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. 2024 WASSCE CHEMISTRY

OBJECTIVE TEST QUESTIONS

i B wnwﬁ of the ;o”owmg gases could Ni2* +Fe,, Nim +Fe?* 27. A saturatez soluuon at 55 !”m” nor-

be collected by downward displace-
ment of air? A. Chlorine B. Hydrogen
C. Hydrogen chloride D. Sulphur (IV)
oxide 1
Which of the following substances has
the lowest boiling point? A. Aqueous
sodium chloride B. Ethanol. C. Tetra-
chloromethane D. Water

The branch of science that deals with
the nature and properties of substances
and how one substance can be convert-
ed to another is known as A. biology.
B. chemistry. C. geography. D. bhys—
ICS. .

The eléctron configuration 1s*2s?2p?

contravenes the A. Pauli’s exclusion
crinciple. B. Aufbau’s principle. C.
Octet rule. D. Hund’s rule,

The oxidation number of chromium
in Na,Cr;0; is A. +2. B. +6. C. +7. D.
12

The most important ore of aluminium
is A. bauxite. B. haematite. C. magne-
tite. D. monazite.

Bases normally A. are corrosive B.
tum litmus paper from blue to red. C.
turn litmus paper from red to blue. D.
are non-metal oxides.

The product of the reaction between
ethanol and excess acidified K,Cr,0O,
is A. CH, = CH,. B. CH;0CH,;. C. CH-
;COOH. D. CH;CH,

The product formed when concentrat-
ed sodium chloride solution is elec-
trolysed using carbon electrodes is A.
chloride water. B. hydrochloric acid.
C sodium hydroxide. D. sodium oxo-
chlorate (I).

. Which of the following statements

about ammonium salt is correct? It A.
dissolves in water to form solution of
pH > 1. B. dissolves in water to form
solution of pH < 7. C. does not decom-
pose on heating. D. is insoluble in wa-
ter.

Ethanedioic acid is an organic solid
that can be purified by A. decantation.
B distillation. C. crystallization. D. fil-
tration.

Which of the following functional
groups is present in alkanoic acid?
A. —COOH B.-0OH C.~-COOR D,
-CHO

2. In ethanol, the attractive forces be-

tween adjacent molecules arc A. co-
valent bonds only. B. hydrogen bonds
only. C. hydrogen bonds and van der
Waal’s forces. D. van der Waal’s forc-
es only.

- AL 25 °C, the saturated solution of a

salt in water was found to contain 0.24
g of the salt in 100 cm®. What is the
solubility of the salt in gdm-? A. 0.024
B.0.240C.240D.24.0

- The reaction represented by the equa-

tion:

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

(agq) (agq)

is a redox reaction because

A. Ni2t ions are oxidized and le acts
as an oxidizing agent. B. ions are oxi-
dized and Fe acts as a reducing agent.
C. Ni** ions are reduced and Fe acts as
an oxidizing agent. D. Ni ions are re-

Which of the following statements de-
scribes transition elements? They A.
are very reactive. B. have low melting
points. C. possess variable oxidation
state. D. form colourless salts.
Aluminium is suitable for making al-
loys “or aircraft construction because
it A. is hard and brittle. B. is light and
very resi~tant to corrosion. C. has high
density .nd also a non-conductor of
electric gy. D. is amphoteric and allo-
tropic

Whic  of the following arrangements
of ele ients is in order of increasing
ioniz: ion energy? A. Si. Al, S, P B.
S,P, i,AIC.ALSi,P,SD.P,S;j, S, Al
Cons der the reaction represented by
the e 1ation:

C.H, - 50,4, —3C0,,, +6H,0,,.

If 0.1 nn »le of C;Hg, was completely
burnt, w “at volume of CO,, would be
producea at szp? [volume at sip =22.4
dm= mol-i]. A. 6.72 dm3 B. 2.24 dm?
C.0.30 dm* D. 0.10 dm3
Naturally occurring Boron is made up
of 19.9% '°B and 80.1% !'B. The rela-
tive atomic mass of Boron is A. 21.0.
B. 10.8. C. 10.5. D. 10.0.
The number of shared pair of electrons
in a molecule of methane is A. 2. B. 4.
C.6.D.8.
Isotopes of the'same element have sim-
ilar chemical properties because they
have the same number of A. nuclides.
B. protons. C. neutrons. D. atoms.
Which of the following household
liquids “would be effective in treating
someone with too much acid in the
stomach? A. Strong salt solution with
PH 7.0 B. Tomato juice with pH 4.1
C. Milk of magnesia with pH 10.5 D.
Black coffee with pH 5.0
The percentage by mass of oxygen in
MgSO,.7H,0 is [Mr = 246]. A. 26.0
%.B.45.5%. C.71.5%.D. 84.0 %.
Catalysts alter reaction rates by A. pro-
viding an alternative reaction pathway.
B. lowering the energy of reaction. C.
increasing the surface arca of reac-
tants. D. aligning the reactant mole-
cules properly.
Ethane of volume 400 cm? was com-
pletely burnt in excess oxygen accord-
ing to the following equation:
2C2H(|u.') + 701(5,) *6}‘!20(5‘,)+4C03(33.
Calculate the volume of steam that
would be produced. A. 200 cm? B. 400
enmd C. 600 em? D. 1200 cm?
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28.

29.
duced and Fe acts as a reducing agent. |

30.

31.

32.

33.

