SECTION 12 Patterns in the Chemical World
Multiple-Cholce Questions
CE08_22
Comparing the elements in the second period of the Periodic Table, from lithium to fluorine
which of the following slatements is/are correot?
{1} They show a gradual chenge from having melallic propesty to having non-metaliic
property.
(2} They show a gradual increase in the number of electron shells in their atoms,
(3) They show a gradual decrease in melting point.

A, (Donly B. {2)only
C. (1) and (3)only D, (2)and {3) only
CEl8 31
The structure of 2 sulphur molecute in sulphur powder iz shown below:
s 8 3
\5s87
s g

Which of the following statoments is correet?

(Relative atomie mass: 8= 32.1)

A.  The relative molecular mass of sulphur is 32,1,

B.  The oxidation nunther of sulphur in the molecule is 0.

C.  The aliraction between sulphur molecules is covalent bond.

D.  Double bonds are present between adjacent atomns in sulphur molecules.

DSE12PP_30

In which of the following reactlons, is/ate the transition metal specles NOT acting as a catalyst?
(1}  action of acldificd MnO4 (ag) on SOs*(aq) at room temperature

(2}  action of Ni(s) on a mixture of HyC=CHa(g) and Hz(g) st high temperature

(3) action of Pi(s) on a mixture of COLg) and Oa(g) at high temperaturo

A, (Donly B.  {2)only
C. (1) and (3) only D. (2) and (3} onty
DSEI2PP_35

¥ statement 2™ statement

The melting point of (he non-metals in The relafive atomic mass increases from
Period 3 of the Periodic Table decreases sulphur to argon in Perfed 3 of the Perdodic
from sulphur to argon, Table.

DSE12_3!

Which of the following oxides would form an acidic solution when added 1o water?

A. . Cashondioxide .. .. . B.....Silicondioxide . .o
C.  Aluminium oxide D.  Lithivm oxide
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DSE13_26

Which off the following is NOT a characteristic property of transition metals?
A.  They form colored compounds.

B,  They exhibit variable oxidation numbers in sheir compounds.

C.  They react with ditute hydrochloric acid to give hydrogen gas.

D.  They exbibit catalytic property in elemental sate or as compounds,

DSEI3_36
19 statement 2™ statement
Both atuminun oxide and magnesium oxide Both aluminum oxide and magnesium oxide
exhibit similar acid-base properties, are tonic oxides,
DSE4_36
1% statement 2 statement

Atuminium oxide is solublo in waler. Aluniinium oxide is an amphoteric oxide.
DSE15_28
Which of the following statemenis concerning the Periodic Table is correst?
A, 'Themelting point of the Group 1 elements increases down the group.
B. The boiting polnt of the Graup VII clements increases down the group,
C. The clements are arranged in the order of increasing relative alomic mass.
D.  The electrical conductivity of the thivd period clements Increnses from left (o right.
DSBI5_35
1 statement 2" gtatement
The melting point of sificon is higher than The namber of ¢lectrons in a silicon atpin is
that of aluminium, greater than that in an aluminiom atom.

DSEl6_30
Which of the lollowing trends jnvolving Na, Mg aud Al is INCORRECT?
A, Melting point of metal: Al>Mg> Na

B.  Elecironegativity of metal: Al>NMg> Na
C.  Metal reactivity with water: Na> Mg > Al
D. Basestrength of metal oxide:  AlLO: > MgQ > Na)O

468



—

r—

=" £ B B T P e et &=~

DSE!4_30
Which of the following graphs (not drawn to scale) correctly shows the variation in eleelrical
conduclivity of the alements in the (hird period of (he Periodic Table al room temperature?

A, B,

A

Electrical conductivity
Electrical conductivity

NntvigA-l si P S Cl Ar NoM'gA'I sl P S Cl Ar

o
o

Flecrrical conducrivity
Electrical conductivity

Na Mg Al S| P S Cl Ar MaMg Al 81 P S Cl Ar
DSEL6_36

1% statement 2 statement
P4O14(s} can react with NaOH(aq). P4O0o{s) is an acidic oxide,

DSE17 22

Which of e following statements concerning buraing coal under room conditions are correct?
{}} Buming coal forms both acidic and non-acidic subslances,

{2) Buming coal forms both gaseous and non-gaseous substances,

(3) Buming coal forms bath poisonous and non-poisonous substances,

A. (1) and(2)only B, ({)and (3)only

C. (2)and (3)only D, (1% (2)and (3)
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DSEL7_25
Which of the following graphs (ot drawn to seale) shows the variation in melting points of the
elements in the thivd period of the Pericdic Table?
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DSE17_30
Which of the following statements concerning siticon dioxide solid is correct?
A.  There are single covalent bords between silicon atoms and oxygen atoms.
B,  1tis insoluble in sodium hydroxide solation.
C.  1thas a simple molecular struclure,
D. It conducts electricity at room temperature,

DSEIR 28

Which of the following statements is correct?

A, The boiling point of argon is lower than that of ncon.

