
I 'f 

2 .. 
I. Crude oil is a mixture ofhydrocnrbons whkh arc separated by fractional distillation. One oftb 

components obtained contains an alkanc A. with eleven carbon atoms. e 

(a) :z,::::.H.:�::z.���..... . ............ ... .. . . ...... ..... ..... .......... ... . .. '.' :: 
... ��� ..... � .. :�.�.��.1. .. �.�.:············································-·······--· 
...... �.�········ .. �·�.3 .. �H.�.� ... c..Ha, ..................... ............................................... . 

(b) Pcntane can be obtained from comJ}out1cl A as shown.

A -+ Pentane + B 

Isomer I Structure Name 

............ .............. .......... ............................................................. ' •••••• ♦ •••••••••••••••••••••••••••••••••••••• 

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

KP1ll'n Cl'rtificnf<' nfSr•r·n111-ltwv F.r/11rotir111 Jn:>n 
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..... -- ii -..,................. . 

t«,G 

.is�mcr 2 . Structure " Name 

�� It / 
�. 

·····� ·::.::.:::.:.:.:-····:······1 .......... it, ......... � ...... H ........ V ............................................... �
)I/\\ .<.: ..................... H. ::.y..: .. ·1:·J·:::.-r,� ...... \ ........ . °.1.: .. ��.: ...... I..

� ................................................. °H ..........................
.
...

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

. ·•··· .....
.
...

.
..
.
.............. ········ .............................................. ············ ........

.
.....

.
......

....
.
...

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

(f) 

910!07 Turn ,n.,.,. 
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.. 
2. 

If 

--

(a) 

....... 
(i) 

• ♦♦ ♦ ♦ ♦♦ ♦ o ♦♦e ♦ ♦ o •• ♦ ♦ ♦ ♦♦ ♦ 0 ♦♦♦ • ♦ ♦ 0 ♦♦ 0 ♦O O ♦ ♦♦♦ o ♦e ♦ ••• ♦♦♦ ♦♦ ♦ ♦♦♦♦♦ ♦ • o o ♦♦♦ ♦♦ o ♦ ♦ ♦♦ ♦ o♦ o ♦♦ ♦ ♦♦ ♦♦ ♦♦ o ♦♦♦ •• ••• oo ♦♦ ••• • ♦ e♦ o o♦♦O o •••♦♦♦ O♦♦•♦♦oo♦ooh 

.......................................................................................................................... ········ .. 
(ii) Dichromate(Vl) ions are orange in colour while chromate(Vl) ions are yellow.

Consider the following equilibrium.

State and explain the observation that will be made if sulphuric(VT) acid is added
lo the mixture. (2 m�1 V\i .e..--._c,t ... of ....... C.,-rc,0� ..... .. c:?.\.vv:"" ...... ,.'-"'.C.�:...f:£.1 .. 
Ao• o�i �� cri' HT �'-v\<.-../�...r CJ H - Le:-
·•·········\ ........................ {'.'f••··-························· ............................................................ .!\oc,.�_}<.v-Jr,...,-� . .-2.�.��.l� .... &�.�.�:C?l: .. v.e'J/t::':li-.\���-7�:"'.:".":' ............. .- � 

J..¼�r :fa ..... ±� .. :.\!� ...... ,�J±..-......................................................................... .. 
. ... . . ......... .. .... ..... ... . .. ... ... . . . .. . ... . . . . . ... . .. . . . . . . . . . .. .. . . . .. . . .. .. . . . . . .. . .. . .. .. . . . . . . . .. .. . . . . .. .. . . .. . . . . .. . . ····· 

(b) One of the reactions in the manufacture of nitric(V) acid involves catalytic oxidation of
ammonia as shown in the equation.

The reaction is carried out at a pressure of 10 atmospheres and a temperature of900 °C 

(i) _°.;_t::t)_�;;:j:_7t1:;o�:�.:2te.d:........ . .'.

I

_::

) 

-,�J�,-c Q \ ,') A-r-,� c-l 

Sr.11nn!'!d witl· c,wnSc:anrN 
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(c) 

----�.----....--------:--::------' 
5 

(ii) s tatc and explain the effect on the position of equilibrium if the reaction is carried
out:

I. nt 10 atmospheres pressure and 450°C; ✓, V (2 marks) 

.... §.1�.�.:.��� .... � .. �� .. Y.:�....... ·i: ... ' ... �,l.4� ..

........ ��.�\1� �.���� 
S\ r-cO � '� ..... �)(o�rTV'--C.,'.,L ...... 

