,
and the measured concentrations are 0.02 mol/L in water and 0.10 mol/L in carbon tetrachloride,
the partition coefficient is:

K=0.10/0.02=5

This means 1odine is five times more soluble in carbon tetrachloride than in water. Worked
examples like this help learners see how experimental data translates into meaningful values.

Fill in the blank: The partition coefficient is calculated as the ratio of solute concentrations in
solvents.
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3.3.2 Applications in pharmaceutical and environmental chemistry

Partition coefficient values are widely applied in real-world contexts. In pharmaceutical
chemistry, they help predict how drugs will distribute between aqueous blood plasma and lipid
membranes, which influences absorption and bioavailability. In environmental chemistry,
partition coefficients explain how pollutants distribute between water and soil or sediments,
affecting their persistence and mobility.

Fill in the blank: In pharmaceutical chemistry, partition coefficient values help predict drug
and bioavailability.

3.3.3 Limitations and sources of error in partition coefficient determination

Although partition coefficient experiments are useful, they are subject to limitations. Impurities
in solvents, inaccurate measurement of concentrations, and chemical reactions of the solute can
all affect results. Non-ideal behaviour, such as ionisation in aqueous solvents, may also distort
values. Careful experimental design and repeated trials help reduce these errors.

Fill in the blank: Ionisation of solutes in aqueous solvents can distort measured
coefficient values.

Pilot questions 3.3

How is the partition coefficient calculated from solute concentrations?
State one pharmaceutical application of partition coefficient.

State one environmental application of partition coefficient.

Mention one limitation of partition coefficient determination.

Why can ionisation of solutes affect partition coefficient values?

Series. Summary

This Series has focused on the demonstration of partition coefficient in two immiscible solvents,
a concept that is central to understanding how solutes distribute themselves between different
environments. Its purpose was to show both the theoretical basis and the practical methods for
determining partition coefficient, highlighting its importance in areas such as pharmaceutical
chemistry and environmental science.

We began by exploring the fundamentals, including the definition of partition coefficient, the
principle of solute distribution, and the factors that influence it. We then moved on to the
experimental demonstration, where you learned about the choice of solvents and solute, the
laboratory procedure, and how to record and interpret data. Finally, we examined worked
examples, practical applications in drug absorption and pollutant behaviour, and considered
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limitations and sources of error. In line with the Series Learning Outcomes, you should now be
able to define and explain partition coefficient, demonstrate its experimental determination,
apply data to perform calculations, evaluate its applications, and identify possible sources of
error.

Concept Check Questions [Series 3]

Objective questions

Define partition coefficient. (Linked to SLO 3.1)

State the principle of solute distribution between immiscible solvents. (Linked to SLO 3.2)

Which factor among polarity, temperature, and ionisation most directly influences solute
preference for one solvent? (Linked to SLO 3.3)

Name the laboratory apparatus commonly used to demonstrate partition coefficient. (Linked
to SLO 3.4)

Write the formula for calculating partition coefficient. (Linked to SLO 3.6)

Short-answer questions

6. Explain why accurate recording of solute concentrations is important in partition coefficient
experiments. (Linked to SLO 3.5)

7. Describe one pharmaceutical application of partition coefficient. (Linked to SLO 3.7)

8. Describe one environmental application of partition coefficient. (Linked to SLO 3.7)

9. Identify one limitation of partition coefficient determination. (Linked to SLO 3.8)

10. Explain how ionisation of solutes in aqueous solvents can affect partition coefficient values.
(Linked to SLO 3.8)

Long-answer questions

11. Analyse the procedure for determining partition coefficient using a separatory funnel,
including how equilibrium is achieved. (Linked to SLO 3.4, 3.5)

12. Evaluate the strengths and limitations of partition coefficient determination, giving examples
from pharmaceutical and environmental chemistry. (Linked to SLO 3.7, 3.8)

13. Discuss the importance of partition coefficient values in predicting drug absorption and
pollutant distribution. (Linked to SLO 3.7)

Answers to Concept Check Questions [Series 3]

Objective questions

Partition coefficient is the ratio of solute concentrations in two immiscible solvents at
equilibrium.

A solute distributes itself between two immiscible solvents in a fixed ratio at equilibrium.

Polarity.

Separatory funnel.
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K=Ci/C:

Short-answer questions

6. Because errors in concentration measurement directly affect the accuracy of the calculated
partition coefficient.

7. It helps predict drug absorption and bioavailability by showing how drugs distribute between
aqueous plasma and lipid membranes.

