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This examination paper consists of Wo sections; A and B. It has six
examination items.

Section A has two compulsory items.

Section B has two parts: I and Il Respond to only one item firom each part.
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SECTION A

ReSP”"d to both items from this section
l:m:; I | T slean and suslainable cnergy continues to grow, a renewable
As the demdl . : ? :
*energy company i t"-'xPIonng the production ol hydrogen gas for use in hydrogen
c L H » Y 4 =y o -
poweggcd Fuc[l cells. Hydro en is regarded as a promising source of energy because
it generates clectricity without release ol carbon dioxide making it a polcnlial
solution for reducing grcenhousc ERSEMisII0ns;
assessing the
A and
I and

iJot production facility, the company is
roduces hydrogen gas [rom the aqueous reactants,
d that a rate constant less than 0.08 mol™ dm’ s~
action above -300kImol™ which would indicate an

Before establishing @
chemical reaction that p

B. They have been informe
an enthalpy change 10 the re
rocess

efficient production p

The reaction is rcpresented by the cquation:

2A aq T B g —Products+Hz

A series of experiments Was conducted at 25°C and the following results were

obtlained.
Table 1: Initial Rate Data.
[ Experiment Concentration ol | Concentration of [nitial Rate
A (mol dm~) B (mol dm™) (mol dm™” s™")
] 2.50x 10! 4.00x 10! 1.50x107 J
2 2.50x 10" 8.00x 10" 3.00x 10"
3 5.00x10" 4.00%x 10" 6.00x10° |
Table 2: Thermochemical Data.
Species AHf (kJ mol™)
A (ng) -950
5 B (ag) ~ -1050
Producls -650.0
Hz (g) tﬁ 0.00

} £
The company EtlSC.J wants to investigate the conditions that affect the rate of
hydrogen production. The company intends to establish production units in

remote Comm.l\mlties where efficiency, safcty, and sustainability are critical
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A Task

Jent on whether the reaction can
a) Analyse the data provided and use it o°© and help the company assess the
gctually be used for electricily gcncﬂ’“

iency of the production process: duction rate of the fuel,

cffic
b) Explain the lz.wlors that may afleet Lh'f’ Pc in the experiments conducted in
¢) Analyse the importance ol the princiP
real life.
Item 2. rsteam distillation i gmplﬂb’ed in pharmaceutical and medicinal
tes stillation is ¢

The knowlcdge ©

{ormulations.
. compound Lo be applied in drug

A chemical company iants 10 extract rocess of extraction, a distillat

formulation using stcam distillation, During the P biained. O ! "‘J ISHgEe
containing walcr and organic compoun Z 'wes D:Hlmr;‘“. f “n ?nﬂ\) sing the
components ol the distillate al various temperatures, the 10 owing data was

obtained.
_—l--"_.-'-. -
Temperamre(”C) 20.0 40.0 W 80.(_) | l(_l{}-O 4‘
Vapour pressure of | 0.22 026 | 0.30 (.38 0.39
water (atm) i .
Vapour pressurc of 0.35 042 0.49 0.56 0.63 j .yt

| Z (atm)

At a temperature of 97°C, the distillate contained 4.2g of substance Z and 1.1g of

waler.
The company also operates an ammonia synthesis plant based on the Haber
I, a 4.0 dm® reaction vessel was charged with 2.5

process. In one production tria
moles of nitrogen gas and 7.5 moles of hydrogen gas. Al equilibrium, 1.6 moles

of ammonia had been formed.

00’

; ‘ N: o + 3Hz ) = 2NHs (g). AH =-92 kJ mol™’
The chemical engineers are interested in determining molecular mass of the
organic compound and evaluating the conditions used in the ammonia synthesis

6

plant.
The company has been advised thal best organic compound should have ,..-

m"lticu!&r mass above 32g ﬂ"(_J a Kc¢ value greater than 0.15 mol?dm® in ammonia
synthesis would represent optimal production efficiency at the company. |

10 ko = LD ko = L3,

MR puotplh (U e, :
. : N
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= ik
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Tuqlgs 2
K ovided and .
a) Analyse the datd Pf USC 1t 10 comment on (e exur

efficiency of th
1€ Conlpiln}’ “"OLJ] | ) 5
b) Explain the ways tl ] : d use to increase the amo
p d duflng‘lht‘ “ldl prc’dul.‘l[()n, unt (5)]

: e

ammonia produce® [

ic . e ,

¢) Explain other real-life 8PPlications o (he principles used in the company

SECTION
Part |
Respond 10 QY one jtem from shis part

Item 3
Chlorides of dilferent elements ar€ L.lsed b Industries such as food, agricultural
and fiber optics, where their propertics afleet heating, safety, and environmental

pollution. Farmers near a certain factory reported crop damage and faster
corrosion of iron sheets, while Workers and engineers raised concerns about

irritating chlorine fumes and the high temperatures required to process some

chloride materials.