B.  The boiling point of nitrogen is lower than that of oxygen.

C.  The melting point of silicon is lower than that of sodinm.

D.  The melting point of aluminium is Jower than that of magnesium,

DSEL8_32

Which of the foltowing processes can ilfustrate the characteristics of transition metals?
(1)  Mixing AgNOs(aq) and NaCi{aq)

(2)  Mixing FeSOs(aq) and Brafuq)

(3)  Mixing CoSO4(s) and H2O(1)

A, (Donly B.  {(2)only

C.  (lyand Q) only D.  (2)and (3} only

ATC



DSE20_28

DSE20_30

DSE21_28

DSE21_33
38,

DSE19_33
Which of tho following does NOT exhibit 4 characteristic of fvon as a transition metal 7
A.  Ton coredes readily.
B.  Iron can be used as a eatalyst.
C.  Tron can form twa chlorides,
D, Ironfll} sulphate solution is green.

28, Which of the following statements concerning the oxides of slements in the third period of the Perindic
Table is correct ?

A, $i0x(s) dissolves In water to form a neutral solution,
B. PiO1fs) dissolves in water to form an acidic solution.
C. ALOs(s) dissolves in water to form an alkafine solution.
D, CLO} dissolves in water to form Cli{aq) and Ou{g) only.
36, The sketch below shows the melting points of ten consecntive elements in the second and third perieds of

the Periodic Table, arranged in the order of increasing atomic numbers. Sodium is one of these ten
slements, Which of W, X, Y or Z may represent sodium ?

A
k=
E \
&
AN L
o
4 i
1
|
1LI1
atomic number
Al w
B. X
G, Y
D. z
28. Which of the following statements correctly describes the property of an amphoteric oxide ?
A, It can react as an acid or as a base.
B. Tt can react with water to form an acid and an alkali.
! It can be simultaneously oxidised and reduced in a reaction,
D, it can react with water to form an oxidising agent and a reducing agent.

Which of the following statements concerning the elements in the third period of the Periodic Table going
from Na to Clis / are correct 7

(1) The bond type of the elements changes from metailic bonding to covalent bonding.

(2} The oxide of the elements changes from acidic to basic.
3) The electrical conductivity of the elements keeps decreasing.
Al (1) only
Bl {2) only
& (1) and (3) only
D. (2) and (3} only
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Structural Questions
AL9G (I}_0da
BaO is a basic oxide, while COz s an acidic oxide.

(i)  State all observations whcﬁ dilute HCl(aq) is added to BaO(s).
(1.5 marks)

(il) State all observations when COy is bubbled, until in excess, into the following solutions.
) dilute HCl{aq)
2)  Ca(OH)ag)
(2.5 mmrks)

ALY6 (II}_06c (modified) [Similarto DSE)4_11]
State THREE characteristic propertics of transition elements, apart from complex ion formation,
in each ease, illustrate your answer with an examipie involving copper or vanadium,

(3 marks)
ALDS (T)_03b

Sketeh the trends for the properties mentioned in (i} and {ii) below. and account for the trend in
each case.
(i) Mehing point of the alkati metals, Li, Nnand K

(2 marks)
(i} Boiling point of the Perfod 3 elements, Na, Mg and Al

{2 marks)

AL (I)_03 [Similar to DSEIT_14)
When KMnOi(aq) is added dropwvise to acidified Na:Co04{aq), decolorization is slow at the
beginning and then becontes faster,
(2} Write the balanced equation for the reaction involved.

{t mark)
(b} Explain why the rate of decolorization increases,
(2 marks)
ALS9 () 03
Describe how to detect the presence of water of crystallization In an inorganic sait,
(1 mark)

ALO2 (I3 03
Account for the following observation:
When hydrated copper(Il) hydroxide solid is shaken with deienized water, the liquid portion off
the mixture is very pale blue. On the addition of an agucous solulion of ammonium chloride, the
liquld portion shows no significant change in color. However, if instead, aqueous ammonia is

{3 marks)
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ALD2(I)_03
CO; and 8i0; are oxides of Group IV elements. Account for the fact that CO; is a gas while $iOz is
a high mclling solld under room temperature and atmospheric pressure.
(2 marks)

ASLO2(T)_04
Sketch the variations of their boiling points and account for the variations.
Na, Mg nnd Al
{3 mnrks)

ALOX(IH 02 [Similar to DSEIS_14]
The graph below shows the variations of melting points and boiling points of the Period 3
elements.