1

mally to produce crystals at a tempera-
ture of A. 50 °C. B. 40 °C. C. 35 °C.
D.20°C. ’ F
The following organic compounds are
polymers except A. rubber. B. starch.
C. proteins. D. fats:

According to the collision theory of
reaction rates, which of the following
conditions is not required for two mol-
ecules to react? The molecules. must
A. come into contact without loss of
energy on colliding with each other.
B. collide with enough energy to over-
come the activation energy barrier. C!
collide in an orientation that makes
formation of product possible. D. pos-
sess enough speed to overcome inter-
molecular forces of attraction.

A weak acid is one which A. is not cor-
rosive. B. completely ionizes in water.
C. does not produce salt with alkali. D.
slightly ionizes in water.

Which of the following conditions are
necessary for the preparation of al-
kanoates from alkanols and alkanoic
acids? A. Water and NaOH B. Conc.
H,50, and heat C. NaOH and heat D.
Water and aqueous HCI

The volume of 22 g of CO, at stp is
equivalent to [C = 12, O = 16, molar
volume at szp =22.4 dm?] A. 22.0 dm>.
B.22.4 dm3. C. 11.2 dm3. D. 5.6 dns.
Pairs of outermost shell electrons
which are not used in bonding are A.

- lone pairs. B. bonding pairs. C. va-

lence electrons. D. electrovalent elec-

i trons.

34,

35.

36.

37.

38.
39.

41.

42,

X' and ,,Yare A. isomers. B. iso-

topes. C. allotropes. D. isoelectronic.
Pure water contaminated with quick-
lime will have a pH of A. 1. B 6-C.
7.D.8 i A
The electron configuration of »Cu is
A. 1s? 252 2ps 3s2 3p6 41" 3d10, B, 52
2s? 2p6 352 3p6 452 3ds. C. 1s2 252 2ps
352 3ps 4s2 310, D. 1s2 252 2p6 352 3p2
4s! 3d1o,

When s and p block elements react, the
bond formed is A. electrovalent. B. co-
valent. C. metallic. D. dative-covalent.
The hardest form of carbon is A. char-
coal. B. coke. C. diamond. P. graphite.
The metallic bonding in aluminum is
strong because of large number of A.
delocalized electrons. B. immobile
electrons. C. lone pair electrons. D.
valence electrons.

. How many covalent bonds are formed

by Nitrogen? A. 1B.2C.3D. 4
When an element exists in two or
more forms in the same physical state,
it exhibits A. isotopy. B. allotropy. C.
isobars. D isomerism.

An atom of an element in the ground
state contains 8 valence electrons. The
element 1s considered as a A. metal. B.
semi-metal. C. noble gas. D. halogen

-
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43. The main function of limestone in the
blast furnace during the extraction of]
iron is to A. act as a catalyst. B. re-
move impurities. C. act as a reducing
agent. D. supply carbon (V) oxide.

44. Which of the following 1s a monomer
of polythene? A. Fthanol B. Vinyl
chloride C. Ethene D, Ethane

45, Which of the following compounds is
formed by the oxidation of ethanol? A.

' CH,COH B. CH,OH C. CH;OH D.

CH;CO.H

Tetraoxosulphate (VI) acid is consid-

ered as a heavy chemical because A.

its relative molecular mass is high. B.

a high tonnage is produced every year.

C. it is an inorganic chemical. D. it is

used to manufacture heavy chemicals.

47. How many isomers can be formed
from a compound with molecular for-
mula C:H,;.7 A. One B. Two C. Three
D. Four

48. The oxidation number of iron in its

free state is A. 0. B. +1. C. +2. D. +3.

Water pipes arc produced from A.

Polyethene. B. Perspex. C. Polysty-

rene. D. Polyvinyl chloride.

50. Consider the reaction represented by
the following equation:

- HAl+ ClU; — AICL :

The value of x, v and = respectively are
A.2,3and2.B.2,2and3.C. 1,2 and
1.D.1,1and 1

46
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CHEMISTRY ESSAY
SECTION A

1{a)What is an electrochemical cell?

(b) State three differences between an
electrochemical cell and an electrolyt-
ic cell.

() Explain briefly what would be ob-
served when powdered zinc is added
to a solution of copper (IT) tetraoxosul-
phate (IV) in a beaker.

d(i) Write an equation for the reaction in
L(c);

(ii) State the type of reaction which took
place in 1{c);

{e) Name two gases which should be pre-
pared in a fume chamber,

(f) Give three factors that favour crack-
ing

(g) Give the reason why noble gases are
chemically inert.

(h) State four properties of a homologous
SETies

(i) What is global warming?

(j) State one cause of global warming.

SECTION B

2a(i)Define each of the following terms;
I. Deliquescence; I1. efflorescence

(ii) Give one example of a substance that
tindergoes each of the processes in
2a(l)

h(i) What is meant by ionization energy?

{(11) The second ionization energy value of]
sodium is greater than the first ioniza-
tion energy. Bricfly give an explana-
tion for this observation.

(1) State Charle s law

{n) Sketch a graph to illustrate Charles’
law.

{i1i) A gas occupies 150 cm? at 21 “C. What

#

would be its volume if the temperature
is raised to 45 °C and the pressure is
kept constant?
d(i) Write chemical equations to illustrate
what happens when each of the fol-
lowing oxides is dissolved in water:
(1) sodium oxide,
(I[) phosphorus (I11) oxide;
(I1I) chlorine (VII) oxide;
(IV) magnesium oxide.
{ii) Arrange the solutions in 2d(i} in order
of increasing acidity.