8. It explains how pollutants distribute between water and soil or sediments, affecting persistence
and mobility.

9. Impurities, inaccurate measurements, or non-ideal behaviour such as ionisation.

10. Ionisation changes the effective concentration of solute in aqueous solvents, distorting the
calculated ratio.

Long-answer questions

11. Basic response: The procedure involves adding solute to two immiscible solvents in a
separatory funnel, shaking gently, and allowing equilibrium to be reached. Samples are then
taken from each layer to measure concentrations.

Value-added response: Outstanding learners may add that equilibrium requires sufficient time,
gentle mixing to avoid emulsions, and careful sampling. They may also mention that analytical
techniques such as titration or spectrophotometry are used to determine concentrations.

Basic response: Partition coefficient determination is useful but limited by impurities,
measurement errors, and non-ideal behaviour.

Value-added response: Outstanding learners may expand by explaining that in pharmaceutical
chemistry, partition coefficients predict drug absorption, while in environmental chemistry they
explain pollutant mobility. They may also note that advanced methods such as HPLC can
improve accuracy.

Basic response: Partition coefficient values are important because they predict how drugs are
absorbed and how pollutants distribute.

Value-added response: Outstanding learners may elaborate by discussing how lipophilic drugs
with high partition coefficients cross cell membranes more easily, while pollutants with high
soil-water partition coefficients persist longer in the environment.

Answers to Pilot Questions [Series 3]

Part 3.1 Fundamentals of partition coefficient

The partition coefficient is the ratio of solute concentrations in two immiscible solvents at
equilibrium.

A solute distributes itself between two immiscible solvents in a fixed ratio at equilibrium.

Iodine.

Solvent nature, temperature, chemical interactions, and ionisation.

Because polarity determines the relative solubility of the solute in each solvent.
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Part 3.2 Experimental demonstration of partition coefficient

Two immiscible solvents.

A separatory funnel.

K=C:/C:

Because errors in concentration measurement directly affect the accuracy of the calculated
partition coefficient.

It indicates the solute’s preference for one solvent over another.

Part 3.3 Applications and calculations

By dividing the solute concentration in one solvent by its concentration in the other.

Predicting drug absorption and bioavailability.

Explaining pollutant distribution between water and soil or sediments.

Impurities, inaccurate measurements, or non-ideal behaviour such as ionisation.

Because ionisation changes the effective concentration of solute in aqueous solvents,
distorting the calculated value.

Series 4: Temperature Measurement and
Heats of Dissolution and Neutralisation

Part 1 Fundamentals of temperature measurement
4.1.1 Definition of temperature and its importance in chemistry
4.1.2 Instruments for measuring temperature (thermometers, digital sensors, calorimeters)
4.1.3 Sources of error in temperature measurement
Part 2 Experimental determination of heats of dissolution
4.2.1 Concept of heat of dissolution
4.2.2 Laboratory procedure for measuring heat of dissolution
4.2.3 Recording and interpreting experimental data
Part 3 Experimental determination of heats of neutralisation
4.3.1 Concept of heat of neutralisation

4.3.2 Laboratory procedure for measuring heat of neutralisation
4.3.3 Applications and limitations of calorimetric methods
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Introduction

In chemistry, many important processes involve changes in temperature and the release or
absorption of heat. From dissolving salts in water to mixing acids and bases, these everyday
reactions illustrate how energy is transferred and measured. Accurate temperature measurement
and the determination of heats of dissolution and neutralisation are therefore essential skills, not
only for laboratory practice but also for understanding the energetic basis of chemical reactions.
This Series will guide you through these concepts in a practical and structured way.

The aim of this Series is to introduce you to the methods of measuring temperature and to equip
you with the knowledge and skills required to determine heats of dissolution and neutralisation
using calorimetric techniques.

We shall commence this Series by examining the fundamentals of temperature measurement,
including its definition, the instruments used, and commeon sources of error. Next, we will move
on to the experimental determination of heats of dissolution, where you will learn the concept,
procedure, and how to record and interpret data. Finally, we will wrap up by focusing on heats of
neutralisation, considering the laboratory procedure, applications in chemistry, and the
limitations of calorimetric methods. In conclusion, this Series will provide you with both
theoretical understanding and practical competence in measuring temperature and determining
heats of chemical processes.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define temperature in the context of chemical processes,

explain the use of instruments for measuring temperature in laboratory experiments,
analyse common.sources of error in temperature measurement,

describe the concept of heat of dissolution,

demonstrate the laboratory procedure for determining heat of dissolution,

interpret experimental data obtained from dissolution experiments,

describe the concept of heat of neutralisation,

demonstrate the laboratory procedure for determining heat of neutralisation,
evaluate the applications and limitations of calorimetric methods in chemistry.

