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This paper has twe sections A and B.
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SECTION A
Answer all questions in this section
ITEM 1

At a Kampala specialty chemicals firm, researchers have isolated a chlorinated organic
compound, Q, from oilseed residues. Suspected to be a chlorinated hydrocarbon, Q is
targeted as a precursor for antifungal agents for maize, a building block for aromatic
solvents for a paint maker in Wakiso, and a starting monomer for plastic packaging.

In pre-tests, a 3.0 g sample of Q burnt in excess oxygen produced 2.67 g of CO2and 1.09 g
of H20. The label indicates a vapour density of 49.5. When refluxed with excess alcoholic
KOH, Q yielded a volatile product F that burned with a very sooty flame, raising concerns
about safety.

The firm plans two product lines: converting Q into aromatic compound R, later
derivatized into solvent R: for paints, and into compound D, an alkene monomer for
plastics. Compound D also reacts with HBr under different conditions to yield antifungal
agents for maize. You have been contacted to assist.
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Task
As a learner of Chemistry, guide the company on how to;
(a) Determine Molecular formula of compound Q.
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(b) Show the analyst using an equation formation of compound F
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(c) Predict the properties, possible environmental dangers and their mitigations that

resuit from F
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{d) Synthesis the solvent and monomer.
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l“' & importance for nuclear medicine, industry, and environmental science,
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Todine-131 and Cesium-137, isotopes used extensively in medical diagnostics and
industrial gauging, are known for their different half-lives but good enough for practical
I\/'{ ”,’ Mk M applications. Both isotopes undergo beta decay to form stable nuclei releasing a lot of

energy called “nuclear energy”. The students are finding it had to study the atomic
structures, radioactive decay behavior, and safety considerations to optimize their use and
ensure environmental protection for the isotopes.

(f) Evaluate the suitability of the aromatic compound R and its derivative R, produced
to be used in the industry.
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Both isotopes were measured for activity over a period of time recorded in hours and
activities in counts per second (cps),

Time (hours) 4 6 8 10 12 14 16
Todine-131 Activity (cps) 320 (180 (100 156 32 i8 10
Cesium-137 Activity (cps) 600 1425 1300 210 (150 105 |75

The Principal at the research Center has organized a workshop session and you have been
invited for guidance.
Task
As the learner of chemistry help the students to:
(a) Come up with the electronic configurations and predict the locations in the periodic
table and the nature of the isotopes given.
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(b)(i) Explain the concept of radioactivity and the nuclear transformations, identifying
isotopes formed for both substances above. 2o
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(ii) Analyze the data in the table in order to determine the decay constants and half-
lives for both isotopes. Comment on your results for medical application.

imeCla) 410 | ¥ ol 12 1€ ]
[w&m—(&vthCG 320 180 |wo [ShH[IA | 18 | lO
Loty - (kvhww boo|d25|300 [Aiofiso | loS | 75
Loy, Ag ¢ 2-$05|&a55 |2 00| - 748 | |- S05|1-2SE | 1000 i
s b, 2118|2648 |2447] 2322|176 | A- 0a1 |[-815 W/f%ﬁd

— : >F s ; J
< .

—_—

_—

o @35
< A= 2581, %097 = Dlzféﬁ bl

Cesium® g(@@ (" 7*'”\ e P
‘; J ?\'30}

=t = 0643 _Eq[wf
0-i¥0a8 —

Cat Ca-fonfa =Ca=l o4

(c) (i) Describe the practical applications of the process relevant to Uganda’s sectors.
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(d)(ii) Explain the possible side effects of the prf’eg& §nd how they can be mitigated.
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SECTION B
Attempt three items in this section
Item 3

A school chemistry club is investigating heat production from the formation of ionic
compounds for use in small portable heaters during science exhibitions. They are
considering three compounds: X, Y, and Z.

The club has collected thermochemical data in kJ mol™ for the compounds are as follows;
For X (lithium fluoride): enthalpy of atomization of fluorine (+150), electron affinity of
fluorine (-351), enthalpy of atomization of lithium (+155), first ionization energy of
lithium (+518), and lattice energy (—1030).

For Y (calcium oxide): enthalpy of atomization of calcium (+117), first and second
ionization energies of calcium (+59, +1100), heat of atomization of oxygen (+249), first
and second electron affinities of oxygen (141, +790), and lattice energy (—2810).

For Z (aluminium chloride): enthalpy of atomization of aluminium (+326), first, second,
and third ionization energies of aluminium (+578, +1817, +2745), bond dissociation
energy of chlorine (+242), electron affinity of chlorine (-364), and lattice energy (=5290).
All values are in kilojoules per mole.

The club wants to select the reaction that produces the most heat while remaining safe for
a demonstration. You have been invited to provide guidance.

Task

As a student of Chemistry, Outline the method you would use to help the club choose
between the three substances, and justify your choice based on your calculations and
safety considerations.

ITEM 4

At the National Agricultural Research Organisation in Arua district, soil within the area
was found to contain a sodium salt, NaHCOs-XH-O, affecting crop growth.

In analysis, 6.0 g of NaHCOs-XH:0 was dissolved to one liter, and 25cm® of this
solution required 15cm? of 0.05M hydrochloric acid for complete neutralization.

The organization seeks to determine the actual formula of the salt, its nature, and soil pH,
and to make recommendations for improving crop yields. You have been contacted to
provide guidance.

Task

As a chemistry student, make a write up you use to help the organization.

ITEM S

An environmental agency is investigating air pollution near an industrial zone suspected
of hydrocarbon release and open combustion. A 20.0 cm?® sample of hydrocarbon Z was
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reacted with 200.0 cm? of oxygen; after cooling, total gas volume was 160.0 cm?, and
passing residual gases through aqueous sodium hydroxide reduced the volume to 20.0
cm?,

Hydrocarbon Z burns with a sooty flame. When treated with hot alkaline potassium
manganate(VII) and then acidified with dilute hydrochloric acid, it produces compound
T, which reacts with magnesium to liberate hydrogen.

The agency seeks to understand the chemical equation for combustion of Z, the
molecular formula, [IUPAC names and structures of Z and T, a method to synthesize Z
from ethanol, and the environmental hazards of Z with mitigation measures. You have
been contacted to provide guidance.

Task

As a student of Chemistry, prepare a presentation you will use upon invitation.

ITEM 6

A scientist is studying the Periodic properties of several elements and needs to determine
the trend of atomic radius across the period and down the group in the Periodic Table. He
is focusing on the elements in the third period from sodium to chlorine and elements in
group (II) from beryllium to barium. He obtained the following data but lacks explanation
for the two trends.

THE PERIODIC TABLE

Element Be Na |Mg |Al |Si P S Cl Ca |Sr |Ba

Atomic number | 4 11 12 13 14 15 16 17 20 38 56

Atomic radius | 0-089 | 0.156 |0.136 | 0.125 | 0.117 | 0.110 | 0.104 | 0.099 | 0.174 | 1.191 | 0.198

(nm)

The scientist seeks guidance to interpret the data for Period 3 and Group II elements and
to analyze and explain the observed trends in atomic radius for use in a science exhibition
presentation.. You have approached for guidance.

Task

As a learner of chemistry prepare a write up to help him.
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INSTRUCTIONS TO CANDIDATES:

This paper has two sections A and B.
Section A has two compulsory items while B has two parts Part 1 and Part I1

Each of part I and part II has two items, Answer only one from each.

Answers to Section A must be written in the spaces provided and Section B must be

written in the answer booklet(s) provided
Answer four in all.
Where necessary use,

Molar gas volume at s.t.p = 22.4dm’

FOR EXAMINER’S USE ONLY

ITEM 1 2 3/4 5/6 T.
CODE | Fy | Cy €| D | G| Dy [ Ee|Co| €| Bi| P |DifG | T Ea| P || S| |Dy] o
SCORE | 04| 03 {03 |03 |04]03|06|02]03]|03]03]|03[05|08]05]|02]04]08]05]03]8s0

KEY TO SAMPLE SCORE

Dy, Dy, D3, Dy- Danger Cy, Cy-, Cs, Cs, Cq - Calculation
P - Properties G,— Graphing
M, - Mechanisms

F,, F,— Formula
E.— Energy cycle E,, E,— Evaluation
T,—Trend P,— Prediction Se - Synthetic equations

SECTION A
Answer all questions in this section
ITEM 1
AgroTech Minerals Ltd. has developed a new inorganic fertilizer labeled X in Hydrated
Form, Laboratory analysis shows that the solid contains 9.37% magnesium, 10.93%
nitrogen, and 42.18% water of crystallization and rest being oxygen. Molar mass of X is
256g. 5.0 kg of the fertilizer was available for sale, the manager sought to know the amount
in mass of nitrate nutrient in X that would be delivered to maize. Keen to know about
environmental hazards, X was burnt in absence of air and decomposed with brown gas of
nitrogen dioxide according to equation:
Equation 1: 2 Mg(N03).(s) —» 2MgO(s) + 4N0z(g) + 02(9)
The company sought to know the volume at s.t.p of the brown gas produced from burning
1.0 kg of the fertilizer and assess the environmental impacts of the emissions and
mitigations.
Due to available rocks containing magnesium in the area, the company manager further
seeks to evaluate the industrial synthesis of the fertilizer X from magnesium oxide:
Equation 2: MgO(s) + 2HNO3z(aq) = Mg(NO3)z(aq) + H20(D).
The supplier reported that he would potentially supply 10.0 kg of magnesium oxide per day,
and the manager intends to know how much fertilizer would be available in one month and
also possible environmental impacts of using the fertilizer and mitigations.
Task
As a learner of Chemistry, help the company to know;
(a) The Molecular formula of compound X.
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(b)Mass of nitrate nutrient in X that would be delivered to maize.
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(c) (i) The volume at sk.t.p of the brown gas produced from burning the fertilizer.
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(ii) The environmental impacts of the brown gas emlssw]gs and mitigations.
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(d) (i)Mass of the fertilizer produced in one month.
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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 AlF; residues before disposal. The research chemist is
tasked to analyse the thermochemical feasibility of both forming and dissolving AlFs
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:

At# o) 13 Fw)

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 flourine +158

First, second, and third ionization energies of Al | +577, +1820, and +2740 respectively
First electron affinity of flourine —348

Hydration enthalpies aluminium and fluoride
ions

—4690 , —364 respectively

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.
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(b) Know the lattice energy of substance.
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= +5945+ (-S78%) = 162 Kymd

(d) Evaluate whether the dissolution of the substance in water is
ermodynamically feasible and spontaneous under standard ¢ ndltlons
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(ii) Suggest the poSSlblC 1mpacts and mitigations of the substance to the
environment.
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SECTION B

Part1
Attempt One item in this section

Item 3

A manufacturing company in Mukono produces parts for high-temperature furnaces and
electrical systems. The durability of each component depends on the melting point of the
material, higher melting points ensure better heat resistance and mechanical strength. To
guide selection, the research team compared melting points of selected Group IT and Period 3
elements.. Following data was available

Group/period Group 11 Period 3
Element Be |Mg]Ca |Sr |Ba | Na | Mg]| Al Si P S Cl Ar
Atomic number | 4 12 120 |38 |56 |11 12 |13 14 15 16 17 18

Melting point 1280 | 650 | 850 | 770 | 720 | 97.8 | 650 | 660.3 | 1414 | 44.2 | 115.2 | —101.5 | —189.4
(Y

The engineering department seeks a scientific analysis to select materials for different
temperature ranges. The company is also considering an unknown element X, positioned
between aluminium and silicon in the periodic table. Plotting graphs of melting point against
atomic number for Group II and Period 3 (separately), describing and explaining trends and
irregularities in melting points across Period 3 and down Group I, evaluating, with reasons,
which elements are most suitable for furnace linings and electrical connectors and predicting
the likely melting point range and industrial suitability of the unknown element X.

Task

As a chemistry student, make a write up you will use to help the company.

Item 4

A chemical company in Tororo manufactures halide compounds used in disinfectants. The
first electron affinity (EA) of an element indicates how readily it gains an electron to form
stable anions. Elements with more negative EA values are more reactive and suitable for
halide formation, while those with low or positive EA are less effective.

The company is analysing Group VII and Period 3 elements to identify the most suitable for
halide production and is also considering an unknown element X between aluminium and
silicon.

Group/period Group VII Period 3

Element F Cl Br 1 Na | Mg | Al |Si P S Cl Ar

Atomic number 9 17 35 53 11 |12 |13 |14 15 |16 17 18

First EA (kJ/mol) |—-354 | =370 |-348 | =320 | —21 | +67 | —44 | —135 | =72 | =200 | =364 | 0

The manager seeks to analysis the data to make informed decisions by plotting first electron
affinity vs. atomic number for Group VII and Period 3 elements separately. Describe and
explain frends and all irregularities in electron affinity across Period 3 and down Group VII.
Evaluate which elements are(is) most suitable for industrial halide production, giving
reasons. Predict the likely electron affinity of element X and comment on its potential
suitability for forming halides.

Task

As a chemistry student, make a write up you will use to help the company.
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Part 11
Attempt One item in this section

ITEM 5
A chemical manufacturing firm in Uganda produces a variety of organic-based materials
used in plastics, solvents, fuels, and disinfectants. The firm has identified an inorganic
compound containing 62.5% calcium and 37.5% carbon as a starting material. When this
compound was reacted with water, it released a colourless flammable gas that burned with a
sooty flame, which has numerous industrial applications in Uganda, including the production
of alkenes, alkyl halides, and aromatic compounds.
The firm sought to convert it into valuable organic materials such as propanol, chloroethane,
benzene, which can be further converted to 1-phenylethan-1-ol ©/(&) ll_ll('H:., ethylbenzene,

and nitrobenzene. Key mechanisms involved include dehydration”of propanol to propene,
electrophilic substitution reactions on benzene ring.

The company seeks a comprehensive evaluation: determine the empirical formula of
inorganic compound, confirm the identity of the gas evolved, predict the functional groups
of resulting organic compounds, and illustrate stated mechanisms. Additionally, assess
synthetic pathways in the formation of stated compounds, and evaluate health and
environmental impacts of producing both aliphatic and aromatic compounds in an industry.
You have contacted for assistance on this.

Task

As a student of Chemistry, prepare a presentation you will use upon invitation.

ITEM 6

A chemical research laboratory in Uganda is investigating a gaseous hydrocarbon X obtained
from a petrochemical facility. Elemental analysis shows that X contains 11.11% hydrogen by
mass, its vapour density is 27 and on treatment with Tollens’ reagent gave positive test.
Hydrogenation of X with 1 mole of hydrogen and 1 mole of X over a lindlar’s catalyst
produced a carbon—carbon double bond. When the resulting compound of Ahydrogenation is
treated with concentrated sulphuric acid and water, it forms Y, which is further oxidized
using hot acidified potassium dichromate to yield a compound Z. Z gives a negative test with
Tollens’ reagent. Multi-step synthesis from but-1-ene, propene, and ethene are explored to
generate X and its derivatives, which are important for producing alcohols, carbonyl
compounds, and polymer intermediates in Uganda’s chemical industry, while safety
considerations such as flammability and waste management are observed.

An analyst, wishes to know molecular formula X, all structural isomers of X with [UPAC
names, identity of X, Y, and Z, write equations to be involved, mechanisms for formation of
Y, propose multi-step synthesis of X from but-1-ene, propene, and ethene, and discuss the
industrial applications, environmental impact, and mitigations of X, Y, and Z. You have
been contacted for your help.

Task:

As a student of Chemistry, prepare a presentation you will use to help the firm.
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THE PERIODIC TABLE

112 314|5]|6]|7]S8
1.0 1.0 [ 4.0
H H | He
1 1 |2
6.9 |9.0 10.8 1 12.0 | 14.0 | 16.0 | 19.0 | 20.2
Li Be B C N O| F Ne
3 4 5 6 7 |8 9 |10
23.0 | 24.3 27.0 | 28.1 | 31.0 | 32.1 | 35.4 40.0
Na | Mg Al Si P S] Cl Ar.
11 12 13 |14 |15 |16 17 18
39.1|40.145.0]47.9]50.9]52.0]54.9]|558]589]58.7]|63.5]65.7]69.7|72.6]74.9]79.0|79.9]83.8
K| Ca Sc Ti V| Cr| Mn| Fe| Co|] Ni|] Cu| Zn| Ga| Ge| As| Se| Br| Kr
19 120 |21 |22 |23 |24 |25 |26 |27 |28 29 130 131 J132 133 |34 |35 |36
85.5]87.6188.9]91.2]92.9]195.9]98.9]|101 |103 | 106 | 108 | 112 | 115 | 119 122 | 128 | 127 | 131
Rb] Sr Y| Zr| Nb| Mo| Te| Ru|j] Rh| Pd]| Ag|] Cd| In| Sn|] Sb| Te I|] Xe
37 |38 139 |40 41 | 42 | 43 |44 45 | 46 47 |48 149 |50 |51 |52 |53 |54
133 | 137 | 139 | 178 | 181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 [209 | 209 |210 |222
Cs| Ba| La| Hf| Ta| W] Re| Os Ir Pt| Au] Hg| Ti| Pb Bi| Po| At] Rn
55 |56 |57 |72 |73 |74 |75 |76 |77 |78 |79 |80 |81 |82 |8 |8 |8 |86
223 | 226 | 227
Fr] Ra] Ac
87 |88 |89
139 1140 | 141 | 144 | 147 | 150 | 152 | 157 | 159 | 162 | 165 | 167 | 169 | 173 | 175
La| Ce Pr|] Nd| Pm| Sm| Eu| Gd| Tb| Dy| Ho Er| Tm| Yb| Lu
57 |58 |59 |60 Je61 |62 |63 64 |65 |66 J67 |68 |68 |70 |71
227 | 232 | 231 | 238 | 237 | 244 | 243 | 247 | 247 | 251 | 254 | 257 | 256 | 254 | 260
Ac] Th| Pa Ul Np|] Pul] Am| Cm| Bk|] Cf|] Es] Fm| Md| No| Lw
89 90 91 92 193 J94 |95 9% |97 |98 199 |100 101 J102 J103
END
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SAMPLE SCORE

Candidate’s Name: ..o e SECTION A
. . STREAM: Answer all questions in this section
Signature: .....coeveviiiiiiiiiniiiiiiieninnn ITEM 1
A report from Kabong Chemical Works (U) Ltd revealed that the company is improving its
525/1 sulphuric acid production process, an essential raw material used in fertilizers and lead acid
CHEMISTRY batteries.
Paper 1 In one of the experiments, the company’s chemists reacted 0.425 moles of sulphur dioxide
October/November with 0.294 moles of oxygen gas in a 1.60 dm?® sealed vessel. The gases were heated in the
2025 presence of a catalyst, and equilibrium was established according to the reversible reaction:
21/, hours AOIs OF TERM III ASSESSMENT Equation 1: 250,(9) + 0,(9) = 250;  AH = —196 kJ/mol
] ] After analysis, it was discovered that 52% of the oxygen gas had reacted this made the
Uganda Advanced Certificate of Education management curious how operating conditions influence both the position of equilibrium
S.5 CHEMISTRY and rate of attainment of equilibrium in the process, and environmental effects of emissions.
Paper 1 Sulphur trioxide, is always converted to sulphuric acid, the plant’s key product. For quality
(Set II) control, 25 ¢m? of 0.05 M sulphuric acid was diluted with 750 cm?® of pure water, and the
2 hours 30 minutes resulting solution was tested for acidity. To confirm whether the product meets safety and
INSTRUCTIONS TO CANDIDATES: concentration standards, the manager must know the pH of diluted acid sample.
]
m—  This paper has two sections A and B. FOR EXAMINER’S USE The acid is used to produce lead(II) sulphate used in battery plates. The company’s
. ) ) ONLY environmental unit reported that only 0.035g/dm? of it dissolves water at 17 °C, and the
Section A has two compulsory items while B has two parts ITEM | CODE | SCORE manager sought to know its solubility product, so as to predict the effects of waste discharge
Part I and Part I1 C 03 on nearby water sources. Concerned about these findings, the Plant Manager has invited you.
1 Task
Each of part I and part II has two items, Answer only one from Ey 08 As a learner of Chemistry, help the company to know;
each. 1 G 03 (a) The equilibrium constant for the gaseous reaction (Kec).
C, 03 250,(g) + 0,(g9) = 250,
Answers to Section A must be written in the spaces provided D 03 .
1 Initial moles 0.425 0.294 0 .
and Section B must be written in the answer booklet(s) lC? . g; Moles reacted formed oy B o WAk
ded 4
provide 2 Cs 04 Moles at equilibrium (0.425-2%) (0.294—x) 2x
A in all. A
nswer four in a E 05 Total moles at equilibrium = 0.425 — 2x + 0.294 — x + 2x = (0.719 — x) /C
D 03
Where necessary use, G 2V o5 | 08 Moles of 0, that reacted = x
Molar gas volume at s.t.p = 22.4dm’ o <2
3/4 I, | R 108109 X = ——x0.294=0.15288
E, | D;| 04 | 03
P, 03 Moles of 02 at equilibrium = 0.294 —0.15288 = 0.14112
Ke F 06 Moles of SO2 at equilibrium = 0.425 — 2(0.15288) = 0.11924f 4
Rey e M 02
€y, Cy) Cs, Cy, Cs: Calculations 1{}: }fndw;wn 5/6 SC T Moles of SO3 SO3at equilibrium = 2(0.15288) = 0.30576
. :Formula R
f)f.f)ffgc-tDanger Mc: Mechanism D 03 Since volume is 1.6 litres,
L2, =3 S:Synthesi:
E,:Energy Cycle v Ij/,;EPe};L:heory TOTAL z;Y_o 80 [0,] = %22 22=0.0882m, [SO,] = 22%2%=0.0745M, [SO5] = 222°=0.1911M
Ey: Evaluation R’fR ) R ) A 4CA = C; = 03 scores
G,: Graphing sreason K, = 5%l =__[(0191) K. = 74—.6mol_1dm3/c

: T [S0212[02]" T (0.0745)2(0.0882)
o 2 Turn Over



(b) Explain effect on the position of equilibrium, the value of Kc, and the rate of
attainment of equilibrium by:

i.  adding more Sulphur dioxide gas.
According to’Lechatelier’s principle, the concentration of sulphur dioxide increases and

the excess sulphur dioxide reacts with oxygen to produce sulphur trioxide, so as to keep
K

the equilibrium constant value the same."gquilibrium therefore shifts from left to

P
right‘ﬁnd equilibrium constant value remains unchanged. The rate of attainment of

R
equilibrium increases*since there is an increase in the number of particles in the

reaction vessel,

ii.  introducing a catalyst.
According to’Lechatelier’s principle, introducing a catalyst(Vanadium(V) oxide), has no
749

/l‘

of equilibrium and no effect on the value 'écequilibrium constant but

effect on position

only alters the rate of backward and forward reaction equally. A catalyst therefore

increases the rate of attainment of equthbrmm'gy decreasing the activation energy.

ii. increasing temperature.
According to’Lechatelier’s principle, Since the reaction is exothermic (AH = -1 1936 kl/mol),

increasing temperature adds heat. The equilibrium shifts from right to the Ieft'é absorb the

K
added heat. The value of Kc decreases,/because for exothermic reactions, increasing

R
temperature reduces the equilibrium constant. The rate increases initiaIIyt/because higher

temperature gives molecules more kinetic energy, increasing collision frequency and energy,

though less SOs is produced at equilibrium

iv.  increasing pressure.
According to’Lechatelier’s principle, the reaction involves a decrease in gas molecules (3 -

P
2). Increasing pressure shifts the equilibrium from left to the right,’ﬁlvouring the formation
K

of SOs, to reduce total pressure. The value of Kc remains constant,/because pressure

changes do not affect Kc (only temperature does). The rate of attainment of equilibrium
R

rate increases,‘/because higher pressure increases the frequency of molecular collisions,

speeding up both forward and reverse reactions. 4K + 4P + 4R = Ey = 08 scores

3 Turn Over

(c) Calculate the pH of the solution obtained.
Moles of H,SO,in 25cm? of solution = 5><05_0 0125 /C

Total volume of solution = (25 + 750) = 775¢m?