3a(1)Write balanced chemical equations
for the production of lzad (II) chloride
by:

I. direct combination of constituent el-
ements;

IL. double decomposition;
IML. displacement reaction.

(i) State one condition that would in-
crease the rate of reaction for each of]
the reactions stated in 3a(i).
| PN | § i | | E A

(b) Consider the following reaction equa-
tion:

2803{;] + U’]{!_.JJ B 2501,{3‘,; AH = pﬂﬁ]'
tive

(i) state two conditions that would in-
erease the yield of S0,

(i) If 60 em? of 30, reacts with 40 cm? of
0., determine the volume of the re-
sidual gas, assuming that the reaction
goes to completion in a eylinder;

(iii) what is the change in the oxidation
number of sulphur in the reaction
3(b)?

(c) Using structural diagrams, explain
why cyclopropane is not an isomer of]
n-propane,

(d) A saturated organic compound X con-
taining three carbon atoms reacted
with butanoic acid in the presence of]
dilute H,50, to form a sweet smelling
compound Y.

(i} Wame compounds X and Y

(ii) State the functional group present in
X

(1ii) Write an equation for the reaction be-
tween X and butanoic acid

4(a)Write a balanced chemical equation
for each of the following reactions:

(i) ammonia gas with copper (II) oxide;

(ii) ammonia gas with oxygen gas,

(iii) aqueous potassium iodide with chlo-
rine gas;

(iv) iron with dilute tetracxosulphate (VI)
acid;

(v) aqueous lead (I} trioxonitrate (V)|
with hydrogen chloride gas

b(i) Describe briefly the process involved
in the extraction of tin from tin ore.

{iiy Mention three uses of hydrogen.

(iii) State two physical properties of hy-
drogen.

(b) State the class of oxide to which each
of the following compounds belong;
(i) Nay0; (i) ZnO; (i1i) SO.; (iv) COy;
(v) N,0.

Sa(i)Write the chemical formula of alumi-

na.
(ii) In the extraction of alununum, state
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one compound that is used;
I. to obtain alumma from bauxite;
II. as solvent for alumina.
{iii) name the electrodes used in the ex-
traction of aluminum.

aluminum is expensive

{v) Inthe extraction of aluminum:
I. name the substance liberated at-the
anode;
II. write the equation for the reaction
that leads to decrease in the size of the
anode.

b(i) Give two ions that cause hardness of
water. '

(i) State two advantages and two disad-
vantages of hard water.

tion of coal?
(i) Name four products obtained from the
destructive distillation of coal.
d(i) Name two gases which can be used o
demonstrate the fountain experiment
(ii) Give the reason why the gases named
in 5d(i) are used.

ALTERNATIVE TO PRACTICAL A
QUESTIONS

1. A is a solution of KMnO, containing
0.020 mdldnr®. B is a solution of Fe™
obtained by dissolving 3.8 g of iron
granules in 250 cm® of solution,

(a) Put A in the burette. Pipette 20.0 cn’

or 25.0 em® of B into a conical flask

and add 10 er’ of H,S0,. Titrate

with A,

Repeat the titration to obtain concor-

dant titre values.

Tabulate your result and calculate the

average volume of A used.

MnO, +5Fc) +BH,  — Mn +Fe_ +4H.0O
[KMnQ, = 158.0, Fe = 56.0] :
{b) From vyour results and information

provided, calculate the:

(i) concentration of B in moldn?;
(i1) concentration of B in g dm™;

(iii) mass of Fe?* in 250 e’ of B,

(iv) percentage of Fe* in the granules.

2. C isa mixture of two simple inorganic
salts, one of which is a sodium salt,
Perform the following exercises on C.
Record your observation and identify
any gas(es) evolved. State the con-
clusions you draw from the results of
each test.

(a) Put all of C into a test tube and add
about 10 em? of distilled water and
shake.

b(i) Put about 2 cm’ of the filtrate into a
boiling tube and heat strongly.

(ii) Put half of the residue into a test tube
and pdd dil. HCL

(iii) To about 2 cm? of the clear solutiun
from (ii), add aqueous NaOH in drops,
then in excess.

{iv) To another 2 cm® of the clear solution
from (ii), add aqueous ammomna 1o
drops, then in excess.

3(a)Mention two gases that are soluble in
water
(b) Name two apparatus that could be

(1v) Give one reason why the extraction of

c(i) What 1s meant by destructive distilla-




_<=d to measure 9.50 cm?* of a solution (iii) decompose(s) on heating; 2Cr—12=0
sccurately. ) »  |(iv) dissolve(s) in water to form an alkaline v 2Cr=+12
3 hat is the use of a fume-cupboard in solution: 12

== laboratory? e . Cr=+—=+6
“;2me three personal protective equip- (v) sublime(s) on heating. 2

— -1 that are used in the laboratory (¢) A solution of an acid was titrated|6. A:

2)

(ii)

)
(ii)

— o i P ani 2 i srcips _The,__ most important ore of alumini-
ANLA WARC CHEMISTRY methylorange s et o S iy G A R
ALTERNATIVE B QUESTIONS fhree precannions ook R IRCRssary TS, Alutina is then smelted into

= counaee & %QQQ&IC\QQ 500 cm?

when carrying out such an experiment.

aluminium using the Hall-Heroult pro-

-7 sodium. E was prepared by dissolv- S
ng 8.20 g of washing soda crystals 7. C
~12.COs. xH,0) in 250 ¢ms? of distilled 2024 WASSCE CHEMISTRY - Acids are corrosive (strong and
Later : (OBJECTIVE) conc. ones) ; :
o SOLUTIONS - Alkalis are caustic

>.: D into the burette and titrate it
zzainst 20.0 or 25.0 cm? portion of E
-sing methyl orange as indicator.

