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INSTRUCTIONS TO CANDIDATES
This paper two sections, A and B. It has six items
Section A has two compulsory items
Section B has two parts; I and I1. Respond to only one item from each part
Respond to four items in all
Responses to both sections must be written in the answer booklets provided
Responses to each item must start on a fresh page
All items carry equal scores

Any additional item(s) answered will not be scored

Where necessary; use the following: CI=35.5, O=16, C=12, Be=9, H=I1, Molar gas

constant=8.314KJ/mol
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SECTION A

Respond to all items 1n this section in the answer booklets
provided

Item |
la) Archeologist at the Bigobyamugeny site use carbor-14 dating on 8 wooden aircraft.

They find it has 25% of the original carbon -14 activity. This 1sotope decays predictably,
with a half-life of 5730 years, allowing them to accurately date the ancient settlement and
understand Uganda's carly history. The tecam must calculate the arcraft’s age to confirm
the site’s umeline

TASK

i) Write the nuclear equation for the beta decay of carbon- |14

1) Given that the half-life 1s 5730 years, calculate the age of the wooden asrerufi

i) State one assumption made in carborn-14 dating

b) An anesthetist at the nearby hospital who treats the archeologists uses nitrous oxide
(N2O). A student asks about its structure and the doctor explains that its linear shape and
spectfic bonding make it suitable as an anesthetic. understunding it's Lewis’s structure
and properties ensure safe and effective use in surgical procedures, a key skill for medical
professionals in Uganda.

TASK

As a student of chemistry,

i) Draw the Lewis structure for N:O

1) Use VSEPR theory to predict the molecular shape of N2O

i11) State the approximate bond angle m the molecule

Item 2

An industry located in Kitezi land hills dealing in production of metals, ceramics and
battery recycling is designing a high temperature resistant coating for industrial furnaces
used in steel rolling mills. The project requires evaluating Aluminum oxide (Al:0y), lead
(1) mitrate [Pb (NOy)2) and sodium Fluoride (NaF) in order to make best choice of most
stable substance during formulation to apply in ceramics, abrasives and fumace lining

The company also wishes 10 select a substance in which temperature control depends on
P
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dissolution in water to use as a cooling agent and stabilizing agent in chemical
preparation units. Thermochemical data oblained from industnal material's report the
following values i table 1. However, the company discharges metals duning battery
recychng in water and water quality Surveillance unit discovered heavy metal

contamination in a borehole supplying a large number of houscholds.

A Tragment of a metallic lead was analyzed using mass spectrometer and the detector
regastered four sotopic signals with currents of 0L16mA (mass 204).2.72mA (mass
206).5.92mA (mass 208) and 2.5mA (mass 207). Further lab tests revealed that the
dissolved salt was lead (1) nitrate. The concentration of the salt in the borchole water
measurcd as (.9mol’L and the borchole supplies 1200litres of water per day. Chemists
concluded that the salt can be removed by treating the water with sodium sulphate which

reacts to produce insoluble lead(n) sulphate

Table |
Na(s) > Na(g): Alls) * Al(g): +3J0KJI/mol
+109k)/mol
¥ lonization encrgy of Na: | 1Y ionization energy of Al:
+494kJ/mol +578K.)/mol 2™ jonization
Bond dissociation cenergy of F: | energy of Al: +1820KJ/mol 3"
+158kJ/maol ionization energy of Al: +2750

1" electron affinity of F: -328kV/mol | k¥/mol
Enthalpy  of formation of Nalk: | Atomization energy of Oxygen:

-S69k)/mol +249kJ)/mol Lattice energy of
Na'(g)Haq) » Na'(aq): Aluminum oxide: -15346.5k)/mol 1"
~406KJ/mol electron affinity of Oxygen: <142KkJ/mol
Flg) +(aq) ——» F(aq) 2" ¢lectron affinity of Oxygen: +798k)/mol
-SO5KJ/mol

Pb (NOs):ng) + NaySOulag) o PhSOu(s) + NaNOy(aq)

The muinstry of health and energy has mvited you for help provide
3

(&) CamScanner


https://v3.camscanner.com/user/download

stoichiometric and methodological evaluation of the situation,
Task

a) Analyze the thermochemical data carctully to construct an encrgy level
disgram for changes in the;
i) Formation of Aluminum oxide
") Formation of NalF
b) Use the cyeles or diagrams anbove to caleulate:
1) Enthalpy of formation of Aluminum oxide
i) Lattice energy of Nal and its enthalpy of solution
¢) Evaluate the industnal usefulness of the two systems to advise the manager
which substance i1s most suituble for furnace lining and cooling applications
d) 1) Help the manager determine the RAM of lead in water
i)  Calculate the mass of lead(n) sulphate formed if all the dissolved salt
was removed
v)  Suggest possible impacts of the process and mitigation ol the substances to

the environment
SECTIONB
Part |
Attempt one item from this part

ltem 3

A rural community located near a mining site is experiencing unusual health problems of
chromic fatigue, respiratory illnesses and signs of radioactive exposure, Preliminary tests
revealed presence of unknown radioactive substance W found in the surrounding bed
rock which undergoes radioactive decay with bombardment of a neutron to produce Ba
(mass number 144, atomic number 56) and Krypton (mass number 90, atomic number
36) with emission of twe ncutrons. Water analysis also depicis elevated levels of Al, Ba,
Be and Mg. During further analysis of W using a detector, the activity was monitored

overtime to ensure 1t remains safe.
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The results are recorded in table below