775cm3of solution contain 0.0125 moles of H,SO,

a
1000cm? of solution contain%moles of HySO, = 0.0161M/(‘

H,50, (aq) — 2H*(aq) + 507 (aq) /4

Mole ratio of H,SO,: H = 1:2

[H*] = 2[H,S0,] = 2 x 0.0161 = 0.0322M

pH = —log;o[H*] = —log;,(0.03220 = 1.5 /4 ACA = C, = 03 Scores

(d) Determine the solubility product of lead(II) sulphate.
PbS0,(s) + (aq) S Pb**(aq) + SOZ (aq) Ve

= [Pp**][S0%"]

Molar mass of PbSO, = 207 + 32 + 64 = 303g

~ Moles of PbSO,in 1 litre = 0035 — 1,16 x 10~ moles/CA

393

[PbSO,] =116 x10~*M

Since mole ratio of PbS0,: Pb?>*:502~ = 1:1:1 A

Then, [H*] = [PbS0,] = [SO?"] = 1.16 x 10~*M

A
~ Koy = (116 x 1071)? = 1.33 X 10-*mol2dm=5v"" 4CA = C3 = 03 Scores

(e) Environmental impacts of the gaseous or aqueous equilibria and their mitigations.
Both S0, and SO; are acidic oxides which dissolve in_atmospheric moisture to form

4
sulphurous acid and sulphuric acid , which fall as acid rain,/rgacting with metals and

[
limestone structures, causing corrosion and damage on buiIding&./I{\l/litigated by proper

m
installation of scrubbers in chimneys to absorb SO, before release. /e

Lead (1) sulphate when improperly disposed of, it releases Pb** ions into the

environment, which are non-biodegradable and bioaccumulate through food chains thus

food poisoning to both humans and anaimals. Mitigated by proper recycling of lead-acid

batteries in controlled facilities. di +de + dm = D; = 03scores

4 Turn Over



Item 2

A recent report from Tororo Industrial Chemicals Ltd, one of Uganda’s emerging producers
of industrial reagents and laboratory Kkits, revealed that the company is developing a dual-
purpose field chemical pack for technicians working in rural agricultural and health sectors.
The pack is intended to include one safe warming substance for sterilising small instruments
and generating heat in remote operations, and one cooling substance for preserving
biological samples and stabilising temperature sensitive reactions.

The company’s research department is currently comparing ethanol, a locally available
biofuel derived from sugarcane waste, with sodium chloride, obtained from the salt works
around Lake Katwe.

The thermochemical data obtained from a certain article about ethanol indicate that the
standard heats of formation of ethanol, carbon dioxide and water are (—227.0) , (=393.5),
(—285.5) kJ mol™" respectively.

For sodium chloride, the enthalpy of sublimation of sodium, bond dissociation energy of
chlorine, first ionisation energy of sodium, first electron affinity of chlorine, enthalpy of
formation of sodium chloride, hydration enthalpy of Na'(aq) and hydration enthalpy of
Cl(aq) ,(+109), (+242), (+494), (—364), (—411), (—406), and (—363) kJ mol™ respectively.
Preliminary tests by the plant’s laboratory team indicated that combustion of ethanol and,
dissolution of sodium chloride in water produces minimal temperature change. To ensure the
most energy-efficient and environmentally safe field pack, the company manager has invited
you.

Task

As a student of chemistry, help the researcher;
(a)  Analyse the data to construct an energy cycle for the changes in the:
(i) Combustion of ethanol.

/
1 3 = -
2C(s) + 3H,(g) + EOZ(g) AH fcnycrzon 227'0= CH-CH,0H(I)
v v /
(2 x —393.5) (3 x —285.5) 3AHp 0 /
3
ZAf,COZ 202 502(9) 30/
AH,

2C0,(q) + 3H,0(D

Ec; = 03scores

5 Turn Over

(ii) Formation of sodium chloride.

AV'u*Ly) + L‘i"\y)
+494kjmol! 364 kimol-L/ AH gsice
Na(g) Cl(9) \
4 W \
+109kjmol! “Zkjmol !
1 M naa = —411kjmol —1 NaCl(s)
N —
ats) * 2 thl9) Ec, = 03scores

Ec; + Ec, = E. = 06 scores
(b)  Use the energy cycles constructed to calculate;

(1). Enthalpy of combustion of ethanol.
By Hess’ law;

20f co, + 3AH; 11,0 = AH® f oy cn,on + AH

AH; = 2A; 00, +330He 0 — AH 5 oy cuon

= (2 x—=393.5) + (3 x —285.5) — (—227.0)/CA

AH, = —1416.5kjmol™! /CA 2CA =C, =02 Scores

(iig. Lattice of sodium chloride and its enthalpy of solution.
)y Hess’ law;

1
AHBf Nacl = AHgsublimatio + AHglst IE + EAHQBDE + AHHHA + AHlattice

AA

1
—411 =109 + 494 + 2 X242 + —364+AH 444ice ¥

AH\gpi0e = —771kjmol™* "
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AHsolution = +AHattice + +AHhvdration

Nacl Nacl Nacl A

[ \
AHgotution = +771 + \Athdratian + Athdmtion) = +771+ (—406 + —363)

Nacl Nat clr-

AH sotution = +2kjmol=1/¢4

NacCl

4CA = C5 = 04 Scores

(¢) (i) Evaluate industrial usefulness of the two systems to advise the manager choose

the best substance for warming, and cooling with reason. ET
Ethanol/s” more suitable for warming functions, due its high eXothermic enthalpy of

combustion of —1416. 5kjmol™1, this energy is supplied for heating up other substances.

Whereas; o .

Sodium chlo%de is more suitable for cooling functions, due to its endothermic enthalpy of

solution +2kjmol~1, during solution of sodium chloride, heat is absorbed from other

substances leaving them cooler.

(i1). State any other ideal industrial use of ethanol.

LL

v . . . o
Used as a solvent for extracting perfumes, drugs, plant essences, and paints since it acts

as both polar and non-polar solvent. U

70% ethanol is used in hand sanitizers and medical wipes since it kills bacteria and

viruses on skin and surfaces. 2Ev 4 2Er 4+ 1U = E,; = 05 Scores

(d)  Suggest the possible impacts and mitigations of the substances to the environment.

When ethanol bu}zﬁs, it produces carbon dioxide (CO:), a greenhouse gas tha,tcfeontributes

[4 R . L. . . 4 L.
to global warming if released in large %mnlllles resulting to increased drought. mitigated
m

by adopting clean energy technologié/s‘ such as solar energy systems to reduce emissions.

Excessive discharge of NaCl brine from industries increases salinity in soil and water thus

soil and water polluttion. Mitigated by properly disposing brine wastes.

1di + 1de + 1dm = D, = 03 Scores
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SECTION B
Part1
Attempt One item in this section

Item 3

A chemical manufacturing company in Uganda, Kyoga Chemicals Ltd, produces industrial
chemicals and water treatment agents. The company has been advised that substances
suitable for use in water treatment plants and in construction industries, for stabilizing
concrete and producing heat resistant materials must have the strongest ionic characters. The
engineering department is analyzing the melting points of chlorides of Group II and Period 3
elements to select materials suitable for operations. The data is shown below:

Group/period Group II chlorides Period 3 chlorides

Element BeCl: | MgCl | CaCl: | StCl | BaCl: | NaCl | MgCL | AICL | SiCls | PCLs | PCLs [ S:CL | CL
Atomic No 4 12 20 38 56 11 12 13 14 15 |15 16 17
Melting pt/°C | 405 | 714 | 782 | 875 | 962 |808 | 714 192 |-68 |-92 | 160 |-76 -80

The engineering department seeks a scientific analysis to select materials for different
intended purpose. The company is also considering an unknown element X, positioned
between aluminium chloride and silicon chloride in the periodic table. Plotting graphs of
melting point against atomic number for Group II and Period 3 chlorides (separately),
describing and explaining trends and irregularities in melting points across Period 3 and
down Group II chlorides, evaluating, with reasons, which chlorides are most suitable for
water treatment and stabilizing concrete, casting molds, and producing heat resistant
materials and predicting the likely melting point range and industrial suitability of the
element X chloride.

Task

As a chemistry student, make a write up you will use to help the company.

Item 4

Kilembe Chemical Works Ltd, in Kasese, is investigating how bonding and molecular
structure affect the properties and industrial uses of several compounds used in fertilizer
formulation, water purification, and manufacturing of plastics and ceramics.

The compounds under study include water, phosphorus trichloride, carbon tetrachloride,
tin(Il) chloride, ammonia, tin(IV) chloride, nitrate ion, and phosphorus pentachloride.

It was reported that some compounds such as carbon tetrachloride and phosphorus
trichloride are liquids at room temperature and insoluble in water, ammonia and water are
highly soluble and have strong intermolecular attractions. tin(Il) chloride conducts electricity
in molten form, while tin(IV) chloride does not.

The manager seeks to know molecular shape, bond type, and bond angle for each substance,
use bond type and molecular structure in the compounds account for their differences in
melting point, solubility, and electrical conductivity. why water and ammonia form hydrogen
bonds, and how this affects their boiling points and solubility compared to phosphorus
trichloride and phosphorus pentachloride. Compare the bonding and structure of tin(II)
chloride and tin(I'V) chloride explain their difference in electrical conductivity and melting
points.to guide the design of safe storage systems and efficient cooling and purification
processes. Evaluate the environmental impacts of using nitrate ions in fertilizers

Task

As a chemistry student, make a write up you will use to help the company.
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Part 11
Attempt One item in this section

ITEM 5

Nile Chemical Industries Ltd, a chemical manufacturing firm located in Jinja, produces a
range of organic-based materials used in plastics, fuels, solvents, and disinfectants. In one of
its experiments, 20.0 cm? of a gaseous hydrocarbon W was exploded with 150 cm?® of excess
oxygen. After complete combustion, the residual gas measured 110 cm®, and when
concentrated potassium hydroxide solution was added, the volume further decreased to 30
cm’®

The company noted that ozonolysis of W produced only one compound and that W readily
decolourised bromine water. These findings prompted the research team to seek a deeper
understanding of W and its possible industrial applications in the synthesis of propan-1-ol,

benzoic acid, { QCOG“ }, 1,2-dibromopentane and 1-chlorobutane.

The company seeks a comprehensive evaluation: to determine the formulae of W, draw and
name all possible isomers, identify W with reason(s), and illustrate the mechanism for the
reaction between W and bromine water. Additionally, confirm the identity of the gas
absorbed by potassium hydroxide solution, predict the functional groups of resulting organic
compounds, describe synthetic pathways to related products, and assess the environmental
impacts of producing above compounds in industry. You have been contacted for assistance.
Task

As a student of Chemistry, prepare a presentation you will use upon invitation.

ITEM 6

Albertine Oil Fractionation Ltd, an industrial chemical company in the Albertine region,
produces fuels, solvents, and organic feedstocks for plastics and chemical synthesis. During
a research study, an organic compound P was isolated from a distillation fraction. Complete
combustion of a sample of P yielded 8.8 g carbondioxide and 1.8 g water, while 0.100 g of
P, vapourised at 273°C and 734 mmHg, occupied 4.46 x 1072 dm?®. Ozonolysis of P followed
by hydrolysis produced a mixed Q of two different compounds, and P was observed to react
readily with bromine and concentrated sulphuric acid. The company is exploring industrial

applications of these compounds for synthesis of prop-2-yn-1-ylbenzene { CHC==CH }a

component in manufacture of new drugs, benzene{ <o }solvent, and {OCH?CH?CHZOH
}chemical feedstocks.

The manager seeks to know the formulae of P, all possible structural isomers, identity of P
with reasons, deduce the structure and functional groups of mixture Q, illustrate mechanisms
for reactions of P with bromine and concentrated sulphuric acid, , outline synthetic pathways
from Albertine oil fractions P to synthesis industrial compounds stated, and evaluate the
environmental impacts of producing compounds in industry and their mitigations. You have
been invited to help the manager.

Task

As a student of Chemistry, prepare a presentation you will use to help the firm.
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THE PERIODIC TABLE

112 314151678
1.0 1.0 [ 4.0
H H | He
1 1 |2
6.9 |9.0 10.8 1 12.0 | 14.0 | 16.0 | 19.0 | 20.2
Li Be B C N O| F Ne
3 4 5 6 7 |8 9 |10
23.0 | 24.3 27.0 | 28.1 | 31.0 | 32.1 | 35.4 40.0
Na | Mg Al Si P S] Ar.
11 12 13 |14 |15 |16 17
18
39.1|40.1]45.0]47.9]50.9]52.0]54.9]558]589]58.7]63.5]65.7]69.7|72.6]74.9]79.0(79.9]83.8
K| Ca Sc| Ti V| Cr| Mn| Fe| Co] Ni|] Cu| Zn| Ga| Ge| As| Se| Br| Kr
19 120 21 |22 |23 |24 |25 |26 |27 |28 29 130 131 |32 |33 |34 |35 |36
85.5|87.6188.9]191.2]929]959]98.9]|101 |103 |106 | 108 112 | 115 | 119 122 | 128 |127 | 131
Rb] Sr Y| Zr| Nb| Mo| Te| Ru] Rh| Pd]| Ag| Cd| In| Sn|] Sb| Te I|] Xe
37 138 |39 |40 41 | 42 | 43 |44 45 | 46 47 |48 149 |50 |51 |52 |53 |54
133 | 137 | 139 | 178 | 181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 ] 209 | 209 |210 |222
Cs| Ba| La| Hf| Ta|] W] Re| Os Ir| Pt| Au] Hg| Ti] Pb| Bi| Po] At| Rn
55 |56 |57 |72 |73 )74 |75 |76 177 |78 |79 |80 |81 |82 |8 |8 |8 |86
223 | 226 | 227
Fr| Ra] Ac
87 |88 |89
139 | 140 | 141 | 144 | 147 | 150 | 152 | 157 | 159 | 162 | 165 | 167 | 169 | 173 | 175
La] Ce| Pr| Nd| Pm| Sm| Eu] Gd| Tb| Dy|] Ho| Er| Tm] Yb| Lu
57 |58 159 |60 61 |62 |63 64 |65 |66 J67 |68 |68 |70 |71
227 | 232 | 231 | 238 | 237 | 244 | 243 | 247 | 247 | 251 | 254 | 257 | 256 | 254 | 260
Ac|] Th| Pa U] Np|] Pul Am]| Cm| Bk| Cf] Es| Fm| Md| No| Lw
89 90 J91 92 93 J94 |95 19 |97 |98 199 |100 J101 J102 J103
END
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MARKING GUIDE
S.5 CHEMISTRY SET 2 TERM I ASSESSMENT 2025

Trend down group (II) chlorides; Tr

Melting point increases from beryllium chloride to barium chlorides/” '

Reason; Ry

The cationic radius increases, charge density and polarising power'ff the cations
decrease, and ionic character increases, requiring an increasing amount of energy to break
the increasingly strong ionic bonds. /Rl

Irregularities; Rq

The melting point of beryllium chloride is very low compared to other chlorides because the
beryllium ion has a very small ionic radius, high polarising power and high charge density
making beryllium chloride predominantly covalent. A low amount of energy is required to
break the covalent bond. ./~ Ry

making them reliable choices for high-heat industrial applications.
1Es + 3E; = E, = O4scores

Trend across period 3 chlorides; TT,
Melting points of the chlorides generally decrease from sodium chloride to sulphur dichloride.
Reason; R

Sodium chloride and magnesiupRrghloride have giant ionic structures held by strong ionic
bonds which require a high ount of energy to break. The decrease in melting point from
sodium chloride to magnesium chloride is because magnesiym ion has a smaller ionic radius,
higher charge density and higher polarising powervf dn sodium ion mgking magnesium
chloride less ionic than sodium chloride. Aluminium chloride has a Iowervﬂxe%ting point than
magnesium chloride because among the cations, the aluminium ion has the smallest ionic
radius, a very high charge density and high polarising power. Aluminium chloride is
therefore predominantly covalent. Silicon tetrachloride is covalent gyd its molecules are held
by weak Van der Waals’ forces of attraction that require a Iow'a/mount of energy to break
hence a low melting pgint. Phosphorus trichloride has a simple molecular structure thus a
low melting point Di.zsulphur dichloride and sulphur dichloride form simple molecular
structures held by weak Van der Waals' forces of attraction.
Irregularities; /R2
Phosphorus pentachloride has an abnormally high“melting point because at ordinary
temperatures it consists of PCl} + and PCL} ions hence exhibiting ionic character.

Try + Try + 4Try + 4T, = T, = 08scores

Prediction of melting point, nature and industrial suitability of chloride X;
Chloride of element X exists between AICIs and its melting point is likely to be between 192 and
—68 °C, approximately 70°C. /" Pr Pr
Likely properties of XCl,, partial covalent molecular character rather than a full ionic lattice.
Possibly a low-molecular covalent chloride.
Industrial suitability of XCl,;
X is unsuitable for water treatment, concrete stabilization and heat-resistant structural materials
since it is covalent./P r Pr
X can be used as a Lewis acid (like AICI3) in organic synthesis or as an intermediate in chemical
manufacture, but not as a refractory or concrete stabilizer.

3Pr = P, = 03scores

Evaluation and choice; t/ES

The chlorides BaCl,, SrCl,, CaCl,, MgCl,, and NaCl are all ionic fompounds, due to their very
high melting points, which indicate strong electrostatic forces between metal cations and
chloride anions.

However,

CaCl, and MgCl, are ideal for water treatment because they are highly soluble and less toxic,
where they effectively release metal ions that remove impurities through precipitation. /" @
CaCl, is the most suitable chloride in construction purposes for stabilizing concrete because it
is hygroscopic, absorbs moisture from the environment, and accelerates cement setting,
thereby increasing the strength and durability of the concrete structure.,/” Ea

BaCl, and SrCl,, are the most stable for heat-resistant materials and casting molds ?ﬂiin
metal extraction processes. due to highest melting points and strongest ionic bonds tmong
all chlorides listed, they can withstand extremely high temperatures without decomposing,
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MARKING GUIDE

S.5 CHEMISTRY SET 2 TERM I ASSESSMENT 2025

Molecular shape, bond type, and bond angle;

Account for differences in melting point, solubility, and electrical conductivity;
The differences in solubility, melting point, and conductivity among these compounds are

due to the type of bonging and molecular structure. R
Ionic compounds SnZCIz, nitrate salts) have high melting pOintS‘élC? conduct electricj
when molten or in solution, while covalent molecular compounds (CCl,, PCl;, SnCl, phave
low melting points, arg 3{wn-conductors, and are insoluble in water. R3
Hydrogen bondinﬂ water am}( ammonia leads to strong intermolecular attractions,
giving them higher boiling pointrfha3n similar covalent molecules like PCl; and PCls.

3Rz = R3 = 03scores

Comparison of boiling points and solubility of water and ammonia to those of
hosphorus trichloride, phosphorus pentachloride and carbon tetrachloride;

Water is a bent polar molecule with an angle of 104.5°, and ammonia is trigggg!}pyramidal
with an angle of 107°% both have polar covalent bond%gnd form hydrogen*bonds between
molecules. Hydrogen bonding gives them high boilingvﬁoints and makes them highly soluble
in water.

In contrast, PCls (trigonal pyramidal, 107°) and PCls (trigonal bipyramidal, 90° & 120°) are
covalent and cannot form hydrogen bonds./fhe‘ty have low melting pointsp/aréL liquid or
volatile solids, and do not dissolve in water because they hydrolyse, producing HCl and
phosphoric acids.

3R, = Ry = 03scores

Tin(ll) chloride (SnCl,) is ionic with some covalent charactery/forming a bent structure
(#95°) and a solid at room temperature. It conducts electricityvﬁ &n molten because it
contains mobile ions (Sn** and CI"). s
Tin(1V) chloride (SnCly), on the other hand, is tetrahedral (109.5‘HSand purely covalent,
existing as a molecular liquid that does not conduct eIectricity./ﬁ:s weak molecular forces
give it a lower melting point than SnCly.

3Rs = R = 03scores

R3 + R4_ + R5 = R = 09scores

Name of Molecular structure Name of Bond type Bond
substance molecular shape angle
10 Mi bentshape/ . Polar covalent 104.5° A
Water /17)74>\$v V-shape /B v
H ~H
P Mi . Polar covalent °
Phosphorus a \Cl v trzgongl N Bi 107 /Ai
trichloride 107P pyramidal v/
Cl
/N i - 90°and
Phosphorus trigonal Covalent Bl 120°. '
pentachloride bipyramidal /Al
109.5°.
Carbon tetrahedral /Ni Non-polar /Bi A
tetrachloride | covalent s
Cl
. Ionic °
Sn Mmi Bentshape/ ;Y _ 95 .
Tin(II) chloride M v’ V-shape NU with covalent,Bi AL
cl’ 95° cl character
Cl
) b 109:5% tetrahedral P lent /Bi 109.5%
Tin(1V, s Ni Purecova ent s i .
chloride cl S|n CI./Mi 4 /Al
Cl
N\ trigonal /Ni Polar covalentBl. 107° Ai
Ammonia H 107 HMi pyramidal v’
= H =
[0 Covalent R
Ni , |0 1200 trigonal Plam‘l}Nz‘ with resonance 120 Ai
itrate ton N .. /Mi delocalization /B i v
. 0/ 0

Evaluation of the environmental impacts of using nitrate ions in fertilizers;

In fertilizer use, nitrate ions (NO3z~) improve plant growth.

However when overused, cause environmental pollution since Nitrates are highly soluble
and can leach into groundwatgy, causing eutrophication aﬁ%l oxygen depletion in water
bodies, leading to fish deathsvand blue-baby syndrome in humans. Mitigated by controlled,
fertilizer application, and use of organic manure.

1di + 1de + 1dm = D; = 03 Scores

9Mi + 9Ni + 9Bi + 9Ai = V,, = 08scorers
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MARKING GUIDE
S.5 CHEMISTRY SET 2 TERM III ASSESSMENT 2025

Formulae of W ; h
CeHy(9) + (x +2) 0,(9) ——xC0,(g) +2H, 0(g)
Volume of hydrocarbon = 20cm?