With increased complaints from the neighbourhood, the district environmental
officer has organised a joint industrial inspection involving agricultural officers,
industrial chemists and Senior Five chemistry learners from neighbouring schools

and communities.

Samples of several chlorides formed by Pcriod 3 clements were collected from
different industrial processes and analysed in the district analytical laboratory.
The table below shows the results as obtained from the analysis.

Chloride NaCl | MgCh AlICl; SiCly
Melting 801 714 180 -69
point(°C)

During the inspection, the learners observed that some ch.llondes reacted
vigorously with water and others contributed to acidic 50'1 S,

The district committee later requested the learners (O P! epare 2
that could help industries improve safety, reduce pollution, an

chloride materials for industrial use.

scientific report
d select suitable
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Task:

As one of ”“." ScniC)r Iy
I‘I\'[' h'-"-” . : "

S C Cr -he 5

3) L"\'pj-'“” u"- trend “I UIL‘ mc‘.ll” i I

period 3.

; » chlorides of the :
ling polnt5 of the ! des of the clements in
inspection.

b) Analyse and explain the observed

rcaG“'o”s of the chlorides during
cJ Asscss the environmental, health. o

. . I.ndus[rinl implications associated with
the production and usc¢ of the chlor

suitable safety measures. )
Item 4. |

es investigated, and recommend
Halogens are important in

synthesis oforgﬂﬂi" compounds
A chemical industry is planning (o producc more halogens from group VII
hydrides in their standard states by reacting them with concentrated sulphuric
acid in presence mangancese (IV) oxide. The manager ol the industry bas
consulted the chemical enginecr who has availed him with the data below that
can be used to know how the best halogen ¢an
process.

be selected after the production

Data 1

[ Element Floonne TChiorine | Bromine [ lodine
[ Electronegativity [4.10 2.8 2l 2.21
The manager would like

L0

know why the halogens have dilferent
electronegalivity, how (luorine and chlorine r¢
hydroxide solution.

act with water and sodium
Ie 1s also concerned aboul the
the halogens produced.

uses and health impact of

The manager is seeking for assistance
contacted your teacher who has se
Task:

and has
Jected you to help the manager
As one of the senior five learners o

[ chemistry:
a) Explain the trend

‘0 electronegativity of group 17 elements.
b) Explain the reactions of fluorine and chlorine with water an
hydroxide solution.

d sodium
c) Assess the environmental, he

alth, or industrial implications associated
with the production and use of the ha
recommend suitable safety measures.

logens investigated, and

¢, 4 vt = 1Hel + By,
‘C"‘;J zN‘f)H “?[ﬂ‘a” 1 H.I.p
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SEC'I'ION B
Par
Respond fo any, o, B €m from this par

Knowledgc ic chemistry js ;
of organic ¢ 'Portap, In o
prOdUCLs, maﬂUfaClure 0f ]mpor[am

Manager o, certain industry. is p[anning 10 prody,
_ Uce phep lethene
10 be yseg N manufacture UFF‘O'}L”‘“”U and Clothes respecfive?}l’ e
During , Planning meeting, a board Member Proposeq (e Use of ¢lhanal ang
benzene as raw materials in the Prodyc TeSpectjye Products however
Some Members dop'y know how the Faw Materjy)q Will be treateq i;1 order o

Yield the desire products.

Another Member became concemed qpy,,, the impacts of the proposeq raw
m e they become €xcess durlng the Productjgy, Process and he was
these excess raw Malerjg|g respect'ively With hydroxy amine

“quested yoyr chemistry lcacher through (he head teache,
Uand you haye been tasked to;

Tasks :
a) Make the Manager be aware o the property (hat make the prodycs he is
ded purpose.

Intending (o produce pe applied (or the injen |
‘ about the reactions anq

' (s,
formation of the intendeq products ted for pro fithg

| ication of lec
¢/ Analyse the application of oy of the compounds selected fo |
| i it's associated dangers and their mitigations