3000
g
Loiling point
¥ 3000 | SF
§
§~ 1000 —
2 / melting point
o . L N . ]
Na Mg Al Si P S Cl  Ar
Explaln why
(a) silicon, a metalloid, has a very high melting point;
(2 marks)
() the boiling points of the metals are in the order:
Al > Mg > Na
(3 marks}

(e) there is generally a larger difference between the melting point and the bolling point for metals
than for non-metals;
(2 marks)
(d} the melting point of sulphur is the highest among the non-metals,
(2 marks)

ALOS()_61 [Similat to DSEI6_14]
{a) Sketeh the variation in electrical conductivily of the Period 3 efements from sodium fo argon
al roosm lemperature and atmospheric pressure.
(2 marks}
{b) Explain the variation in {a).
(3 marks)
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ALOS(IT)_04
Aluminium hydroxide is an active ingredient of nntacid. Two paths for the production of aluminium
liydroxide using Al{s), H:S04(aq) and NaOH(aq) as renctants are outlined below:

Paths I: Al(s} — AL(SOs)(ag) —= AKOH)(s)
Paths I1: Al(s) — Na[A{OH}l(aq) — AKOHM(s)

(a) Use chiemical equations (o describe the reactions in Path | and in Path 1L
{4 marks)
(b) Work out the number of moles of H2804 and NaOH requited for producing 2 mo! ol A(OH)z
via Path 1 and via Path I1.
{1 mark)
(¢} Suggest, with cxplacation, whether Path [ or Path 11 is recommended for the production of’
aluminium hydroxide.
(2 marks)

ALOS(II}_01
Each of six rengent botiles Iabeled A, B, C, D, E and F contained one of the following solutions:

AgNO;s{ng), BaCla{aq), H2S04(aq), NHs(aq), NaOH(aq) and Na:S:0s(aq)

In an altempl to tdentify the contenls of the bottles, u series of tests were conducted by mixing two
of the solutions, The table below lists the observations in these tests,

Solutions being mixed Observations
Aand C A browa precipitate s formed
Aand E A white precipitate is formed
AandF A brown precipitale is initially formed, and the
preeipitate dissolves when F is in excess,
Band C Only heat is liberated
Band D A pale yellow precipitate is forined stowly
Band E A white precipitate is formed

Identify, with explanation, the contents of the six reagent boltles based on the above information.
(6 marks)

ALO6(1)_03 (modified)

The table below lists the melting points of three oxides of the Period 3 clemenis:
Oxide Na. 0 AbO; SO
Mecling point /°C 920 2040 ~75

Account for the large difference in the melting points of the three oxides.

{3 marks)
474



ALOG(1)_03
Write chemical equations for the following reactions:
{a) The reaction of S(s} with concentrated HNO; {0 give SO4*(aq) and NOx(g).

{1 mark)
(b) The reaction of Mn®(aq) with Oa{g) under alkaline conditions to give Mn(OH)s(s).

{1 mark)
(£) The disproportionation of MnOs?-(aq) in water to give MnO4~(aq) aidl MnOx(s).

(1 mark}

ASLOG(IN)_{1  [Similar to DSEI3_13]
The symbhols p, q, v, 3, £, u, v and w represent eight consecutive elements in the second and third
periods of the Periodic Table The table below lists their boiling points:

Element p q ¥ s & u A w
Boifing point /K | 4203 | 5103 77 90 85 27 1163 | 1383

(@)  Deduce from the above information whiclk elements g and r represent respectively,

(4 marks)
(b)  Explain why the boiling point of t is higher than that of u.

(2 marks)
(¢)  Explain why the bolling point of v is lower than that of v.

(2 marks)

ALO7() 03
A mixture of Fo™(aq) and Cu®*{aq) is separated by paper chromatography tsing a mixture of
propanone and 6 M HCl(aq) as the mobile phase. Suggest how you would identify chemically the
Fe**{aq) and Cu**{aq) on the chromatographic paper.

{3 matks)

ASLO7(I1)_02 {Similar to DSE15_190)
Account for the difference in hydrofytic behavior of the following oxides of the Period 3 elements:
Ne:0G, Si0: and SOz
(3 tmarks)

ASLOT(II)_03

Aluminium is commonly extracted from bauxite, which contains mainly hydrated alumninivum

oxide with compounds of iron and silicon ag impurities. The extraction consists of two stages: (1)}

removal of impurities from bauxite to give aluminium oxide, and (2) electrolysis of molten

aluminium oxide.

(8} InStage (1), bauxite Is treated firstly with sodium hydroxide solution and subsequently with
carbon dioxide to convert it 1o aluminium hiydroxide. The aluminium hydroxide is then
strongly heated to give aluminium oxide.

Outine the chemisiry involved in obtaining aluminium oxide in Stage (1) and write chemical
equations for the reactions involving the aluminium-containing specics.
{5 marks)
(b)  In Stage (2), an clectrolytic bath consisting of a moiten mixture of ajuminium oxide and
cryolite, NaiAlFs, is used,
Suggest why aryolite is used In the electrolysis,
(2 marks)
(c} Knowing that aluminium is highly sbundant in the earil’s crusl, a student remwarked,
‘Recyeling of used aluminivm objects is economically unsound.”
Do you agree with the student? Explain,
{3 mark)

ALOS(II)_02
The following four substances all exist in the form of white powder:

Baking soda (NaHCO3), cornstarch, finely ground sugar, nrd plaster of Paris (CaSQq4H:0)
Suggest how you would do experi at home fo distinguish the four sut
{You are not allowed to taste the substances.)

ces from one anotlier.