Repeat the exercise to obtain concor-

1. B:

- Gases that are denser than air are
collected by downward delivery or
upward displacement of air.

- Acid solutions turn blue litmus pa-
per red

_ ‘Alkaline solutions turn red litmus
paper blue

C.

: - Gases that are less dense than air are 8. :

Eant titre values. collected by upward delivery or Ethanol reacts with excess acidified
Tzbulate your results and_calculate the downward displacement of air. K,CR,0, to produce ethanoic acid. If
average volume of the acid used. - Tt is when the R.M.M of a gas is the oxidizing agent is present in limit-
Write a balance chemical equation for greater than 28.8 that we consider it ed amount, ethanal is produced instead
the reaction. : %3nser gnan a}‘i/fr.M x (()3f ethanoic acid.
- : : : - When the R. M. M of a gas is less than|{9. L:
From your results and the informaton 28.8, the gas is less e thar air The electrolysis of concentrated so-
given; Cl, = 35.5%x2 = 71 => Denser than air dium chloride solution using carbon
calculate the concentration of E in H, = 1x2 =2 = le denser than air electrodes results in the production
moldm=3, HCl = 1 +35.5 = 36.5 = Denser than of chlorine gas (Cl,) at the anode, hy-
what is the value of x in Na,CO;xH0? air drogen gas (Hy) at the cathode and re-

O i . 5 S0, =32+(16x2)=64= Denser sultant solution of sodium hy Lroxide
[H=1.0,C=12.0; 0=16.0; o it (NaOH)
Na=23.0; N=14.0] Clearly, hydrogen is the only one here|10. B:

F is an inorganic salt. Carry out the
following exercises on F. Record your
observations and identify any gas(es)
evolved.- State the conclusions you
draw from the results of each test.
Transfer F into a test tube and add dil.
HCI to it until a clear solution is ob-
tained.

Warm the resulting mixture

To the second portion, add few drops
of potassium hexacyanoferrate  (IT)
solution.

3(a)An aqueous solution of a salt was add-

ed to excess sodium trioxocarbonate
(IV) solution in a test tube. There was
effervescence, the test tube became

Select from the list, the salt(s) which:
would not readily dissolve in water;
produce(s) effervescence with dilute
mineral acids;

B

that is less dense than air. It 1s thus col-
lected by downward displacement of]
air (or upward delivery).

Due to the presence of hydrogen bond,
ethanol and water have considerably
high boiling point. Tetrachlorometh-
ane has no hydrogen bond in its. Its
boiling point is therefore relatively
low. What of aqueous sodium chlo-
ride? Its boiling point is even higher

B:

Chemistry deals with the study of mat-
ter, its properties, composition, struc-
ture and the changes it undergoes. It
explores how substances interact with
one another and with energy, encom-
passing various branches such as or-
ganic chemistry, inorganic chemistry,
physical chemistry, analytical chemis-
try and biochemistry.

D.

B:

Na++1,0=-2.

So, for Na,Cr,07, we have:

(+1x2) +2Cr + (=2x7)=0
2+2Cr—14=0
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11. C

13. C

An ammonium salt like NH,CI dis-
solves in water to form a solution
whose pH is less than 7.

Oxalic acid (H,C,O,), also known
as ethanedioic acid can be purified
through crystallization. It is first dis-
solved in hot water, impurities are
then removed by filtration. Upon cool-
ing, pure form of the acid crystallizes
out due to reduced solubility, forming

b) Divided the clear solution obtained than that of pure water. If we have to crystals that are separated, washed and
from (2) into two portions. rank the four substances based on their dried to obtain a purified product suit-
i) To the first portion, add NaOHy) in|  boiling point, we will have: able for various applications.

drops and then in excess. Aqueous NaCI>H,0>C,H;0H>CCl. |12- A:

Alkanoic acids (also known as car-
boxylic acids) contain the carboxyl
functional group, which is represented
as —COOH. This group cqnsists of a
carbonyl group (C = O) and hydroxyl
group (OH).

Both hydrogen bonds and Van der
Waal’s forces are involved in the at-
traction between adjacent molecules
of ethanol.

warm and a white precipitate was You can’t pair up the electron in the 14. C:
observed. State three inferences that 2p, orbital when 2p, and 2p: are empty. %ﬁgg g?ls:ﬁfu;c?ﬁzjgloo i
could be drawn from these observa- Thus, the configuration 152522 p] = 0.1 dm?
tions. contravenes Hund's rule. s ~ 0.24
;s s 3 g
(b) Consider the following salts; Hund’s rule of maximum multiplicity Solubility (in gdm™) = o
NH,CL; PbSO,; NaHCO;; and Cu(- states that electrons will fill dege_nerate -lam
0 : f » orbitals singly before pairing occurs. =2 Agdm-
NOs): + |15. D:

In the reaction Ni2+ + Fe — Ni + Fe?r,
_ Niz+ is reduced to Ni
- Fe is oxidized to Fe?*
- A specie that is recuced is the oxi-



21

16.

17.

18.

19.

20.

