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Item 1

In a chemical industry a manager wishes to obtain an unsaturated compound from compound T.
when the industrial chemist burnt 7.5g of T which the container label is composed of carbon,
hydrogen and rest being oxygen, this organic compound T produced 17.8g of carbondioxide and
9.27g of water. In another experiment when 0.225¢g of T was vapourized at 127°C and 760mmHg
it occupied 100cm?. The chemist continued to dehydrate one of the isomers of T using concentrated
sulphuric acid and produced compound X which on ozonolysis gave propanone and methanal. The
manager is seeks to find out the molecular formula of T, nomenclature of possible isomers of T
and its derivatives and also how conversions can be effected in obtaining derivatives of T.

Task
As a chemistry student, help the industrial chemist

(a) (i) Determine the molecular formula of T for use in the laboratory
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(4 scores)

(b) (1) By writing all possible isomers of T and IUPAC name, Identify the isomer to be used to
produce compound X

(3 scores)

(i1) Identify the required hydrocarbon X and write all its possible isomers and respective [UPAC
names

( 2 scores)

(b) write the equations for the conversions of;
(1) isomer of T identified to X and suggest mechanism
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(3 scores)

(1) X to propanone and methanol

(2 scores)

(c) Compound T got exhausted from laboratory, but the manager suggested T can be obtained
from X. Produce an equation for the conversion and appropriate mechanism for the reaction
leading to production of T from X

(2 scores)

(d) Using equations, show how the chemist can convert compound X to the following
organic compounds that are useful to the company
(1) 2-bromo-2-methyl propane

pg. 3




(1 score)

(i1) 1,2-dichloro-2-methyl propane

(1 score)

(ii1))  1-bromo-2-methly propan-2-ol and state the importance of this reaction in organic
chemistry

(2 scores)
Item 2

An aluminium smelting company in Namanve industrial pack uses a substance called aluminium
fluoride as a way 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 wastes of aluminium fluoride residues before disposal. The research chemist is tasked
to analyze the thermochemical feasibility of both forming and dissolving aluminum fluoride using
available thermodynamic data to determine whether these processes are spontaneous or energy
intensive. Across a certain article the following data was discovered by the researcher

Type of enthalpy change Magnitude(KJ/mol)
Standard enthalpy of formation -1301
Enthalpy of atomization of aluminium +314
Bond dissociation energy of fluorine +158

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

First electron affinity of fluorine -348
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Hydration enthalpies of aluminium fluoride -4670, -364 respectively
ions

The researcher struggles to use this information to construct and interpret an energy level profile,
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

Task
As a student of chemistry, help the researcher

(a) Analyze the data to construct an energy level profile for the formation of aluminium
fluoride

(12 scores)
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(b) Determine the lattice energy of aluminium fluoride

( 3 scores)

(c) Determine the enthalpy of solution

(3 scores)

(d) Evaluate whether the dissolution of the aluminium fluoride is thermodynamically feasible
and spontaneous under standard conditions

(2 scores)
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Item 3

A report from Nkoowe chemical works limited revealed that the company is improving its
sulphuric acid production process, an essential raw material used in production of fertilizers and
lead acid batteries

In one of the experiments, the company’s chemists reacted 0.425 moles of sulphurdioxide with
0.294 moles of oxygen gas in 1.6dm3 sealed vessel. The gases were heated in the presence of a
catalyst and equilibrium was established according to the reversible reaction below

2503 + O3 = 2503 heat of reaction is negative

After analysis it was discovered that 52% of the oxygen had reacted this made the management
curious how operating conditions influence both the position of equilibrium and rate of attainment
of equilibrium in the process and environmental effects of emissions.

Task
As a chemistry student, help the company to establish

(a) The equilibrium constant Kc, for the gaseous reaction

(4 scores)
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(b) Explain the effect on the position of equilibrium, the value of Kc and the rate of
attainment of equilibrium by
(1) Adding more sulphurdioxide

(3 scores)
(i1) Introducing vanadium pentoxide
(2 scores)
(iii))  Increasing temperature
(3 scores)

(iv)  Increasing pressure
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(2 scores)

(c) With aid of equations, describe how the company uses the sulphurtrioxide produce

suphuric acid

(d) Explain any two negative effects associated with this company in society

(4 scores)
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Item 4

In an experiment to determine the identity of element X which could be aluminium, sodium or
magnesium. A s5 chemistry student heated a given mass of X in a given amount of oxygen to
form a white metal oxide. The student also seeks to understand how X behaves when treated
with water and dilute hydrochloric acid.