{4 marks)

ASLO9(D)_09 {Similar to DSBI6_14, DSEI9_(4]
Write au essay to discuss the variation in physical properties of clements in period 3 of the Periodic
Table.
{6 marks)

AL10 (1} 03 [Similar to DSEI2PP_13]
State the expected observation in each of the following experiments, and account for the observation
with the aid of chemical equation(s).
Adding NHs(aq) dropwise to CuSOu(aq) untif in excess,
{3 marks)
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ASL10(ID_0S [Similar to DSEI8_14]
Account for the following:
{®) The boiling point of neon Is lower than that of argon.

(2 narks)
(b)  ALOu(s) is soluble in both aqucous acids and aqueous afkalis,

(2 marks)

ASLLI()_04
Although both K and Br are Pesiod 4 elements, KOH and HOBr exhibit different acid-base
behavior.

(2 marks)

ALy 07
For each of the following pairs of species, suggest a chemical {est to distinguish between them and
write the cliemicat equation(s) of the reaction(s) invelved.
(8) Ba’'(aq) and Pb**(aq)
(2 marks)
() Ci{aq) and Br{aq)
(2 marks)

ALI1 (IT) 06
State the expected observation(s) in each of the following experiment, and write the chemieal
equation(s) of the reaction(s) involved,
WaOH(ag) is added dropwise to AIGNO3)(sq) until in excess,
{3 marks}

ALIZ(I)_01 [Similar to DSE(5_10, DSEI7_14}
Apart from complex formation, stale TWO properties of iron that eharacterize it s a tronsition metal,
(2 marks)

ASL12(D)_It ([Similor fo DSEIS_14]
Write an essay on the classificalion of elements according to bonding and siructure, and comment
ot the electrical conductivity property of cach class,
{10 miarks)

ASL12(I)_05 [Similar to DSEI9_14)
Sketeh (he variation of the melting point of the fotlowing elements: Na, Mg, Si, 8 and Cl. Account
for the variation.
(5 marks)
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ASLA3(IN_02 ([Similar to DSEI2PP_09, DSEIS_14]
For the following oxides, comment on their behavior with water. Exploin your answer,

NnzO(s) ALOi(s) SiOx(s) and PyOiofs)
4 marks)

ALL3()_02
Suggest why transition metal compounds are usuatly colored.
(2 marks)

DSENSe_14
Compare (he acid base properties of sadium oxide (Nay0) and sulphur dioxide (802} with reference
to how lhey interact with water molecules.
{4 marks)

DSEI2PP_69 {Similarto ASL13(I1)_02]
(s}  Using the following notations to complete the lable below so as lo provide information aboui
the structure and acid-base property of the oxides of Period 3 elements.

1C: jonic crystal CN: covalent network SM: siniplc molecular stricture
AC: acidic BA: basic AWM aimphoteric
MgO AlLO; Si0: P40 SO,
Struclure

Acid-base property

(2 marks)
(b) By considering the trend of acid-base property and that of bonding of thesc oxides, state the
velationship between the two trends.
{1 mark)
(¢) Ouiline chenical tests to show how these oxides can be classified into acidic, basic and
amphoteric.
{4 marks + t mark)

DSBI2PP_I3 [Similar fo ALI0{I)_03)
In an cxperiment, excess aqueous ammeonia is added to an aqueous sohution of copper(lt) sulphate.
The following cquilibrim is established and the resulting solution is deep blue in color.

Cu¥*(ag) + 4NHiaq) »— Cu(NHy)¢*{aq)

(cy  When H2SO04(aq) is ndded stowly to the equilibrium mixture until in excess, a blue precipitate
is Tormed and (he precipilate subsequently dissotves in (he excess acitl forming a blue solution.
Account for these observations with the help of relevant chemical equotion(s).

(5 marks)
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DSE12_16
Consider the following oxides:

Na; O MgO AlkOs 8i0: PO S0 Che

(@)  Which of the oxides listed above can conduct electricity in molten state?

{1 mark)
b}  Explain why SiO;z has the highest melting point among the covalent oxides listed above.
{2 marks)
(€} Wrlte a chemical equations for the reaction between AL Cs(s) and NaOH(ag).
(1 mark)

DSEI3_13 [Similar to ASLOGQE) 11}
Lithtum, beryllium, carbon (graphite) and nitrogen are elements of the second period of (he Periodic
Table. Arrange them in increasing order of melting point, and explain the order in terms of structure
and bonding,
(4 marks + { mark)

DSE14_11  [Similac fo ALOI(IL)06e]
Vanadium is & transition metal, its chemical symbol is V. The formulae and the colors of three
agueous vanadiun-confaining ions are shown below:
Formula VO(aq) V¥*(aq) V¥(aq)
Color Blue Green violet

{a) DBascd on the given Information, suggest TWO properties of vanadium to characterize it as a
transition metal,
(1 mark)

DSELS_10 [Similar te ASLOZ(D)_02, AL12()_01])
(a) For euch of the oxides below, draw its clcctron disgram (showing elecirons in fhe ontermost
shells only), and stat its behavior in water,