A
e
Volume of carbon diode produced = 110 — 30 = 80cm?
Volume of oxygen used up in reaction = original volume — volume ynreacted

=150 — 30 = 120cm? J
Volume of hydrocarbon X x = volume of carbondioxide
= 20x =80 )
x= 80/ _
wx= /=4

A
Also volume of hydrocarbon X (x + %) = volume of oxygen used up> /C
=120(4+2) =120
y=(6—-4)x4=38
~ The formulaof Wis C,Hg /CA
Possible isomers, identity of W with reason(s)
CH3CH2CH = CHZ
CH;CH = CHCH;3 A
Since ozonolysis of W pr8duced only one compound, it indicates that it has a symmetrical carbon-
carbon double bond.

y,

1.05,CCl,, < 20°C

CH;CH = CHCH; 2CH3;CHO , One compound produced is ethanal
2.H,0,Zn, CH;COOH

/CA
Therefore, Wis CH3CH = CHCH3 but-2-ene

Comfirmatory Test for Carbon dioxide; 1
If the gas is CO,, KOH will absorb it so the limewater remains clear (no milky cloud), because
CO, was removed by the KOH beforehand. But the gas is not absorbed by KOH, the limewater will

still go milky. /
5CA+ 21 = F = 06 Scores

Mechanism for reaction between W and bromine water;

Bra/H,0
CH3CH = CHCH; —25 CH,CHBrCH(OH)CH; + HBr
Mechanism
Br +H20 HOBr + HBr OH

Mc
M Br

Br—GOH OH

CH3CH€CH3 R CH3 CH HCH3 ———> CH3CHCHCH;

2Mc = Mc = 02 Scores

Synthetic pathways to related products;

COOH .
H

Benzoic acid,{
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Vel /S St
0 )
CH3CH = CHCH; —102:CCl<20°C oy cHO — LA Y cH,cH,0H-S 250 L 4 ¢ = cH,
2.H,0,7Zn, CH;COOH dry ether 80°C
Br, /Sl
ccl
BrcﬂchzBr
heat |Excess KOH
EthanolSj +S.
\ 4 '
HC = CH
300 — 400°C |Fe(s) ,Si
COOH /Si CH Si ‘ 4
s J
MnO; (aq)/H* (aq) CH;CL
heat AlCls ©

1,2-dibromopentane;

Si Si Si Si Br
1.0,,CCl,, < 20°C v LzAlH4/ conc 1,50, Ly on

CH3CH = CHCH3—’2 H,0, Zn, CH,COOH CH3;CHO —>dry other CH3;CH,0H —ggoc > H,C = CH; ccl, CCl4 2

Excess KOH [ethanol Si Br

heat
HC = CH
Na(s)/LigNH, /Sl !
CHaCH,CH,Cl

CH3CH2CH2C = CH

Si lindlar's catalyst ‘/Sl

CH;CH,CH,CHBrCH,Br ‘ch+4 CH;CH,CH,CH = CH,)

1-chlorobutane; Si Y

v oH v Vel
H,0/H* conc. H,S HCI
ET— CH1CH2CHCH3WCH3CHZCH = CH, —pgor— CH3CH,CH,CH,Cl (s

CH5CH = CHCH;

S1+ S8, +8;3 =85 =11Scores
Environmental impacts of producing above compounds in industry;

When burnt, they give oﬁ‘poisonou;/ﬁfses such as carbon monoxide (CO), carbon dioxide (CO-),
hydrogen chloride (HCI), and hydrogen broisde, hence lead to air pollution, acid rain,
respiratory problems, and global warmingﬁ%e acid gases can also corrode metals and destroy
plant leaves. Mitigated avoid open-air burning and instead use safe chemical disposal
methods./dm

1di 4+ 1de + 1dm = D5 = 03 Scores

=05

b, =05

=01
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MARKING GUIDE
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Formulae of P ;
Mass of carbondiode formed = 8.8g and mass of water formed = 1.8

mass of carbon = % X 8.8 =2.4g
mass hydrogen =2x1.8= 0.2g

Element C H A
%composition 2.4 0.2
Mol 24 0z

oles 5 i /CA
=0.2 =0.2

Simplest ratio 0.2 02
0.2 02

=1 =1 )

« Empirical formula is CH
Mass of p vaporised = 0.100g

At a Temperature T =273+ 273 = 546K

At a Pressure P = (% X 1) atm

At a Volume V =446 x 10~2dm?
Note: 1.we use; R = 0.0821 L - atm/(mol - K), when, P is in atm and V is in litre/dm?
2.we use; R = 8.314 J/(molK),when, P is in Pa and Volume is inm 3
Fromideal gas law PV = nRT
PV = METRT
mRT 0.100 x 0.0821 x 546 4.48266

TPV (BEx1)x446x102 004307 g5

~ (CH), = 104
(12x1xn)+(1x1xn)=104
13n =104

n:ﬂ:S /CA

~ Molecular formula is CgHg

Structure and IUPAC Name;

CH==CH, A
O - s
ethenylbenzene

Structural isomers;
P has no other strural isomers. /

Identity of P and mixture Q;

CH=CH, 1.0, CCl, < 20°C ©CH0+ HCHO
O 2.H,0,Zn,CH3;CO0H
0 !

Q is a mixture of benzylaldehyde and methanal with functional group —ICI_H
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5CA+ 21 =F =06 Scores

Mechanisms for reactions of P with bromine and concentrated sulphuric acid;
With concentrated sulphuric acid;

CH=CH2 H,50,,
<15°C

Mechanisim

O

With bromine;

0S0,H

OCHCH3
CHCH,
B S —
: Mc
\Tosogﬂ v

0S03H

OCHCH3

k|3r My = 02
OCH:CHZ BTZ @CHCH3
l|3r
©CH Oi cH3 CHCH;
Br—Ker/
4Mc = Mc = 02 Scores
Synthetic pathways from Albertine oil fractions P to synthesis industrial compounds ;
Prop-2-yn-1 -ylbenzer}gei /Si /S i
CH=CH; ne1y/ CH>CH,Cl g ey /efhanol CH,CH;CN g, 0 /1+ CH,CH,COOH
ROOR " heat “warm O
LiAlH, /5 L
dry ether
CH,CH,CH,0H
O 5, =05
conc. H,S0,
180°C S
e ek ¢ /5t g
CHC=CH pycess kO ethanol (:[CHZCHCHZQ cl CH,CH=CH,
heat CCl,
Benzene, Si Si Si
< }
Sy =01

CH=CH; 1.0, ccl,,< 20°C CHO 07 (ag) CUUHCuO(s)/NaOH(S)
2.H,0,Zn,CH;CO0H heat heat
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3-phenylpropan-1-ol; gi Si /Si
CH=CH, HBr/ CH,CHLBr  k¢N/ethanol CH,CH,CN g, 0/u* CH,CH,COOH
ROOR het WO
LiAlH, /Sl
dry ether

@CHZCHZCHZUH

S;1+S5,+5;=5=03Scores

5, = 05

Environmental impacts of producing above compounds in industry;
i

When burnt, they give off poisonous gases such as carbon monoxide (CO), carbon dioxide (CO,),
hydrogen chloride (HCI), and hydrogen bro‘;nﬂfe hence lead to air pollution, acid rain,
respiratory problems, and global warming/ The acid gases can also corrode metals and
destroy plant leaves. Mitigated avoid open-air burning and instead use safe chemical
disposal methods.

1di+1de+1dm=D3=03 Scores

END
2025
It is All about mindset change
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SECTION A

Answer all questions in this section
ITEM 1
During a rapid response investigation near Kitezi landfill, the Water Quality Surveillance
Unit discovered heavy metal contamination in a borehole supplying a large number of
households.
A fragment of metallic lead from a nearby illegal battery recycling site was analysed using a
mass spectrometer. The detector registered four isotopic signals with currents of 0.16 mA
(mass 204), 2.72 mA (mass 206), 2.50 mA (mass 207) and 5.92 mA (mass 208). The
investigation team was briefed that these readings can help determine an accurate relative
atomic mass (RAM) of lead.
Further laboratory tests on the contaminated water revealed that the dissolved poisonous salt
responsible for the lead toxicity contained 62.6% lead, 8.45% nitrogen, and the rest oxygen
molar mass of the salt was reported as 337.22 g/mol.
The concentration of the dissolved salt in the borehole water was measured as 0.90 mol
dm™, and the borehole supplies approximately 1200 litres of water per day. Chemists
concluded that this salt can be removed by treating the water with sodium sulphate solution,
which reacts to produce insoluble lead(II) sulphate.

In extreme contamination cases, 0.45 moles of nitrogen dioxide gas was released during side
reactions at 28°C and 98 kPa. To protect public health, the Ministry has assigned your team
to analyse the data and provide a complete stoichiometric and methodological evaluation of
the situation.
Task:
As a learner of Chemistry, help the company to know;

(a) The relative atomic mass of lead. (RAM). A

Total current = 0.16 +2.72 +2.50+5.92 = 11.3m4 /C

Percentage abundance of lead — 204 = (% X 100) =1.42 |

Percentage abundance of lead — 206 = (E X 100) =24.07

Percentage abundance of lead — 207 = (5 X 100) =2212|"

Percentage abundance of lead — 208 = (% X 100) =52.40]

RAM

z Relative isotopic mass X proportion of isotope

(204 x 55) + (200 X 7) + (207 < 553) + (208 x )

R.AM

RAM =207.26 /4

4CA = C; = 04 scores
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(b) To determine the molecular formula of the poisonous salt in water.

Lead = 62.6%,Nitrogen = 8.45% ,0xygen =

A

100 — (62.6 +8.45) = 28.95%

Element Pb N 0
Y%composition 62.6 8.45 28.95
Moles 62.6 8.45 28.95
207.26 14 16 CA
=0.302 =0.604 =1.809)
Simplest ratio 0.302 0.604 1.809
0302 0.302 0302

Empirical formula of salt is PbN,0g /F

(PbN,0¢)n = 303.3

(207.26 X Tn) + (14X 2m) + (16 X 6n) = 331.22 wm=1
NA

p
Molecular formula of the salt is Pb(NO3),” Name: Lead(ii)nitrate?”

ZCA ¥ 2F F NA = F, = U4 Scores
(c) To calculate the mass of lead(Il)sulphate formed if all the dissolved salt was removed

0.9moll 'Ymeans; 1litre of borehole water contain 0.9moles of Pb(NO3),

A
1200litres of borehole water contain (0'9x11200) /L

= 1080moles of Pb(NO3),
LA

From equation: Pb(NO3),(aq) + NayS0,(aq) —> PbS0,(s) + 2NaNO5(¢4)

1mole of Pb(NO;), produces 1mole of PbSO, CA

1080moles of Pb(NO3), produce ( ><1oao) moles of PbSO,. = 1080moles

A
Molar mas of PbS0, is (207 x1)+ (32x1) + (16 x4) = 303¢g /C

1mole of PbSO, weigh 303g

A
303x1080 I/L

327240 or3.27 x 105kg of PbSO

(d) Know the volume of gas produced using the gas law. 7612_ €2 = 06 scores

From gas law: PV = nRT; P = 98 X 103pa,T = (28 + 273) = 301k and R = 8.314

- 1080moles of PbS0O, weigh

Note: We use;

1. R =0.0821L - atm/(mol - K),when, P is in atm and V is in litre/dm?

2. R=8. 314]/(molK),wheJuAP is in Pa and Volume is inm?3

nRT 045><8314><301
oy =R _ (04563143301

115m 9810 /CA

3CA = C;3 = 06 scores
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(e) Environmental impacts of the gaseous or aqueous SW and their mitigations. Item 2

Nitrogen dioxide contributes to global warming when it accumulates in the A recent report from Tororo Industrial Chemicals Ltd, one of Uganda’s emerging producers
of industrial reagents and laboratory Kkits, revealed that the company is developing a dual-
purpose field chemical pack for technicians working in rural agricultural and health sectors.
temperatures hence drought. This can be mitigated by using catalytic converters to The pack is intended to include one safe warming substance for sterilising small instruments
m and generating heat in remote operations, and one cooling substance for preserving
biological samples and stabilising temperature sensitive reactions.
The company’s research department is currently comparing ethanol, a locally available
biofuel derived from sugarcane waste, with sodium chloride, obtained from the salt works
around Lake Katwe.

atmosphere, since it traps heat and creating the greenhouse effect, leading to rising
[=4

reduce it into less harmful substances such as nitric acid.

Nitrogen dioxide causes respiratory problems and poor air quality. When inhaled, it

irritates the lungs and reduces oxygen uptake, increasing cases of asthma and

The thermochemical data obtained from a certain article about ethanol indicate that the
bronchitis. Using personal protective gears like gas masks during scientific standard heats of formation of ethanol, carbon dioxide and water are (—227.0) , (=393.5),
investigations. di + de + dm = D; = 03scores (—285.5) kJ mol™ .respectlvely. o . o

For sodium chloride, the enthalpy of sublimation of sodium, bond dissociation energy of
chlorine, first ionisation energy of sodium, first electron affinity of chlorine, enthalpy of
formation of sodium chloride, hydration enthalpy of Na“(aq) and hydration enthalpy of
Cl(aq) ,(+109), (+242), (+494), (—364), (—411), (—406), and (—363) kJ mol™ respectively.
Preliminary tests by the plant’s laboratory team indicated that combustion of ethanol and,
dissolution of sodium chloride in water produces minimal temperature change. To ensure the
most energy-efficient and environmentally safe field pack, the company manager has invited
you.

Task

As a student of chemistry, help the researcher;
(a)  Analyse the data to construct an energy cycle for the changes in the:
(i) Combustion of ethanol.

i
1 3 = -
2C(s) + 3H,(g) + EOZ(g) AR fcmscrzon 227'0= CH:CH,0H(I)
v / /
(2 x —393.5) (3 x —285.5) 3AHsy 0 /
3
2Af,C02 202 502(‘9) 30/
AH,

2C0,(q) + 3H,0(D

Ec, = 03scores
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(ii) Formation of sodium chloride.

Yo (g) + )
A / A
+494kjmol ~364 kjmol-i/ NHluttice
Na(g) Cl(g) \
4 z \
+109kjmol-! +242k}mol 1
1 AHY ) yoq = —411kjmol — 1 NaCl(s)
N —
als) + 2 th(9) Ec, = 03scores

Ec; + Ec; = E. = 06 scores
(b)  Use the energy cycles constructed to calculate;

(1). Enthalpy of combustion of ethanol.
By Hess’ law;

20f o, + 3AH; 11,0 = AH f oy cuon + AH

AH¢ = 2A; 00, +338He 30 — AH 5 o cinon

(2 x =393.5) + (3 x —285.5) — (—227.0)/CA
A

AH, = —1416.5kjmol™! 2CA = C, = 02 Scores

(i1). Lattlce of sodium chloride and its enthalpy of solution.
3y Hess’ law;

1
AHef,NaCl = AHesublimatio + AHBlst IE + EAHBBDE + AHHHA + AH!al[ice

1 LCA
—411 =109 + 494 + 2 X 242 + —364+AH 4445 ¥

AH 100 = —771kjmol™*
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AHsolution = +AHattice + +Athdratign

Nacl Nacl Nacl A
[ \
AH o1ution = +771 + \Athdmtion + Athdmt,-on) = +771+(—406 + —363)
Nacl Nat Ccl-
AH sotution = +2kjmol~1/¢4 4CA = C5 = 04 Scores

NacCl

(¢) (i) Evaluate industrial usefulness of the two systems to advise the manager choose

the best substance for warming, and cooling with reason. ET
Ethanol/s more suitable for warming functions, due its high exXothermic enthalpy of

combustion of —1416. 5kjmol™", this energy is supplied for heating up other substances.

Whereas; o .

Sodium chlo’"/zde is more suitable for cooling functions, due to its endothermic enthalpy of

solution +2kjmol~Y, during solution of sodium chloride, heat is absorbed from other

substances leaving them cooler.

(ii). State any other ideal industrial use of ethanol.

LL

P . . o
Used as a solvent for extracting perfumes, drugs, plant essences, and paints since it acts

as both polar and non-polar solvent. e

70% ethanol is used in hand sanitizers and medical wipes since it kills bacteria and

viruses on skin and surfaces. 2Ev 4 2Er + 1U = E,,; = 05 Scores

(d)  Suggest the possible impacts and mitigations of the substances to the environment.

When ethanol bu/};{tls, it produces carbon dioxide (CO:), a greenhouse gas that/ggénributes

[4 - R L. . L v, ..
to global warming if released in large %tanllltes resulting to increased drought. mitigated
m

by adopting clean energy technologiég such as solar energy systems to reduce emissions.

Excessive discharge of NaCl brine from industries increases salinity in soil and water thus

soil and water polluttion. Mitigated by properly disposing brine wastes.

1di + 1de + 1dm = D, = 03 Scores
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SECTION B
Part1
Attempt One item in this section

Item 3

A chemical manufacturing company in Uganda, Kyoga Chemicals Ltd, produces industrial
chemicals and water treatment agents. The company has been advised that substances
suitable for use in water treatment plants and in construction industries, for stabilizing
concrete and producing heat resistant materials must have the strongest ionic characters. The
engineering department is analyzing the melting points of chlorides of Group II and Period 3
elements to select materials suitable for operations. The data is shown below:

Group/period Group II chlorides Period 3 chlorides

Element BeCL | MgCl | CaCl: | StCl: | BaCL | NaCl | MgCL. | AICL | SiCls | PCLs | PCLs | S:CL | CL
Atomic No 4 12 20 38 56 11 12 13 14 15 |15 16 17
Melting pt/°C | 405 | 714 | 782 | 875 | 962 |808 | 714 192 |-68 |-92 | 160 |-76 -80

The engineering department seeks a scientific analysis to select materials for different
intended purpose. The company is also considering an unknown element X, positioned
between aluminium chloride and silicon chloride in the periodic table. Plotting graphs of
melting point against atomic number for Group II and Period 3 chlorides (separately),
describing and explaining trends and irregularities in melting points across Period 3 and
down Group II chlorides, evaluating, with reasons, which chlorides are most suitable for
water treatment and stabilizing concrete, casting molds, and producing heat resistant
materials and predicting the likely melting point range and industrial suitability of the
element X chloride.

Task

As a chemistry student, make a write up you will use to help the company.

Item 4

Kilembe Chemical Works Ltd, in Kasese, is investigating how bonding and molecular
structure affect the properties and industrial uses of several compounds used in fertilizer
formulation, water purification, and manufacturing of plastics and ceramics.

The compounds under study include water, phosphorus trichloride, carbon tetrachloride,
tin(Il) chloride, ammonia, tin(IV) chloride, nitrate ion, and phosphorus pentachloride.

It was reported that some compounds such as carbon tetrachloride and phosphorus
trichloride are liquids at room temperature and insoluble in water, ammonia and water are
highly soluble and have strong intermolecular attractions. tin(Il) chloride conducts electricity
in molten form, while tin(IV) chloride does not.

The manager seeks to know molecular shape, bond type, and bond angle for each substance,
use bond type and molecular structure in the compounds account for their differences in
melting point, solubility, and electrical conductivity. why water and ammonia form hydrogen
bonds, and how this affects their boiling points and solubility compared to phosphorus
trichloride and phosphorus pentachloride. Compare the bonding and structure of tin(II)
chloride and tin(IV) chloride explain their difference in electrical conductivity and melting
points.to guide the design of safe storage systems and efficient cooling and purification
processes. Evaluate the environmental impacts of using nitrate ions in fertilizers

Task

As a chemistry student, make a write up you will use to help the company.
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Part I1
Attempt One item in this section

ITEM 5

Nile Chemical Industries Ltd, a chemical manufacturing firm located in Jinja, produces a
range of organic-based materials used in plastics, fuels, solvents, and disinfectants. In one of
its experiments, 20.0 cm? of a gaseous hydrocarbon W was exploded with 150 cm?® of excess
oxygen. After complete combustion, the residual gas measured 110 cm? and when
concentrated potassium hydroxide solution was added, the volume further decreased to 30
cm?

The company noted that ozonolysis of W produced only one compound and that W readily
decolourised bromine water. These findings prompted the research team to seek a deeper
understanding of W and its possible industrial applications in the synthesis of propan-1-ol,

benzoic acid, {QCOOH }, 1,2-dibromopentane and 1-chlorobutane.

The company seeks a comprehensive evaluation: to determine the formulae of W, draw and
name all possible isomers, identify W with reason(s), and illustrate the mechanism for the
reaction between W and bromine water. Additionally, confirm the identity of the gas
absorbed by potassium hydroxide solution, predict the functional groups of resulting organic
compounds, describe synthetic pathways to related products, and assess the environmental
impacts of producing above compounds in industry. You have been contacted for assistance.
Task

As a student of Chemistry, prepare a presentation you will use upon invitation.

ITEM 6

Albertine Oil Fractionation Ltd, an industrial chemical company in the Albertine region,
produces fuels, solvents, and organic feedstocks for plastics and chemical synthesis. During
a research study, an organic compound P was isolated from a distillation fraction. Complete
combustion of a sample of P yielded 8.8 g carbondioxide and 1.8 g water, while 0.100 g of
P, vapourised at 273°C and 734 mmHg, occupied 4.46 x 1072 dm?. Ozonolysis of P followed
by hydrolysis produced a mixed Q of two different compounds, and P was observed to react
readily with bromine and concentrated sulphuric acid. The company is exploring industrial

applications of these compounds for synthesis of prop-2-yn-1-ylbenzene { CH:C==CH1

component in manufacture of new drugs, benzene{ < }solvent, and {QCHZCHZCHZOH
}chemical feedstocks.

The manager seeks to know the formulae of P, all possible structural isomers, identity of P
with reasons, deduce the structure and functional groups of mixture Q, illustrate mechanisms
for reactions of P with bromine and concentrated sulphuric acid, , outline synthetic pathways
from Albertine oil fractions P to synthesis industrial compounds stated, and evaluate the
environmental impacts of producing compounds in industry and their mitigations. You have
been invited to help the manager.