4.1 Fundamentals Of Temperature Measurement
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4.1.1 Definition of temperature and its importance in chemistry

Temperature is defined as the measure of the average kinetic energy of particles in a substance.
It indicates how hot or cold a system is and plays a central role in chemical reactions, phase
changes, and energy transfer. In chemistry, accurate temperature measurement is essential for,
monitoring reaction conditions, studying thermodynamic properties, and determining heats of
processes such as dissolution and neutralisation.

Fill in the blank: Temperature is a measure of the average energy of particlesin a
substance.

EFFECT OF TEMPERATURE ON PARTICLE KINETIC ENERGY
VISUALIZING MOLECULAR MOTION AT DIFFERENT TEMPERATUES
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Figure 4.1 Representation of particle motion at varying temperatures

4.1.2 Instruments for measuring temperature

Several instruments are used to measure temperature in chemistry:

Thermometer: A device that measures temperature using the expansion of a liquid such as mercury
or alcohol.

Digital sensor: An electronic device that provides precise temperature readings, often used in
modern laboratories.

Calorimeter: An apparatus designed to measure heat changes in chemical reactions, which requires
accurate temperature monitoring.
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Each instrument has its advantages, with thermometers being simple and widely available, while
digital sensors and calorimeters offer higher precision and reliability.

Fill in the blank: A calorimeter is an apparatus designed to measure changes in
chemical reactions.

4.1.3 Sources of error in temperature measurement

Errors in temperature measurement can arise from several factors:

Calibration errors: Instruments may not be correctly calibrated, leading to inaccurate readings.
Parallax errors: Misreading the scale of a thermometer due to viewing angle.

Environmental factors: External conditions such as draughts or uneven heating can affect accuracy.
Instrument limitations: Some devices may not be sensitive enough for precise measurements.

Recognising these sources of error is important for improving-aceuracy and reliability in
experiments.

Fill in the blank: Misreading a thermometer scale due to.viewing angle is called
error.

Pilot questions 4.1

What is temperature in terms of particle. motion?

Name two instruments used for measuring temperature in chemistry.

What is the function of a calorimeter?

Mention two sources of errorin temperature measurement.

What type of error occurs when a thermometer scale is misread due to viewing angle?

4.2 Experimental Determination Of Heats Of Dissolution

4.2.1 Concept of heat of dissolution

The heat of dissolution is the amount of heat energy released or absorbed when a solute
dissolves in a solvent. It reflects the balance between the energy required to break solute—solute
and solvent—solvent interactions, and the energy released when solute—solvent interactions are
formed. If more energy is released than absorbed, the process is exothermic; if more energy is
absorbed, it is endothermic.

Fill in' the blank: The heat of dissolution is the amount of heat energy or absorbed
when a solute dissolves in a solvent.

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



DISSOLUTION ENERGY: EXOTHEREMIC VS ENDOTHIEMIC

VISUALIZING HEAT CHANGES IN CHEMICAL PROCESSES

1. EXOTHEHOMIC 2. ENDTORRMM

Energy released

Energy to break (new bonds)
bonds
Sovent ] Sovent
Energy released
(new bonds)
N
e N
= Net release of heat - Net absorption of heat
- Solution feels hot - Solution feels cold
= Ex: NoAH in water = Ex: NH4NO; in water

CHEMISTRY & ECOLOGGY: UNDERSTANING SOLUTION THEROMINAMICS VISUALIZED

Figure 4.2 — Concept of Heat of Dissolution

4.2.2 Laboratory procedure for measuring heat of dissolution

The experiment is usually carried out using a calorimeter, an apparatus designed to measure
heat changes in chemical processes. A known mass of solvent is placed in the calorimeter, and its
initial temperature 1s recorded. A measured amount of solute is then added, and the mixture is
stirred until the solute dissolves completely. The final temperature is recorded, and the change in
temperature isused to calculate the heat of dissolution.