21.

dizing agent while that which is ox-
v idized is the reducing agent. Thus,
Niz is the oxidizing agent while Fe

of electrons their chemical properties
are thus expected to be similar since
chemical properties depend on elec-

is the reducing agent. tronic structures,
C: 23. C:
- Tramsition elements have variable A substance that can be used to treat
oxidation state, excess acidity must be alkaline (the
- They form coloured compounds. pH must be greater than 7).
- They form complex ions 24. C:
- They have high melting and boiling]  MgS0, . TH,0 = 246g/mol.
points Here, there are a total of eleven oxy-
B: gen atoms.

Aluminium is ideal for aircraft con-
struction because it i3 lightweight,
highly resistant to corrosion and strong
when alloyed with other metals.

C:

Since ionization energy is known to

increase across the period, we can eas-|5¢

ily expect the trend to be:
Al<5i<P <5 [Which is what
2,83 1B4 1ES 286 t.'ﬂ eﬂamjﬂﬂf

had in mind
NB:
It should be learnt that this common-
ly submitted opinion is not correct, at
least not every time. The ionization

energy of phosphorous is actually|26.

higher than that of sulphur. Phospho-
rous has the electron configuration
[Ne]3s23p®. This half filled p orbital
configuration is relatively stable. So,
the correct trend should be
Al<Si<S=<P

Az

C;H, + 50, — 3C0O, + 4H,0

1

0.1 mole
From the balanced equation, 1 mole
of C;H, will produce 3 moles of CO,.

Thus, 0.1 mole of C;H; will produce|27
0.3 mole of CO;,
Volume at sip
Mole of a gas=——"—"—"—"=
; f a¥ GMFV. 28.
03= Volume at stp
: 22 Adm’
Folume at sip. = (0.3%22 4)dm?
=6.72 dm?
B:
R.A.M=mlx%|+m;x%2 29
LR
100 100
=1.90+ 8 811
= 10.801
B:

A molecule of methane (CH,) has four
shared pairs of electrons. Each hydro-

gen atom forms a single covalent bond{30.

with the carbon atom, and each cova-
lent bond consists of a pair of shared
electrons.

B: 31.

Isotopes of the same element have the
samé number of protons but different
ntitber of neutrons. Since they have
the same number of protons but dif-
ferent number of neutrons. Since they
have the same number of protons,
they will also have the same number

16x11

246

_ 176 ro00%
246

=T71.54%

- % oxygen = = 100%

. A

Catalysts alter reaction rate by low-
ering the activation energy. They
achieve this by providing an alterna-
ﬁ\; pathway for the reaction to occur.

Do not mistake the energy of reaction
for the activation energy. The eper-
gy of reaction is simply the enthalpy
change.

D: '

2':11']5 + ?02 e 6H20 + 4001

II;H the volume of steam produced be
From the equation of reaction, we
have:

C;H; H,O
EH v, LI
400¢ent® v
3
V= 400cm” x 6 _ 1200em’
. D

A saturated solution at 30 °C will nor-
mally produce crystals at any tempera-
t[lilrt that is less than 30 °C.

Rubbers, starch and proteins are all
polymers. Fats, on the other hand, are
not polymers. They are triglycerides,
consisting of three fatty acid chains
attached to a glycerol molecule. While
fats are large molecules, they are not
composed of repeating units

Al

The collision theory assumes that the
colliding molecules have sufficient en-
ergy to overcome the intermolecular,
forces of attraction and the activation
energy barrier, but it does not require
that the collision be perfectly elastic
(I;m loss of energy)

A strong acid is one which ionizes

completely in solution while a weak

zécid ionizes only partially.

The reaction between alkanols and al-

kanoic acids to produce alkanocates is

known as esterification, Esterification

requires the following conditions:

- Acid catalyst: Typically sulphuric
acid to speed up the reaction,

- Heat: To provide the necessary en-
ergy for the reaciion
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32.

33.

34,

37.

38.

C:
Molar mass of CO, = 44 gimol.

Mole of CO, =— 228 __ = 0.5t

44gmol™

Volume at s.t.p. = mole * GMF

= (0.5%22.4)dm?

= 11.2dm3
A: Lone pairs of electrons are pairs o
valence electrons that are not involves
in chemical bonding. Lone pairs ca=
influence the shape and reactivity o
molecules.
D:
g contains 8 protons and consequen
ly 8 electrons. However, $X2- will con-
tain 2 more electrons since an atom
becomes negatively charged afi=r
gaining electrons. Thus, X2 contains
10 electrons. Also, Y contains 10
electrons. |
Thus, X and ,,Y are isoelectronic
(they contain equal number of elec-
trons). !
D: .
Quicklime is basic. Thus, a sample o '
water contaminated with quicklims
will have a pH greater than 7. |
A
215Cr # 152252263523 ped 5230 1
2CrI = 1522522p63523psd i3,
This is because the second configura-
tion offers greater stability.
A:
When s-block elements (which are
metals) react with p-block elements
(which are often non-metals), the
bond formed is electrovalent/ionic.
The s-block element loses electron(s)
to become a cation and the p-block el-
ement gains the electron(s) to become
an amion. The attraction between the
igns form 1onic bond
The hardest form of carbon is dia-
mond. Diamond has a crystal lattice
structure where each caron atom is tet-
rahedrally bonded to four other carbon
atoms, creating a very strong and rigid
three-dimensional network, which ac-
counts for its exceptional hardness.
A
The strength of the metallic bond in
aluminium is due to the large number
of delocalized electrons. Aluminum
atoms contribute three valence elec-
trons each to the sea of electrons that
surrounds the positively charged met-
al ions. This high density of delocal-
ized electron results in strong metallic
bonding. :

. Cr

Nitrogen forms three covalent bonds
This is because nitrogen has five va-
lence electrons and needs three more
electrons to complete its valence shell
and achieve a stable octet configura-
tion. In forming three covalent bonds,
nitrogen can share three of its valence
electrons with other atoms, resulting
:111 aI]totaJ of § electrons in its valence
ell.