The following experimental data was obtained

Mass of empty container= 32.40g

Mass of container + X before heating =33.60g

Mass of container + product after heating=34.40g

Atomic mass of X=24¢g

Vapor density of gaseous oxide of metal =20g

Task

(a) As a chemistry learner, help the company determine the

(@)

Molecular formula of the white solid formed

(i)

pg. 10

( 5 scores)

Identify the metal hence the metal oxide




(2 scores)

(iii))  Equation for the formation of metal oxide identified in (ii) above

(1 score)

(b) Explain to the company reactivity of the identified metal with water, air, dilute
hydrochloric acid and its oxide with dilute sulphuric acid. (in each case include
conditions and equations for the reaction that occurred

(8 scores)

(c) Magnesium shows similarity in chemical properties with its adjacent diagonally
placed neighbor element in group(I). Identify the element in group I, suggest two
reasons for this similarity and describe any three chemical properties in which the two
elements show similarity with aid of equations
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(4 scores)
Item 5

A group of forensic officers was determining the suitability of compounds to be used in
pharmaceutical industries and plastic manufacturing industries. The area supervisor of the
exercise, Mr. Huzaipher identified compound W of molecular formula C4Hg and he is interested
in its chemistry before approving if for use in various processes. He wishes to know the
structure, nomenclature and various chemical properties that this organic compound and its
derivatives undergo. He has contacted you for help in achieving his aim.

Task

(a) Write down the structural formula and IUPAC names of possible isomers of W
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( 3 scores)

(b) Treatment of W using hydrogen and nickel catalyst at 150°C generated a saturated
compound Z. Identify compound Z and write down all possible isomers.

(2 scores)

(c) One of the isomers of W was treated with bromine water to form 1-bromo-2-
methylpropan-2-ol which of dehydration by concentrated phosphoric acid formed
compound T at 170°C

(i) Identify W

(1 score)

(i1) Write the equation leading to the formation of T and suggest a mechanism

(4 scores)

pg. 13




(ii1))  Show how W can be obtained from 2-bromo-2-methylpropane and suggest
mechanism

( 3 scores)

(iv)  State what would be observed and write equation for treatment of W with bromine
water

(2 scores)

(d) Mr. huzaipher wanted to use one of the isomers of Z which is best. One officer suggested
that the best compound to use is one with higher boiling point and he didn’t know one to
use

(1) Identify which of the two isomers is the best

(1 score)

(1)  Explain your choice of the isomer above
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(3 scores)

END
SENK CHEMISTRY DEPARTMENT WISHES YOU A MERRY CHRISTMAS AND A
HAPPY NEW YEAR
1 2 3 4 5 6 7 0
1 4
H He
hydmgan haslium
Key 1 2
7 9 relative atomic mass 1 12 14 16 19 20
Li Be atomic symbol B Cc N 0 F Ne
lithburm baryllium name boran carbon nifrogen | oxygen fluorine neon
3 atomic (proton) number 5 6 9 10
23 24 27 28 Kl 32 3.5 40
Na Mg Al Si P s Cl Ar
sodiumll |magnesium aluminium sliicon  |phosphorus|  sulfur chioring angon
11 12 14 15 16 17 18
39 40 45 48 51 52 55 56 59 59 63.5 65 70 73 75 79 80 84
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassul | calcium | fscandium | Ulanium ehramium 5 Iron coball nilcked COppar zhne gallum |germanium | arsenic | selenium | broming kryplan
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
85 88 89 9N a3 96 [98] 101 103 106 108 12 115 119 122 128 127 131
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidiurg | strontium | f yirium | ziconium | nicbium | molybdenum| technetium | rufenum | rhodium | palladium sliver cadmium Incdium tin antimony | ieliurium lodine XBnon
37 38 39 40 eyl 42 43 a4 45 46 47 48 49 50 5 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 Tl Pb Bi Po At Rn
‘caesium barium | fnthanum | hainlum | fantalum | tungsien | rhenium | osmium Iridium | platinum gold mercury | thallium lead bismuih | polonium | astatine radon
55 56 57 72 73 74 75 76 77 78 79 a0 81 82 85 86
2231 | 1226] [|12271 | [261] | [262] | [266] | [264] | [277] | [268] | [271] | [272] , ,
Fr Ra Ac* Rf Db Sg Bh Hs Mt Ds Rg Elements with atomic numbers 112 — 116 have been
tanciun] | radium i seaborgium | bohvium | hassium | meitnerium - reported but not fully authenticated
87 88 89 104 105 106 107 108 109 110 m

* The Lanthanides (atomic numbers 58 — 71) and the Aclinides (atomic numbers 90 — 103) have been omitted.
Relative atomic masses for Cu and Cl have not been rounded to the nearest whole number.
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