Fill in the blank: A is the apparatus commonly used to measure heat changes in
dissolution experiments.
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Figure 4.3 — Laboratory Procedure for Measuring Heat of Dissolution

4.2.3 Recording and interpreting experimental data
Heat Change and Heat of Dissolution
The heat change is calculated using the formula:
q=m-c- AT
Where:
q =heat change
m = mass of solvent
¢ = specific heat capacity of the solvent
AT = temperature change
The heat of dissolution per mole of solute is then obtained by dividing q by the number of moles
of solute dissolved. Accurate recording of mass, temperature, and solute quantity is essential to

ensure reliable results.

Fill in the blank: The formula q =m - ¢ - AT is used to calculate change in
dissolution experiments.

-
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Pilot questions 4.2

What is meant by heat of dissolution?

Which apparatus is commonly used to measure heat changes in dissolution experiments?
Write the formula used to calculate heat change in calorimetric experiments.

Why is accurate recording of mass and temperature important in dissolution experiments?
How is the molar heat of dissolution obtained from experimental data?

4.3 Experimental Determination Of Heats Of Neutralisation

4.3.1 Concept of heat of neutralisation

The heat of neutralisation is the amount of heat energy released when one mole of an acid
reacts completely with one mole of a base to form water and a salt. This process 1s usually
exothermic because strong acid—base reactions release significant energy as new bonds are
formed. The value of the heat of neutralisation provides insight into the strength of acids and
bases and the efficiency of energy transfer in chemical reactions.

Fill in the blank: The heat of neutralisation(is the amount of heat released when an acid reacts
with a

4.3.2 Laboratory procedure for measuring heat of neutralisation

The experiment is commonly performed using a calorimeter. A known volume of acid is placed
in the calorimeter, and its initial temperature 1s recorded. A measured volume of base is then
added, and the mixture is stirted to.ensure complete reaction. The final temperature is recorded,
and the temperature change is used to calculate the heat released. Care must be taken to use
appropriate concentrations of acid and base so that neutralisation is complete.

Fill in the blank: A‘calorimeter is used to measure the released during neutralisation
experiments.

4.3.3 Applications and limitations of calorimetric methods

Calorimetric determination of heats of neutralisation has several applications. In education, it
helps learners understand energy changes in chemical reactions. In industry, it is used to assess
reaction efficiency and energy requirements. However, limitations exist. Heat losses to the
surroundings, incomplete neutralisation, and inaccuracies in measurement can affect results.
Despite these limitations, calorimetry remains a valuable tool for studying reaction energetics.

Fill in the blank: Heat losses to the are one limitation of calorimetric experiments.

Pilot questions 4.3

What is meant by heat of neutralisation?
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Which apparatus is commonly used to measure heat released during neutralisation?

Why is it important to use appropriate concentrations of acid and base in the experiment?
Mention one application of calorimetric determination of heats of neutralisation.

State one limitation of calorimetric experiments.

Series Summary

This Series has focused on the measurement of temperature and the determination of heats of
dissolution and neutralisation, both of which are fundamental to understanding energy changes in
chemical processes. Its purpose was to equip you with practical skills in calorimetry and to
highlight the relevance of accurate temperature measurement in studying reaction energetics.

We began by examining the fundamentals of temperature measurement, including its definition,
the instruments used, and common sources of error. We then moved on_to the experimental
determination of heats of dissolution, where you learned the concept, laboratory procedure, and
how to record and interpret data. Finally, we explored heats of neutralisation, considering the
procedure, applications, and limitations of calorimetric methods. In line with the Series Learning
Outcomes, you should now be able to define and explain temperature and related concepts,
demonstrate calorimetric procedures for dissolution and neutralisation, apply data to perform
calculations, and evaluate the applications and limitations of these methods in chemistry.

Concept Check Questions [Series 4]

Objective questions

Define temperature in the context of chemical processes. (Linked to SLO 4.1)

Name two instruments used for measuring temperature in laboratory experiments. (Linked to
SLO 4.2)

Identify one common source of error in temperature measurement. (Linked to SLO 4.3)

State.the formula used to calculate heat change in calorimetric experiments. (Linked to SLO
4.6)

What type of reaction is usually associated with heat of neutralisation? (Linked to SLO 4.7)

Short-answer questions

6: Explain why accurate recording of mass and temperature is important in calorimetric
experiments. (Linked to SLO 4.6)

7. Describe the concept of heat of dissolution. (Linked to SLO 4.4)

8. Demonstrate how a calorimeter is used in measuring heat of neutralisation. (Linked to SLO
4.8)

9. Analyse one limitation of calorimetric methods in determining heats of reaction. (Linked to
SLO 4.9)
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10. Explain how ionisation of solutes can affect the accuracy of heat of dissolution
measurements. (Linked to SLO 4.5, 4.6)