Task

As a student of Chemistry, prepare a presentation you will use to help the firm.
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THE PERIODIC TABLE

112 314)15]|16]7]8
1.0 1.0 | 4.0
H H | He
1 1 ]2
6.9 9.0 10.8 | 12.0 | 14.0 | 16.0 | 19.0 | 20.2
Li Be B C N O] F Ne
3 4 5 6 7 18 9 110
23.0 | 24.3 27.0 | 28.1 | 31.0 | 32.1 | 35.4 40.0
Na | Mg Al Si P S| d Ar.
11 12 13 |14 |15 |16 17
18
39.140.1|45.0]47.9]50.9|52.0]54.9]558]589]58.7]63.5]65.7]69.7]72.6]74.9]79.0]79.9]83.8
K| Ca Sc|] Ti V] Cr| Mn]| Fe| Co| Ni|] Cu| Zn| Ga] Ge| As| Se|] Br| Kr
19 120 |21 |22 J23 |24 |25 J26 |27 |28 29 130 131 |32 |33 134 |35 |36
85.5]87.6188.9]191.2192.9]1959]989]|101 | 103 | 106 | 108 | 112 | 115 | 119 | 122 | 128 | 127 | 131
Rb| Sr Y| Zr| Nb| Mo| Te| Ru| Rh|] Pd| Ag| Cd] In| Smn| Sb| Te I|] Xe
37 |38 |39 |40 41 | 42 | 43 ] 44 45 | 46 47 |48 149 |50 |51 52 |S3 |54
133 | 137 | 139 | 178 | 181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 | 209 | 209 | 210 |222
Cs| Ba| La| Hf| Ta] W] Re| Os Ir] Pt| Au| Hg] Ti| Pb Bi| Po| At] Rn
55 |56 |57 |72 |73 J74 |75 176 |77 |78 179 |80 |81 82 |8 |84 |8 |86
223 | 226 | 227
Fr| Ra| Ac
87 |88 |89
139 | 140 | 141 | 144 | 147 | 150 | 152 | 157 | 159 | 162 | 165 | 167 | 169 | 173 | 175
La] Ce| Pr| Nd| Pm| Sm| Eu| Gd| Tb| Dy| Ho| Er| Tm| Yb| Lu
57 |58 159 |60 J61 62 |63 |64 Jo65 |66 |67 |68 |68 |70 |71
227 | 232 | 231 | 238 | 237 | 244 | 243 | 247 | 247 | 251 | 254 | 257 | 256 | 254 | 260
Ac| Th| Pa U] Np|] Pul] Am| Cm|] Bk| Cf] Es| Fm| Md] No| Lw
89 90 J91 92 93 194 95 96 97 |98 |99 |[100 J101 J102 | 103
END
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of P

Trend down group (II) chlorides; Tr

Melting point increases from beryllium chloride to barium chloridey”” " *

Reason; Ry

The cationic radius increases, charge density and polarising power'ﬁf the cations
decrease, and ionic character increases, requiring an increasing amount of energy to break
the increasingly strong ionic bonds. ./~ Ry

Irregularities; R1

The melting point of beryllium chloride is very low compared to other chlorides because the
beryllium ion has a very small ionic radius, high polarising power and high charge density
making beryllium chloride predominantly covalent. A low amount of energy is required to
break the covalent bond. ,/~ Ry

Trend across period 3 chlorides; 1Ty
Melting points of the chlorides generally decrease from sodium chloride to sulphur dichloride.
Reason; Ry
Sodium chloride and magnes‘iflzﬁghloride have giant ionic structures held by strong ionic
bonds which require a high ount of energy to break. The decrease in melting point from
sodium chloride to magnesium chloride is because magnesiym ion has a smaller ionic radius,
higher charge density and higher polarising powen/{ dn sodium ion mgking magnesium
chloride less ionic than sodium chloride. Aluminium chloride has a Iowen/ﬂle%ting point than
magnesium chloride because among the cations, the aluminium ion has the smallest ionic
radius, a very high charge density and high polarising power. Aluminium chloride is
therefore predominantly covalent. Silicon tetrachloride is covalent gyd its molecules are held
by weak Van der Waals’ forces of attraction that require a Iow'{mount of energy to break
hence a low melting pgint. Phosphorus trichloride has a simple molecular structure thus a
low melting point Di.zsulphur dichloride and sulphur dichloride form simple molecular
structures held by weak Van der Waals' forces of attraction.
Irregularities; /Rz
Phosphorus pentachloride has an abnormally high”“melting point because at ordinary
temperatures it consists of PCl} + and PCl} ions hence exhibiting ionic character.

Try + Try + 4Try + 4Tr, = T, = 08scores

BSOS SEens

N\ S:Cl,

o— 8Ch

M,,W-rm
/E/Fi
3

—
5t

14

15

1

17

18

Atomic Numbers

Gry + Gry, = Gr = 05score

Evaluation and choice; Eg
The chlorides BaCl,, SrCl,, CaCl,, MgCl,, and NaCl are all ionic &{mpounds, due to their very
high melting points, which indicate strong electrostatic forces between metal cations and
chloride anions.

However,

CaCl, and MgCl, are ideal for water treatment because they are highly soluble and less toxic,
where they effectively release metal ions that remove impurities through precipitation. /" @
CaCl, is the most suitable chloride in construction purposes for stabilizing concrete because it
is hygroscopic, absorbs moisture from the environment, and accelerates cement setting,
thereby increasing the strength and durability of the concrete structure. /" Ea

BaCl, and SrCl,, are the most stable for heat-resistant materials and casting molds 'l?gg{lin
metal extraction processes. due to highest melting points and strongest ionic bonds among
all chlorides listed, they can withstand extremely high temperatures without decomposing,
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making them reliable choices for high-heat industrial applications.
1Es + 3E; = E, = O4scores

Prediction of melting point, nature and industrial suitability of chloride X;
Chloride of element X exists between AICls and its melting point is likely to be between 192 and
—68 °C, approximately 70°C. /" Pr Pr
Likely properties of XCl,, partial covalent molecular character rather than a full ionic lattice.
Possibly a low-molecular covalent chloride.
Industrial suitability of XCl,;
X is unsuitable for water treatment, concrete stabilization and heat-resistant structural materials
since it is covalent. /P r /P r
X can be used as a Lewis acid (like AICl3) in organic synthesis or as an intermediate in chemical
manufacture, but not as a refractory or concrete stabilizer.

3Pr = P, = 03scores
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4.

Molecular shape, bond type, and bond angle;

Name of Molecular structure Name of Bond type Bond
substance molecular shape angle
0. Mi bentshape/ . Polar covalent 104.5° SAi
Water ‘_>§‘ v V-shape v Bt o
H/104. H P
Phosphorus trigonal /Ni Polar covalentBi 107° "
trichloride pyramidal Ve e
SN ~90°and
Phosphorus trigonal Covalent /Bl 120°. _
pentachloride bipyramidal /Al
109.5°.
Carbon tetrahedral /Ni Non-polar /Bi i
tetrachloride | covalent Ve
Cl
. Ionic o
Sn Mmi Bentshape/ P -9 .
Tin(1I) chloride M S V-shape N with covaleryBL /AL
cl” 93 g character
Cl
(av) 109.5° tetrahedral P lent /Bi 109.5%.
Tin(1V L Ni Pure covalent - .
chloride cl S|n CI'/Mi 4 /Al
Cl
N\ trigonal /Ni PoIarcovalentBi 107° Ai
Ammonia H 107 HMi pyramidal v 4
= H =
E Covalent .
Ni . | 120° trigonal Pla”‘z}Ni with resonance 120 Ai
itrate ion P . /Ml delocalizatioryBi v/
. 0/ 9

9Mi + 9INi + 9Bi + 9Ai =V, = 08scorers

15
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Account for differences in melting point, solubility, and electrical conductivity;
The differences in solubility, melting point, and conductivity among these compounds are

due to the type of bonging and molecular structure. R
Ionic compoundst{?n%lz, nitrate salts) have high melting points%j conduct eIectricétgv
when molten or in solution, while covalent molecular compounds (CCl,, PCI;, SnCL;)Vﬁave
low melting points, arg non-conductors, and are insoluble in water. R3
L 3 . . .

Hydrogen bondmg'{n water an%gammoma leads to strong intermolecular attractions,
giving them higher boiling pointyfhan similar covalent molecules like PCl; and PCls.

3Rz = R3 = 03scores

Comparison of boiling points and solubility of water and ammonia to those of
hosphorus trichloride, phosphorus pentachloride and carbon tetrachloride;

Water is a bent polar molecule with an angle of 104.5°, and ammonia is trigggg!}pyramidal
with an angle of 107° both have polar covalent bond%gnd form hydrogen*bonds between
molecules. Hydrogen bonding gives them high boiling"ﬁoints and makes them highly soluble
in water.

In contrast, PCls (trigonal pyramidal, 107°) and PCls (trigonal bipyramidal, 90° & 120°) are
covalent and cannot form hydrogen bonds./fhe‘_*y have low melting point.sv/are"L liquid or
volatile solids, and do not dissolve in water because they hydrolyse, producing HCl and
phosphoric acids.

3R, = Ry = 03scores

Comparison of electrical conductivity and melting points of tin(lI) and tin(IV) chloride;
Tin(ll) chloride (SnCl,) is ionic with some covalent charactery/forping a bent structure
(#95°) and a solid at room temperature. It conducts eIectricitva &n molten because it
contains mobile ions (Sn?* and CI"). JRs
Tin(1V) chloride (SnCly), on the other hand, is tetrahedral (109.5?5and purely covalent,
existing as a molecular liquid that does not conduct eIectricity/ﬁrs weak molecular forces
give it a lower melting point than SnCl,.

3Rz = Rs = 03scores

R3 + R4 + R5 = R = 09scores

Evaluation of the environmental impacts of using nitrate ions in fertilizers;

In fertilizer use, nitrate ions (NOs~) improve plant growth.

However when overused, cause environmental pollution since Nitrates are highly soluble
and can leach into groundwatgy, causing eutrophication aﬁéloxygen depletion in water
bodies, leading to fish deathsvand blue-baby syndrome in humans. Mitigated by controlled,
fertilizer application, and use of organic manure.

1di + 1de + 1dm = D3 = 03 Scores
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Formulae of W ;
CeH,y(9) + (x +2) 02(g) —— xC0,(g) +2H, 0(g)
Volume of hydrocarbon = 20cm? 4
Volume of carbon diode produced = 110 — 30 = 80cm? ’ /C
Volume of oxygen used up in reaction = original volume — volume ynreacted
=150 —30 = 120cm3
Volume of hydrocarbon X x = volume of carbondioxide /
= 20x =80 1\
Lx = 80/20 =4
o v
Also volume of hydrocarbon X (x + %) = volume of oxygen used up
=20(4+2) =120
L y=(6—4)x4=28
~ The formulaof Wis C,Hg /CA
Possible isomers, identity of W with reason(s)
CH3CH2CH = CHZ
CH;CH = CHCH; A
Since ozonolysis of W préduced only one compound, it indicates that it has a symmetrical carbon-
carbon double bond.

y,

1.0, CCly, < 20°C

CH;CH = CHCH; 2CH3;CHO , One compound produced is ethanal
2.H,0,Zn, CH;COOH

/CA
Therefore, Wis CH3CH = CHCH3 but-2-ene

Comfirmatory Test for Carbon dioxide; 1
If the gas is CO,, KOH will absorb it so the limewater remains clear (no milky cloud), because
CO, was removed by the KOH beforehand. But the gas is not absorbed by KOH, the limewater will
still go milky. o/~ g

5CA+ 2] =F = 06 Scores

Mechanism for reaction between W and bromine water;

Bra/H,0
CH:CH = CHCH; —5 CH,CHBrCH(OH)CHs + HBr
Mechanism

Br +Hzo HOBr + HBr OH

¥
CH3; CHfCHCH3; —— CHj ?H—gCH3M—> CH3CHCHCH 3
c

K st s~ _Mc Br e
Br—GOH/ OH

Br

2Mc = Mc = 02 Scores

Synthetic pathways to related products;

COOH }

’

Benzoic acid,{
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Si

Si /Si -
- 1.05,CCl, < 20°C v LiAlH, v conc. H,S0, MARKING GUIDE
CHaCH = CHCR, T ccoor™ C1aCHO —— e CHaCH2OH o= HaC = CH, S.5 CHEMISTRY EOY SET 2 TERM IIl ASSESSMENT 2025
Br, /S i 6. | Formulae of P;
CCl, Mass of carbondiode formed = 8.8g and mass of water formed = 1.8
y 12
BrCH,CH,Br mass of carbon =—— X 8.8 =2.4g
neat | Excess xoH mass hydrogen = E >< 1.8= 0.2g
Ethanolgj 5, |= 05 Element C H \
/ %composition 2.4 0.2
HC = CH
Moles 24 02
300 — 400°C |Fe(s) i 12 1 L A
i . v =0.2 =0.2
COOH e CH, /Sl . . T —
MnO; (aq)/H* (aq) _ cma ~ Simplest ratio 0:_2 o
heat AlCls | - _ : =1 =1 )
1,2-dibromopentane; « Empirical formula is CH
Mass of p vaporised = 0.100g
/gi /Si Si Si Br At a Temperature T = ZZS: + 273 = 546K
05, CCly, < 20°C AlH, conc M1,50, — (734
CH3CH = cncmm cmmom CH3CH,OH eo75 " H,C = CHi—oei> CH CH At a Pressure P = (760 X 1)_021fm .
Excess KOH Jethanol Br At a Volume V=446 x10"“dm
heat t Note: 1.we use; R = 0.0821 L - atm/(mol - K), when, P is in atm and V is in litre/dm3
HC = CH 2.we use; R = 8.314 J/(molK),when, P is in Pa and Volume is inm 3
Na(s)/LigNHs /SL d s Fromideal gas law PV = nRT
CH,yCH, CH,Cl p= PV = MERT
CH3CH2CH2C =CH y mRT 0.100 x 0.0821 x 546 4.48266 104
=3 = = ~
Vel TPV (BEx1)x446x 102 0.04307 g4/
Si lindlar's catalyst 760
or, ~ (CH), = 104
CH;3CH,CH,CHBrCH, Br <—r— CH3CH,CH,CH = CH, (12x1xn)+(1x1xn)=104
1-chlorob 13n =104 ca
-chlorobutane; : . . 104
/Sf oH /HSL e n=122=g
H . i
CH3CH = CHCH3 WCH CHZCHCHSWCHSCHZCH CHZ FO0R CH3CH2CH2CH2C1 sl=o1 ~ Molecular formula LS C8H8
Sy + 5, +S; =S =11 Scores Structure and IUPAC Name;
Environmental impacts of producing above compounds in industry; O "H=CH, /C /CA
. ethenylbenzene
When burnt, they give oﬁpoisono%%qfﬂses such as carbon monoxide (CO), carbon dioxide (CO;),
hydrogen chloride (HCl), and hydrogen brojjide, hence lead to air pollution, acid rain, Structural isomers;
respiratory problems, and global warming./lee acid gases can also corrode metals and destroy P has no other strural isomers. /
lant leaves. Mitigated avoid open-air burning and instead use safe chemical disposal
fnethods_v/dm o voud op 9 ! ! f P Identity of P and mixture Q;
! H=C 0 CHO
1di 4+ 1de + 1dm = D; = 03 Scores [ ]LH CHa —»;:23;7624'5: ZC(:)OCH @ + HCHO
0 /1
Q is a mixture of benzylaldehyde and methanal with functional group —E_H
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5CA+ 2] =F =06 Scores
Mechanisms for reactions of P with bromine and concentrated sulphuric acid;
With concentrated sulphuric acid;
0S0,H
CH=CH2 H,S0,, CHCH3
@ <15°C O
Mechanisim
. 0S03H
@CH-—KCHHZ O(‘.HCH3 ©UHCH3
—_—
Mc \/_ Mc
-U)SﬂaH/ 0S03H v
With bromine;
B M =02
OCH:CHZ Brz OCHCH:}
. w
CHTHZ i/HCH3 ©CHCH3
—_— IW-C—>
O Br—vSr Mc O JBr /
4Mc = Mc = 02 Scores
Synthetic pathways from Albertine oil fractions P to synthesis industrial compounds ;
Prop-2-yn-1 -ylbenze}%e_ /si /Si
- L
CH=CH;_pc1y/ ~NCH2CH2Cl ko jefhanol CHyCH2CN g, 0/1+ CH,CH,,COOH
ROOR heat warm O
LiAlH, /5 L
dry ether
CH,CH,CH,OH
O S, =505
conc. H,50,
180°c  Si
o Wel ¢l Ve v
CH,C=CH Excess KOH /ethanol CHZCHCHZCI Cly CH,CH=CH,
heat @ CCL4
Benzene, Si Si Si
CH=CHy 1.0, ccCl,, < 20°C CHO Mno}éq)/l—l"’ COOHCaO(.:)iVaOH(S S3 =01
2.1,0, Zn, CH;COO0H O —ear —Jheat ©
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3-phenylpropan-1-ol; g; Si Si

v/
CH=CHy  pyp, CH,CH,Br  KCN Jethanol CH,CH,CN p,0/p+ CH,CH,COOH
ROOR het warm O
L, S5t
dry ether

OCH/ CHchon

51 +85,+8; =5 =03 Scores

5, = 05

Environmental impacts of producing above compounds in industry;
i

When burnt, they give off poisonous gases such as carbon monoxide (CO), carbon dioxide (CO;),
hydrogen chloride (HCI), and hydrogen bmt”/"qfe hence lead to air pollution, acid rain,
respiratory problems, and global warming/ The acid gases can also corrode metals and
destroy plant leaves. Mitigated avoid open-air burning and instead use safe chemical
disposal methods. m

1di+1de+1dm=D3=03 Scores
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SECTION A

Answer all questions in this section
ITEM 1
During a rapid response investigation near Kitezi landfill, the Water Quality Surveillance
Unit discovered heavy metal contamination in a borehole supplying a large number of
households.
A fragment of metallic lead from a nearby illegal battery recycling site was analysed using a
mass spectrometer. The detector registered four isotopic signals with currents of 0.16 mA
(mass 204), 2.72 mA (mass 206), 2.50 mA (mass 207) and 5.92 mA (mass 208). The
investigation team was briefed that these readings can help determine an accurate relative
atomic mass (RAM) of lead.
Further laboratory tests on the contaminated water revealed that the dissolved poisonous salt
responsible for the lead toxicity contained 62.6% lead, 8.45% nitrogen, and the rest oxygen
molar mass of the salt was reported as 337.22 g/mol.
The concentration of the dissolved salt in the borehole water was measured as 0.90 mol
dm™3, and the borehole supplies approximately 1200 litres of water per day. Chemists
concluded that this salt can be removed by treating the water with sodium sulphate solution,
which reacts to produce insoluble lead(II) sulphate.

In extreme contamination cases, 0.45 moles of nitrogen dioxide gas was released during side
reactions at 28°C and 98 kPa. To protect public health, the Ministry has assigned your team
to analyse the data and provide a complete stoichiometric and methodological evaluation of
the situation.

Task:
As a learner of Chemistry, help the company to know;

(a) The relative atomic mass of lead. (RAM). A

Total current = 0.16 +2.72 +2.50+5.92 = 11.3mA /C

Percentage abundance of lead — 204 = (ﬁ X 100) =1.42 |

113
Percentage abundance of lead — 206 = (% X 100) =24.07
. cA
Percentage abundance of lead — 207 = ({3 X 100) =2212|"

Percentage abundance of lead — 208 = (% X 100) =52.40]

RAM = Z Relative isotopic mass X proportion of isotope
_ 142 24.07 22.12 52.4 A
RAM = (204x332) 4 (206 x 207) + (207 x 212) + (208 x 322) e

RAM =207.26 /4

4CA = C; = 04 scores
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(e) Environmental impacts of the gaseous or aqueous syyenm and their mitigations.
Nitrogen dioxide contributes to global warming when it accumulates in the

atmosphere, since it traps heat and creating the greenhouse effect, leading to rising
[

temperatures hence drought. This can be mitigated by using catalytic converters to
m

reduce it into less harmful substances such as nitric acid.

(b) To determine the molecular formula of the poisonous salt in water. A
Lead = 62.6%, Nitrogen = 8.45% ,0xygen = 100 — (62.6 + 8.45) = 28.95%
Element Pb N (0]
Y%composition 62.6 8.45 28.95
Moles 62.6 845 28.95
207.26 14 16 CA
=0.302 = 0.604 =1.809;
Simplest ratio 0.302 0.604 1809
0302 0.302 0.302
=1 =2 =6 Y,

Empirical formula of salt is PbN,0g¢ /F

(PbN,04)n = 303.3
(207.26 X Tn) + (14X Zm) + (16 X 6n) = 331.22  =n=1
7

A

N
Molecular formula of the salt is Pb(NO3),” Name: Lead(ii)nitrate?”

ZCA ¥ 2F F NA = F, = 04 Scores
(c) To calculate the mass of lead(Il)sulphate formed if all the dissolved salt was removed

0.9moll 'means; 1litre of borehole water contain 0.9moles of Pb(NO3),
0.9><1200) /LA
1

= 1080moles of Pb(NO;),
LA

1200litres of borehole water contain (

From equation: Pb(NO5),(aq) + Na,S0,(aq) — PbS0,(s) + 2NaNO5(&q)

1mole of Pb(NO;), produces 1mole of PbSO, CA
1080moles of Pb(NO3), produce meso) moles of PbSO,. = 1080moles

A
Molar mas of PbSO, is (207 x 1) + (32 x 1) + (16 x 4) = 303g ¢
1mole of PbSO4, weigh 303g
A
303x1080\ ¥ sk

= 3272409 or 3.27 x 10°kg of PbSO

(d) Know the volume of gas produced using the gas law. ;CC‘:: €2 = 06 scores

- 1080moles of PbS0O, weigh

From gas law: PV = nRT; P = 98 X 103pa, T = (28 + 273) = 301k and R = 8.314

Note: We use;
1. R=0.0821L-atm/(mol - K),when, P is in atm and V is in litre/dm3

2. R =8.314]/(molK), wheﬁAP is in Pa and Volume is inm?3

__ NRT _ (0.45><a.314x301)

9810
A

=0.0115m3

3CA = C3 = 03 scores
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Nitrogen dioxide causes respiratory problems and poor air quality. When inhaled, it

irritates the Iungs and reduces oxygen uptake, increasing cases of asthma and

bronchitis. Using personal protective gears like gas masks during scientific

investigations. di + de + dm = D; = 03scores
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Item 2

A recent technical brief from Namanve Metals & Ceramics Corporation (NMCC), a rapidly
expanding Ugandan manufacturer of refractory linings and water-treatment chemicals,
revealed that the company is designing a high-temperature resistant coating for industrial
furnaces used in steel rolling mills in Jinja and Tororo.

The project requires evaluating aluminium oxide and sodium fluoride, in order to make best
choice of the most stable substance during formation to apply in ceramics, abrasives, and
furnace linings.

At the same time, to select a substance in which temperature control depends on dissolution
in water to use as a cooling and stabilising agent in chemical preparation units. The research
division has sourced pure aluminium from scrap recycling operations in Namanve and
oxygen gas from Uganda Oxygen Ltd. Sodium and fluorine also have been sourced from
Lake Katwe in Kasese.

