(a) Ta ble

White, Crystalline, white, Crystalline,
efflorescent deliquescen;

: it:te and €xplain the observation made whenp each of the ¢

@

Ompoundg

is left €XPoseq i,

’5(7 & : (i) Compoung B - (2 mar
g
0)5 e . Lo

\/ “""(-—
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Using the in
v formatioy 1 Table 2, determi
Rhiun ne the formula of

o 32-0; 0 =

W | O‘t‘ 16.0; 1= 1,0),
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...........

...................................... S—C T o)

-------------------------------

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

‘ Alloy

Step 1| HC1(aq)

Filter
Brown Colourless |NaOH(aq) [ Colourless
residue fillrate | Step 2 solution

4

Colourless
solution
Figure 1
()  Give the name of another product formed in stV \ (1 mark)
P Hyz{wg% a2

(i)  Write the formula of the complex ion present in the colourless solution obtained

in step 2. " Suted (1 mark)
....... [ZA(OH *-f—j\,./
(i)  Identify the metals in the alloy. - l (2 marks)

TRIREL T A ——— ‘
Copper/. Cu \ ()
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2. The flow chart in Figure 2 shows the processes involved in the manufacture of '
of sulphuric(vT)

f

acid.
ac
= Sulphur
Air ’——{ Chamber 1
s Oxygen

Chamber 3 '
(catalyst)

Chamber 2

Substance Chamber 5

Chamber 4 (__S_ub;;anoe

Sulphuric(VD) acid
Figure 2

(a) Explain how the sulphur used in this process is obtaine

---------------------------------------------------

---------------------------------------------------

eken Sulphu prssss Thazagh. e

-----------------------------

(b)  Give one advantage of using air in chamber 1 instead of using OXygen V(l mark) l
............................................ ...

O ...............
) .......................................................
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(¢)  Identify substances:

@ M : : (1 mark)
el S, /A?w |

et 6 &b LTS L et X R i ot O 00 O H O s Lk L (O T

@ @ In chamber 2, drying and purification take place. Give a reason why this is

necessary. itz J |
i s Tm wriies in The 94 ﬁbkw\ The (edaly I o

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

O R 3 Max e The LCt:lﬁljS" 1 e’f’ﬁ\g\‘ et /fn\ A YsS  catad
(i)  The reaction in chamber 3 is hfghly exothermic.
I Explain why high temperature is required for the reaction in chamber 3.
‘ y (1 mark) ®
T tncreases vabe of wagtreny Mo
Padicles gain winetie eneray resdiing. de e U8t

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

(1 mark
-PT“-( l Cq"\ E‘ﬂ Y{C:_-) c\ ‘EO{ l(\V\ Y= —h"Q Q\l\g‘}eyvl \/ (

ofy VUsed to pre-hreed SO, and Oz gater ?
©
63) Emission of gases in the sulphuric(VI) acid plant may lead to environmental pollution,
v (i) State the evidence that could be used to show that the sulphuric(VI) acid plant
- causeg pollution. (1 mark)
Rusted Covreded pmedlit dhctues new e flant
K av Resq I Seons €8 -
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(i)  Explain how the pollution identified in 2(f)(i) can,be controlled. (1 mark) /

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

Sex ubb@..;’ﬂﬁ:ﬁ..@@é .......................................................................

-----------------------

\ o $, '(?Mg\:\c) e (31v>av\m\swm‘\“m‘“O\\Kﬁ\ﬂf»e(bmﬁb

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

3 (a)  Chemical reactions occur as a result of collisions of particles. Give a reason why not all \
collisions are effective. (1 mark)

olm.\iﬁ ..... vl es. may NG eowses The n=cestnry

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

-

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

e N N X —
e oA A ] collide thThe WYDY orieviTAe 2
O\’} S Arl(b) State and~;1plain howAtlﬁl% following factors affect the rate of reaction:

y
(i)  Surface area of reactants. : / Zf (1 mark)