41. B:

Allotropy is the phenomenon where



an element can exist in two or ‘more
different physical forms in the rsame (b)
Physical state. These different forms . I .
have distinct structures and proper- Electrochemical Electrolytic cell
aes. far exampde, carbon fias severaf( <€
AU ittty dtaana; grapd-

electrical current. house gases such-as CO, etc.
- (i) Cause of global warming
e Burning of fossil fuels
e Deforestation

e Excess CO,

42.

43,

45,

I
n) C— C'-— C= 2,2-dimethylpropane

. B:

.C

) C=C—C—C—-C= n-heptane
i) C— ('3-' C— C= 2-methylbutane

ED:

\Electrochemical cell is a device for

ite and graphene, each with unique ar-
rangements of carbon atoms and cor-
responding physical properties.
C: Noble gases contain 8 valence elec-
trons, with the exception of helium,
which has 2 valence electrons. This
configuration provides them with a
complete valence shell, making them
very stable and chemically inert.

B: In the blast furnace during iron ex-
traction, limestone decomposes at hi gh
temperature to form calcium oxide and
carbon (IV) oxide. The calcium oxide
then reacts with silica (8i0,), an im-
purity in the iron ore, to form calcium
silicate (CzSi0s), a slag that floats on
the molten iron. This slag is easily re-
moved, thereby purifying the iron.

Bl

Ethene is the monomer used to pro-
duce polythene. During polymeriza-
tion process, ethene molecules under-
go a chemical reaction to form long
chains, creating the polyher known as
polythene.

D-

T};e complete oxidation of ethanol
produces ethanoic acid (CH,COOH).

H,S80, is considered a heavy chem-
ical because it is produced in large
quantities and is fundamental to many
industrial processes. It is used in the
manufacture of fertilizers, petroleum
refining etc.

CsH,; has three isomers:

C
C

C
A:
The oxidation number of any element
(not just iron) in its free state is zero.

Water pipes are produced from PVC
(Polyvinyl chloride) because PVC is
durable, light, relatively inexpensive
and resistant to corrosion. They are
also easy to install and maintain

A:

The balanced equation of reaction is:
2A1+3Cl, — 2AICL

If compared to x Al + yCl, — zAICL, it
follows thatx=2,y=3 andz=2

ESSAY THEORY SOLUTIONS
SECTION A

converting chemical energy to elec-
trical energy. It is a device that uses a
chemical or redox reaction to generate

e Chemical reac- Electricity is used

tion produces to produce chemi-
electricity cal reaction.
® Electrons  are Electrons are con-

sumed as a result
of reduction at the

- produced as a
result of oxida-

tion at anode  cathode.

* Cathode is the Cathode is the neg-
positive  elec- ative electrode.
trode

e Anode is the Anode is the posi-
negative elec- tive electrode.
trode

® Electrodes are Electrodes are in
in Separate the same compart-
compartment ment and no salt
(two half cells bridge.
with salt bridge)

® Does not re- Requires external

quire an exter-
nal source of
energy i.e. it is
spontaneous

source of energy
(non spontaneous).

(¢) Observation: COlour of the solution
changes from blue to colourless and a
brown deposit is observed.

d(i) Zn+CuS0y,, — Cuy+ZnS0y,

(i) Displacement/Redox reaction

(e) - Chlorine, - Sulphur (IV) oxide,

- Hydrogen sulphide, - Ammonia
Factors that favour cracking:

- high temperature, - high pressure, -
catalyst

The noble gases are chemically inert
because their outermost shells or va-
lence shells are completely filled
Properties of homologous series

* A member differs from the preced-
ing/successive member by — CH, or
14 amu

Members conform to a general for-
mula.

* Members have similar method of
preparation

Members have similar chemical
properties

There is a gradual change in phys-

®

6:4]

(h)

L ]
ical properties as the molar mass
increases

e They have the same functional
group.

Global warming is the increase in the
temperature of the atmosphere (earth)
as a result of trapping of heat by green-
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2a(i)l. Deliquescence is the phenomenon
of a substance absorbing water va-
pour from the atmosphere resulting
in the formation of a solution.

IL. Efflorescence refers to the phenom-
enon of a substance to give off its
water crystallization when exposed
to the atmosphere. .

(ii) Examples of deliquescence:

MgCl,, NaOH, FeCl;, KOH, P,0;,

Ca(NO;);.

Examples of Deliquescence:

NaZCOg . IOHQO, CuSO., . SHzo,

FGSOq . TH‘z

b(i) Ionization energy is the energy re-
quired to remove one mole of electron
from the valence shell of a gaseous
atom to form one mole of the gaseous
cation. :

The first ionization energy removes
the valence electron from a gaseous
sodium atom, the remaining electrons
are more strongly attracted to same
number of protons in the nucleus and
therefore more energy is required to
remove the second electron. .
(1) Charle’s law states that the volume of -
- afixed mass of a gas at fixed mass of a
gas at constant pressure is directly pro-
portional to its absolute temperature.