Long-answer questions

11. Discuss the procedure for determining heat of dissolution using a calorimeter, including how
data is recorded and interpreted. (Linked to SLO 4.5, 4.6)

12. Evaluate the strengths and limitations of calorimetric methods in measuring heats of
neutralisation, giving examples from education and industry. (Linked to SLO 4.8, 4.9)

13. Analyse the importance of temperature measurement and calorimetry in predicting energy
changes in chemical processes. (Linked to SLO 4.1, 4.9)

Answers to Concept Check Questions [Series 4]
Objective questions

Temperature is the measure of the average kinetic energy of particles in a substance.
Thermometer and digital sensor (or calorimeter).

Parallax error.

gq=m-c-AT

Exothermic reaction.

Short-answer questions

6. Because errors in mass or temperature directly affect the accuracy of calculated heat values.

7. Heat of dissolution is the amount of heat released or absorbed when a solute dissolves in a
solvent.

8. A calorimeter 1s filled with acid or base, initial temperature recorded, the other reactant added,
and final temperature measured to calculate heat released.

9. Heat losses to the surroundings reduce accuracy of calorimetric results.

10. Ionisation changes the effective concentration of solute, distorting the measured heat of
dissolution.

Long-answer questions

11: Basic response: The procedure involves placing solvent in a calorimeter, recording initial
temperature, adding solute, stirring until dissolved, recording final temperature, and calculating
heat.change using q=m-c- AT

Value-added response: Outstanding learners may add that molar heat of dissolution is obtained

by dividing total heat change by moles of solute, and that careful calibration and insulation
reduce errors.
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Basic response: Calorimetric methods are useful for teaching and industry but limited by heat
loss and incomplete reactions.

Value-added response: Outstanding learners may expand by explaining that calorimetry helps
in designing industrial processes, assessing energy efficiency, and that advanced calorimeters
with better insulation improve accuracy.

Basic response: Temperature measurement and calorimetry are important for monitoring energy
changes in chemical reactions.

Value-added response: Outstanding learners may elaborate by linking temperature
measurement to thermodynamics, reaction kinetics, and industrial energy management, showing
how calorimetry supports both theoretical and practical chemistry.

Answers to Pilot Questions [Series 4]

Part 4.1 Fundamentals of temperature measurement

Temperature is the measure of the average kinetic energy of particles in a substance.
Thermometer and digital sensor (or calorimeter).

A calorimeter measures heat changes in chemical reactions.

Calibration errors, parallax errors, environmental factors, and instrument limitations.
Parallax error.

Part 4.2 Experimental determination of heats of dissolution

Heat of dissolution is the'amount of heat released or absorbed when a solute dissolves in a
solvent.

Calorimeter.

g=m-c-AT

Because errors in mass and temperature directly affect the accuracy of calculated heat values.

By dividing the total heat.change by the number of moles of solute dissolved.

Part 4.3 Experimental determination of heats of neutralisation

Heat of neutralisation is the amount of heat released when an acid reacts completely with a
base to form water and a salt.

Calorimeter.

To ensure complete neutralisation and accurate measurement of heat released.

It is used in education to teach energy changes and in industry to assess reaction efficiency.

Heat losses to the surroundings.
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Series 5: Critical Solution Temperature and
Gas Laws

Part 1 Fundamentals of critical solution temperature

5.1.1 Definition of critical solution temperature (CST)
5.1.2 Examples of systems exhibiting CST (e.g., phenol-water system)
5.1.3 Factors affecting CST

Part 2 Experimental determination of critical solution temperature

5.2.1 Laboratory procedure for measuring CST
5.2.2 Recording and interpreting experimental data
5.2.3 Applications of CST in chemistry and industry

Part 3 Experimental study of gas laws

5.3.1 Boyle’s law: concept and experimental verification
5.3.2 Charles’s law: concept and experimental verification
5.3.3 Ideal gas law and its applications

Introduction

In many chemical systems, temperature plays a decisive role in determining whether two liquids
will mix completely or separate into distinct layers. This behaviour is captured by the concept of
critical solution temperature (CST), which is important in understanding solubility and phase
equilibria. Similarly, gases obey certain predictable relationships between pressure, volume, and
temperature, known as the gas laws. Together, these topics provide a foundation for appreciating
how matter responds to changes in physical conditions, making them highly relevant to both
theoretical and practical chemistry.