/nm—em-e.\i\-ﬁ'ﬁ ferenses The vade ot veactyv

Wgﬁ,@»&— (o voode..fardigles are oo The '@%%(\J

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

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

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

(i)  Pressure. . y g ,7 \ (i mark)

4

\04_0/} e "
(c)  Inanexperiment to determine the rate of a reaction, marble'chips were added to excess
2M hydrochloric acid. The equation for the reaction is: "

lCaCO:,(s) + 2HCl(aq) — CaCly(aq) +,C92(g) + H,0(1)
— P

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 | 1241 130 | 132 | 133 | 133
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(i) On the grid provided, plot a graph of volume of carbon(IV) oxide (vertical axis)

| /T\ against time (horizontal axis). (3 marks)
Hp_gjéﬂfﬁfw.wﬂp'ﬁi”‘ﬁ““
R LT T L A e
R e L_ REsas #"-‘L’ﬁ’” fir HRH
SesEsaEs Rk tanes| Li—} : Hh% et L
WO T e el e N e
H] AT r 4N T)(Tfﬁ"{‘tw“’“
_ \ lo® / _‘_;;_ _ "“
A\ - S - e
- HERARA TN
N i
i ! H = - 11
) 2 F . NEE EERUNRANS i ]
( i : v EREas A . HH
6o ; e
= l“ :
e X
et el o :
T ' : E: |
CRT0) ' :
Ol " 18- ap- %% b F W =, 8
| P03E30 gt e 12D 80 T \gui: 20 . 2o
(i) Using the graph, determine the rate of reaction at the:
= cocr = S Thme(Foavols )

: \“(69 L 45th second. frbe oy ="
6 | : (1 k)
( / | ~\LAnngent ‘/“}"/—

._..,_- ; , . - \lom $R_C
II."  105th second. - - (1 mark)
e 3N : :
T L
e v S T

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

L L sebe B P, e
Teesarevrettsneinga . .
Sennaee Ve
teveae
tene
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(iii)  Give a reason for the differences in the two rates. (1 mark)

M LbSh second,. 2l S b sh cn (& (vw\r@vohrd?\h

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

yake  of Mm“\ . e /e

) Yq, k)/) .......... :/ ......................................................... |
i \00 (iv)  Using the graph, determine the mass of marble chips that reacted (2 marks)
- ~ - i < —
Al i . Pl A
A%00O / (Ca=40.0; C=12.0; 0 =16.0; ! :
: T ‘/:,/ 7 MAdS 2mcleS Amery
— 0~E5E5i Molar gas volume at room temperature and pressure= 24000 cm?). 010055 ¥ oo
AP w MY I
el TR G T8 e
' | e caco, 2 i
................ ' aa,‘-?Z
......................................... CaC0.5C0. .. |osossin 7
................................... Bl 2% | osessu xios
oI TR R Y S A S E LRI I v P P
greens maxvol= B3 ... REH. o Sx071005] o
- - -— e : ']
lhes ofgas = V. = 1227 = 67605019 weles =.055429 /|
= e 5 T L 3. 44
: : Mo [ of CA-V3 1

—4, (@)  Sea water contains apprbximatel 3% sodiun? c'lﬁgn%s LE:L i
| 4 . §%: 2
i bl ) y escribe how sodium chloride is

-----

R Weshad oud g
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Molese = ash - 36,2y | If 0-6188 ol —7 s //é
P ) PAF VA, — 2 > \gvoe-
RMM o f =585 25 | 9 2 N Vo | =6 i88M
) Choss vy = 1000 x 0 6132 - |7
) 2 T O"61BEmie = ——tee: G,\QM ‘
The solubility of sodium chloride is 36.2 g in 100 g of water at room temperature.  (eQ. ™M

_~Determine the concentration in moles per litre of a saturated aqueous sodium chloride at .
—— . .room temperature (Na = 23.0; C]=35.5; density of water = 1.0 gem3). (2 marks)

| 41

(i)  On the axes provided, sketch a curve showing how solubility of ammonia gas
varies with temperature. (1 mark)

A

Solubility

~ Temperature

= -

Kenya Certificate of Secondary Education, 2021
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(i)  Give a reason for the shape of the curve.

