0134

THE KENYA NATIONAL EXAMINATIONS COUNCIL
Kenya Certificate of Secondary Education

233/2

Candidate’s Signature

CHEMISTRY

(Theory)

Mayr.

2022 -

2 hours

et e ettt e e s e s eessesesssssseesssssnssnsssnsssnns Index Number ......................

Instructions to candidates

(a) Write your name and index number in the spaces provided above.

(b) Sign and write the date of examination in the spaces provided above.

(c) Answer all the questions in the spaces provided in the question paper.

(d) Non-programmable silent electronic calculators and KNEC mathematical tables may be

used.

(e) All working must be clearly shown where necessary.

() This paper consists of 16 printed pages.

(g) Candidates should check the question paper to ascertain that all the pages are
printed as indicated and that no questions are missing.

(h) Candidates should answer the questions in English.

913033

For Examiner’s Use Only

Question Mz;ximum Candidate’s
core Score
1 11
11
3 11
4 11
5 13
6 11
1 12
Total Score 80

© 2021 The Kenya National Examinations Council

23372

Turn over

Scanned by CamScanner



ra

1. (a) table 1 pnves the properties of two compounds, A and B.

Table 1

| \ B
white, envstalhine, white, crystalline,
cMorescent dehiquescent

\ ——

. . . ie lef] din
State and explain the observation made when cach of the compounds 18 left expose

an

@) Compound A (2 marks)

) Compound B

............................
..............................................

(d)  Inanexperiment o determine the formula of hydrated magnesium sulphate, a sample
was heated in a crucible until a constant mass was obtained. The results are shown 1n

Table 2.
Table 2
[ “"i"” ~T—-—__ ’ 2 ]
' Mass of crucible 2562 ¢
| Mass of crucible + solid before heating 28.08 g
Mass of crucible + solid after heating 2682 ¢
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Using the information in Table 2, determine the formula of the hydrated salt
(Mg =24.0; $=32.0; O=16.0; H=1.0). (3 marks)

....................................................
..........................................................................................

(c)  Figure 1 shows analysis of an alloy containing two metals.

Alloy
HCl(aq)
i | Filter
Brown Colourless | NaOH(aq) | Colourless
residue filtrate Step 2 solution
Step 3|NH3(aq)
Colourless
solution
Figure 1
(1) Give the name of another product formed in step 1. (1 mark)

(i)  Write the formula of the complex ion present in the colourless solution obtained
in step 2. (1 mark)

(iii)  Identify the metals in the alloy. (2 marks)

...................................................................................................................................
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the manufacture of sulphuric(Vvy

2. The flow chart in Figure 2 shows the processes involved in
acid.
- Sulphur
Ail‘ —
Chamber 1 Oxygen
Chamber 3
Chamber 2 (catalyst)
Subst Substance
¢ ;ance+ Chamber 5 Chamber4 &— M
Sulphuric(VI) acid
Figure 2
(a)  Explain how the sulphur used in this process is obtained. (2 marks)
RSSOt

(b)  Give one advantage of using air in chamber 1 instead of using oxygen g
as

...............................................................
...............
--------------
..........
-------
.............
....................
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(c)  Identify substances:

M M (1 mark)
(i) N (1 mark) —j-
(d) (i) In chamber 2, drying and purification take place. Give a reason why this is
necessary. (1 mark)
(i)  The reaction in chamber 3 is highly exothermic.
L. Explain why high temperature is required for the reaction in chamber 3.
(1 mark)
I1. State how the heat produced in chamber 3 can be utilised in this process.
(1 mark)
z
(¢)  Give areason why this method of manufacture is known as ‘contact process’. (1 mark)
(f)  Emission of gases in the sulphuric(VI) acid plant may lead to environmental pollution.
(1) State the evidence that could be used to show that the sulphuric(VI) acid plant )
causes pollution. (1 mark)

. Education, 2021
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(i)  Explain how the pollution identified in 2(f)(i) can be controlled. (1 mark)

...................................................................................................................................

...................................................................................................................................

..................................................
................................................................................

..............................................
....................................................................................