Thermochemical data obtained from an industrial materials report show the following values

Al(s) = Al(g)  :+330kJ mol™ Na(s) » Na(g) : +109 kJ mol™
Al(g) — Al*(g) + e~ :+578 kJ mol™ Na(g) » Na*(g)+ e~ : +494 k] mol™
Al(s) > Al**(g) + 2 e : +1820 kJ mol™ F,(g) - 2F(g) : +158 kJ mol™
Al(s) > AB*(g) + 3 e : +2750 kJ mol ™! F(g)+ e - F(9) : =328 kJ mol™

2A13%(g) + 3027 (g) — Al,05(s):=-15346.5kI mol™' | Na(s) + ¥%F,(g) —» NaF(s): — 569 kj mol~!
20,(9) —» 0(g) :+249 kJ mol™ Na*(g) + (aq) — Na*(aq) : —406 kjmol™*
0(g)—=07(g) :—142%kJ mol™! F~(g) + (aq) = F~(aq) : —505 kJmol™*

0(g) — 0% (g) :+798 kl mol*

Preliminary tests by NMCC'’s laboratory team indicated that dissolution of NaF produces a
measurable temperature change. To ensure that the chosen materials are safe, energy-
efficient, and suitable for industrial use, the technical manager has invited you.
Task
As a student of chemistry, help the manager;

(a)  Analyse the data to construct an energy level diagram for the changes in the:

(i1) Formation of aluminium oxide.
24A3%(g) + 30(g)

v
(3 x 249) 380, (3% —142) | 38H, ;4 248 (g) + 30> (g)
3+ 3 3 x798)[34H, .. ,¢~
2A(g) + 502(9) 248+ (g) + 30-()| 7

(2 x 2750) [ 281, E/2 5
2AI1% (g) + S0.(g)
(2% 1820) §28H,,; &/

24 (g) + 30,(a)

(Z=578) F 200 v
241(g) + 20,(q) (—15346.5) | AH rtice
(2 x330)f28Haemn

241(s) + goqm

AH%f a1,04

Al,03(s)

Y A4

8¢ = Ec; = 04scores
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(1) Formation of sodium fluoride.
Na*(g) +F(g)

1
(x1s8) [z an (328) | an?,
Na*(g) + 1F,(g Na(s) + F~(g)
@9s)| s, v '

1LE

Na(g) + 3F,(g)

A
(109) AHaL‘m.AI/ AHpattice

Na(s) + 1F»(g)

—569 | AH’f NoF

NaF(s)

5¢v = Ec, = 02scores

(b)  Use the energy cycles constructed to calculate; Ec; + Ec; = Ec = 06 scores
(i). Enthalpy of formation of aluminium oxide.

From Hess' law;

AH®f 41,0, = 28H gy g1 + 2AH,, , + 2AHy, 5 + 2AH |+ 34H +3AH  +3AH  +AH

m, 1EA 2E4 L bt

A
AHH/A,Z,;3 =(2%330)+(2x578) + (2 x 1820) + (2 x 2750) + (3 x 249) + (3 x —142) + (3 x 798) + (—15346.5) /L

A
~ AH; 41,0, = —1675.5kjmol ™ s

2CA = C, = 02 Scores

(i1). Lattice energy of sodium fluoride and its enthalpy of solution.
From Hess' law;

AH + AH + AH
BDEF 1E

N =

AHH/.NuF = AHatm.Al + AH“E +

Latti

A
1 v ot~y A
AHpgprice = —569 — (109 +494 + = x 158 — 348) = —923kjmol
o]

AHsotution.NaF = AHLa[tice + Athdrution.NaF

AH_S‘olution.NaF = AHLattice.NaF + (Athdra[iun_Na*' + Athdratian.F’ )
CA

AHgoputionNar = 1923 + (—406 + _505)/"“

LA
~ AHgotution. NaF = +12kjm01_1/ 4CA = C5 = 04 Scores
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(¢) (i) Evaluate the industrial usefulness of the two systems to advise the manager
which substance is most suitable for furnace lining and cooling applications,
giving reasongsy
Aluminium oxide is the best choice for ceramics, abrasives and furnace linings due to a very

ET
large exothermic'énthalpy of formation of —1675.5kjmol™%, thus extremely thermal

dynamically stable, heat-resistant and chemically inert.

Whereas:
Ep ET

Sodium ﬂuor"{de can be choosen for cooling applications due to it endothermic

enthalpy solution of +12kjmol™! , meaning it absorbs a heat from surrounding

equipment when dissolving in water. However, its cooling effect is small because of

low heat absorption.

(ii). State any other importa.r}['yndustrial use of aluminium oxide.
. Used lectrical In$ulator in electrical and el i devices: d d

electrical resistance and heqt stability.
U

e Production of Aluminium Metal dyring the electrolytic processes due to its high purity .

e Used as a catalyst in petroleum refining and chemical manufacture due to its high

surface area and chemical stability. 2Ev + 2Er + 1U = E,; = 05 Scores

(d)  Suggest the possible impacts and y&lijgations of the substances to the environment.
e Aluminium Oxide can contaminate soil if waste powder poorly disposed. Since fine

e
particles are insoluble they settle in soil, altering ngduce plant yields. Mitigated by

. ; m
recycling waste powders and using dust filter systems. /a

e Sodium Fluoride leads to water pollution when in high amounts. Since fluoride ions

are mobile and toxic to plants, aquatic organisms, and wildlife, and can corrode

infrastructure. Mitigated by proper wastewater treatment before releasing it to

surrounding water streams. 1di + Lde + 1dm = D, = 03 Scores

7 Turn Over

SECTION B

Partl

Attempt One item in this section
Item 3
A manufacturing company in Uganda, Victoria Industrial Chemicals Ltd, produces industrial
grade materials for construction, ceramics, and high-temperature processes. The company has
been advised that substances suitable for furnace linings, kiln refractory materials, and heat-
resistant construction components must have high thermal stability and bonding character.
The engineering department is evaluating two types of available compounds from Period 3
elements: oxides and chlorides, to select the most suitable materials for industrial applications.
The baseline requirement is that a suitable substance must remain solid above 1400 °C, must
have strong ionic bonding, and be mechanically stable under operational conditions. The data
provided for Period 3 oxides and chlorides are shown below:

period Period 3 chlorides and oxides

Chlorides NaCl MgCl, | AICl; | SiCly PCl; PCls S Clz
OXideS Na:O MgO ALOs SiO2 P4O(, P4010 SOs Cle7
Melting pt of chlorides/°C | 808 714 192 -68 -92 160 -76 -80
Melting pt of Oxides/°C 1275 2827 2007 1607 24 560 30 —91

The engineering team requires a comparative analysis of oxides and chlorides to determine
which compounds are most suitable to serve the purpose.

They seek guidance on which properties make a substance “good”, and how to evaluate
graphs in melting points of the available compounds to explain frends in order to guide
selection of suitable compounds for the intended industrial purpose, and to predict the likely
melting point and industrial suitability of an oxide of element X between Al,Os and SiO,.
Task

As a chemistry student, make a write up you will use to help the company.

Item 4

Kilembe Kilembe Chemical Works Ltd, Kasese, is studying how bonding and molecular
structure affect the properties and industrial uses of compounds in fertilizers, water
purification, and plastics and ceramics manufacture. The compounds include water, ammonia,
phosphorus trichloride, phosphorus pentachloride, carbon tetrachloride, tin(II) chloride,
tin(IV) chloride, and nitrate ions. It was reported that some, like carbon tetrachloride and
phosphorus trichloride, are liquids and insoluble in water, while water and ammonia are
highly soluble with strong intermolecular attractions. Tin(II) chloride conducts electricity
when molten, whereas tin(IV) chloride does not.

The manager seeks information on molecular shape, bond type, and bond angle, and how
these explain bonding type account for differences in melting point, solubility, and electrical
conductivity. Compare boiling points and solubility of water and ammonia to those of
phosphorus trichloride, phosphorus pentachloride and carbon tetrachloride. Compare
electrical conductivity and melting points of tin(Il) and tin(IV) chloride. And evaluate
environmental impacts of nitrate ions in fertilizers. You have been contacted for assistance.
Task;

As a chemistry student, make a write up you will use to help the company.
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Part 11
Attempt One item in this section

ITEM 5

Nile Chemical Industries Ltd, a chemical manufacturing firm located in Jinja, produces a
range of organic-based materials used in plastics, fuels, solvents, and disinfectants. In one of
its experiments, 20.0 cm?® of a gaseous hydrocarbon W was exploded with 150 cm?® of excess
oxygen. After complete combustion, the residual gas measured 110 cm?, and when
concentrated potassium hydroxide solution was added, the volume further decreased to 30 cm?

The company noted that ozonolysis of W produced only one compound and that W readily
decolourised bromine water. These findings prompted the research team to seek a deeper
understanding of W and its possible industrial applications in the synthesis of propan-1-ol,

benzoic acid, {Q(m“ }, 1,2-dibromopentane and 1-chlorobutane.

The company seeks a comprehensive evaluation: to determine the formulae of W, draw and
name all possible isomers, identify W with reason(s), and illustrate the mechanism for the
reaction between W and bromine water. Additionally, confirm the identity of the gas absorbed
by potassium hydroxide solution, predict the functional groups of resulting organic
compounds, describe synthetic pathways to related products, and assess the environmental
impacts of producing above compounds in industry. You have been contacted for assistance.
Task:

As a student of Chemistry, prepare a presentation you will use upon invitation.

ITEM 6

Albertine Oil Fractionation Ltd, an industrial chemical company in the Albertine region,
produces fuels, solvents, and organic feedstocks for plastics and chemical synthesis. During a
research study, an organic compound P was isolated from a distillation fraction. Complete
combustion of a sample of P yielded 8.8 g carbondioxide and 1.8 g water, while 0.100 g of P,
vapourised at 273°C and 734 mmHg, occupied 4.46 x 1072 dm?. Ozonolysis of P followed by
hydrolysis produced a mixed Q of two different compounds, and P was observed to react
readily with bromine and concentrated sulphuric acid. The company is exploring industrial

applications of these compounds for synthesis of prop-2-yn-1-ylbenzene {QCHZc;CH } a

component in manufacture of new drugs, benzene{© }solvent, and {OCWCWCHKOH
}chemical feedstocks.

The manager seeks to know the formulae of P, all possible structural isomers, identity of P
with reasons, deduce the structure and functional groups of mixture Q, illustrate mechanisms
for reactions of P with bromine and concentrated sulphuric acid, , outline synthetic pathways
from Albertine oil fractions P to synthesis industrial compounds stated, and evaluate the
environmental impacts of producing compounds in industry and their mitigations. You have
been invited to help the manager.

Task:

As a student of Chemistry, prepare a presentation you will use to help the company.
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THE PERIODIC TABLE

112 3141516718
1.0 1.0 [ 4.0
H H He
1 1 |2
6.9 |9.0 10.8 1 12.0 | 14.0 | 16.0 | 19.0 | 20.2
Li Be B C N O| F Ne
3 4 5 6 7 |8 9 |10
23.0 | 24.3 27.0 | 28.1 | 31.0 | 32.1 | 35.4 40.0
Na | Mg Al Si P S] Ar.
11 12 13 |14 |15 |16 17
18
39.1|40.1|45.0]47.9]50.9|52.0]54.9]|558]589]58.7]63.5]65.7]69.7|72.6]74.9]79.0(79.9]83.8
K| Ca Sc Ti V] Cr| Mn| Fe|] Co| Ni| Cu] Zn| Ga| Ge] As| Se| Br| Kr
19 120 |21 |22 |23 |24 |25 |26 |27 |28 29 130 131 |32 |33 |34 |35 |36
85.5]|87.6188.9]91.2]92.9]95.9]98.9]|101 |103 |106 | 108 | 112 | 115 | 119 122 | 128 | 127 | 131
Rb] Sr Y| Zr| Nb| Mo| Te| Ru| Rh] Pd| Ag| Cd] In| Sn| Sb|] Te I| Xe
37 |38 139 |40 41 | 42 | 43 |44 45 | 46 47 |48 149 |50 |51 |52 |53 |54
133 | 137 | 139 | 178 | 181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 [209 | 209 |210 |222
Cs| Ba| La| Hf| Ta| W] Re| Os Ir Pt| Au] Hg| Ti| Pb Bi| Po| At] Rn
55 |56 |57 |72 |73 |74 |75 |76 |77 |78 |79 |80 |81 |82 |8 |8 |8 |86
223 | 226 | 227
Fr] Ra] Ac
87 |88 |89
139 | 140 | 141 | 144 | 147 | 150 | 152 | 157 | 159 | 162 | 165 | 167 | 169 | 173 | 175
La| Ce Pr] Nd| Pm| Sm| Eu| Gd| Tbh| Dy| Ho Er| Tm| Yb| Lu
57 |58 |59 |60 J61 J62 |63 64 |65 |66 |67 |68 |68 |70 |71
227 |232 | 231 | 238 | 237 | 244 | 243 | 247 | 247 | 251 | 254 | 257 | 256 | 254 | 260
Ac] Th| Pa Ul Np|] Pul] Am| Cm| Bk| Cf|] Es] Fm| Md| No| Lw
89 90 91 92 193 J94 |95 9% |97 |98 199 |100 101 J102 J103
END
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MARKING GUIDE
S.5 CHEMISTRY SET 2 TERM IIT ASSESSMENT 2025

3.

Trend in Melting points across period 3 oxidgﬁ/Rz Tr
. o ; . 1.
Generally, melting point increases from sodium oxide to magnesﬁm oxide and then reduces to
Chlorine (VII) oxide.
Reason; Ry

Sodium oxide, magnesium oxide and aluminium oxide have giant ionic structures whose ions are
held by strong ionic bonds. Melting point increasés, from sodium oxide to magnesium oxide
because magnesium oxide has a higher product of charges than sodiungfoxide. Melting point
decreases from magnesium oxide to aluminium oxide because the aluminium ion has a small
ionic radius, very high charge density ﬂnd high polarising power, making aluminium oxide
less ionic. Silicon(1V) oxide has a giant«fwhlent sgpicture in which each silicon atom is bonded
to four oxygen atoms making very many strong ¢ovalent bonds that require a high amount of
energy to break. Phosphorus pentoxide, sulphur trioxi'gd?gnd Chlorine(VII) oxide have simple
molecular structures whose molecules are held by weak van der waal'’s forces of attraction
whose strength decreases with decrease in polarity of the molecules as a result of increase in
electronegativities of the atoms bonded to oxygen.

Irregularities; /R1

MgO has higher melting point than Na,O becau it has stronger ionic bonding due to smaller,
doubly charged ions, giving it a much higher lattice energy than Na,0, whose ions carry only
single positive charges and have larger interionic distances. Rq

P4010 has higher melting point than P40s, beucause it has a larger molecular size and
stronger van der Waals forces that require more energy to be overcome than those in the
smaller P40s molecule.

Trend in Melting points across period 3 chlorides;

Melting point of the chlorides generally decreqvéjﬁjém sodium chloride to dichloride.

Reason; R,

Sodium chloride and magnesium,ghloride have giant ionic structures held by strong ionic bonds
which require a high amountl of energy to break. The decrease in melting point from sodium
chloride to magnesium chloride is because magnesium ion, has a smaller ionic radius, higher
charge density and higher polarising power than sodiim“on making maggesium chloride less
ionic than sodium chloride. Aluminium chloride has a lower melting ﬁ%élllzt than magnesium
chloride because among the cations, the aluminium ion has the smallest ionic radius, a very high
charge density and high polarising power. Aluminium chloride is therefore predominantly
covalent. Silicon tetrachloride is covalent and its molecules are h [;é by weak Van der Waals’
forces of attraction thy require a low amount of energy to brék hence a low melting point.
Phosphorus trichloride has a simple molecular structure thus a low melting point. Disulphur
dichloride and dichloride form simple molecular structures held by weak Van der Waals' forces of
attraction.

Irregularities;
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R>
Phosphorus pentachloride has an abnormally’/high melting point because at ordinary
temperatures it consists of PCL}+ and PCI{ ions hence exhibiting ionic character. /RZ
Try + Try + 4Try + 4Tr, = T, = 08scores

MARKING GUIDE

S.5 CHEMISTRY EOY SET 2 TERM III ASSESSMENT 2025

Evaluation and choice; Eg

Both period 3 metal oxides and chlorides exhibit ionic chéracters, due to their very high melting
points, which indicate strong electrostatic forces between metal cations and chloride anions.
However,

The Period-3 oxides are far better substances for furnace linings, kiln refractories and heat-
resistant construction tha;ﬂgedchlorides because oxides such as MgO (m.p. 2827 °C), Al,03 (2007
°C) and Si0, (1607 °Cl'remain solid well above the 1400 °C baseline and are thermdi
dynamically stable.

They have high melting points due to very large lattice energies and strong network covalent
bonding.

Whereas;

The metal chlorides (NaCl 80?@H[MgC12 714 °C),(AICI; 192 °C), and the moleculapE}lorides of
non-metals have low meltin§ points and are volatile because they are siniple covalent
molecules; therefore they fail the >1400 °C requirement and unsuitable for high-temperature
structural use.

~

1Es + 3E; = E,, = O4scores

Prediction of melting point, nature and industrial suitability of chloride X;
The oxide of element X, lying between Al:Os and SiO: will likely have a melting point between 1607
°C and 2007°C, approximately 1850°VPT P
Its bonding is expected to bean oxide with mixed covalent ¢hd ionic bonding rather than a purely
ionic or simple molecular structure.
Industrial suitability: Pr
such an oxide would be suitable for high-temperature applications (furnace linings, kiln
refractories, and heat-resistant ceramics) because it meets the >1400 °C requirement and offers good
thermal stability.

3Pr = P. = 03scores

13 Turn Over

4. | Molecular shape, bond type, and bond angle;
Name of Name of Bond
substance Molecular structure molecular shape Bond type angle
:0.: Mi bentshape/ Polar covalent 104.5° SAi
Water /140_:\50 V-shape v Bt 4
H ~H
P Mi . Polar covalent °
Phosphorus / \Cl v trlgonql /NL Bi 107 Ai
trichloride a 1079 pyramidal v e
Cl
Cl .
M1 ,
9&,_.% L7 N ~ 90°and
Phosphorus. ok [l) 0° tr'igonal ' Covalent Bl 120°, i
pentachloride . bipyramidal Ve
[
cl
Cl Mi
109.5° v  Nemsel 109.5°.
Carbon ( tetrahedral /Nl on-polar _pj )
tetrachloride a (|: a covalent V" A
Cl
. lonic o
Sn Mi Bentshape/ .Y 95 .
Tin(1I) chloride /(\)\ S V-shape NU  ith covalent Bi /AL
cl” 9 g character
(o]
I‘anjo tetrahedral P lent Bi 109.5°.
i i Pure covalent /Bi
Tin(1V) cl—sn . N v Ai
chloride | /M i v
Cl
N\ trigonal /Ni Polar CovalentBi 107° Ai
Ammonia H 107 Mi pyramidal v v
_ H
10 ' Covalent 120°
) ) | 120 trlgonalplan(z}Ni with resonance Ai
Nitrate ion _ N B /Mi delocalizatioryBi v
@):/ 0
9Mi + 9Ni + 9Bi + 9Ai =V}, = 08scorers
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Account for differences in melting point, solubility, and electrical conductivity;
The differences in solubility, melting point, and conductivity among these compounds are

due to the type of bongding and molecular structure. R
Ionic compounds SnsCIZ, nitrate salts) have high melting points'a/nc? conduct electrigit
when molten or in solution, while covalent molecular compounds (CCl,, PCl;, SnCL;}Vﬂave
low melting points, arg ?fmn-conductors, and are insoluble in water. R3
Hydrogen bonding¥in water and, ammonia leads to strong intermolecular attractions,
giving them higher boiling points’ﬁnf’n similar covalent molecules like PCl; and PCls.

3R3 = R3 = 03scores

Comparison of boiling points and solubility of water and ammonia to those of
hosphorus trichloride, phosphorus pentachloride and carbon tetrachloride;

Water is a bent polar molecule with an angle of 104.5° and ammonia is triggzﬁﬁpymmidal
with an angle of 107°% both have polar covalent bond.skgnd form hydrogen*bonds between
molecules. Hydrogen bonding gives them high boilingvﬂoints and makes them highly soluble
in water.

In contrast, PCl; (trigonal pyramidal, 107°) andé’(]ls (trigonal bipyramidal, 90°§c 120°) are
covalent and cannot form hydrogen bonds.vThé)

ey have low melting pointsp/are4 liquid or
volatile solids, and do not dissolve in water because they hydrolyse, producing HCI and
phosphoric acids.

3R, = Ry = 03scores

Tin(lI) chloride (SnCly) is ionic with some covalent charactery/forping a bent structure
(#95°) and a solid at room temperature. It conducts electricityvﬁ 2n molten because it
contains mobile ions (Sn** and CI"). ks
Tin(1V) chloride (SnCl,), on the other hand, is tetrahedral (109.5‘Hsand purely covalent,
existing as a molecular liquid that does not conduct eIectricity»{ts weak molecular forces
give it a lower melting point than SnCl,.

3R5 = Rg = 03scores

R3 + R4 + R5 = R = 09scores

Evaluation of the environmental impacts of using nitrate ions in fertilizers;

In fertilizer use, nitrate ions (NOs~) improve plant growth.

However when overused, cause environmental pollution since Nitrates are highly soluble
and can leach into groundw'?‘gg, causing eutrophication aﬁ%Loxygen depletion in water
bodies, leading to fish deathsvand blue-baby syndrome in humans. Mitigated by controlled,
fertilizer application, and use of organic manure.

1di + 1de + 1dm = D3 = 03 Scores
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Formulae of W;
C.H,y(9) + (x +2) 0,(9) —— xC0,(g) +2H, 0(g)
Volume of hydrocarbon = 20cm? A
Volume of carbon diode produced = 110 — 30 = 80cm3 ; /C
Volume of oxygen used up in reaction = original volume — volume ynreacted
=150 — 30 = 120cm?
Volume of hydrocarbon X x = volume of carbondioxide
= 20x = 80 A
Lx = 80/20 =4
e v
Also volume of hydrocarbon X (x + %) = volume of oxygen used up
=20 (4+%) =120
L y=(6-4)x4=28
~ The formulaof W is C4Hg /CA
Possible isomers, identity of W with reason(s)
CH;CH,CH = CH,
Since ozonolysis of W pr8duced only one compound, it indicates that it has a symmetrical carbon-
carbon double bond.