Y NaO
(2 marks)
(i) ChOo
{2 matks)
(b)  Using iron as an example, illustrate TWO characieristics of transition metals.
(2 marks)

DSEI6_14 [Similar to ALOS(IY_01, ASLOS(Z)_09, ASLI2(1)_11]
Arrange sodiura, aluminium, sificon and sulphur in decreasing order of clectrical conductivity at
room conditions, and explain your answer in terms of bonding and strwetnre.
(4 marks + { mark)
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DSEL7_14 {[Similar to AL99(])_03, ALI2(I)_01]
AL 60°C, MnOy(aq) reacts with Cz04*(ag) in an acidic medium to give Mn?*(aq). COxg) and
H20(l). The graph betew shows the variation of the color intensity of the reaction mixture with time.

color intensity

time
Based on the information above, write the chemical equation for the reaction and illustrate THRER
characteristics of transition melals exhibited by manganese,

(S marks + 1 mark)

DSE18_t4 [Similar to ASLIO (I1)_05, ASL13(I)_02]
Using NayO, Al20; and 80; as examples, illustraic the acid-base behavior of the oxides of the third
periad elements with the aid of relevant reactions.
{5 marks + 1 mark)

DSE19_14 [Similar to ALO2{i1)_02, ASLOS{I)_09, ASL12(il)_05]
The following graph shows an incomplete sketch of the variation in melting points of the clements
in the third period of the Periadic Table,

N

melting point

-

T T T T T T T T

Nae Mg Al Si P § ¢ Ar

(a) Complete the sketeh on the graph above,

(I mark)
(b)  Explain why the melting point of Mg is higher than that of Na,
(1 mark)
e} Explain why the melting point of Si is higher than that of P,
(2 marks)
430
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DSEZ20_12

12t An experiment was performed to study the following reaction :
KO,CCH(OHICH{OH)CO,Na(aq) + 3H,0.(aq) —» HCOK(aq) + HCO;Na(aq) + 2C0,(g) + 4H,0()
{colourless) Marking Scheme
i : MCQ
When 10 em® of 0.25 M KO,CCH(OH)CH(OH)CO;Na(aq) and 3 cm’ of 6% HyOx(ag) were mixed at o, )
£0°C, it was found that only a few gas bubbles evolved. Then a small amount of pink CoCly(aq) solution CE08 22 k@M eI Ai) DSERED A BSE\GZ 15, B
was ad’ded o the mixture, Gas bubbles formed vigorously and the mixture turned to green due to the DSEI2_31 A(81%) DSEI3 26 C(72%) DSEI13 36 C (62%) DSEl4_36 C (66%)
formation of a cobaly(IIf) compound. When no more gas evolved, the green mixture turned back to pink. DSE15_25 B(49%) DSLI5_35 1 (69%) DSE16_30 D(68%) DSE14_30 C (T1%)
There is a view saying that cobalt illustrates THREE characteristics of transition metals according to the BSE16_36 A(65%) DSEI7_22 D(50%) DSEI7_25 B (75%) DSE}7_30 A(37%)
observation of this experiment. Suggest reasons to support this view. DSE18_28 B(69%) DSEIS_32 D(45%) DSEI9 33 A

DSE20_28 B DSE20_30 B

DSE21_12
12, (a) Silicon dioxide is an acidic oxide. However, the pH of a mixture of silicon dioxide and distilled
water is 7.
(it Sugcest why silicon dioxide is classified as an acidic oxide.

(i) Explain why the pH of the mixture is 7.

1)) Phosphorus(V) oxide is an acidic oxide. With the aid of a chemical equation, explain why the pH
of a mixture of phosphorus(V) oxide and distilied water is smaller than 7.

{c) Refer to the following reaction :
Cu0(s)+ HaSQu(aq) —> Cu(s) + CuSO4(aq) + HO(N)

State how this reaction can demonstrate that copper exhibits TWO characteristics of transition
metals.
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Struciural Questions
AL96 (1) 04n
(i BaQ dissolves forming colorless sclution.
Heat ovolyes
(i} (1)  Nochange/solution remains colotless,
(2)  White precipitate £ solution turns mitky.
Precipitate redissolves / solution furns clear again.

AL96 (H)_06c (imodified)

Any THREE of the following:

+  Tixhibition of variable oxidlation states, c.g. Cu* & Cu? / V2, V¥ voM vo,*

»  Formation of colored compounds, e.g. Cu®*{(ag) is blue, VO2*{aq) is yeliow

s Exhibition of eatalylle properties, e.g. V2Os in contact process, CuO in syngas
formation.