(i)

(ii)

¥ (m)

OR

caghL

A4 Ao

-273C “C

Temperaturd Etia - *
Temperature i

PER Y N
(iii) given: ¥; = 150 cm?, T; =21 °C =21 + y
273 =294K, T, =45 °C = 45+ 273 =
318K, V=17
at constant pressure,

nW.h

G )

150x 318
: 294
C, =162.24cm’

d(i) I. Na,0 + H,0 — NaOH
II. P203+3 HzO—P2H3PO3+6H20—’4H3PO3
III. CLO;+H,0 — 2HCIO,
IV. MgO +H,0 — Mg(OH),
NaOH—Mg(OH), — H,PO,— HCIO,
Increasing acidity

7,
W,
1

4
g d

(i1)

3a(i)Production of lead (II) chloride by
. direct combination

Pb + Cl, — PbCl,
II. double decompesition

P [ari s TR PRI



Ph{NOy )+ 2NaCl—PbCl+2NaMN0,

I11. displacement reaction
Pb+2HC1—PbCl+H,

(i) I. Increasing the surface area of lead

or by using powered lead.

IL. Increasing lemperature or cOnNcen-
trated of the reactant. _

I11. Increasing the concentration ration
of HCI, or increasing surface area
of lead or increasing the tempera-

ture.
{b) 2302(,}"'02@; 2 250y, AH = +ve
(i) Increasing yield-of S0xy
-By removing the product (SO
formed) ;
- Addition of any of the reactants (O,,
50;)
- Increasing pressure
- Increasing pressure
(if) SOyt 0; = 280,; AH =+ve
2 mol : 1 mol
2emi: 1 em?
40 cm? : 30 cm? 2 60 cm?
Excess volume of O,
=40 -30=10 cm?

s dual Volume Volume
.‘.[Rm iz JF of |+ of unused
£as product reactant

=60+ 10="70cm?
(iii) +4 to +6
ie 80, = SH-2x2)=0
SO; = S+(-2x3)=0
5-6=0
S=+6
(¢) cyclopropane (C;Hg)
H\ ,H
H C.H
LU T
oy
H H
Cyclopropane
Ul
I
H—C—C—C—H

|
111 H 11-1 (C,Hy)
h-propang:
Cyclopropane and n-propane are two
different compounds as seen from
their molecular formula. They do nof
belong to the same homologous series,
50, they cannot be isomers.
d(i) X is propanal
Y is propylbutanoate
{ii) The functional group of X is
~0OH (hydroxyl)
(i)} CyH,OH+C,H,C00H—C3H,CO0C;H+H,0

42(i)2NH, g+ 3Cu0,—3Cu,+ 3H,0+ Nogy
(il} 4“]‘]3@4‘30;@ —PﬁH:D{,a]‘l'zNgm

(i) 2Kyt Clagy = 2K Cligy oy

(i¥) Feg-H;S0ug —FeS0 g Hag

["I'r] Pb(NG]]1‘1‘2HCI—‘P|JC|3|,]+2HNDJ[.,‘-]

b(i) Extraction of tin from tin ore:
Tin ore is crushed, and washed with

water. It is then filtered and roasted in
air to remove impurities (such as sul-
phur, arsenic and antimony) the prod-
uet is then mixed with powdered char-
coal or coke and heated, the molten tin
is then tapped off.

Uses of hydrogen:

in the production of margarine
used in rocket fuel

as a reducing agent

in filling ballons

used in the production of ammonia
in the synthesis of HCI

(ii)

(iii) Physical properties of hydrogen:
s odourless, colourless
= less dense than air
® gas at room temperature
e insoluble in water.
bii) Na,O — basic oxide
(ii) ZnO — amphoteric oxide
(iii) 30; — acidic oxide
{1v) CO, — acidic oxide
{v) MN;0 —neutral oxide

Sa(i)Chemical formula of alumina - ALO,
(i) [—NaOH (caustic soda)

[T — Na;AlF; (cryolite)

(iii) electrodes used in the extraction of al-
uminivm

- anode : graphite

- cathode : graphite

{iv) this is because much electricity is con-
sumed. It is also because the anode is
constantly being replaced during the
extraction.

(¥) L Substance liberated at the anode:

Oxygen (D)

II. C;,}‘I'Um o CDz@}

NB: In this reaction, the anodes are
gradually oxidized, so, they must
be frequently replaced.

b(i) ions that cause hardness of water:

Ca?, Mg2+, Fe2t

(i) Advantages of hard water:
s less likely to case corrosion in lead
pipes;
can improve the taste of the water
because of the presence of cations;
“» present of calcium and magnesium
in the hard water are beneficial for
strengthening teeth, bones and the
shell of aguatic animals.

Disadvantages of hard water:

e does not easily form lather
with soap, making cleaning or
hand-washing difficult;

e increase in corrosion of metal pipes
as a result cf accumulation of min-
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erals present in such water.

¢(i) the destructive distillation of coal &
the process of heating coal in the ab-
sence or limited supply of air, |

(ii) coke, coal gas, gaseous carbon, cosl
and ammonia liquor.

d(i) Hydrogen chloride gas HCly, and am
monia gas NHay.

(i) They are suitable for use in this expes
iment because of their high solubili
in water.

