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Instructions

> This paper consists of two sections: A and B. It has six examination
items.

> Section A has two compulsory items.
> Section B has two parts; | and I1.
> Answer one item from each part.

> Answers to section A and B must be written in the answer booklet(s)
provided.

> Answer four items in all. Any additional item(s) answered will not be
marked.



SECTION A (Attempt all items in this section)
ITEM ONE

At the Makerere University Chemistry Research Laboratory, a group of A-
Level Chemistry students participated in an investigation on colligative
properties of solutions.

They were given samples of:

« FAL: Pure benzene (solvent)
« FA2: Adilute solution of an unknown polymer in benzene

The supervising researcher explained that, for large molecules such as
polymers, determining molar mass from freezing point depression (ATf) or
boiling point elevation (ATb) gives inaccurate results.

Therefore, the group was instructed to use osmotic pressure measurements to
determine the molar mass of the polymer graphically.

Experimental Data Provided

Concentration (g dm=3) Osmotic Pressure (atm) at 25 °C

2.00 0.102
4.00 0.204
6.00 0.306
8.00 0.408

(Assume R = 0.0821 dm? atm K mol " and T = 298 K.)
TASKS

a) Describe how osmotic pressure of the polymer solution can be
measured experimentally

b) Using the data provided, plot a graph of osmotic pressure () against
concentration (C)

c) From the graph, determine the molar mass (M) of the unknown polymer
using the relation:

d) Explain why osmotic pressure is a more suitable method for determining
the molar mass of polymers compared to freezing point depression or
boiling point elevation methods.

e) Discuss how colligative properties depend on the number of solute
particles rather than their chemical nature. Include examples of
electrolytes and non-electrolytes to illustrate your answer.



ITEM 2

An aluminium smelting company in Jinja uses a substance called aluminium
fluoride as a flux to lower the melting point of cryolite during aluminium
extraction. However, the production unit is facing high energy costs, and the
environmental team reports challenges in dissolving waste AlFs residues before
disposal. The research chemist is tasked to analyse the thermochemical
feasibility of both forming and dissolving AlF; using available thermodynamic
data to determine whether these processes are spontaneous or energy-intensive.
Across a certain article the following data was discovered by the researcher:

Type of enthalpy change Magnitude (kJ mol™)

Standard enthalpy of formation of AlFs(s) | —1301

Enthalpy of atomization of aluminium +314

Bond dissociation energy of fluorine +158

First, second, and third ionization +577, +1820, and +2740 respectively
energies of Al

First electron affinity of fluorine —348

Hydration enthalpies aluminium and —4690 , —364 respectively

fluoride ions

The researcher struggles to use this information to construct and interpret an
energy cycle diagram, perform calculations, evaluate the feasibility of the key
processes and properties that suit aluminium fluoride for use in the process. You
have been contacted for help.
Tasks
As a student of chemistry, help the researcher;

a) Analyse the data to construct an energy cycle diagram for the formation

of solid substance.
b) Know the lattice energy of substance.

¢) Know the enthalpy of solution substance
d) Evaluate whether the dissolution of the substance in water is

thermodynamically feasible and spontaneous under standard conditions.

(i) State the properties that make the substance suitable to serve the above
purpose

(ii) Suggest the possible impacts and mitigations of the substance to the
environment.



SECTION B
Part 1 (Inorganic chemistry) (choose one item)
ITEM 3

At the Department of Physical Sciences, Kyambogo University, Advanced
Level Chemistry students were invited to participate in a STEM innovation
project aimed at designing optical devices such as solar panels, sensors, and
anti-reflective coatings using elements from Period 3 of the periodic table.

Before the design stage, the students needed to understand how ionisation
energy changes across Period 3 and how this affects metallic character,
conductivity, and optical behaviour of the elements and their compounds.

The instructor provided experimental data for the first ionisation energies of
Period 3 elements and tasked the students to:

. Plotagraph,
« Analyse the trend, and

« Apply the knowledge in selecting suitable materials for optical or
electronic applications.

Experimental Data

Element Symbol Atomic Number (Z) 1st Ionisation Energy (kJ mol™)

Sodium Na 11 496
Magnesium Mg 12 738
Aluminium Al 13 578
Silicon Si 14 786
Phosphorus P 15 1012
Sulphur S 16 1000
Chlorine  CI 17 1251

Argon Ar 18 1521



Tasks

Using the data provided:

a) Plot a graph of ionisation energy against atomic number for Period 3
elements. Label the axes clearly and choose an appropriate scale.

b) Describe the general trend of ionisation energy across Period 3.

c¢) Identify and explain the irregularities observed.

d) Explain the observed trend in ionisation energy across Period 3.

e) You are part of a team designing materials for solar cells and optical
sensors. Using your knowledge of ionisation energy, electric conductivity
and bonding across Period 3:

Identify which elements or compounds from Period 3 (e.g., Al, Si, MgO,
Si0:2) would be most suitable for

I.  Conductive layers,
ii.  Semiconductor layers
ii.  Insulating coatings.

f) Justify your selection.
ITEM 4

During a regional chemistry fair, students were challenged to investigate
how physical and chemical properties change across Period 3 (Na — Cl) in
the periodic table.