»  Exhibition of paramagnetic properties, ¢.g. Cu?*/ V' are paramagnetic

AL9S (1)_03b
®

melting point wew

Li Na K

Atomle size: Li <Na <K
% Atteaction of nucleus on the delocalized electron / strength of metaliic bond
decreases in the order: Li > Na > X, hence m.p. decreases.

e

@iy

boiling point

. \

Na  Mp Al

The stomic rading decreases and the no. of clectron invelved in metallic bond
ineresses in the order: Na, Mg, Al
~ Altraction of nucleus on the delocatized electron in the same order.

i
¥l
{1
1%}
{1

Bl

i

[l

[%2]

13

[4}
(]
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ALS? (1)_03
{a} M0 + S5C04% + ISHY —= ZMn?* + 10CO; + 8H0
(»  Mn? acls as a catalyst for the reaction

At the beginning, when [Mn?'] is low, rate of reaction is slow

When [Mn®*] builds up gradually, the reaction accurs much faster

ALSH (1) 03

Heat the sample

Water vapor will turn anliydrous CoClz from bluc to pink / anhydrons CuSO: from
svhife to blue.

(6 mark if heating is not mentioned.)

ALOZ (D) 03

Hydrated Cu(OH)2 has a very low solubility in water / concenteation of Cu*(aq) in the
liquid portien is very low. » It hos & very pale biue color,

The extent of hydrolysis of NH¢(aq) is very small. fNHx(aq)] in NH4Clag) is very low.
Thus, the concentration of [CuNH3)4P*(aq) is low.

NHj(aq) reacts willh Ca(OH)(s) to give a complex ion [Cu(NH3)i[*{(aq) which has a deep
blue color.

Cu(OHN(s) + 4NHi(aq) =~== [Cu(NH}J*(aq) +20H(aq)

ALO2(1} 03

CO; exists as simple molecules and the intermolecular attraction is van der Waals® forces,
810; has a glant covalent network structure,

Attraction between CO; molecules is weak, but atiraction between Si and O atoms in
Si02(s) is strong.

ASLO2{T)_04
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Strength of metallic bond Increases with number of electrons taking part in metallic
bond per nton and decreases with lucreasing in size of atom.

For Na, Mg and Al,

Ne of valenee efectron : Al> Mg > Na
Size of atom: Al < Mg <Na

Hence, boiling point increases in the order A1> Mg > Na
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ALO2{I1)_02

@) Silicon has a glant covalent network structure.
Meliing of Si involves breaking down of thie network structure, n lurge number of
covalent bonds, Hence, a large amount of epergy is required.

(b)  Strength of metallic bond increases with number of electrons taking part in
metaliic bond per nfom and decreases with increasing n size of atom.
For Na, Mg and Al,
No of valence electron : Al > Mg > Na
Size of atoni: Al <Mg <Na
Hence, boiling point increases in the order AI> Mg > Na

{c) For metals, melallic bonding persists in the liquid state and this strong bonding has
to be overcome during vaporization.
Non-metals (P, S, CI, Ar) cxis as simple molecules. The molecules are lield by week
van der Waals® forces. Only a small amount of energy is needed for the clements in
liquid state to undergo vaporization.

() Sulphur exists as 83, phosphorus as Py, chlorine as Clz and argon as Ar.
Strength of van der Waals’ forces depends on the number of electrons permolecules
{ relative molecular mass / polarizability of molecutes,
Sz has the larger molecular size. Honce, melting point of sulphur is the highest.

ALO5(1)_01

(®) (2

it 12 13 14 15 i85 17 t8
atomic nuntber

(b}  Explanation:
Na, Mg and Al are good clecteical conductors.
Ror Na, Mg and Al, the number of valence clectrons available for delocalization
increases with atoniic humber. -~ electrical conductivity increases.
Si s a semb-conductor.
P, 8, Cland Arexist in simple niolecular structures. They do not possess delocalized
electrons for electrical conductivity and are insulators,

ALGS{I)_04
(@  Patisl: 2A15) + OGHYaq) —= 2AP*ag) + 3Hig)
i ARG A AOHT(). = ANORMS) ¥
Path Il;  2A1(3) +20H"(aq) + 6HhO(}) — 2AI(OH)s (aq) + 3Ha(g)
AOH}(aq) + H'(aQ) —> AIOHNs) + H0Q)
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() Pathk  Production of 2 mot of AOH)) requires 3 mot of H2804 and 6 moi of
NaOH
Path II;  Production of 2 mol of AIOH); requires 1 mol of H2804 and 2 mol of
NaOH
©) Path 11 is better because less reaclants are used
and less heal is produced.

ALO5(IH_01L

The six sofutions are:

A: AgNOs(aq) B: HaSOsfaq) C: NaOH(nq)

D: NayS:03{aq) E: BaCly{(rq) T: NHi(aa)

A is AgNOs(aq)

C is NaOH(aq) while ¥ is NHs(ag)

€ and ¥ ore alkalis beeause AgNOs(a) reacts with alkalis to give brown Aga0{(s}
24g*aq + 20H(ag) —+ AgOs) + HOW

AgOa(s) reacts with excess NHalaq) to give [Ag(NHsh] (aq)
Ag0() + H0() + 4NHyag — 2[Agila)l'ag + 20H (g

B is Hz804(nq) as it undergaes neatralization with C. (heat is evolved)

E is BaCla(aq) as il teacts with SO4¥(aq) iogs (in B) to give nwhite precipitate.
Ba¥(aq) + SO«~(aq) —= BaSOu(s)

E also reacts with AgNOs(aq) to give a white precipitate AgCl(s)

D is NayS203(nq)) because it reacts with acid (B) to give a pale yellow precipitate.
S:0%{aq)+ 2Hag) — S) + SO0Ag) + H0(D)

ALOG{T)_03 (modified)

NnO(8) and AL O3(s) are ionic compounds. SOx(g) is a covalent compound and i exists os
simple molecules,

‘The attraction between SOz molecules is weak van der Waals® forces, « SOa(g) hos a very
low melting point.