SO\MB\\*) ..... o Amamenma, P(Q«o/

Wirease 0O temmperstwre” oo -

2033830880y

e ﬂ@:%wm%_%, |

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

s A st

---------------------------------------------------------------------

H&CD_B&EQ%W‘;‘U% vockS s 3 w / Lj?

.................................... t
¥ Py
Hence lﬁM:qu ......... ewd ... t
.................................................................................-....-..... .................................................. !\4
S. __ (a)  Figure3 shows part of a Periodic Table, ™ D
: : 2 7He< -
Li | Be : ' Bl N, o | F Ne ‘
Na | Mg . Al Si : Cl :Ar r
K Ca Bt E{
Rb : * ’ |
L) : : I L/
Cs . : : Zg‘
Figure 3 3

(D Select from the table the most reactive:

L metal ........... C— = ‘/ T RART wark)
n ( ....................................... oo ;

---------------

G Seloot s SR S SR Rt L e O
A\ .
‘ with the highest first jop; ation energy, 1 _ (1 mark) \
"".“"""”'“.”.“"..""n.___.“"ue."". »
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(i) L

3 ‘Lfffl}»t/ff(‘fv..ﬂ U\
1. Give clinduslri' I use of argon. (1 mark)
2B A ..wﬁett«gg.[%fff wfloresiot bulbe Cang) /

ORI o O, el Ly ororts il ity

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

breatlain Jed vy ’(b—l’enﬁc, Me&bf(,‘,y\eiuy{a(/li—, L[jl)

(iv)  Explain cacli of the following observations: Lpescd Prvitd ng

L. The melting point of lithium is higher than thatofpo;%(l mark) /
L _lrwa__,_g}‘mvﬁ@// metndlie As "gm 2

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

------------------------------------------------------------------------

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

----------------------------------------------------------------------------------------------------------------------

(v)  The following ions have the same number of ¢lectrons: N*~, Mg?*, 0*-, Na*

Arrange them in order of increasing ionic size. Give a reason for the order.
(2 marks)

-----------------------
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(b)  Use Table 4 to answer the questions that follow. ,
Table 4
P Substance
Property H 1 J K
- -38.9 -85 n
Melting point (°C) 993 :; o — 2
Boiling point (°C) 1695
Electrical Does not—{ Does not-- | Conducts Does not
Jec <
conductivity at room conduct conduct conduct
temperature
Electrical conductivity in | Conducts | Doesnot | Conducts Doeds not
f molten state conduct conduct

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

Give a reason. K \/ %’_ P (1 mark)
: o~

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

- ol 1@;1\*& PRt of =GO ME LeluuTle g

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

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

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

= 7(i) Name the particles responsible for electrical condueti(rity in substance:

L H r // . / (I mark) =~
Wi\ﬁ 1ong /j_bn_&‘. gr-ere, \oy =
IL.

(iii)  Identify the type of forces that hold the particles together in:

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

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

6. Figure 4 shows a flow chart involving reactions of some organic compounds.
® CH, H
“ I |
- (I; et (s
I
\ X } H H/n
' Step 2 Mgt~ T e Step 5
Step 1
CH,CH,CH,0H CHSHCH,
Step 3 ~ Step 6 | Br,(aq)
CH,CH,COOH Y/
Step 4 Y NaOH(aq)
Y
Figure 4
) : (a)  Write the formula and give the natmes"of compounds:
D X< I
I Name 2 \/ l Formula / (2 marks) 2/

M@uesi&m..@m@m.\dﬁ .....
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ary for carrying out: [/
(b) K{Givc LR Avids %n@?' \/ q(l mark)
N e o

--------------------------------------

cagents and conditions Necess

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

............... : .