1.0,, CCLy, < 20°C
i AN
2.H,0,Zn, CH;COOH

/CA
Therefore, Wis CH3CH = CHCH3 but-2-ene

CH;CH = CHCH; 2CH3CHO , One compound produced is ethanal

Comfirmatory Test for Carbon dioxide; 1
If the gas is CO,, KOH will absorb it so the limewater remains clear (no milky cloud), because
CO, was removed by the KOH beforehand. But the gas is not absorbed by KOH, the limewater will
still go milky. /1

5CA + 2] = F = 06 Scores

Mechanism for reaction between W and bromine water;

B H,0
CH4CH = CHCH; ~2"*S CH,CHBrCH(OH)CH, + HBr
Mechanism
Br +H,0 HOBr + HBr OH

+
CH; CH@CH:" —> C(H; ?H—g-lcyj, ———» CH3CHCHCH;
5 Br

Br /MC l
H

+ -
Bsr—GgH/MC

2Mc = Mc = 02 Scores

Synthetic pathways to related products;

COOH
}

’

Benzoic acid,{
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Si Si

oo i /Si H,S0
CH;CH = CHCH; —102CCla<200C Fey cyo — LA YL cH,cH,0HSL 2%y, ¢ = CH,
2.H,0,7Zn, CH;COOH dry ether 180°C
BrZ/Sl
ccl
BrCH,CH,Br
heat |Excess KOH|
EthanolSi + S,
|
HC = CH
300 — 400°C |Fe(s) S
COOH /Si CH Si J /
3 /
MnO; (aq)/H* (aq) CH3Cl
-
heat AlC, O
1,2-dibromopentane;
Si Si Si Si  Br
1.05,CCL,, < 20°C v LiAlH, v concM1,50, br, |

CH;CH = CHCHgm CH3CHO 7575 > CH3CH,OH W’HZC CH; cc1 CCl4 CH, CH

Excess KOH /ethanol Si Br
heat

HC = CH
Na(s)/LigNH, /Sl
CH3CH,CH,Cl

CH;CH, CHZC =cH

Si
Si lindlar's catalyst J/

Br.
CH3;CH,CH,CHBrCH,Br ﬁ CH5CH,CH,CH = CH,

1-chlorobutane; si Si

OH v Si
,0/H* conc. H,SO0, IICZ/

CH3CH = CHCH;3 WCH3CH2CHCH3WJCH3CH2CH = CH, —%go7 CH3CH2CH2CHZCI}S

S1+8,+S53=8=11Scores
Environmental impacts of producing above compounds in industry;

When burnt, they give oﬁ‘poisonou,s/ﬁises such as carbon monoxide (CO), carbon dioxide (CO.),
hydrogen chloride (HCl), and hydrogen bropisde, hence lead to air pollution, acid rain,
respiratory problems, and global warminﬁle acid gases can also corrode metals and destroy
plant leaves. Mitigated avoid open-air burning and instead use safe chemical disposal
methods./dm

1di + 1de + 1dm = D3 = 03 Scores
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Formulae of P ;
Mass of carbondiode formed = 8.8g and mass of water formed = 1.8
mass of carbon = i X 8.8 =2.4g

mass hydrogen = —>< 1.8= 0.2g

Element C H )
%composition 2.4 02
Mol z4 02
oles - : > /CA
=0.2 =0.2
Simplest ratio 0.2 02
0.2 0.2
=1 =

~ Empirical formula is CH
Mass of p vaporised = 0.100g
At a Temperature T =273 + 273 = 546K

At a Pressure P = (E X 1) atm

760
At a Volume V = 4.46 x 10~%2dm?
Note: 1.we use; R = 0.0821 L - atm/(mol - K), when, P is in atm and V is in litre/dm?
2.we use; R = 8.314 J/(molK),when, P is in Pa and Volume is inm 3
Fromideal gas law PV = nRT
PV = MERT
;nRT 0.100 x 0.0821 x 546
= M, = =

734 -
PV 760><1)><446><10Z

4.48266
0.04307

~ 104g

. (CH), = 104
(12x1xn)+ (1 x1xn)=104 }
13n =104

n_ﬁ_B /CA

13
~ Molecular formula is CgHg

Structure and IUPAC Name;

OL‘H=CH2 /CA
ethenylbenzene

Structural isomers;
P has no other strural isomers. /
Identity of P and mixture Q;

OCH=CHZ 1.04, CCl,, < 20°C ©CH0+ HCHO
0 /1

2.H,0,7Zn, CH;COOH
Q is a mixture of benzylaldehyde and methanal with functional group —Ir!—H

/CA
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5CA+ 21 = F = 06 Scores

Mechanisms for reactions of P with bromine and concentrated sulphuric acid;
With concentrated sulphuric acid;

Mechanisim

0S0;H

OCHCH3

H,50,,
<15°C

3- phenylpropan I-o Si Si

/
CH=CH; / CH,CH,Br  kcN/ethanol CHRCH,CN g0 /m+ CH,CH,COOH
ROOR het warm O

LilH, " St
dry ether

OCHZCHZCHZOH

S1+8,+8;=5=03Scores

5, = 05

Environmental impacts of producing above compounds in industry;
i

When burnt, they give off poisonous gases such as carbon monoxide (CO), carbon dioxide (CO;),
hydrogen chloride (HCl), and hydrogen brog}'({pe hence lead to air pollution, acid rain,
respiratory problems, and global warming/ The acid gases can also corrode metals and
destroy plant leaves. Mitigated avoid open-air burning and instead use safe chemical
disposal methods.

1di+1de+1dm=D3=03 Scores

0S03H
OCHE Oi CHj OCHCH3
— _Mc
—v)so3 e 0S0;H /
With bromine;
Elir M¢ = 02
@CH=CH2 B‘r2 OCHCH3
l|3r
OCHTH? O HLH3 OCHCH3
_va /MC Fisr /
4Mc = Mc = 02 Scores
Synthetic pathways from Albertine oil fractions P to synthesis industrial compounds ;
Prop-2-yn-1 —ylbenzeige /si /Sl
CH=CH, pc1y/ % CHaCH Clgenyethanol CH,CH,CN g, 0/5+ CH,CH,COOH
ROOR heat warm O
LiAlH, /5 {
dry ether
CH,CH,CH,0H
@ S; 505
conc. H,S0,
180°C S
CHyC=CH gy e KOH /ethanol CH,CHCH,CI ci CH,CH=CH,
heat @ CCl,
Benzene; /S i Si Si
CH=CHz 1.0,,cc1,’< 20°c =01
2.H,0,Zn,CH3;CO0H

I

Turn Over

2 (aq)/H Ca0(s)/NaOH(S
heat heat

19
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INSTRUCTIONS TO CANDIDATES:

This paper has two sections A and B. FOR EXAMINER’S USE
Section A has two compulsory items while B has two parts ONLY
ITEM [ CODE | SCORE
Part I and Part 11 Cy 03
Each of part I and part Il has two items, Answer only one 1 Ef 08
C 02
from each. in 04
Answers to Section A must be written in the spaces provided D, 03
E, 06
and Section B must be written in the answer booklet(s) C. 02
provided 2 Cs 04
E, 05
Answer four in all. D, 03
Where necessary use, G | Vy] 05|08
, 34 | LR 0809
Molar gas volume at s.t.p = 22.4dm E,ID;| 04] 03
P, 03
F 06
Mc 02
Key S/6 S 11
Cy,Cy, C3,Cy, Cs: Calculations P.: Pridiction D3 03
Dy, D,, Ds: Danger F:Formula TOTAL 80

E.:Energy Cycle
Ey: Evaluation
G,: Graphing

T,: Trend
Ef:Effect

Mc: Mechanism
S:Synthesis

V,: VSEPR theory
R: Reason

F;: function

SECTION A
Answer all questions in this section
ITEM 1
A technical report from Moroto Agro Chem Industries (U) Ltd indicates that the company is
optimizing its large scale ammonia production system, a key raw material used in fertilizers,
cleaning agents and pH-control formulations.
During pilot testing, the industrial chemists introduced /.00 mole of nitrogen gas and 3.00
moles of hydrogen gas into a 2.00 dm? high-pressure reactor. The mixture was compressed to
100 atm and heated to 400°C, allowing equilibrium to be established according to the
reversible reaction:
Equation 1: N,(g) +3H,(g9) = 2NH;  AH = —92 kJ/mol
Gas analysis later revealed that the equilibrium mixture contained 25% ammonia by volume,
prompting management to evaluate how changes in operating variables such as pressure,
temperature and catalysts might influence the position of equilibrium, the value of the
equilibrium constant, and the rate of attainment of equilibrium in the reactor.
The company also manufactures buffered cleaning solutions by passing a equilbrium mixture
through hydrochloric acid.
To test the stability of one formulation, the Quality Assurance Unit prepared a 0.001 M
ammonia solution and needed to determine its pH, as well as verify how the mixture behaves
when ammonium chloride is added to create an ammonia to ammonium chloride buffer
system. Because the buffer is used to maintain constant pH in enzyme based cleaning agents,
the Plant Manager must be confident that the solution must suit its purpose. You have been
invited to assist in analysing the equilibrium data, pH, and functioning of the buffer system.
Task:
As a learner of Chemistry, help the company to know;
(a) The equilibrium constant for the gaseous reaction (Kp).

N,(g9) + 3H(g) = 2NH;(g)
Initial moles 1 3 0 L
Moles reacted/formed X 3x 2x 4
Moles at equilibrium (1-x) (3-3x) 2x
/LA
Total moles at equilibrium = (01 —x) + (3 —3x) + 2x = (4 — 2x)
2x
BUT (=) x100=25 :-x=04
\F — ZA7
Moles of H, at equilibrium = (3 —3(0.4)) = 1.8 moles |
Moles of N, at equilibrium = (1 —0.4) = 0.6 moles CA

Moles of NH; at equilibrium = 2(0.4) = 0.8 moles

Total moles at equilibrium = 4 — 2(0.4) = 3.2

Py, = =2 % 100 = 56.25atm ; Py, = == x 100 = 18.75atm; Pyy, = -2 x 100 = 25.00atm ;,
3.2 2 3.2 2 3.2

2
2 2 A
= o) 2 _ 4 87 % 10-*atm=2 e
PNZX(P’IZ) 18.75%56.25

4CA = Cy = 03 scores

p
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(b) How the equilibrium system is affected by:

i.  Passing equilibrium mixture through hydrochloric acid.
According to’Lechatelier’s principle, the concentration of ammonia decreases as it reacts

with the hydrochloric acid to form ammonium chloride. Therefore, more nitrogen react

with hydrogen in order to replace the ammonia being removed, so as to keep the

Q P
equilibrium constant value the samef{"quilibrium therefore shifts from left ¢ right

and equilibrium constant value remains unchanged. The rate of attainment of

/I(

Since there is a decrease in the number of particles in the

equilibrium decreases

reaction vessel.

ii.  Introducing a catalyst.
According to’Lechatelier’s principle, introducing a catalyst(fi nely divide iron), has no

effect on pos1tlon’/f equilibrium and no effect on the value'o/fequzllbrlum constant but

only alters the rate of backward and forward reaction equally. A catalyst therefore
719

increases't/he rate of attainment of equilibrium by decreasing the activation energy

needed for hydrogen and nitrogen to combine producing more and more ammonia gas..

ii. Increasing temperature.
According to ‘Lechatelier’s principle, Since the reaction is exothermic (AH = -92
T

kJ/mol), increasing temperature adds heat. The equilibrium shifts from right to the left
T\

to absorb the added heat. The value of Kp decreases, because for exothermic reactions,

increasing temperature reduces the equilibrium constant. The rate increases initially,

because higher temperature gives molecules more kinetic energy, increasing collision

frequency and energy, though less NH3 is produced at equilibrium.

iv.  Increasing pressure.
According to’Lechatelier’s principle, the reaction involves a decrease in gas molecules

(4 = 2). Increasing pressure shifts the equilibrium from left to the {ght favouring the

formation of SO3, to reduce total pressure. The value of Kp remains constant/because

pressure changes do not affect Kp (only temperature does). The rate of attainment of

R
equilibrium rate increases,/because higher pressure increases the frequency of

molecular collisions, speeding up both forward and reverse reactions.
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(c) Calculate the pH of the solution obtained. (K, = 1.8 X 10~ 5moldm™3).
NH;(g) + H,0(0) = NHj(aq)+ OH™(g)

—
_ IVHJIOH ] o iNpt) = [OHT] and INHa) = 0.01M

INH3]

o=

o1 ]2

Ky = ——;
b~ INH]

/LA
+ [OH7] =+/1.8 X 1075 X 0.001 = 1.34 X 10~*M

pOH = logyo[0H™] = logyo(1.34 x 10~} = 3.87,/°4

pH = 14_p0H

LA

K, = 14—-387=10.13 7 3CA = (3 = 02 Scores

(d) How the buffer system works.

fi
Ammonium chloride is a strong electrolyte hence fuIIy‘i/onises tg: form ammonium ions and
T

chloride ions. Ammonia is a weak base hence only slightly ionises and its ionisation is

suppressed by the high concentration of ammonium ions from the salt.

NH,Cl(aq) — NH{(aq) + Cl™(aq)

NH;(g) + H,0(I) = NHj(aq) + OH (aq)

T
The solution therefore contains a high concentration ﬁammonium ipns and a high

concentration of unionised ammonia molecules. When a small amount of acid 9 }qdded, the
L

. . . . . . 2 |4 .
hydrogen ions react with ammonia molecules to form ammonium ions, resisting a decrease in

pH.NH3(aq) + H"(aq) = NH;(aq)

When a small amount of base is added, the hydroxide ions react with ammonium ions to form

. . . . Ti
ammonia molecules and water, resisting an increase in pH./

NH{ (aq) + OH™ (aq) — NHs(g) + H,0(1) 4f, = F; = 04 Scores

(e) Environmental impacts of the gaseous or aqueous equilibria and t Bﬂﬂi mitigations.
e Ammonia gas is highly soluble in water and lead water pollution causing

eutrophication and damaging aquatic Iife.‘ﬁiltigated by using scrubbers or filters

m
in industrial emissions to filter gaseous waste before disposal. /a

e Ammonia gas also lead to severe respiratory damage at high levels when

exposed to it for a long time. Mitigated by using it in well-ventilated areas, stored

securely, monitored for leaks, and handled with protective gear.

di + de + dm = D; = 03scores
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Item 2

A recent technical brief from Namanve Metals & Ceramics Corporation (NMCC), a rapidly
expanding Ugandan manufacturer of refractory linings and water-treatment chemicals,
revealed that the company is designing a high-temperature resistant coating for industrial
furnaces used in steel rolling mills in Jinja and Tororo.

The project requires evaluating aluminium oxide and sodium fluoride, in order to make best
choice of the most stable substance during formation to apply in ceramics, abrasives, and
furnace linings.

At the same time, to select a substance in which temperature control depends on dissolution
in water to use as a cooling and stabilising agent in chemical preparation units. The research
division has sourced pure aluminium from scrap recycling operations in Namanve and
oxygen gas from Uganda Oxygen Ltd. Sodium and fluorine also have been sourced from
Lake Katwe in Kasese.

Thermochemical data obtained from an industrial materials report show the following values

Al(s) — Al(g)  :+330 kJ mol™ Na(s) - Na(g) : +109 kJ mol™
Al(g) — Al*(g) + e~ :+578 kI mol™ Na(g) » Na*(g) + e~ : +494 k] mol™
Al(s) — Al?*(g) + 2 e~ : +1820 kJ mol™* F,(g) » 2F(g) : +158 kJ mol™
Al(s) — Al3*(g) + 3 e : +2750 k] mol™ F(g)+ e = F(g) : —328 k] mol™

2413 (g) 4+ 30%7(g) — Al,05(5):=15346.5k) mol™ | Na(s) + %F,(g) » NaF(s): — 569 kj mol~!
10,(g) = 0(g) :+249 kJ mol™! Na*(g) + (aq) = Na*(aq) : —406 kjmol™*
0(9)—>07(g) :—142KkJ mol™ F~(g) + (aq) » F~(aq) : —505 kjmol™*

0(g) = 0% (g) :+798 kI mol"!

Preliminary tests by NMCC’s laboratory team indicated that dissolution of NaF produces a
measurable temperature change. To ensure that the chosen materials are safe, energy-
efficient, and suitable for industrial use, the technical manager has invited you.

Task
As a student of chemistry, help the manager;

(a)  Analyse the data to construct an energy level diagram for the changes in the:

(i1) Formation of aluminium oxide.
2483*(g) + 30(g)

7
(3 x 249) |38m1,,, (3% —142) | 30H, 5 248+ (g) + 30%~(g)
3 3 x 798) | 34H
248+ (g) + 20,(g) 24P () & 30-(3) i

(2 x 2750)| 22H,, V" 5

2AI% () + ~0,(g)
(Zx1820) $24H,,; ¥

24l () + 30,(a)

11.E

_ v
24l(g) + §0-7((ﬂ (—15346.5) |AH 44 pice
(2 X 330) ZAHazm.Al /
241(s) + 30,(g)

(2 x578) f24H

0
AHf a1,04

AL, 03(s)

Y Y

8+ = Ec; = 04scores
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(i) Formation of sodium fluoride.
Na*(g) +F(g)

1 /
1
(37 158) |5 a1 & (=328) | aH

1E A

Na*(g) + F>(g Na(s) + F~(g)

(499 | an,, v~

Na(g) + iF,(g)

A
(109) AHatm.Al/ AHpattice

Na(s) + 1F,(g)

—569 | AH ¢ nar

NaF(s)

5v = Ec, = 02scores

(b)  Use the energy cycles constructed to calculate; Ec, + Ec; = Ec = 06 scores
(i). Enthalpy of formation of aluminium oxide.

From Hess' law;

(] —
AH®( 1,0, = 28H i + 24H,;p + 2AHy +24H | +3AH  +3AH  +3AH  +AH

atm,0 1EA 2E4 .

A
AH®f 41,0, = (2 X 330) + (2 X 578) + (2 X 1820) + (2 X 2750) + (3 X 249) + (3 X —142) + (3 X 798) + (~15346.5) v/

A
« AH®f p1,0, = —1675.5kjmol ™ s

2CA =C, =02 Scores

(ii). Lattice energy of sodium fluoride and its enthalpy of solution.
From Hess' law;

+
AH®; yop = AHgpmay + AH,,  + EAH +4H  +AH

BDEF 1E4L A Latti

1 A oty A
AHjgprice = —569 — (109 +494 +=x 158 — 348) = —923kjmol

2

AHgopution.NaF = AHLattice + Athdratian.NaF

A]'lSalutian.NaI~' = AHLattice.NaF + (Athdratian_Na+ + Athdration.F’ )

CA
AHgopution.NaF = 1923 + (_406 + _505)/

LA
~ MHgoutionNaF = +12kjm01_1/ 4CA = C5 = 04 Scores
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(¢) (i) Evaluate the industrial usefulness of the two systems to advise the manager
which substance is most suitable for furnace lining and cooling applications,
giving reaso’ggu

Aluminium oxide is the best choice for ceramics, abrasives and furnace linings due to a very

ET
large exothermic'énthalpy of formation of —1675.5kjmol™Y, thus extremely thermal

dynamically stable, heat-resistant and chemically inert.

Whereas:
Ep Er

Sodium ﬂuor"{de can be choosen for cooling applications due to it endothermic

enthalpy solution of +12kjmol™! , meaning it absorbs a heat from surrounding

equipment when dissolving in water. However, its cooling effect is small because of

low heat absorption.

(ii). State any other importa:}lyndustrial use of aluminium oxide.
o Used lectrical In%l i electrical and el i devices: d d

electrical resistance and heqt stability.
U

e Production of Aluminium Metal dyring the electrolytic processes due to its high purity .

e Used as a catalyst in petroleum refining and chemical manufacture due to its high

surface area and chemical stability. 2Ev + 2Er + 1U = E,; = 05 Scores

(d)  Suggest the possible impacts and yﬂlﬁgations of the substances to the environment.
e Aluminium Oxide can contaminate soil if waste powder poorly disposed. Since fine

e
particles are insoluble they settle in soil, altering pMedduce plant yields. Mitigated by

m
recycling waste powders and using dust filter systems. /a

e Sodium Fluoride leads to water pollution when in high amounts. Since fluoride ions

are mobile and toxic to plants, aquatic organisms, and wildlife, and can corrode

infrastructure. Mitigated by proper wastewater treatment before releasing it to

surroundmg water streams. 1di + 1de + 1dm = D2 = 03 Scores
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SECTION B

Part1

Attempt One item in this section
Item 3
A manufacturing company in Uganda, Victoria Industrial Chemicals Ltd, produces industrial
grade materials for construction, ceramics, and high-temperature processes. The company has
been advised that substances suitable for furnace linings, kiln refractory materials, and heat-
resistant construction components must have high thermal stability and bonding character.
The engineering department is evaluating two types of available compounds from Period 3
elements: oxides and chlorides, to select the most suitable materials for industrial applications.
The baseline requirement is that a suitable substance must remain solid above 1400 °C, must
have strong ionic bonding, and be mechanically stable under operational conditions. The data
provided for Period 3 oxides and chlorides are shown below:

period Period 3 chlorides and oxides

Chlorides NaCl MgClL, | AICL SiCly PCl, PCl;s S CL
Oxides Na:0 | MgO | ALOs | SiO: P,06 P,0yy | SOs Cl0Oy
Melting pt of chlorides/°C | 808 714 192 -68 -92 160 -76 -80
Melting pt of Oxides/°C 1275 2827 2007 1607 24 560 30 —91

The engineering team requires a comparative analysis of oxides and chlorides to determine
which compounds are most suitable to serve the purpose.

They seek guidance on which properties make a substance “good”, and how to evaluate
graphs in melting points of the available compounds to explain frends in order to guide
selection of suitable compounds for the intended industrial purpose, and to predict the likely
melting point and industrial suitability of an oxide of element X between Al,Os and SiO,.
Task

As a chemistry student, make a write up you will use to help the company.

Item 4

Kilembe Kilembe Chemical Works Ltd, Kasese, is studying how bonding and molecular
structure affect the properties and industrial uses of compounds in fertilizers, water
purification, and plastics and ceramics manufacture. The compounds include water, ammonia,
phosphorus trichloride, phosphorus pentachloride, carbon tetrachloride, tin(II) chloride,
tin(IV) chloride, and nitrate ions. It was reported that some, like carbon tetrachloride and
phosphorus trichloride, are liquids and insoluble in water, while water and ammonia are
highly soluble with strong intermolecular attractions. Tin(II) chloride conducts electricity
when molten, whereas tin(IV) chloride does not.

The manager seeks information on molecular shape, bond type, and bond angle, and how
these explain bonding type account for differences in melting point, solubility, and electrical
conductivity. Compare boiling points and solubility of water and ammonia to those of
phosphorus trichloride, phosphorus pentachloride and carbon tetrachloride. Compare
electrical conductivity and melting points of tin(Il) and tin(IV) chloride. And evaluate
environmental impacts of nitrate ions in fertilizers. You have been contacted for assistance.
Task;

As a chemistry student, make a write up you will use to help the company.
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Part I1
Attempt One item in this section

ITEM S

Nile Chemical Industries Ltd, a chemical manufacturing firm located in Jinja, produces a
range of organic-based materials used in plastics, fuels, solvents, and disinfectants. In one of
its experiments, 20.0 cm?® of a gaseous hydrocarbon W was exploded with 150 cm® of excess
oxygen. After complete combustion, the residual gas measured 110 cm?®, and when
concentrated potassium hydroxide solution was added, the volume further decreased to 30 cm?

The company noted that ozonolysis of W produced only one compound and that W readily
decolourised bromine water. These findings prompted the research team to seek a deeper
understanding of W and its possible industrial applications in the synthesis of propan-1-ol,

benzoic acid, {Qma” }, 1,2-dibromopentane and 1-chlorobutane.

The company seeks a comprehensive evaluation: to determine the formulae of W, draw and
name all possible isomers, identify W with reason(s), and illustrate the mechanism for the
reaction between W and bromine water. Additionally, confirm the identity of the gas absorbed
by potassium hydroxide solution, predict the functional groups of resulting organic
compounds, describe synthetic pathways to related products, and assess the environmental
impacts of producing above compounds in industry. You have been contacted for assistance.
Task:

As a student of Chemistry, prepare a presentation you will use upon invitation.