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

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

IJ. 

ill. in the absence ofa catalyst. (I mark) 

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

No =LC.cb ·'
••••••••••••••••••• 

-� ::-
•••••••••••••••••••••••••••• •••••••••••••••••••••••• • ♦ •••••••• ♦ ••••• ♦ •• ♦ 

•••••••••••••••••••••••••••••• 

•••••••••••••••••••••• ♦ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ♦ ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

.. .. . . . . .. . .. . .. ... . .. . ... . .. . . . ... . . . .. . . . . . .. ........ ... .. . . . .. . . . . . . . .. . . . .. .. . .... .. . . .. . .. .. . . . . . . .. . .. . .. ... .. .. ... . ... ... . . . .. .. . . ... . . 
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f 
I 

(b) 

6 
Name Formula 

\ 
s', c� � 1k ✓ �l., ·Fe C 03 ✓ 'L 

(i) ···································'.\"··············································�··· .. ·······················"···············
(H) ·-t::.i��\/'J;� .. ����� (�t ..
In n certnin factory, iron is extracted from the haemaUtc ore using the blast furnace ns 
shown in Figure J. The other raw materiuls arc coke, limestone and air. The melting and 
boiling points of iron are 1535 °C and 3000 °C, respectively. 

100 °c 
II 

Waste gases 

........ -.... �,,., . :..� "'""·••;,,..--� Slag _ ___,....,..,.,,,::c-,,,_"""'!,"':-:-'"·��\-J:...,.,,-=.---"""'"'-=--""' Iron

Figure 1 
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I 
I : 

(iii) 

(iv) 

(v) 

7 

COz(g) + C(s) ..... 2CO(g) 
Write two equations to show how carbon(IV) oxide is formed in the furnac,c. 

9,Jnatks) 
I c"J T o-<. . 7 c o.l. C. .v, . ·································.Z , ................................................. 0, ................. ···········

··················································.t=·························································7, 'II. C..:.� .. �.9,3 .. ._(}) ..... {_�,:0: ....... ?. ... ��QS, ... ±.-�.Q� .. �; . .-'../
Ft;:;l\1� ... (f)± ... �.�.?.(.r.j) ............... 7.�.��.�.:!.�.�?.� .. L'>.);.' ............... .

Suggest: :aluc for the temperature in :�gion Ill. Giv_;J reason.
152>.:.:> C --- doooc. . V1 

(2 marks) 
...................................................................................................................................... 

.. ·········•·••························· ................................................... .
. . . . . . . . . . . . . . ... . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . .
Name the main component in thcJt{ I ( I mark) .. C:.,.1 .. �.� ..... J.1.L.�·:.�·.t� .. l.l ......... c..� .. � .. � Q.,, . ········-·. ····························

State one role that slag plays in the blast furnace 
l) 

' · (1 mark) 
.... .... v.:.::.�:-�T:� ..... 0.z<: '·"' �.b:o ......... '?<..f .... 

I�� ... � ..... �":! ·--�'c .. v(
• ♦ o ♦ 1 o o O o o o O O O I Io o ♦ o o o o ♦o O O I♦♦ 0 0 0 0 00 • 00 O O O 1 0 ♦ 0 ♦♦III♦♦ I 1"' ♦ 0 •♦ O O 1 ♦IO O O I I If O O O ♦ 00 0 0 ♦ 0 0 0 0 0 0 0 0 0 ♦♦ 0 0 0 0 t O O O O O O O ♦ 0 0 ♦ • 0 0 0 0 • 0 0 0 o, 0 0 0 0 0 0 0 ♦ 0 0 O O 0 
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(vi) 

(vii) 

The iron produced in the blast furnace is brittle due to pr,. .  f. c:;encc o unpurities.I. Name the main impurity in this iron .................... 9-��.�.: .............................. � ( I mark\ 
............. ············•········· ·········· 

4. Table 1 shows the elements in period 3 of the periodic table. Study it and answer the questionsthat follow.
Table 1 

I Element I Na Mg Al Si p s Cl Ar 

(a) 

(b) 

Write the fonnuJae of two oxides, for each of the following: (i) sodium: Oxide I .... �.-:'.�9 .................. Oxide 11 ..... N.:::�.Q.9:-.: .............. (l mark) :
(ii) chlorine Oxide I .... �!i1,.Q .................. Oxide II ....... �.\.�.OJ .............. ( I mark)

L\0 C,\0� c\,__O,., c��o.£, Cl�O�, (.,\ ... OaC\C;, 
I I "'I I .._ I 111e products of the reaction between phosphorns and chlorine depend on the conditions jused. Write the equation for the reaction when chlorine reacts with excess phosphorus. 1 / \ (I mark) I 

· 2.. f(!;J -t 3 c. \'.l(:i) ·. � 2. f c \ �Q) l'7 0) ✓ r'\ ...................................................... =··············· .. ····························:!7 ..... .. , .......................P � t;) t � C I 1 r ')J :> it- f L l..;t fi)) n (LJ .
....