The aim of this Series is to introduce you to the concept of critical solution temperature and to
equip you with the knowledge and skills needed to experimentally study gas laws. By the end of
the Series, you will be able to define CST, demonstrate its determination in the laboratory, and
apply gas laws to explain and predict the behaviour of gases under varying conditions.
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We shall commence this Series by exploring the fundamentals of critical solution temperature,
including its definition, examples of systems that exhibit CST, and the factors that influence it.
Next, we will move on to the experimental determination of CST, where you will learn the
procedure, how to record and interpret data, and its applications in chemistry and industry.
Finally, we will wrap up by focusing on the experimental study of gas laws, beginning with
Boyle’s law, continuing with Charles’s law, and concluding with the ideal gas law and its
applications. In this way, the Series will be rounded off with a clear understanding of both CST
and gas laws as essential tools in chemical science.

Series Learning Outcomes

Upon completing this Series, you should be able to:

define critical solution temperature in relation to liquid—liquid miscibility,

explain examples of systems that exhibit critical solution temperature and the factors
affecting it,

demonstrate the laboratory procedure for determining critical solution temperature,

interpret experimental data obtained from critical solution temperature measurements,

describe the concept of Boyle’s law and its relationship between pressure and volume,

demonstrate the experimental verification of Boyle’s law,

describe the concept of Charles’s law and its relationship between volume and temperature,

demonstrate the experimental verification of Charles’s law,

apply the ideal gas law to predict the behaviour of gases under varying conditions.

5.1 Fundamentals Of Critical Solution Temperature

5.1.1 Definition of critical solution temperature (CST)

The critical solution temperature (CST) is defined as the temperature above which two
partially miscible liquids'become completely miscible in all proportions. Below this temperature,
the liquids separate.into two distinct layers, but once the CST is reached, they mix uniformly.
This property is important in studying phase equilibria and understanding how temperature
influences solubility behaviour.

Fill in the blank: The critical solution temperature is the temperature above which two liquids
become completely

5.1.2 Examples of systems exhibiting CST

One common example is the phenol-water system, which shows partial miscibility at lower
temperatures but becomes completely miscible above its CST. Other systems include nicotine—
water and triethylamine—water mixtures. These examples illustrate how CST varies depending on
the nature of the liquids involved.
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Fill in the blank: The phenol-water system becomes completely miscible only when the
temperature is raised above its

5.1.3 Factors affecting CST

Several factors influence the value of CST:

Nature of the liquids: The polarity and molecular interactions determine miscibility.

Presence of impurities: Impurities can raise or lower CST depending on their effecton solute—
solvent interactions.

Pressure: Although less significant than temperature, changes in pressure can affect miscibility in
some systems.

Understanding these factors helps chemists predict and control miscibility behaviour in practical
applications.

Fill in the blank: The presence of can raise or lower the critical solution temperature
depending on their effect.

Pilot questions 5.1

What is meant by critical solution temperature?

Give one example of a system that exhibits CST.

What happens to the phenol-watersystem above its CST?
Mention two factors that affect CST.

How can impurities influence the value of CST?

5.2 Experimental Determination Of Critical Solution Temperature

5.2.1 Laboratory procedure for measuring CST

The experimental determination of critical solution temperature (CST) involves gradually
heating a mixture of two partially miscible liquids, such as phenol and water, until they become
completely miscible. The temperature at which the boundary between the two layers disappears
is recorded as the CST. To ensure accuracy, the mixture is cooled again to observe the
reappearance of the boundary, confirming the measurement.

Fill in the blank: The critical solution temperature is the point at which two partially miscible
liquids become completely

5.2.2 Recording and interpreting experimental data

Accurate recording of temperature readings is essential. The initial temperature is noted when
two distinct layers are visible, and the CST is recorded when the mixture becomes homogeneous.
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Repeated heating and cooling cycles help confirm the consistency of the measurement. The data
can then be tabulated to show the observed temperatures and the corresponding miscibility
behaviour.

Fill in the blank: The disappearance of the boundary between two liquid layers indicates that the
mixture has reached its

5.2.3 Applications of CST in chemistry and industry

The concept of CST has practical applications in both chemistry and industry. In chemical
research, it helps in understanding phase equilibria and solubility behaviour. In'industry, CST is
important in processes such as solvent extraction, formulation of pharmaceuticals, and design of
chemical separation techniques. Knowledge of CST allows chemists to predict and control
miscibility, which is vital for efficient production and product stability.