-

Wi pese / KRign tempenture /M(BW&%@K/@M%*/T\'CLL,— .....

(c)  Step 1 can be carried out using concentrated sulphuric(VI) acid and heat. Name another ‘z, (v)
aA

reagent and conditions that can be used fo carry out Step 1. / 9"“&%5??)
A\ 7 / S( 017 Gi \IBCA S and / P Qi?/ko e a._q?‘

----------------------------------------------------------------------------------

© G

--------------------------
-----

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

............
------------------
..........
sese

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

(i)  State the observations made in step 6. /
YW Dl ) owin el '64,‘ V\S"}v m,(y(l mrear;ﬂk)
.............. DS S R ' & '
-~ s £..28colownted [4u e colow|ex

K .
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s (@)  Using the oxidation numbers of chlorine, explain why the following is a redox reaction.

HCIO(aq) + SHCl(ag) — 3Cl(g) + 3,0 (LKD)
Al £ CH(‘“&:‘?..:‘?;: ....................
A\ EO=0 AT (0
L'~ B0 s '+|+CL
=T el =
(=5 o=

_o—)
(Lc_+-5 .............................. kai"‘—/_"'—'(/ A

 Oxidetion no_of Gy in HO\E, fncrentes fan, — 1 O howe gl

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

OXidagrv o of L w HCLO3 veducos Lopm +5 nte Rechrdr
(b) - Use the following standard reduction potentials to answer the questions 3 7‘
I -
Half cell reactions EYV F
| PbSO,(s) +2e = Pb(s) + SO2~(aq) 036 - HeHs
IT| PbO,(s) + SO (aq) + 4H(aq) + 2¢ — PbSO,(s) + 2H,0() | +1.69 1AM
I | Fe(aq) + e — Fe?*(aq) +0.77
~IV | Zn**(aq) + 2e — Zn(s) - -0.76
V | MnO(ag) + 8H*(ag) + Se — Mn*(aq) + 4H,0() ® +1.51
VI | Og) + 2H*(ag) + 2¢ — H,0,(aq) , o +0.68
VII | Fe**(aq) + 2e — Fe(s) . & 044
VIIT | Cu?*(aq) + 2¢ — Cu(s) A +0.34

(i)  The half cells I and I are combined to form an clectrochemical cell.

L.~ Write an equation for the cell reaction.

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

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

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

© B g 3
Ec_et(..........ggﬁg ......... - R gt .
........ O 15 e Gl oS B
. !
r i '05 V \/ /.7.//
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| bt fe o Y

l l‘g' \‘V\W'{'Lm v:r)(’t"
W d using half cells

. -hemical cell fo
(i)  Draw a labelled diagram for the clectrochemical ce (3 marks)

1l and IV, Wm\gab{\{w < }7// +0e8% T Wi

L/ Frce. AE
- / 1/
Pt

. % —~——
s \™M FQ?JT \/’7’

()

i
Saut LA e

\
S:T\\«;r&"\ \n

=X ‘éy _

sevecsneliiiinaa., YL} RAAAAAEEEELELIELETITY PEPY P o et b o AL TR LR T i S L Ty
*reoennss

(iv) Coating jron with zinc is a more effective way of corrosion prevention than

coating it with coppet. Explain.
i =

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

Tﬁm ...... b2 eNe
......... Qfe.gq&m....{..%.....\ﬁs}
Y . THIS 15 THE LAST PRINTEp PAGE.
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(iii) ~ State and explain the observations made when a few drops of acidified potassium

manganate(VII) are a({ge‘(}to/hydrogen permside. @3 \%
3 N\ :
\,([\/\nO - HT changes ”ﬁ»m? Wrole Jrv (olowr]egy / L8 c[e blwvf@d |

--- (.->'..--.-

N\