2024 WAEC CHEMISTRY
ALTERNATIVE (A) SOLUTIONS
1{a) Volume of pipette = 25.0 cm?
i.e. volume of B used = 25.0 cm®
V=250 cm?
Burette read-[Rough
ings (cm?)
Final burette
readings
lnmgl burette] 0.00
{readings
Volume  of]
4 (EMNO,
used)

Volume of A4 used
_18.10+18.20+18.10
3
v, =18.13cm’
b(i) Given: )
Vo= 18.13cm’ & C,=0.020 molldn?
Fy=25.0cm?*

1st titre |2nd titre

18.10 [36.30 |1&.10

8.10 |0.00

18.10 |18.2¢ |18.10

n_1
n, 3
From:
LT .
CoVy 1 |
0.020x18.13 _ 1 ;
C, %250 5
¢, = 2020x18.13x5
25
=0,07252
= 0. 1moldm™
(i) Gram conc. of B = 3{}ng
250cm
_3.8x1000
250
=15.2gdm™

(111} Mo of moles in B = volume = molarity
In 250 cm® of B,

250 =x0.1
0

= 0.023moles

Mass of Fe?t in 250cm’ of

= molar mass * no of moles

= S6gfmol = 0.025 = 1.4 grams
{1v) Percentage of Fe- in granules

no of moles =




::—_iXIOO% ¢
3.8
=36.8%

Observa- | Inference

tion

Test

C + 10cn?®
of Hzo

C is a mix-
ture of a
soluble and
insoluble
salt.

(a) C partially

dissolves

ofjcolourless,

+lodourless
cas in form
of bubbles

residue offno visible
dil. HC1 [reaction

2cm?
filtrate
heat

b(i) Co*

pected

Sus-

(1) NO;, SO7°
suspected
Zn*, Pb*
Al*  sus-
ipected.

Solution
from b(ii)
+N30}I(aq)
in  drops
land then|
in excess

(iif) white pre-
cipitate
which dis-
solves In
excess

Pb2+
ifirmed.

Solution
from b(i)
+ NHig
in drops
and in ex-
cess

(iv) white pre- con-
cipitate in-
soluble in

CXCESS

3a(i)Carbon (IV) oxide

(ii) Oxygen

(iif) Nitrogen

(iii) Ammonia gas

b(i) Burette

(i1) Pipette

(1i1) Volumetric flask

(iv) Retort stand

¢(i) To capture and remove air-borne haz-
ardous substances generated duping
laboratory experiment.

(i1) It protects the user from inhaling toxic,
gases.

d(i) Eye protector

(if) Lab coats

(iii) Gloves

(iv) Nose cover

2024 WAEC CHEMISTRY
ALTERNATIVE (B)
SOLUTIONS
1(a) Volume of pipette, ¥z = 25.00 cm3

Ist titre

41.80
21.00
20.80

2nd titre

20.90
0.00
20.90

Burette readings (cm®) |Rough

21.00
0.00
21.00

Final burette reading.
Initial burette reading.
Volume of acid, A used.

Average volume of acid used
~ 21.00+20.80+20.90
2
=20.90cm’
(1)
2HNOs 0, #N2sC O3 xH:04gy—2N2NO; 0oy HC O 1HL O
c(1) concentration of E in mol/dm3

conc. of HNO; in g/dns
=539, 1000
500

=12.6g/dm’
Molar mass of HNO;,,,
=1+ 14+ (6x3) =63 g/mol.
Molar conc. of acid,

gram conc. at acid

"~ ‘molar mass of HNO,
1246
63

= 0.2moldldm’

A

B

ng

y
Using L‘_ =

B" B
Concentrated of B,

)5

{1}[0-%(20-90
2 25

C, =0.0836 moldm™

B

|

(ii) Mass of Na,CO, . xH,0 in dn?
=8.20x1000 —32.8g/dnr" :
250

Molar mass of Na,CO, . xH,O
~ Massconc.  32.8

~ Molar conc.  0.0836
=392.34 gmol ™"

Molar mass of Na,CO; . xH,0
=106+ 18x=392.34

(ii) No ppt. formed/No|Fe?/Fe3-  ab-
visible reaction ob-{sent

served

Second por-
tion + few
drops . off
potassium
hexacyano-
ferrate (II)
solution

3a(i)Salt solution is acidic.
Reaction is exothermic.
White precipitate is likely a trioxocar-
bonate (IV) salt of Al, Ca, and Zn.
Prepared- solution contained soluble
salt of Al, Ca and Zn

b(i) PbSO,

(ii) NaHCO;

(iii) Cu(NO;),/NaHCO;

(iv) NaHCO;

(v) NH,C1

(c)- Rinse burette with the acid

Rinse pipette with the NaOH solution

Remove air bubble from the burette

and pipette

Avoid leakage of the burette

Avoid parallax error

392.34-106
X =—
18
28634
18 ‘
x=15.91 ol
x=16
2. F=(NH,),CO;
TEST OBSERVATION |[INFERENCE
(a) |[F+dil.HCI |Effervescence  of]
colourless  odour-
less gas.
Gas evolved turned|Gas is CO,
limewater milky 3
HCO,./CO’
b(i)[First por-{No ppt,/No visible
tion+drops|reaction (no gas
of NaOH,,, [evolved)
Then in[Colourless  pun-|Gas is NH;
exces§ and .gent."chok)l'hmtat- from NH"
warming |ing smelling gas 4
evolved.
Gas turned red lit-
mus to blue/Pro-|
duces dense white
fumes with conc.
HCI
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