Fill in the blank: Critical solution temperature is important in industrial processes such as solvent
and pharmaceutical formulation.

Pilot questions 5.2

What is the basic procedure for determining CST in the laboratory?

How is the CST confirmed during an experiment?

What observation indicates that the mixture has reached its CST?

Why is accurate recording of temperature readings important in CST experiments?
Mention two applications of CST in chemistry or industry.

5.3 Experimental Study Of Gas Laws

5.3.1 Boyle’s law: concept and experimental verification

Boyle’s law states that the pressure of a fixed mass of gas is inversely proportional to its volume
at constant temperature. This means that when the volume decreases, the pressure increases, and
vice versa. The law 1s expressed mathematically as:

[ P \propto \frac{1}{V} \quad \text{or} \quad P \cdot V = \text{constant} ]

In the laboratory; Boyle’s law can be verified using a sealed syringe or a J-tube filled with
mercury. By varying the volume of the gas and recording the corresponding pressure, the inverse
relationship can be demonstrated.
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Fill in the blank: Boyle’s law states that the pressure of a fixed mass of gas is inversely
proportional to its at constant temperature.

BOYLE’S LAW : PRESSURE-VOLUME RELATIONSHIP IN GASES
VISUALIZING THE INVERSE PROPORTIONAILTY

1. LOW PRESSURE / HIGH VOLUME 2. HIGH PRESSURE LOW
B O

E—

Increase
Pre ssure
Decreate Volume

- Particles are spread out - Particles are compressed
- Fewer collisions with walls - More frequent collisions

8 . >

FUNDAMENTALS OF PHYSICAL CHEMISTRY & THHRDOMAMICS Q

Figure 5.3 Relationship between pressure andvolume in Boyle’s law

5.3.2 Charles’s law: concept and experimental verification

Charles’s law states that the volume of a fixed mass of gas is directly proportional to its absolute
temperature at constant pressure. This means that as the temperature increases, the volume
expands. The law is expressed mathematically as:

[ V \propto T \quad \text{or} \quad \frac{V}{T} = \text{constant} ]

Experimentally, Charles’s law can be verified using a gas-filled balloon or a capillary tube
immersed in water baths of different temperatures. The change in volume with temperature
demonstrates the direct proportionality.

Fill in'the blank: Charles’s law states that the volume of a fixed mass of gas is directly
proportional to its temperature at constant pressure.

5.3.3 Ideal gas law and its applications
The ideal gas law combines Boyle’s and Charles’s laws into a single equation:
[PV =nRT ]

where (P) is pressure, (V) is volume, (n) is the number of moles of gas, (R) is the gas constant,
and (T) is absolute temperature. This law provides a useful model for predicting the behaviour of
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gases under varying conditions. Although real gases deviate at high pressures and low
temperatures, the ideal gas law remains a powerful tool in chemistry.

Applications include calculating molar masses of gases, predicting gas behaviour in reactions,
and designing industrial processes such as gas storage and transport.

Fill in the blank: The ideal gas law is expressed as , where (R) is the gas constant.

Pilot questions 5.3

State Boyle’s law in words.

Write the mathematical expression for Boyle’s law.

State Charles’s law in words.

What experimental setup can be used to verify Charles’s law?
Write the equation for the ideal gas law.

Mention two applications of the ideal gas law.

Series Summary

This Series has focused on the concept of critical solution temperature and the study of gas laws,
both of which are central to understanding how matter behaves under changing physical
conditions. Its purpose was to provide you with practical skills in determining CST and verifying
gas laws experimentally, while also highlighting their relevance in chemical research and
industrial applications.

We began by examining the fundamentals of critical solution temperature, including its
definition, examples of systems that exhibit it, and the factors that influence it. We then moved
on to the experimental determination of CST, where you learned the procedure, how to record
and interpret data, and its applications. Finally, we explored the experimental study of gas laws,
covering Boyle’s law, Charles’s law, and the ideal gas law with their laboratory verifications and
applications. In line with'the Series Learning Outcomes, you should now be able to define and
explain CST, demonstrate its determination, interpret experimental data, describe and verify
Boyle’s and Charles’s laws, and apply the ideal gas law to predict gas behaviour under varying
conditions.