.... ..
·················································� ..................................... � ........................ ,...,,.�.....

. 
\ 

P10 \5) -j- \ 5 C \ "-OJ-::, I O () C. \ 3 �)"'Q) .✓ 
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.. 9 

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

. . . . . ................. ·-................................................................................................... .
• •

• 

• • 

•• 

••

• 

• • ••
• 

• •• • • 
•

•
•

•

•
• ••

• 
•

• 

• 

• •

•

• • 
• 

• •

• •
••

•• 

••• 

•
• 

• 
• 

• • 
• •

• • • • • 
• • • •• •• • 

• 
••• 

• • 
• 

• 
• •• • • • • •• • 

•
•• 

•
• 

• • • • • • 
• 

• 

• 

• • 

• • • •• • • • 
• 

• 
• • 

• • • •
• 

• 

• 

• • ♦ 
•

•
••

• 

Scm111�d with c,1111S:.:.111m:r 
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3 - ,;;._:"111 __ ,0iillll!SDII■·� • /somcr 2 . Structure Name 
i ·····:S.·•,,f:::=·······A·· ········tt·········t······t·····�········································✓,. / � d{'.: ..................... l:!. .. :::f .�··:::1·�·H·if ::: .J:::� ...... 1 .......... �.: .. �.�.· ..... 1. 

✓- ········· ......................................... H ..........................................................................................
t«,(, � ................................................ � ........................................................................................... . 

lO ............................... ;·;·�,t� .. ��.:.f�·/·:·;;···vf..,···· . ;·;�Jr:::.:;;:srF:;;r;::� 
I I ' / ........................................... ·r;·-4..._ .... Jr .............................................................................. ..(d) Incomplete combustion of penl�nc may rcsull io air pollution. Write an equation loillustrate this combustion. ___ ✓.ark) 

liow' };r•' w \:\.,"'""' :t'c?.Q.,. ... � � ... :z: .#.'. c::.," .. ±§.: lj .q., . . '·oR
1{cf' :R··c�··1:1·;:;_··�-\;····:+···11··0;··��········· .. ·:7···10·ct5"····z···r6·R··:·o···············

c. ()• I � < u • . (e) TI.1e main component in natural gas is methane. Describe how methane in natural gas 1s

(f) 

910107 

fu��. 

9� hccv-.'r-.r:J""' .,.�,..,,t1kd.c,,.,,,J cL_
ci 

... 'f .... (5 nvv<-c ....... Mc�--........ t.. ..
.... ; h .... .I k ...... A"'-(;. fr;..,.. CL ..... ..:.-;_f ......... C, ''j .Cf"" .... v( .......................... " ........ .. 
. . . .... .. .. ... . .. ........ .. . . ... . . ........... .......... ..... ..... ........ .. . ... . . .. .. .. . . ... .. . . . ... ... . . .. . ... ... . .. ..... .......... .. . . . . .. . ..

Turn 11\'f'I" 
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10 

S. Table 2 gives standard reduction potentials for some hnlfcclls.910I07 Tnble 2

Half cell Hair cell c,,u:ation £11 '" 
I Fe3· (aq) + e - Fc1' (aq) +0.77

II K 1 (aq) + c - K(s) -2.92

Ill Ag· (nq) + c ..... Ag(s) + 0.80

IV Pb2• (aq) + 2c - Pb(s) -0.13

V l2(aq) + 2c ..... 21- (nq) +0.54

(a) State the st.1ndard conditions of an electrochemical cell. (2 m:irk.s} 

· ··· \�,\;,,.i;:;.\, · · · rt � e;-a:c.l�...... . . ..... .� .. '.'.:'.". r.11 f :::.�.'.:::� .: ........... , ............ ·····�··r;:,=t,·\:m.\�............................ �."::.:f :.S:.:.'. ....... 1 .. ���.�.�� .. '.�!..'�.� ...... ···�t·••J;.4\:: .. ���-

···········•····················································································· __,···································· 

(b) An electrochemical cell was constructed using half-cells Ill and IV.