The charge : radius ratio of AP is greater than that of Na', ALOafs) has a steonger tonic
bond than that i NazO(s). » m.p. of AhO3(s) > m.p. of Na2O(s)

ALO6(D)_03

() S{9) + GHNOxaq) —= HiSOsaq) + ZH:0() + GNOafg}

®©)  4MoMeq) + Oxg) + 8OHT(ay) + 2M0() — 4Mo(OH)(s)
(€ 3MnOf(aq) + 2H:0() — 2MnO¢(ag) + MoOys) + 40H (g

ASLOGEDH_UL

(® ¢ has the highest b.p. and
« sudden drop in b.p. occurs fromq to v,
q: carbon  r: nitrogen

(b)  Boih t and u have simple molecular structure.
t has more electrosn while u has less electrons,

—

%]

[“2]

i
{1

]
{1l
i

]

i
{1

m

t

m

ERt
U]
i

n
m
I

i1



OR t exists in dintomic molecules while u in monoalomic molecutes
t has stronger van der Waals”forces than that in .
{c)  Boih v and w have metailic bonds.
Number of clectrons participated In metaliio bond formation in v is less than that in
W,
Cationic size of v is larger than that of w,
So metallic bond of v is weaker.

ALO7()_03

Place the chromatographic paper in an atmosphere of ammonin.

Fe**{nq) reacts with OH (aq) to give brown Fe(OH):(s).

Cu**(aq) reacts with NHa(aq) to give deep blue complex [Cu(NH3)s]* (aq).

ASLO7()_02
N620 s an fonic oxide, OF reaets with H20 to give an alkaiine solution.

0 4+ H0 ~— 20H"

510, has a giant covalent network structure. It has no reaction with watcr,

Ta 80y, S carries a partial positive charge and it is susceptible to (nucleophititic) attack by
Hz0. An acid sohution is formed.

H:0 + 80 —= Ha80;

ASLO7(1) 03

{m)  Aluminium oxide is amphoteric. It reacts with NaOH(aq) to give AHOH)4 (nq).
AbOas) + 20H(aq) + 3H0() —= 2[ANOHM]{aq)
Compound of siticon will also react to give soluble silicates.
Oxides of iron are nol amphotere, They can be eemoved by filimation.
CG; is weakly acidic. Addition of CO; can convert AHOH)(aq) to ALOs(s) while
the silicates remain unreacted.
[AOH}u} (aq) + HY(ag) — AHOH)(s) + HO0)
The A{OH)(s) is removed by filtration and then heated to oblain AL Os{(s).
2AUCHN(S) — ALOs) + MLO(g

(6)  AhOx(s) has a very high melting point.
Additional of cryolite can lower thie temperature of the electrolytic bath,

(c} No.
Open-end question, Possible answers:
The extraction of Al from its ore involves electrolysis and a huge amount of energy
is reqquired.
Alumninm objects do npt contain muach impuritics. Cost of renoval of impuities is
low.

ALOB() 02
{11 (This question has many pessible answors, Marker should exerclse their Judgment when
awarding marks, The principle for awarding martks is | point for giving a correet test for
13 each of the compounds.}
Por cxampte,
3 Add water, Ony baking soda and sugar are water soluble,
{1} To the water-soluble substance, add vinegar. Only baking soda give effervesconce.

Plaster of Paris gives a lot heat when added to water,
For the watcr-insoluble substances, add tincture of fodine, Only starch will give a putple

[ color,
(1
(1} ASLOS(1) 09

Boiling point: increases from Na to Si and then decreases to Ar.
For Na, Mg and Al, the interatomic atiraction is metallic bond, Hs strength increases with

{11 the number of valence slectrons, » b.p. Na < Mg <Al

Sihas a giant covalent network structure. It hos the highest boiling point,
I For the simple molecules, the intermolecular altraction is van der Waals® forces. The
[ streigth of which depend on relative molecular mass, Phosphorus cxists as Py, suiphur as

8, chlorine as Clz and argon as Ar. = bp. Ar < Ch <Py < 8

Melting point: increases from Na to §i then decreases to Ar,
Melting point depends on both the strength of interatomic / intermolecular forces and degree
of compaciness of particles in solid state.

mn For Na, Mg and Al the interatomic atiraction is metallic bond. Hs strength increases with
(1} the number of valence efectrons. ~ b.p. Na < Mg <Al
[ Sikhas a glant covalent network structure, It has the highest boiling point.