ITEM 6

Albertine Oil Fractionation Ltd, an industrial chemical company in the Albertine region,
produces fuels, solvents, and organic feedstocks for plastics and chemical synthesis. During a
research study, an organic compound P was isolated from a distillation fraction. Complete
combustion of a sample of P yielded 8.8 g carbondioxide and 1.8 g water, while 0.100 g of P,
vapourised at 273°C and 734 mmHg, occupied 4.46 x 1072 dm?. Ozonolysis of P followed by
hydrolysis produced a mixed Q of two different compounds, and P was observed to react
readily with bromine and concentrated sulphuric acid. The company is exploring industrial

applications of these compounds for synthesis of prop-2-yn-1-ylbenzene {QOHZc’:‘CH } a

component in manufacture of new drugs, benzene { <o }solvent, and {QCH?CH?CH’OH
}chemical feedstocks.

The manager seeks to know the formulae of P, all possible structural isomers, identity of P
with reasons, deduce the structure and functional groups of mixture Q, illustrate mechanisms
for reactions of P with bromine and concentrated sulphuric acid, , outline synthetic pathways
from Albertine oil fractions P to synthesis industrial compounds stated, and evaluate the
environmental impacts of producing compounds in industry and their mitigations. You have
been invited to help the manager.

Task:

As a student of Chemistry, prepare a presentation you will use to help the company.
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THE PERIODIC TABLE

112 314151678
1.0 1.0 [ 4.0
H H | He
1 1 |2
6.9 |9.0 10.8 | 12.0 | 14.0 | 16.0 | 19.0 | 20.2
Li Be B C N O| F Ne
3 4 5 6 7 |8 9 110
23.0 1243 27.0128.1|31.0]32.1|354 40.0
Na | Mg Al Si P S] <l Al:
11 12 13 14 |15 |16 17
18
39.1]40.1 | 45.0 | 47.9 1 50.9 | 52.0 | 54.9 | 55.8 | 58.9 | 58.7 | 63.5] 65.7 | 69.7 | 72.6 | 74.9 | 79.0 | 79.9 | 83.8
K| Ca Sc Ti V] Cr| Mn| Fe] Co| Ni| Cu|] Zn| Ga| Ge]| As Se| Br| Kr
19 120 J21 22 |23 J24 |25 J26 |27 |28 29 |30 131 |32 |33 134 |35 |36
85.5]87.6188.9]191.2]929]959]98.9]101 | 103 | 106 | 108 | 112 | 115 | 119 | 122 | 128 | 127 | 131
Rb Sr Y| Zr| Nb| Mo| Te| Ru| Rh| Pd| Ag] Cd In|{ Sn| Sb| Te Il Xe
37 138 |39 40 41 | 42 | 43 |44 45 | 46 47 |48 |49 150 |51 |52 |53 |54
133 | 137 | 139 | 178 | 181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 | 209 | 209 |210 |222
Cs| Ba| La| Hf| Ta|] W] Re| Os Ir|] Pt| Au| Hg| Ti| Pb Bi|] Po| At] Rn
55 |S6 |57 |72 |73 |74 )75 |76 |77 |78 |79 |80 |81 82 |83 |84 |8 |86
223 | 226 | 227
Fr| Ra] Ac
87 |88 |89
139 1140 | 141 | 144 | 147 | 150 | 152 | 157 | 159 | 162 | 165 | 167 | 169 | 173 | 175
La| Ce] Pr|{ Nd| Pm| Sm| Eu| Gd| Tb| Dy| Ho| Er| Tm| Yb| Lu
57 |58 159 |60 Je61 62 |63 |64 65 |66 |67 |68 |68 |70 |71
227 1232 | 231 | 238 | 237 | 244 | 243 | 247 | 247 | 251 | 254 | 257 | 256 | 254 | 260
Ac] Th| Pa U| Np|] Pul] Am| Cm| Bk] Cf] Es| Fm] Md| No| Lw
89 190 191 92 193 94 95 196 |97 98 99 ]100 j101 jJ102 J103
END
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Trend in Melting points across period 3 oxid(;sz Tr,

Generally, melting point increases from sodium oxide to magnesém oxide and then reduces to
Chlorine (VII) oxide.

Reason; Ry

Sodium oxide, magnesium oxide and aluminium oxide have giant ionic structures whose ions are
held by strong ionic bonds. Melting point incre.a);é&lfrom sodium oxide to magnesium oxide
because magnesium oxide has a higher product of charges than sodiumrtoxide. Melting point
decreases from magnesium oxide to aluminium oxide because the aluminium ion has a small
ionic radius, very high charge density ﬁnd high polarising power, making aluminium oxide
less ionic. Silicon(1V) oxide has a gian&c{)v]alent stjpcture in which each silicon atom is bonded
to four oxygen atoms making very many strong cgfglent bonds that require a high amount of
energy to break. Phosphorus pentoxide, sulphur trioxi'nggnd Chlorine(VIIl) oxide have simple
molecular structures whose molecules are held by weak van der waal’s forces of attraction
whose strength decreases with decrease in polarity of the molecules as a result of increase in
electronegativities of the atoms bonded to oxygen.

Irregularities; /Rl

MgO has higher melting point than Na;O becau it has stronger ionic bonding due to smaller,
doubly charged ions, giving it a much higher lattice energy than Na,0, whose ions carry only
single positive charges and have larger interionic distances. Ry

P4010 has higher melting point than P40s, beucause it has a larger molecular size and
stronger van der Waals forces that require more energy to be overcome than those in the
smaller P40¢ molecule.

Trend in Melting points across period 3 chlorides;

Melting point of the chlorides generally decreqs*é?fém sodium chloride to dichloride.

Reason; R,

Sodium chloride and magnesiu loride have giant ionic structures held by strong ionic bonds
which require a high amounl of energy to break. The decrease in melting point from sodium

MgCl,
@

P,01q : . e o o P ; :
Melting point(°C) chloride to magnesium chloride is because magnesium ion, has a smaller ionic radius, higher

of Oxides

500 Melting point(°C)

-500

-1000

-2000

of chlorides

clL,0,

cl,

10

11

12 13

14

15

16

Atomic Numbers /

17 18

Gry + Gr, = Gr = 05score

charge density and higher polarising power than sodéim%“on making maggesium chloride less
ionic than sodium chloride. Aluminium chloride has a lower melting %)%izt than magnesium
chloride because among the cations, the aluminium ion has the smallest ionic radius, a very high
charge density and high polarising power. Aluminium chloride is therefore predominantly
covalent. Silicon tetrachloride is covalent and its molecules are h ]@:5 by weak Van der Waals’
forces of attraction aym; require a low amount of energy to bfélk hence a low melting point.
Phosphorus trichloride has a simple molecular structure thus a low melting point. Disulphur
dichloride and dichloride form simple molecular structures held by weak Van der Waals' forces of
attraction.

Irregularities;
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R3
Phosphorus pentachloride has an abnormally‘/high melting point because at ordinary
temperatures it consists of PCL} + and PCl} ions hence exhibiting ionic character. /R2
Try + Try + 4Try + 4Tr, = T, = 08scores

MARKING GUIDE

S.5 CHEMISTRY EOY SET 2 TERM IIT ASSESSMENT 2025
4. | Molecular shape, bond type, and bond angle;

Evaluation and choice; Es
Both period 3 metal oxides and chlorides exhibit ionic C)‘gracters, due to their very high melting
points, which indicate strong electrostatic forces between metal cations and chloride anions.
However,
The Period-3 oxides are far better substances for furnace linings, kiln refractories and heat-
resistant construction than tje,chlorides because oxides such as MgO (m.p. 2827 °C), Al,03 (2007
°C) and Si0, (1607 °Cl'remain solid well above the 1400 °C baseline and are thernydi
dynamically stable.
They have high melting points due to very large lattice energies and strong network covalent
bonding.
Whereas;
The metal chlorides (NaCl 80&;}’@d(MgClZ 714 °C),(AICl; 192 °C), and the moleculapkhlorides of
non-metals have low meltin§ points and are volatile because they are siniple covalent
molecules; therefore they fail the >1400 °C requirement and unsuitable for high-temperature
structural use.

1E; + 3E,; = E,, = O4scores

Prediction of melting point, nature and industrial suitability of chloride X;

The oxide of element X, lying between Al:Os and SiO: will likely have a melting point between 1607
°C and 2007°C, approximately ]85()°Qpr Pr

Its bonding is expected to bean oxide with mixed covalent dﬂl ionic bonding rather than a purely
ionic or simple molecular structure.

Industrial suitability: Pr

such an oxide would be suitable for high-temperature applications (furnace linings, kiln
refractories, and heat-resistant ceramics) because it meets the >1400 °C requirement and offers good

thermal stability.
3Pr = P, = 03scores
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Name of Molecular structure Name of Bond type Bond
substance molecular shape angle
L0 Mi bentshape/ Polar covalent 104.5° SAi
Water /14‘0‘2\,50 V-shape v B 4
H H
Phosphorus trigonal /Ni Polar CovalentBi 107° "
trichloride pyramidal e e
sV ~ 90°and
Phosphorus trigonal Covalent Bl 120°, .
pentachloride bipyramidal /Al
1 Mi
109.5° 4 i Nomool 109.5°.
Carbon | tetrahedral SN on-polar  _pj .
tetrachloride cl c cl covalent v Ve Al
Cl
- lonic o
Sn Mmi Bentshape/ . 95 .
Tin(1I) chloride M s Veshape NT - yith covaleryBl /AL
cl 950 cl character
Cl
|4L109.5° tetrahedral P lent Bi 109.5
Tin(1V) Ni Purecova ent /Bl .
— A
chloride cl S|n CI./ML' 4 v’ '
Cl
N : i Polar covalent 107°
p . N trigonal Ni Bi /Ai
mmonta H 107 HMi pyramidal
= H =
:0: Covalent 120°
trigonal planar i with resonance ;
. . 0 i Al
Nitrate ion — L@ /Ml 4 delocalizatioryBl /!
:é/ 9
9Mi + 9INi + 9Bi + 9Ai =V}, = 08scorers
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Account for differences in melting point, solubility, and electrical conductivity;
The differences in solubility, melting point, and conductivity among these compounds are

due to the type of bongding and molecular structure. R
Ionic compoundsvﬁngt’lz, nitrate salts) have high melting points'ﬁuj conduct electricj
when molten or in solution, while covalent molecular compounds (CCl,, PCl;, SnCL,)’ﬂave
low melting points, arg 3non-conductors, and are insoluble in water. R3
Hydrogen bondinﬁ water ang, ammonia leads to strong intermolecular attractions,
giving them higher boiling pointyfhaSn similar covalent molecules like PCl; and PCls.

3R3 = R3 = 03scores

Comparison of boiling points and solubility of water and ammonia to those of
hosphorus trichloride, phosphorus pentachloride and carbon tetrachloride;

Water is a bent polar molecule with an angle of 104.5°, and ammonia is trigggg!tpyramidal
with an angle of 107° both have polar covalent bond%gnd form hydrogen*bonds between
molecules. Hydrogen bonding gives them high boiIing'ﬁoints and makes them highly soluble
in water.

In contrast, PClz (trigonal pyramidal, 107°) and&’Cls (trigonal bipyramidal, 90°§z 120°) are
covalent and cannot form hydrogen bonds./f1 hé‘j/ have low melting points;/aréL liquid or
volatile solids, and do not dissolve in water because they hydrolyse, producing HCI and
phosphoric acids.

3R, = Ry = 03scores

Tin(1l) chloride (SnCl;) is ionic with some covalent characteryforging a bent structure
(#95°) and a solid at room temperature. It conducts eIectricityvﬁ &n molten because it
contains mobile ions (Sn** and CI"). Rs
Tin(1V) chloride (SnCly), on the other hand, is tetrahedral (109.5cﬂsand purely covalent,
existing as a molecular liquid that does not conduct eIectricity/fts weak molecular forces
give it a lower melting point than SnCL,.

3Rs = Rg = 03scores

R3 + R4 + R5 = R = 09scores

MARKING GUIDE
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Formulae of W;
CHy(9) + (x +3) 02(9) —— xC0,(9) +3H, 0(g)
Volume of hydrocarbon = 20cm? 4
Volume of carbon diode produced = 110 — 30 = 80cm3 ’ /C
Volume of oxygen used up in reaction = original volume — volume Ynreacted
=150 — 30 = 120cm?
Volume of hydrocarbon X x = volume of carbondioxide
= 20x = 80 )
ax = 80/20 =4
A
Also volume of hydrocarbon X (x + %) = volume of oxygen used up> /C
=20(4+%) =120
wy=(6-4)x4=38
~ The formulaof Wis C4Hg /CA
Possible isomers, identity of W with reason(s)
CH3CH2CH = CHZ
CH3;CH = CHCH; A
Since ozonolysis of W préduced only one compound, it indicates that it has a symmetrical carbon-
carbon double bond.

J

1,04, CCL,, < 20°C
N
2.H,0,Zn, CH;COOH

/CA
Therefore, Wis CH3CH = CHCH3 but-2-ene

CH3;CH = CHCH; 2CH3CHO , One compound produced is ethanal

Comfirmatory Test for Carbon dioxide; /I
If the gas is CO,, KOH will absorb it so the limewater remains clear (no milky cloud), because
CO, was removed by the KOH beforehand. But the gas is not absorbed by KOH, the limewater will
still go milky. o/~ g

5CA + 2] =F = 06 Scores

Evaluation of the environmental impacts of using nitrate ions in fertilizers;

In fertilizer use, nitrate ions (NOs~) improve plant growth.

However when overused, cause environmental pollution since Nitrates are highly soluble
and can leach into groundw’%tgg, causing eutrophication aﬁ‘gloxygen depletion in water
bodies, leading to fish deathsvand blue-baby syndrome in humans. Mitigated by controlled,
fertilizer application, and use of organic manure.

1di + 1de + 1dm = D3 = 03 Scores
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Mechanism for reaction between W and bromine water;

Bra/H,0
CH;CH = CHCH; u) CH;CHBrCH(OH)CH; + HBr
Mechanism

Br+H,0 ~———= HOBr + HBr OH

+
CH3; CHfCHCH; ———> (CH3 CH—(HCH; —> CH3CHCHCH;
K Br

| Mc
st s _Mc Br _ v
Br—GOH/ OH

2Mc = Mc = 02 Scores

Synthetic pathways to related products;

COOH
}

’

Benzoic acid,{
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/Sl /Sl Si
(1] .
CH;CH = CHCH, —102CClu<200C oy cyo — LA Y0 cH,cH,0H2 5% Ly ¢ = cH,
2.H,0,7Zn, CH;COOH dry ether 180°C
Br, /Sl
ccl
\
BrCH,CH,Br

heat |Excess KOH|
Ethanolgj + S, |= 05

)
HC = CH

300 — 400°C |Fe(s) Si
. J %

COOH /5 L CH, /S i
MnO; (aq)/H* (aq) CH,Cl
- -
heat AlCly O

1.05,CCl, < 20°C LiAlH, Y conc¥H,S0, |
CH3CH = CHCHy5 - 5= 250 CH3CHO —Zo—n = CH3CH, OH 80°c ~ H2C = CH; ¢l ccz CH, ?H
Excess KOH /ethanol Si Br

heat

HC = CH

Na(s)/LinH3l /5 i lsi e
C

1,2-dibromopentane;

CH,CH,CH,Cl
CH3CH2CH2C =

Si
Si lindlar's catalyst l/

Br,
CH3CH,CH,CHBrCH,Br ﬁ CH3CH,CH,CH = CH,

1-chlorobutane; Si Si Si
i
szﬁf+ OH Conz/Hz 0, HCl /
CH4CH = CHCHy — 2y CH3CH, CHCH vl CH, CH, CH = CH, —pa—> CHa CH; CH, CH,Cl 5| 01

S1+ 8, +85; =5 =11 Scores
Environmental impacts of producing above compounds in industry;

When burnt, they give off poisonow@yses such as carbon monoxide (CO), carbon dioxide (CO),
hydrogen chloride (HCI), and hydrogen bropide, hence lead to air pollution, acid rain,
respiratory problems, and global warming./#ze acid gases can also corrode metals and destroy
plant leaves. Mitigated avoid open-air burning and instead use safe chemical disposal
methods../dm

1di + 1de + 1dm = D; = 03 Scores
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MARKING GUIDE

S.5 CHEMISTRY EOY SET 2 TERM III ASSESSMENT 2025

Formulae of P ;
Mass of carbondiode formed = 8.8g and mass of water formed = 1.8

massofcarbon—i X 8.8 =2.4g

mass hydrogen = E x1.8= 0.2¢g

Element C H \
%composition 2.4 0.2
Mol 24 0z

oles o f > /CA
=0.2 =0.2

Simplest ratio 0.2 0.2
0.2 0.2

=1 =1 y

~ Empirical formula is CH
Mass of p vaporised = 0.100g
At a Temperature T = 273 + 273 = 546K

At a Pressure P = (% X 1) atm

At a Volume V =446 X 1072dm3
Note: 1.we use; R = 0.0821 L - atm/(mol - K), when, P is in atm and V is in litre/dm3
2.we use; R = 8.314 ] /(molK),when, P is in Pa and Volume is inm 3
Fromideal gas law PV = nRT
PV = ZRT
mRT 0.100 x 0.0821 x 546 4.48266

"TRV T (B x1)x446x 102 004307 9 1

= (CH),, = 104
(12x1xn)+(1x1xn)=104 J
13n =104

n=%_g oA

13
~ Molecular formula is CgHg

Structure and IUPAC Name;

CH=CH, A
O - e
ethenylbenzene

Structural isomers;
P has no other strural isomers. /

Identity of P and mixture Q;
CH=CH, 1.0,,CCl, < 20°C OCHO + HCHO
O 2.H,0,7n, CH;COOH
o
Q is a mixture of benzylaldehyde and methanal with functional group —!‘!—H
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5CA+ 21 =F =06 Scores

Mechanisms for reactions of P with bromine and concentrated sulphuric acid;
With concentrated sulphuric acid;

0S05H
CH=CH2 H,S0,, CHCH3
< 15°
Mechanisim
0SO3H
ot Ot e ™
Mc
—V)SO3H/ 0SO05H /
With bromine;
l|3r M. =5 02
OCH=CH2 Br, OCHCH3
, I
OCHT::-IZ ©iHCH3 @CHCH3
r—vsr JBr ¥
4Mc = Mc = 02 Scores
Synthetic pathways from Albertine oil fractions P to synthesis industrial compounds ;
Prop-2-yn-1 ylbenzene /si Si
CH=CHy_ nct o N CHICH,Clion fofangt N/ CHICHICN 1,0,/ A CH,CH,COOH
ROOR heat warm
LiAlH, /Si
dry ether
CH,CH,CH,0H
@ S, =05
conc. H,S0,
180°c  SI
_ /5 Gl o5 / .
CH,C=CH Excess KOH /ethanol CH,CHCH,CI ct{ CH,CH=CH,
B T —— -~
heat O CCly
Benzene; Si Si Si
CH=CH, 1.0, ccI ,‘</zo°c CHO 0‘-/ H* COOH v S; =01
O e () e (7 e 3
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3-phenylpropan-1-ol; g; Si Si

v
OCH:CHZ HBT/ OCHZCHQBF KCN Jethanol OCHZCHZCN H,0/H* CH,CH,COOH
—oor ™ =
ROOR het warm
LiAlH, /Sl
dry ether
OCHZCHZCHZOH
S1+8,+5;=5=03Scores

5, = 05

Environmental impacts of producing above compounds in industry;
i

When burnt, they give off poisonous gases such as carbon monoxide (CO), carbon dioxide (CO;),
hydrogen chloride (HCl), and hydrogen bro;n}qpe hence lead to air pollution, acid rain,
respiratory problems, and global warming/ The acid gases can also corrode metals and
destroy plant leaves. Mitigated avoid open-air burning and instead use safe chemical
disposal methods. m

1di+1de+1dm=D3=03 Scores

END
2025
It is All about mindset change
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21/, hours

PRE-REGISTRATION ASSESSMENT 2026
Uganda Advanced Certificate of Education

FOR EXAMINER’S USE

ONLY

CODE [ SCORE

S.6 CHEMISTRY
Paper 1
Set |
2 hours 30 minutes
INSTRUCTIONS TO CANDIDATES:
This paper has two sections A and B.
ITEM

Section A has two compulsory items while B has two parts
Part I and Part 11
Each of part I and part II has two items, Answer only one 1
from each.
Answers to Section A must be written in the spaces provided
and Section B must be written in the answer booklet(s) 2
provided
Answer four in all.
Where necessary use,

3/4
Molar gas volume at s.t.p = 22.4dm’

5/6

TOTAL

Tr.Julius Wasakina 0787093081 g1m
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SECTION A
Answer all questions in this section
ITEM 1
PhosGuard Industries manufacture phosphorus-derived reagents used in water treatment to
remove heavy metal poisoning. Part of their continuous firing reactor line handles
phosphorus(V) chloride (PCls) as an intermediate. The safety team performs gas phase
equilibrium checks to ensure plant safety and downstream water treatment compatibility.
A gas phase equilibrium test was carried out by introducing 3.60 moles of phosphorus(V)
chloride into a rigid vessel of volume 2.00 dm? at a given temperature. Analysis showed 1%
dissociation according to:
PCls(g) = PCl;(g) + Cly,(g) AH = +124 kJ mol™.
Using this information, the equilibrium constant Kc can be determined.
In a follow-up process optimization test, the company introduces an additional 0.050 moles
of chlorine gas (Cl.) into the same system at the same temperature.

A treatment test was carried out where 0.208 g of phosphorus(V) chloride (PCls) was
completely hydrolysed in 1.00 dm? of water, producing hydrochloric acid (HCI).
The acid produced supplies chloride ions (Cl7), which are then used to react with lead(Il)
ions (Pb?") in wastewater to form a precipitate, equations involved;

PCls (g) + 4H,0 (I) » H3PO,4 (aq) + 5HCl(aq)

Pb**(aq) + 2CI"(aq) — PbCly(s)

A sample of wastewater contains 0.020 mol dm™ Pb?*" ions. You have been contacted for
help.

Task:

As a learner of chemistry, guide the company on how to:

(a) Calculate the equilibrium constant Kc and comment on the extent of the reaction.
PCls(g) = PCl;(g) + Cly(g)

Initial moles 3.6 0 0
Moles dissociated/formed 36a 36a 3.6a /CA
Moles at equilibrium 3.6(1—a) 3.6a 3.6a
- , Hibre 3.6 3 36 36
2.0 2,0 2.0
Buta=1/,09=0.01¢
/100 L A
3.6(1-0.01) v 3.6 X 0.01 4 3.6 X 0.01
~ [PClsl = ———==1.782M; [PCl3]=—————=10.018M; [Cl,]=——F———=10.018M
_ [PCL5][CL,] moldm™ x moldm™3
¢ [PCl5] moldm =73
//CA
(0.018) . i
K¢ = ——=—=1.82x10"" moldm /CA

~The value of Kc is very small, hence equilibrium lies to the left and the reaction proceeds to a small extent.
A = C; = 03 scores;
(VA | Turn Over



(b)Determine the new equilibrium concentrations of all species during optimization test,
hence determine the direction in which the equilibrium shifts and explain your answer.