Your school’s chemistry club decided to participate, focusing on how
atomic structure and bonding influence properties such as melting and
boiling, and chemical reactivity.

As the lead student chemist, you are required to prepare a detailed report
explaining the trends in Period 3 elements and their oxides based on the
data and reactions provided.

Data Table: Physical Properties of Period 3 Elements
Melting Point Boiling Point

Element o o
(°C) (°C)
Sodium 98 883
Magnesium 650 1090
Aluminium 660 2519

Silicon 1414 3265



Phosphorus

(white) 44 280
Sulphur 115 445
Chlorine -101 —-34
Tasks

(a)Using the data provided, describe and explain the trend in melting and
boiling points of Period 3 elements.

(b)Describe and write balanced equations for the reactions of Period 3
elements with water such as sodium, sulphur and chlorine, indicating
observations and products formed.

(c)Write balanced chemical equations for the reactions of Period 3

Oxides such as Sodium oxide, Silicon oxide and Aluminium oxide
with:

I. Water
il Hydrochloric acid
ii.  Sodium hydroxide

(d)Classify each oxide as basic, amphoteric, or acidic.
SECTION B

Part 2 (Organic chemistry) (choose one item)

ITEMS

A team of Advanced Level Chemistry students from Mbarara High School
visited Kampala Industrial Research Centre (KIRC) to study the production
and application of aromatic compounds in local industries.

They focused on nitrobenzene, methylbenzene (toluene), and chlorobenzene,
which are widely used in the manufacture of pharmaceuticals, plastics, dyes,
and explosives.

During the visit, they learned that:

« Nitrobenzene is used in making aniline, which is a precursor for dyes
and drugs.

. Methylbenzene (toluene) can be oxidized to benzoic acid, an important
preservative and intermediate in the synthesis of perfumes.



« Chlorobenzene is used to make pesticides and polymers such as
polyvinyl chloride (PVC).

However, they were not aware of the environmental and health effects of using
benzene derivatives.

Tasks

(a) Draw the structural formulae of nitrobenzene, methylbenzene, and
chlorobenzene.

Using methylbenzene (toluene) as a starting material:
(b) (i) Outline the synthetic route to benzoic acid, indicating all reagents and
conditions for each step.

(i)Write balanced chemical equations for each reaction involved.

(c) Describe and illustrate the electrophilic substitution mechanism for the
nitration of benzene to form nitrobenzene, showing the generation of the
nitronium ion (NO-*) and the intermediate arenium ion.

(d) Describe the halogenation mechanism of benzene to form chlorobenzene,
naming the catalyst used and explaining its function.

(e)Discuss other industrial applications of nitrobenzene

(HExplain:

(i) The health risks associated with prolonged exposure to benzene derivative.
(if) The environmental effects of benzene derivatives on air, water, and soil.
(iii) Suggest safe handling, storage, and disposal practices to minimize
environmental pollution and health risks.

ITEM®G

At the National Petroleum Research Centre (NPRC) in Jinja, a group of
Advanced Level Chemistry students participated in a research internship aimed
at identifying and comparing hydrocarbons that could serve as fuel additives
and raw materials for polymer industries.

During one experiment, they encountered two unknown gaseous hydrocarbons:

o Gas X with molecular formula CsHs
o Gas Y with molecular formula CsHs

Laboratory tests showed that:



« Gas X decolourised bromine water and underwent partial
hydrogenation in the presence of Lindlar’s catalyst.

o Gas Y also decolourised bromine water, but did not react with
ammoniacal silver nitrate, and readily formed polymers.

The students were challenged to use their knowledge of organic chemistry to:

Identify the homologous series each gas belongs to,
Describe their possible structures and types of isomerism,
Explain the reactions and mechanisms involved, and
Discuss their industrial and daily life applications.

W e

Tasks

(a) Identify the homologous series and functional groups to which CsHs and
C.Hs belong.

(b) Write all possible structural ,functional group and positional isomers for
each molecular formula. Name each isomer using IUPAC nomenclature.

(c) State and illustrate the main types of isomerism exhibited by compounds of
molecular formulas CsHs and CasHs.

(d) (i)Write balanced equations for the reactions of Gas X (CaHs) and Gas Y
(C4Hs) with bromine water.

(i)Using curved arrows, write stepwise electrophilic addition mechanism of
bromine to C4H8.

(iif) Write a balanced equation showing partial hydrogenation of CsHs using
Lindlar’s catalyst.

(e) Discuss one industrial or daily life applications of hydrocarbons with
formulas of CsHs.

(FHConstruct a flow diagram showing interconversions of C4H8 to C4H100
Include the reagents and conditions for each step.

HAPPY CHRISTMAS AND PROSPEROUS NEW YEAR
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