(i) Complete Figure 2 by labelling tbc parts of the cells indicated as r\ 1 -A4 

r---------1 ,\ >----------,

--:t-.-\ L.a..-....--.-............. 

Figure 2 

Kenya Certificate of Secondary• Education, 2020 
233/2 

(2 marks) 
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A, 
( O \ V' (., Lt .{,-.\

r Al �- t>�· 
(c) 

fi1n,u-

Write un equation for the cell rea1:tion anti calculate the e.m.f. of the cell.
I• . (I mark) �qua11on 

l?.4T�,.�t.�&.��,.0 ............ ·2 .. ..l?.���1
J:
7•·± .. 3..6J .. (j.� ... :!LJ ... . 

.. .. . .. ... .. . .. . .. ... .. .. . . . . . ... . . . . . .. . . ...... ... ... . . .. . .. . . . . ... . . ' .............................. ' ............................ .e.m.f. 1 
......... -+-... o: ... f .. -.-.. o_-.1 ... � ... · .... � ........................................................ .

(I mark) 

••••• •f-., o. •••• '13_-v •U••••••U•••• J,:::,ooooooo•••••••••••••••••••••••••••••••••••h•o••••oo••••••••••••••••••• (iij) TI1e salt bridge helps in completing the circuit. Explain ,Y.!J.y a saturatedsolution of potassium chloride is not suitable for use in the sail bridge io this electrochemical eel I. ) (l mark) 
&.�'.c I':.'... . ;::.(". i�.i; !e. l "'t:, � .. .?.k. <:::J \�;. .. 

��
'.:1F�;�?.';�� �fi"tf G: '.:;£;,J;� · ·f/2;:· ����c��·,, State why it is not possible·10 construct a similar electrochemical cell using half-cells 11 o,.ff. and Ill. (I k) 'K.. -�' !, � . . �:""r I 0.(, 6 ,;,.in C-{r �to':'. : --�L. .. �:'.: : 

�:"'. ":= '.:: f.. :';f c:l 11 . � .. :✓-�⇒- .. ½J_k . , -J.h, C � .... ,;;;c�� . g-:r.J/4> I I:,_
······················································ .... ,...... u\ ( -............................................................ -............... .
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' 
(d) Stoic w1d explain tJ1e observations made when aqueous potassium iodide is added to

aiU5 irsn(lll) sulp� A (2 marks) 
......... *-:'..�.M,.:.���.'.: .. : .

. 
h:'.�'.:'.'.: :':� �"1> fi• 1- · 

.. ··ts1.5;::��.:« .. �., .. !.��':''.
..
.... 

.. ..�J4 :................................................ -::r.:t' ....... &. .. :S:a,:-,·· t -�., ......................................... .. 

-F<.}-+ rt 2 r- � F2"f' T I"2{ J.) LI +a 2�V 
N\ ... � � ··:·· .. ·����L:0;:tt-,,J .................... ��······�;(�···���Jl fcf��ciditicd pofussium dichromate(VI) and acidified potassium manganatc(VII) may be used in dclennining concentration of Fc1• ions in a sample. If acidified potassium dichroma1e(VI) is used, an indicator is added 10 detcm1ine the end point but for acidified potassium mangunatc(VII), no indicator is added. 

(i) Explain why it is not necessary to use an indicator when acidified potassiummanganutc(Vll) is used. (I mark) 

.... l.\::)�M,.��::rt-·��{�7�tj:�J� ... . ...... J ............. \ ...... � ................ !. ............. _ ......... 

G ....................... �J ... ..
.... ... . . .... ... . .... ... . ............ ... ..... ...... ... .............. ············· .................. ················-·· .............. .(ii) An alloy containing iron was dissolved in rm acid and lhc total volume madeup lo 250 cm3• 25.0 cm1 of this solution required 18.0 cm3 ofO.IS M acidifiedpotassium dichrornnte(Vl) to react completely. The equation for the reaction is:
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r,; . 