Moles of PCls = 3.6(1 —0.01) = 3.564; Moles of PCl; = 3.6 X 0.01 = 0.036
Moles of Cl, = 3.6 X 0.01 = 0.036; On addition of 0.050 moles of Cl, in the reaction vessel
~ new Cl, = 0.036 + 0.050 = 0.086 moles

Equilibrium shifts to the left to reduce excess Cl,; Let x be the amount reacting:
PCl3(g) + Cly(9) = PCls(g)

New Initial moles 0.036 0.086 3.564

Moles reacted/formed x x x

Moles at equilibrium (0.036 — x) (0.086 — x) (3.564 + x)

Concentration at equilibrium (0.036 — x) (0.086 — x) (3.564 + x)
2.0 2.0 2.0

672.33 + /(672.33)% — 4(5494.51)(9.882)

X

1.82 x 10~*  moldm~3 2(5494.51)
= 5494.51 mol~ 'dm° x = 0.1050or 0.0171
Ipegy 1
K¢ = __rRtsl x must be less than 0.036 and 0.086
tPetitet:

(cannot exceed initial moles),

<~ x= 0.0171 moles
At new equilibrium;
(3564 F0.0171)

U
/(0.036 = x)\ £(0.086 — 1)\

20 ) 20 ) [PCL] =

5494.51[(0.036 — x)(0.086 — x)] = 2(3.564 + x)

5494.51(0.003096 + x* — 0.122x) = 2(3.564 + x) | [PCl:] =

17.01 + 5494.51x% — 670.33x = 7.128 + 2x L.l — (0.086-x) _
5494.51x% — 672.33x + 9.882 = 0 e

=~ Equilibrium shifts to the left to reduce excess Cl,

introduced at equilibrium

5494.51 =

= 1.791moldm3;

ZU

0.00945moldm™3;

0.0345 moldm=3

(0.036-0.0171) _
o

9CA = C, = 06 scores;

y

(c) Explain what would happen to the equilibrium position, the equilibrium constant (Kc)
and the speed of attainment of equilibrium when the following changes are made:
i.  Increasing the temperature

According to’Le Chatelier’s principle, the forward reaction is endothermic (AH = +124

kJ/mol). Increasing temperature adds heat to the system, therefore the equilibrium shifts

from left to right to absorb the added heat, producing more PCl; and Cl,. The value of Kc

increases because equilibrium constant depends on temperature and increases for

endothermic reactions. The rate of attainment of equilibrium increases since higher

temperature increases kinetic energy and collision frequency of molecules. F'= 03 scores;

m3l Turn Over

ii.  Decreasing the pressure
According to Le Chatelier’s principle, the reaction involves an increase in number of

gas molecules (1 mole — 2 moles). Decreasing pressure shifts equilibrium from left to

right, favouring the side with more gas molecules to increase pressure. The value of Kc

remains unchanged because pressure does not affect equilibrium constant. The rate of

attainment of equilibrium decreases since fewer particles per unit volume result in

fewer effective collisions.

F = 03 scores;

iii.  Adding helium gas at constant volume
According to’Le Chatelier’s principle, helium is an inert gas and does not take part in

the reaction. Adding helium at constant volume does not change the concentration or

partial pressure of reacting gases, therefore the equilibrium position remains

unchanged. The value of KcK_cKc remains unchanged, and the rate of attainment of

equilibrium remains unchanged since there is no effect on reacting particles.

F = 03 scores;

(d)Advise the company on how to optimize operating conditions (temperature, pressure,
concentration) in order to, control equilibrium effectively, improve production efficiency
and ensure safety in handling phosphorus(V) chloride

o« High temperature increases yield of products but excessive heat may be

dangerous, therefore moderate temperature should be used.

o Low pressure favors forward reaction but must be controlled to avoid gas leakage.

« Continuous removal of Cl, shifts equilibrium to the right increasing production.

« Proper monitoring and closed systems prevent leakage of toxic gases like chlorine

and phosphorus(V) chloride.

04 scores;

(e) Calculate the maximum number of moles of Pb*" ions that can be precipitated by the
chloride ions present, Comment whether chloride ions are sufficient to completely
remove Pb*" ions from the wastewater.
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Molar massof PCle = 20859

0.208 g contain

08
== 0.0010 moles of PClg

From equation: PCls +4H,0 —» H3P0O,4 + 5HC1
1 mole of PCls produces 5 moles of Cl”
(0.0010 x 5)
U.00T0 moles of PCl; produce —————— = 0. 0050 7iioles of C1
From equation: Pb**(aq) + 2Cl~(aq) - PbCl,(s)
2 moles of CI” react with 1 mole of Ph**
0.0050

0.0050 moles of Cl” react with = 0.0025 moles of Pb**

1000 cm® a sample of wastewater contains 0.020 moles of Pb**

~. chloride ions remove only 0.0025 moles

- chloride ions are not suf ficient to completely remove Pb?*
(f) Suggest possible environmental impacts PhosGuard Industries should beware of and
propose appropriate mitigation measures.
Leakage of chlorine gas during processing can cause respiratory problems and air

pollution since it is highly toxic, hence hazardous to human health. This can be mitigated

by installing gas scrubbers and ensuring closed systems.

Discharge of acidic solutions into water bodies can lower pH and harm aquatic life. This

is controlled by neutralizing the effluents before discharge.

Improper disposal of lead compounds can cause environmental contamination specifically

soil pollution reduced fertility, plant yield associated food poisoning. This can be

mitigated by proper collection, recycling, and safe disposal of sludge.
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Item 2
A chemical processing plant plans to scale up production of propan-2-ol, an important
solvent used in sanitizers. Plant managers are evaluating two possible preparation routes, and
the management wants a full thermochemical assessment before commissioning either
pathway. Major preparation involves hydrogenation of Propanone:

0 OH

CHy(CHg + Hy(g) —,CHsCHCHS(1)
Alternatively, propan-2-ol can be obtained from hydration of propene:
OH
CH;CH = CH,(g) + H,0(l) ——— CH3},‘HCH3(I)

The thermochemical department has supplied the following bond energies and auxiliary
standard enthalpy information for use:

Bond / Data C=0 C=C c-C C-H Cc-0 O-H H-H
Value (kJ-mol™) 715.41 614.28 345.01 414.50 351.11 464.23 436.43
To inform decision making for the best preparation reaction the manager has been advised
by the expert that the best reaction must be feasible therefore you have been contacted for
help.

Task:

As a learner of chemistry, help the manager

(a) For each route, construct a Hess’s law energy cycle, using the thermochemical data.

(i) Hydrogenation of propanone (ii)Hydration of propene
0 - OH AHY,4 OH
CH3CCH3 + Hz(g)%.cyg‘cﬂcﬂg(l) CH3;CH = CH, + H,0(l) ——— -CH3;CHCH;(1)
£ A
2(CU—=1) (C _ C)
6(C — H)\ AHy AH, /‘C_O) (C =C)\AH, AH, (0—-H)
€="0) (O=H) 6(C = H) 7(C—=H)
(H-H) 7(C —H) 2(0 — H) 2(C-0)
\ 2(C-0C) \ Cc=0)
3€(g)+B8H{g) 36(g)+8H{e)

(b) Use the energy cycles above to calculate the enthalpy change for:
(i) Hydrogenation of propanone
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AH,‘_’,ydr = X bond energies broken — X bond energies made

AL7O ALT ALT
AH g ="4tH—4tH;

AHE 0 =[2(C=C)+6(C—H)+(C=0)+H-H]-[2(C=C)+7(C=H) +(0—-H) +(C-0)]

AHf =12 34501+ 6x 41450+ 71541 + 43643]
—[2%x345.01+7 X 414.50 + 464.23 + 351.11 ]

= 4328.86 — 4406.86

« AH, 4 = =78 kJmol™; .. Reaction is exothermic

(i) Hydration of propene

AHgydr = Y bond energies broken — X bond energies made
9
AHY 4 = AHy — AH,

AHf,ydr:[(C—C)+(C=C)+6(C—H)+2(0—H)]—[2(C—C)+7(C—H)+(0—H)+(C—0)]

AHSWT =[345.01 + 614.28 + 6 X 414.50 + 2 x 464.23] — [2 X 345.01 + 7 x 414.50 + 464.23 + 351.11 ]

= 4374.75 — 4406.86

AHZWH = —32.11 kJmol™%; - Reaction is exothermic

(c) Evaluate which preparation route is more feasible for large scale production of propan-
2-o0l in the factory.
According to thermochemical principles, a more feasible reaction is one that is more

exothermic (more negative AH) since it releases more energy and is energetically

favorable. Hydrogenation: AH = -78.0 k] mol™* while Hydration: AH = -32.11 kJ mol™*

..Hydrogenation of propanone is more feasible; This is because it releases more heat

energy, making it more favorable for large-scale production.
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(d) Predict any major environmental impact arising from the process and propose a realistic
mitigation measure for the impact.
Hydrogenation involves the use of hydrogen gas which is highly flammable. Leakage

during processing can cause explosions and fire outbreaks, posing danger to workers

and the environment. This can be mitigated by using airtight reactors and regular

monitoring of pipelines.

Industrial processes may release volatile organic compounds (VOCs) which contribute

to air pollution. This can be controlled by installing gas capture and treatment

systems to reduce emissions.

SECTION B
Partl

Attempt One item in this section
Item 3

Your chemistry class has been invited by a chemical plant management near Lake
Victoria to assist in identifying ways of optimizing the production of key industrial
compounds including sodium oxide, magnesium oxide and silicon dioxide used in
glassmaking and ceramics. The plant management has observed inconsistencies in
melting points and reactivity, which are affecting product quality and safety. You are
tasked with conducting a scientific investigation to analyze periodic trends of the
elements, compound properties, and molecular structures to recommend improvements.

Important chemical data of the findings about the elements and their compounds is
provided in the table below to assist in the analysis.

Atomic | Atomic Tonisation Melting Oxide
Element Number | Radius Energy Point (°C) | Melting
(pm) (kJ/mol) Point (°C)

Sodium (Na) 11 186 496 98 1275
Magnesium 12 160 738 650 2800

Mg)

Aluminium (Al) | 13 143 578 660 2072
Silicon (Si) 14 118 786 1410 1710
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Phosphorus (P) | 15 110 1012 44 580

Sulphur (S) 16 104 1000 115 Gas/Sublimes

Chlorine (Cl) 17 99 1251 -101 Gas/Gas
Task

As a chemistry learner, write a report about the periodic trends of the elements and their
oxides, and recommend improvements to the plant’s production processes.

Item 4

Uganda faces persistent challenges in rural electrification. Many communities rely on
unreliable and costly energy sources like diesel generators, kerosene lamps, and car
batteries. A Ugandan company is developing solar-powered micro-grids and has invited
your chemistry class to help identify suitable materials for solar batteries and wiring.
These materials must be affordable, corrosion-resistant, and durable under Uganda’s rural
conditions.

The company is investigating elements similar to those in Periods 2 and 3 of the Periodic
Table. The measured properties of selected elements are shown below:

Element | Atomic First Ionization | Electronegativity | Typical
Radius (pm) | Energy (kJ/mol) (Pauling) Bonding Type

Li 145 520 1.0 Metallic

Mg 130 730 1.5 Metallic

Al 110 1000 2.5 Metallic

Si 95 1250 3.0 Covalent

P 85 1500 3.5 Covalent

Task

As a chemistry learner;
Use your understanding of atomic structure, periodic trends, chemical bonding and the
information provided to propose suitable materials for solar batteries and wiring in
Uganda’s rural micro-grid systems
Part II

Attempt One item in this section
ITEM S
A certain town in central Uganda faces growing concerns over water pollution from agro-

processing industries, especially during the cocoa harvest season. Wastewater from cocoa
processing plants often contains organic matter including acids, and amines that can harm
aquatic life if released untreated.

A group of entrepreneurs is setting up a small plant to process cocoa husks, a by-product of
cocoa bean production, into value-added products. Chemical analysis of the husks shows that
they contain ethanol (from natural fermentation), ethanoic acid, small amounts of amines
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(from protein breakdown), and aromatic aldehydes such as vanillin(4-hydroxy-3-
methoxybenzaldehyde).
To address the water pollution challenge and create additional revenue streams, the team
plans to:
1. Determine the relationship between the structure of vanillin and ethanoic acid, and
their solubility.
2. Convert ethanol into amines for use in water treatment and cosmetics.
3. React ethanoic acid with ethanol to produce an ester for fragrances, and study its
reaction mechanism.
4. Evaluate the use of the esters and amines in producing fragrances and cosmetics
You have been tasked by your teacher to design feasible chemical processes, explain the
underlying organic chemistry, and propose sustainable solutions to help the plant reduce
environmental harm while maintaining profitability.

ITEM 6
In southwestern Uganda, a small cosmetics start-up is producing herbal skin-care creams

using locally sourced plant oils, such as shea butter and sunflower oil. The production
process generates significant amounts of waste plant oils and fats. These wastes are currently
disposed of into nearby drainage systems, causing blockages and foul smells, which has led
to complaints from the community and environmental authorities.
The company has approached a team of A-level chemistry students in your school to:
1. Analyse the composition of these waste materials, their functional groups and physical
properties,
2. Explore possible chemical processes to convert them into valuable products and their
mechanisms,
3. Design a synthetic route to convert compound C into compound D
4. Propose a sustainable chemical process to convert waste A into a useful, marketable
product that reduces environmental harm.
Analysis of a sample of the waste oil revealed the presence of a mixture of the following
compounds:

Compound Structure (condensed)
A CH3(CHz2)14«COOCH2CH(OH)CH-OH
B CH3(CH2);CH=CH(CH2)COOH
C CH:CH-CH.OH
D CHsCOCHs
Tasks:
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As a chemistry learner, give written presentation that addresses the company’s challenges

and outlines scientifically sound, sustainable solutions.

mllm
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THE PERIODIC TABLE

1 2 3145|6718
1.0 1.0 | 4.0
H H He
1 1 |2
6.9 ]9.0 10.8 ] 12.0 | 14.0 | 16.0 | 19.0 | 20.2
Li Be B C N O] F Ne
3 4 5 6 7 |8 9 |10
23.0 | 24.3 27.0 1 28.1 | 31.0 | 32.1 | 354 40.0
Na | Mg Al Si P S| Cl Ar.
11 12 13 14 15 |16 17
18
39.1]140.1]45.0]47.9]50.9]52.0]54.9|55.8]58.9]58.7]63.5]65.7]169.772.6|74.9]79.0]79.9|83.8
K| Ca Sc Ti V| Cr| Mn| Fe| Co Ni| Cu| Zn]| Ga] Ge] As Se| Br| Kr
19 |20 |21 22 |23 |24 |25 |26 |27 |28 29 130 |31 32 |33 |34 |35 136
85.5]187.6]88.9]91.2]192.9]95.9]989|101 |103 J106 | 108 | 112 | 115 | 119 | 122 | 128 | 127 | 131
Rb] Sr Y| Zr| Nb| Mo| Te| Ru| Rh] Pd| Ag| Cd] In| Sn| Sb|] Te I| Xe
37 |38 |39 |40 41 42 | 43 |44 45 | 46 47 |48 |49 |50 |51 52 |53 |54
133 | 137 | 139 | 178 | 181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 ] 209 | 209 | 210 | 222
Cs| Ba| La| Hf| Ta| W] Re| Os Ir Pt| Au] Hg| Ti| Pb Bi| Po| At] Rn
55 |56 |57 |72 |73 |74 |75 |76 |77 |78 |79 |80 |81 82 |83 |84 |85 |86
223 | 226 | 227
Fr| Ra| Ac
87 |88 |89
139 | 140 | 141 | 144 | 147 | 150 | 152 | 157 | 159 | 162 | 165 | 167 | 169 | 173 | 175
La] Ce Pr|] Nd| Pm| Sm Eu| Gd]| Tb| Dy|] Ho Er] Tm| Yb| Lu
57 |58 |59 |60 |6l 62 |63 J64 65 J66 |67 |68 |68 |70 |71
227 |232 | 231 | 238 | 237 | 244 | 243 | 247 | 247 | 251 | 254 | 257 | 256 | 254 ]260
Ac] Th| Pa U] Np| Pu] Am| Cm| Bk] Cf] Es| Fm] Md| No|] Lw
89 90 J91 92 193 J94 195 196 197 |98 |99 |100 j101 | 102 ] 103
END
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ITEM 3
Periodic Trends and Compound Properties

Atomic radius decreases across Period 3 (Na — Cl) due to increasing nuclear

charge while electrons are added to the same shell. This leads to smaller atoms

with stronger bonding, influencing the stability and melting points of oxides.

Ionisation energy increases across the period (Na - Cl). Sodium and

magnesium have low ionisation energy, making them highly reactive metals. Silicon

has intermediate ionisation enerqy, while phosphorus, sulphur, and chlorine are

non-metals and more likely to gain or share electrons.

Melting points of elements:

o Sodium (98°C) — low due to weak metallic bonding.

o Magnesium (650°C) and Aluminium (660°C) — higher due to stronger metallic
bonding.

o Silicon (1410°C) - very high due to giant covalent structure.

o Phosphorus (44°C), Sulphur (115°C), Chlorine (-101°C) — low due to simple
molecular structures with weak intermolecular forces.

Oxide properties:

o Sodium oxide (Na,0) and magnesium oxide (MgO) are ionic oxides, with high
melting points.

o Aluminium oxide (Al;O3) is an amphoteric oxide, with moderate melting point.

o Silicon dioxide (Si0;) is a giant covalent oxide, with a very high melting point.

o Phosphorus and sulphur oxides — molecular, low melting points.

Explanation of inconsistencies: Differences in melting points and reactivity arise

from variation in bonding type, lattice strength, and molecular structure.

Ionic compounds (Na,O, MgO) require high temperatures for lattice formation,

covalent networks (SiO;) require strong energy input, and molecular oxides have

low melting points, leading to inconsistency if a uniform process is used.

Recommendations for Production Optimization

[e]

Temperature control

Sodium oxide, magnesium oxide, and silicon dioxide require different melting
and reaction temperatures. MgO requires very high temperatures, Na,O
requires moderate temperatures, and SiO, requires high but controlled heating.
This ensures consistent quality and avoids decomposition.

Separation of production units:
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o lonic, covalent, and molecular compounds should be processed in different
reactors to prevent contamination and optimize reaction conditions.
- Raw material purity:
o Impurities affect bonding, melting points, and reactivity, leading to inconsistent
products. Using high-purity feedstock ensures quality and predictable outcomes.
- Monitoring and automation:
o Installing sensors for temperature, pressure, and reaction progress ensures
proper control, enhances efficiency, and reduces human error.
- Worker safety and handling:
o Automated handling systems and protective equipment minimize exposure to hot
oxides and reactive chemicals.

Environmental and Safety Impacts with Mitigation

« High-temperature processing of MgO and SiO, can cause fire hazards and burns
to workers since molten oxides are extremely hot. Mitigation: Install heat shields,
protective equipment, and automated handling systems.

o Leakage of sodium oxide or magnesium oxide dust can cause respiratory
problems and irritation since the oxides are caustic. Mitigation: Use closed systems,
dust extractors, and proper ventilation.

o Discharge of acidic or alkaline effluents can alter pH in nearby water bodies,
harming aquatic life and reducing water quality. Mitigation: Neutralize effluents
before discharge and monitor pH regularly.

o Contamination from raw material impurities (e.g, heavy metals) can cause soil
pollution, reduced fertility, and accumulation in food chains, posing health
hazards. Mitigation: Use high-purity raw materials, proper waste collection, and safe
disposal methods.

o Dust and gas exposure from production may cause respiratory problems and air
pollution. Mitigation: Ensure air filtration, gas scrubbers, and closed systems to
protect workers and the environment.

ITEM 4:

o Atomic radius decreases from Li (145 pm) to P (85 pm) due to increasing nuclear
charge while electrons are added to the same energy level. This causes a stronger
attraction between the nucleus and outer electrons, pulling them closer. As a result,
atoms become smaller and their outer electrons are held more tightly. This leads to
stronger bonds and more compact structures, making elements like silicon form rigid,
durable materials.
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Ionisation energy increases from Li (520 kJ/mol) to P (1500 kJ/mol) because
electrons are held more strongly as atomic size decreases. This means metals like lithium
and magnesium lose electrons easily, forming positive ions, while non-metals resist
electron loss. The ease of electron loss in metals explains their ability to provide mobile
charge carriers.

Electronegativity increases across the period, meaning atoms increasingly attract
electrons in a bond. Elements like silicon and phosphorus strongly attract electrons,
leading to the formation of covalent bonds. These bonds involve sharing of electrons and
result in stable, corrosion-resistant structures.

Bonding type changes from metallic (Li, Mg, Al) to covalent (Si, P) across the period.
In metallic bonding, positive metal ions are surrounded by a ‘sea of delocalised electrons’
which are free to move, allowing metals to conduct electricity efficiently. In contrast,
covalent bonding involves strong sharing of electrons between atoms, forming giant
structures (as in silicon) that are hard, stable, and resistant to heat. These properties
make covalent materials ideal for solar panels and electronic components.

Proposed Materials for Wiring

Aluminium for wiring is suitable because it has metallic bonding with delocalized
electrons, allowing efficient electrical conductivity. It is also lightweight and relatively
resistant to corrosion, making it ideal for rural installations.

Magnesium can support alloy formation to improve strength, since pure metals may
be too soft. Alloys enhance durability and mechanical strength under harsh rural
conditions.

Lithium is not suitable for wiring despite being a metal because it is too reactive and
soft, making it unsafe and less durable.

Proposed Materials for Solar Batteries

Lithium is suitable for batteries because it has low ionisation energy, meaning it loses
electrons easily to form ions, enabling efficient energy storage and release in
electrochemical cells.

Silicon is suitable for solar cells because it forms a giant covalent structure, making it
stable, durable, and capable of controlling electron flow (semiconductor properties).
Phosphorus can be used as a dopant in silicon, improving electrical conductivity by
increasing charge carriers in solar cells.

Impacts that can arise due to poor matera selection in Rural Conditions
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Corrosion of metals in humid rural environments can reduce efficiency and lifespan of
wires since moisture promotes oxidation. This is mitigated by using corrosion-resistant
materials like aluminium and protective coatings.

High temperatures and sunlight exposure can degrade weak materials, reducing
durability of solar systems. This is mitigated by using strong covalent materials like
silicon which withstand high temperatures.

Use of reactive metals like lithium in batteries can cause fire hazards if not properly
handled since lithium reacts vigorously with water and air. This can be mitigated by
using sealed battery systems and proper insulation.

Poor conductivity materials can lead to energy losses during transmission, reducing
efficiency of rural electrification systems. This is mitigated by using metals with high
electrical conductivity such as aluminium.

Material cost constraints in rural areas can limit implementation of electrification
systems. This is mitigated by using affordable and abundant materials like
aluminium and silicon instead of expensive alternatives.
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