Time in mins 00 |50 [150 [200 [25.0 | 30.0

| Activity (counts per min) 25.00 | 23.00

21251950 | 18.00 15.25

Major concerns are on the identity of Wand its half-life, its associated nsks to the
environment and possible reactions of elements in water. The ministry of energy has
contacted you for help.

Task:
As chemistry student;

a) 1) Plot a graph of activity of W against time
i) Determine the half-life of W, its decay constant and comment on your answers
ii)Identify the unknown substance W

b) Predict how the identified metals in water react with;
i) Water
i) Sodium hydroxide solution
i) Concentrated sulphunic scid

¢) Discuss the impacts of the miming operations to both health and
environment and possible mitigations

d) Explain any other possible applications of radioactivity i industry and medicine
ltem 4

Victorin Industrial Chemicals Ltd produces industrial grade materials for construction,
ceramics und high temperature processes. Engineering department s investigating the use
of group 2 and period 3 compounds (oxides and sulphates) to select the suitable material
for industrial applications. The baseline requirement is that a suitable substance must
reman sohid above 1400°C Jhave strong 1omic bonds, mechanically stable dunng operations
and and reduced solubility in water treatment processes.
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Oxide Na:O | MgO ALO: | SIO: PO, | POy [SO: [ CLO;

24 |s60 |30 [-92

Melting point in °C [ 1275 | 2827 | 2007 | 1607

Group (1) sulphates
Sulphate BeSOy MgSOy CaSOy SrSO, BaSOy,
Solubility 43 36 0.2 0.011 0.0024

The engincering team requires a comparative analysis of the oxides and
sulphates for use in industnial purposes while monitoring the environmental

risks of the operations. The company has approached a team of A level
chemistry students to address the following

¢ Plot graphs of melting points of the oxides and explanations of trends
e Description of trend m the solubility of sulphates of group (11)
e Prediction of reactivity of the oxides with alkalis and water

e Possible impacts of the operations to environment and mitigations

Task:

As the chemistry coordinator, prepare a write up for your presentation to the company

Part 1l
Item 5

Albertine chemical facility produces fuels solvents and organic feed stocks used in
plastics disinfectants additives in food and other chemical synthesis. During a research
study organic compound P was isolated from a distillation unit which on complete
combustion it burnt with a sooty flame and yielded 8.8g of carbon dioxide, 1.8g of
water. When 0.100g of P was vaporized at 273°C and 734mmHg it occupied a volume of
446X10° dm”. Treatment of P with acidified water and heat yielded compound Q
which on oxidation in presence acidified

potassium dichromate (V1) vielded a ketone. The industrial chemists seek to know the

b
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nature of Q and its use in industrial applications.
You have been contacted for help.
Task:

v Determine the molecular formular of P and hence its identity
v Identfy compound Q and the ketone and any equations mechanisms
leading to their formation where possible
v Propose appropriate mechanisms for:
i) Reaction of P with Bromine water
i) Conversion of P 10 phenyl ethyne used m plastes (include
mechanisms for all steps involved)
v" Using appropnate reagents and conditions show how;
1) P can be converted to any carboxylic acid
i) P can be converted to benzene
i) Pcan be converted to 3-phenylpropan-1-ol
v Discuss the environmental impacts of producing the associated compounds

ltem 6

A small cosmetic start up is producing herbal skin care creams using locally sourced
materinls, The production process generates significant amounts of waste materials
which are currently disposed into nearby drainage systems, causing blockages and foul
smells which has led to complaints from the community and environmental authorities.

Analysis of a sample of oil revealed of mixture of the following compounds,

Compound | TUPAC name
A - Propan-1-ol
8] - Propanone
' C | Methylbenzene
D | But-2-ene

.

The company has approached chemists in your school to;

¢ Analyze the composition of these waste materials, there functional
1
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groups and any physical propertics
e [Design synthetic routes o]
Convert D to Ethanol a disinfectant
Convert Ao B

Convert C 1o benzoie acid

% NN NS

Convert B 1o a propyne

e Explore possible mechanisms for reactions of C;

<

with cone nitric and conce sulphuric acid

<

Fuming suphuric acid
v Chlorine

e Discuss the impacts of compound C 10 health and environment

Task: Prepare a write up for your presentation
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