-
13 

6• (a) Water containing hydrogen carbonate, HCO3-, and calcium Ca2+ ions, is said to be hardwater.
(i) Describe one way in which HC03- ions get into river water. (1 mark) J(.. 
C 0.2. ..... of;�t:1 \,1 (., .. ( ...... � ..... Vt\ i\'\ .... 'v'\ti-T,v .... -f<> .. � .. �..--... " ..... G.,,C..:1,,v1-c.. eto:0

G;:���� .... �::.�.��� ... ��.���······::-::� ... 'I�f�.�-:-:.�:t��-·-:�.�.�.�!.��.f .. eJ .. �5 .. �J4
rk

J,-ci•✓1..,...._,,t:c., �F- a ... � l't5 -ft'_.-., -..5..,:fr i,_f- , .. ;,.t;,� C V1--
(ii) Exp In in the disadvantage of using this type of waler in boilers. (2 marks) 

7z::i:,p (�,�t�r:=-�:�:;<.f.£. :!?.::::: I c�_( . :-, V' ":; �=:x ·c�=:�t�cnlv-_c- �............. 3 ....... �.. 11"111111111 .............. 0 ........ :J 
... £§.� .. ��·.=;·: ........................................... ········································· .......... . (b) Analysis of a river water sample showed the presence of the following ions:Ca2• Na• Cl .. NO ..' ' ' l .

(i) 

(ii) 

N]?the type of water hardness present i.n the sample. (I mark) 
<;(?N .,,...,c, "'-'--.A-f ✓i ...... .................................................. ) ........................................................................ . 

. ·································································································· 

r@-Q·J b-<. X<ED X �v 
.. 
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(iii) 

Otflffli 

14 

d h h a resin as shown in Figure 3,
The water sample was passc t roug 

---

-------- - - -,...--=--=,.._-Treated water-------
------
------U. Complete treatment of the water sample required passing it throughanother resin. Gi vc lhe fonnulu of this resin. ( 1 mark) 

R�Q-;;- H +- ✓ - \"� .. � ct--c� ,.J.

0� .............................................. / .............. ,1-5) ...................................................Rcoo- Ht IIJ. Explain why a river water sample that has been treated using resins may
still 

�
quire boili

�
g to mak� it safe _ro, drinking. �-(2 nwf s) Re:�.'.� .. '.::I.�.:: ... •�J.L .. ':-:di.... � :'.c:.�� '.:./. r:.'.,L� td"Jr

&� .... . �\\c.: .... ILi.. . . .. .... ..... . . . . .. . . ..... . .. 
•••••••••••••••••••••••••••••tttfffl•lto••••••••••••••••••••••••

•
•••••••• •••••••••••••••••••••••••••••••••••••••••

••••• 

/( ..................................................................................................................... .enya Certificate o/Secondarv F:rl,woti,w M1n
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(c) 

15 

Compound C was used to prepare a potassium soap. 
0 

(i) 

(ii) 

II CH2-0-C -CHi(CH2)13CHl
I o 

fl CH -0-C-CH2(CH2)13CH1
I o 

II CH2-0- C-CHi(CH2) 1 3CH1 

Compound C
Give the formula of the po1assiur1 soap obtained. (I irk)

... �.\.?. .. \.!.�.l .. �.9.'..9 .. � .. -f ·····c··1�\�.�.t!J,.�� .. 9..9 .. ½ .... 1 ........ . 

..... C.. H�.�),.
_;.C.H.1.c .. C-c.O.0 .. \:<. ................................................................ .

S111te one difference in the properties of potassium and sodi1Um soaps. (I mark) 

oJfo 
.f.c \:'.::'.".:�''.:: ... '.':'.'.:::f. � . �\t;.::. �.:"'.'.': �Jj. !r."."r� $.�j'.�J��!.".

.. �.:�:��t,z i �\ :�;�•:. l:h. J. .f.�ll.'..� ...... _C:1.::' '.: : ... '.:(½

·V-<1��•�'4,.,., • • ·;:s ·cr·��r .s,. • • ., \· r<:!· • .. §• i:.f t-{-�,·1 \ J .. ..,_,,l_,t.f:),�•·�.JI l. .,.\.,, •••• i;;�r,.S·q"- i �
{d) A soapless detergent has the fonnula CH3(CH2)10CH20S03Na

• With reference 10 this formula, identify tbe hydrophobic and the hydrophilic parts of the
detergent.

/(0 Hydrophobic V (I mark) 

·······················rc:�:((,:� 1� C W:;: %id ....... t{I 21((.ic�, o ........... .
···················· .. ···�······)..:'>(s.····J.,-r ..................................................................................... . 
Hydrophilic + / (i) Z ( I mark) - 0 5 o; N vi. v 1 

\ �l' ct -C,\\;z osO_;'N;. 
•••••• •••••••• ••••••••• • •••••••••••••• ••••• •• ••••••••••••••••••••••••••••••••••••••••

•
••••••••• ••••••• ♦♦ . . ...... ♦♦ ••••••••••••••••••••••••••

•
•

• 

,)4 ······· .. ········ .. ·············=······o··s·o·�··�·;········ .....................................................
.:) 
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