3 (@)  Chemical reactions occur as a result of collisions of particles. Give a reason why not all
collisions are effective. (1 mark)
(b)  State and explain how the following factors affect the rate of reaction:
(1)  Surface area of reactants. (1 mark)
(1)  Pressure. (1 mark)
(c)  Inanexperiment to determine the rate of a reaction, marble chips were added to excess
2M hydrochloric acid. The equation for the reaction is:
CaCO,(s) + 2HCl(aq) — CaCly(aq) + CO,(g) + H,0(1)
The volume of carbon(IV) oxide produced was measured at 25 °C and recorded after
every 30 seconds. Table 3 shows the results obtained.
Table 3
Time (seconds) 0 30 60 90 | 120 | 150 | 180 | 210 | 240

Volume of CO,(cm®) | 0 62 92 113 | 124 | 130

913033
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(3 marks)

On the grid provided, plot a graph of volume of carbon(IV) oxide (vertical axis)

against time (horizontal axis).

(i)
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Using the graph, determine the rate of reaction at the:

(ii)

(1 mark)

45th second.

L

(1 mark)

105th second.

II.
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(a)

(iii)  Give a reason for the differences in the two rates. (1 mark)

................................................

...................................................................................
..................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...........................................
.............................................................................

(iv)  Using the graph, determine the mass of marble chips that reacted (2 marks)

(Ca=40.0;C= 12.0; 0 = 16.0;

Molar gas volume at room temperature and pressure = 24000 cm?).

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

Sea water contains approximately

3% sodium chloride. Describe how sodium chloride is
obtained from sea water.

(3 marks)

..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
..............................................................................................................................................
............................................................................................................................................
...........................................................................................................................................

.....................................................................................................
.........................................
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(b)  The solubility of sodium chloride is 36.2 g in 100 g of water at room temperature
Determine the concentration in moles per litre of a saturated aqueous sodium chloride at
room temperature (Na = 23.0; C1=35.5; density of water = 1.0 gem™). (2 marks)

............................................................................................
....................................
..............

........................... '.’7'
(c)  Ammonia is highly soluble in water.
(1) Explain how aqueous ammonia is prepared starting with ammonia gas. (2 marks)
(i)  On the axes provided, sketch a curve showing how solubility of ammonia gas Iy
varies with temperature. (1 mark)
A
Solubility
b
L
Temperature
i
Kenya Certificate of Secondary Education, 2021
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(iii)  Give a reason for the shape of the curve.

................................
........................................................
........................................................
..........................
...............................................................

(d)  Water hardness is due to the presence of magnesium and calcium ions. Explain how )
these ions get into sources of water. (2 marks)

.......................................................................................................

5. (a) Figure 3 shows part of a Periodic Table.

He
Li Be N 0] F Ne
Na | Mg Al Si Cl Ar
K Ca Br
Rb 1
Cs
Figure 3

(1) Select from the table the most reactive:

I metal. (2 mark)

.......................................................................................
................................

II. non-metal.

.........................................................................
..............................................

(i) Select an element with the highest first ionisation energy.
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i) L :
(iii) Name the method used to obtain argon from its source. (1 mark)

11. Give one industrial use of argon.

................
............................
...........................................................................

(iv)  Explain each of the following observations:

L. The melting point of lithium is higher than that of potassium. (1 mark)
I1. The melting point of chlorine is lower than that of iodine. (1 mark)
, Mg2*, 077, Nat

(v)  The following ions have the same number of electrons: N3~

ve a reason for the order.

(2 marks)

Arrange them in order of increasing ionic size. Gi

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

........................................................................................

...........................................
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Use Table 4 to answer the questions that follow.

(b)
Table 4
Substance F/
K
[- Property T I J T’_
[ Melting point (°C) 993 113 -38.9 —60
[ Boiling point (°C) 1695 183 357 -
Electrical Does not Does not Conducts Docds nt
conductivity at room conduct conduct conduc
temperature
Electrical conductivity in | Conducts Does not Conducts Does not
molten state conduct conduct

()  Identify the substance which is a gas at room temperature.