Concept Check Questions [Series 5]

Objective questions

Define critical solution temperature. (Linked to SLO 5.1)

Give one example of a system that exhibits CST. (Linked to SLO 5.2)

State the observation that indicates a mixture has reached its CST. (Linked to SLO 5.4)
Write the mathematical expression for Boyle’s law. (Linked to SLO 5.5)
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State Charles’s law in words. (Linked to SLO 5.7)
Write the equation for the ideal gas law. (Linked to SLO 5.9)

Short-answer questions

7. Explain two factors that affect the value of CST. (Linked to SLO 5.2)

8. Demonstrate how a calorimeter setup is used to determine CST. (Linked to SLO 5.3)

9. Interpret why repeated heating and cooling cycles are important in CST experiments. (Linked
to SLO 5.4)

10. Describe the experimental verification of Boyle’s law using a syringe or J-tube:(Linked to
SLO 5.6)

11. Analyse one limitation of Charles’s law when applied to real gases. (Linked to SLO 5.8)

12. Apply the ideal gas law to calculate the pressure of 2 moles of gas at 300 K occupying 10 L.
(Linked to SLO 5.9)

Long-answer questions

13. Discuss the procedure for determining CST in the laboratery, including how data is recorded
and interpreted. (Linked to SLO 5.3, 5.4)

14. Evaluate the strengths and limitations of calorimetric methods in CST determination and
their industrial applications. (Linked to SLO 5.3, 5.4)

15. Analyse the importance of Boyle’s lawy Charles’s law, and the ideal gas law in predicting gas
behaviour under varying conditions. (Linked to.SLO 5.5-5.9)

Answers to Concept Check Questions [Series 5]
Objective questions

CST is the temperature above which two partially miscible liquids become completely
miscible.

Phenol-water system.

The disappearance of the boundary between two liquid layers.

(P \cdot V = \text{constant}).

The volume of a fixed mass of gas is directly proportional to its absolute temperature at
constant pressure.

(PV =nRT).

Short-answer questions

7. Nature of liquids (polarity) and presence of impurities.

8. A mixture of liquids is placed in a calorimeter, heated gradually, and the temperature at which
the boundary disappears is recorded.

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



9. To confirm consistency of CST measurement and avoid errors due to transient mixing.

10. By compressing or expanding the gas and recording pressure changes to show inverse
proportionality.

11. Real gases deviate at high pressures and low temperatures due to intermolecular forces.
12. Using (PV =nRT): (P =\frac{nRT} {V} =\frac{2 \times 0.0821 \times 300} {10} \approx
4.92 , \text{atm}).

Long-answer questions

13. Basic response: The procedure involves heating a mixture of liquids until misecibility 1s
complete, recording the temperature, cooling to confirm, and tabulating data.

Value-added response: Outstanding learners may add that repeated cycles improve accuracy,
impurities can shift CST, and proper calibration ensures reliability.

Basic response: CST determination is useful for studying miscibility but limited by heat loss and
impurities.

Value-added response: Outstanding learners may expand by explaining industrial applications
such as solvent extraction and pharmaceutical formulation, and how advanced calorimetric
techniques reduce errors.

Basic response: Boyle’s law explains pressure—volume relationships; Charles’s law explains
volume—temperature relationships, and theddeal gas law combines them.

Value-added response: Outstanding learners may elaborate by linking these laws to
thermodynamics, reaction kinetics, and mdustrial processes such as gas storage, transport, and
chemical manufacturing.

Answers to Pilot Questions [Series 5]

Part 5.1 Fundamentals of critical solution temperature

The critical solution temperature is the temperature above which two partially miscible
liquids become completely miscible.

Phenol-water system.

The phenol-water system becomes completely miscible above its CST.

Nature of liquids and presence of impurities.

Impurities can raise or lower CST depending on their effect on solute—solvent interactions.

Part 5.2 Experimental determination of critical solution temperature

The procedure involves heating a mixture of two partially miscible liquids until they become
completely miscible, and recording the temperature at which the boundary disappears.

By cooling the mixture again to observe the reappearance of the boundary, confirming the
CST.

The disappearance of the boundary between two liquid layers.
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Accurate recording ensures reliable determination of CST and avoids errors in interpretation.
Solvent extraction and pharmaceutical formulation.

Part 5.3 Experimental study of gas laws

Boyle’s law states that the pressure of a fixed mass of gas is inversely proportional to.its
volume at constant temperature.

(P \cdot V = \text{constant}).

Charles’s law states that the volume of a fixed mass of gas is directly proportional to its
absolute temperature at constant pressure.

A balloon or capillary tube immersed in water baths of different temperatures.

(PV =nRT).

Calculating molar masses of gases and predicting gas behaviour in reactions.
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