Give a reason. (1 mark)
(i)  Name the particles responsible for electrical conductivity in substance:

I H (1 mark)

L (1 mark)
(i)  Identify the type of forces that hold the particles together in:

: H (1 mark)

II. K

(1 mark)

................................
.......................................
-------
.........................................

e ——

Kenya Certificate of Secondary Education, 202

913033 2332
Scanned by CamScanner

FC¢in



13

0. Figure 4 shows a flow chart involving reactions of some organic compounds.
c CH, H
) I
- Llf —_ (Ij -

8 H H/n

Step 2 | Mg(s) Step 5
Step 1
CH,CH,CH,OH . CH,CHCH,
Step 3 Step 6 | Br,(aq)
CH,CH,COOH Z
Step 4 NaOH(aq)
Y
Figure 4
(a) Write the formula and give the names of compounds:
(1) X
Name Formula (2 marks)
=
i) Y
(2 marks)
Name Formula
Kenya Certificate of Secondary Education, 2021 —
233/2
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(b)

(d)

(e)

913033
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- weenry for carrving oul:
Give the reagents and conditions necessary for carrying
(1 mark)
. gy ‘
Q) Step .

.............
..........
........
.........
........
......
.....................
......................
................................

.................
..........
..........
.........
----------
.........
..................................................................

..............
......
...........
...........
--------
...........
.....................
.................................................

------------
...........
............
------------
.............
......................................................................

: : g acid ¢ sat. Name another
Step 1 can be carried out using concentrated sulphuric(VI) acid and heat. Na i ma)
reagent and conditions that can be used to carry out Step 1.

Give the name of the type of reaction that takes place in:
(1) Step 1. (1 mark)

............................
.......................................................................................................

(i)  Steps.

...................................................................................................................................

i Write an equation for the reaction in step 6.
q p

........................................................................................................................

....................................................................
----------------------------
...................................

(i)  State the observations made in step 6.

..........................................
......................................................
...................................
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7, (a)  Using the oxidation n 2 i i
umbers of chlorine, explain why the following is a redox reaction

HCIO;(aq) + 5HCl(aq) — 3CL(g) + 3H,0(1) (2 marks)

............................
............
...........
............
........................
..............................................
.............
..........
.........
...........
.........
.........................

.................................................................

..................
........................
........................................
..........................................................

.............
..........
....................
.................................................
..................................................

(b) Use the following standard reduction potentials to answer the questions that follow:

Half cell reactions E//V

I| PbSO,(s) + 2e — Pb(s) + SO,*(aq) -0.36

I | PbO,(s) + SO,-(aq) + 4H*(aq) + 2¢ — PbSO(s) + 2H,0() | +1.69
Il | Fe¥*(ag) + e — Fe?*(aq) +0.77
IV | Zn?(aq) + 2e — Zn(s) -0.76
V | MnO,>(aq) + 8H*(aq) + 5¢ — Mn?'(ag) + 4H,0(1) +1.51
VI | O,(g) + 2H*(aq) + 2¢ — H,0,(aq) +0.68
VII | Fe*(aq) + 2e — Fe(s) -0.44
VIII | Cu?*(aq) + 2e — Cu(s) +0.34

(1) The half cells I and II are combined to form an electrochemical cell.

L. Write an equation for the cell reaction. (1 mark)

I1. Calculate the e.m.f of the cell.

.................................................................................................................................
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(ii)
w,
(iif)
(iv)
-r
()
.".":-')_;
by
i

913033
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Draw a labelled diagram for the electrochemical cell formed using half cells

III and IV.

(3 marks)

State and explain the observations made when a few drops of acidified potassium

manganate(VII) are added to hydrogen peroxide.

.........................................................................................

.........................................................................................

.........................................................................................

.........................................................................................

Coating iron with zinc is a more effective wa
coating it with copper. Explain.

.........................................................................................
.........................................................................................
............................................................................

.....................................
....................................................

THIS IS THE LAST PRINTED PAGE.,

Kenya Certificate of Secondary Education, 2021
233/2

(3 marks)

y of corrosion prevention than
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