For the simple mol , the int tecular attraction Is van der Waals' forces. The

strength of which depend on relative molecular mass, Phosphorus exists as Pa, sulphur as

i Sg, chlorine a8 Cl; and argon as Ar. & m.p. Ar < Cly <Py < 8

i Blectronegativity: increases from Na to Ci

1 As the atomic decreases across the period, the effective nuclear charge exporienced by the
1] outermast electrons inoreases. Henco, electronegativity increases across the perfod,

i ALIO(D) 03

A pale blue precipitate is formed. The precipitate dissolves in excess NH;(aq) to give a
decp blne solution.

Co*(ag) + 20H-(3q) — Cu{OHh(s)

Cua(OHp(s) + 4NHy(l) === [CuNH:}]™(aq) + 20H(aq)
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ASL10 (Ty_05

(a)  Both neon and argon exist as monoalomic molecules. Their intermolecular [}
attraction is van der Waals® forces,
Ar has a greater number of electrons per molecuie / has greater relative molecular {1}
{atomic) size / has greater polacizability. » Ar has a higher boiling point.

()  AhOs(s) is smphoteric, i
AhOs(s) + 6H'(ag) — 2AF'aq) + 3H0(}) 4]
AlhOi(s) + 20H (aq) + 3H20(1) — 2[AI(OH)s} (aq) [%]

ASLiI(i) 04

K is highly electropositive while O is electronegative. In KOH, K exists as K* fonsand O [%}
as OH~ logs.

KOH is basic because it ionizes in water to give K*(aq) and OH(aq) fons. I3
HOBr is acidic because it ionizes in water to give H{(aq) and OBr{aq) fons. []
HOBr{aq) =~ H'(ag) + OBr{aq)

Br is an electronegative element. lonization of HOBr is in waler gives H*(aq) and OBr{aq}

instead of OH~(aq} and Br'(aq} as the latter system is highly unstable, 7 OBr{aq} is  [%]
stabilized by elecironegative Br.

AL 07
(@)  Add HCl(rq) / KCl{ng). Only Pb**(aq) gives & white precipitate. 3}
Pb¥(aq) + 2CH(aq) ~—= PULCIx(s) 13

OR, Add NaOH(aq). Only Pb**(aq) gives a white precipilate which is soluble
in oxcess alkali).
Pb*(aq) + 20H (aq) — Pb{OHx(s)
Pb(OH)s) + 20H (ag) —= [PH{OH)s]*(aq)
OR, Add Kl(aq). Only Pb?*(aq) gives a yellow precipitate.
Pbi@aq) + 21{aq) — Pbha(s)
) Add acidified AgNOs(ag). Cl-{aq) gives a white precipitate, while Br{aq) givesa  [1]
pale yellow precipitate,
Ag'lag) + Cliaq) —= AgCl(s) g
OR, Add Ch{aq). Only Br(aq) gives a brown solution.
Clafaq) + 2Br(ag) — Bnfaq) + 2Cl{aq)
OR, Treat solution wit scidified KMnQOu(aq). Cl-(aq) canses decolorization
slowly; Br{aq) gives an orange solution.
10X-(aq) + 2MnOs™(aq) + 16H(ag) —= 5Xa(g/) + 2Mn?* (aq) + 8H0(1)

ALLL (i)_06

White precipitate {s formed and the precipilate dissolves in excess alkali to give s [1]
colorless solution, [
AP L+ 30HYeq). = ANOIDAS) . m
Al(OH)(s) + OHY(aq) — [AKOH):](aq)

438

ASLI121) 01

Any TWO of the following: 21
¢ Fecompound are colored, e.g. Fo¥’(aq) is yellow,

o Iron/ TFe compounds can fiave catalytlc properties.

» e.g. Fe in the Haber process / Fe*{aq) catalyze the reaction of I(aq) with $:0¢7(uq).

»  iron can exhibit variable oxidntion states, e.g. Fe*" and Fe**

»  Muny Fe compounds are pasamagnetic, e.g. Fe'.

¢ Many Fc compounds are non-stiochiometric, eg. FeS.

ASLi(})_It

Chemical Knowledge (16 marks)

Chemical knowledge (including bonding, structure and electrical conducting property of
solids) covers four arcas A, B, Cand D.

Solid substance can be classified into four types, namely nictals, moleculer solids, glant
covalent network solids and ionic solids.

A.  Metal (and alloys) ,g. Na, Fe 13}

- Bonding between atoms is metallic bond which is non-directional,

Metaltic bond is electrostatic altraction between metallic cations and delocalized
clectrons.

- Melals are good electrical conductor as the delocalized slecteons can move in the
direction of the applicd voltage.

B, Molecylar sofid {51

Simple molecular, ¢.g. P4, Sg, glucose, ete.

- Within a molccule, atoms are aitracted by covalens bond / sharing of clectrons.
Alraction between molecules is mainly van der Weals' forces, sometimes
hydrogen-bond or even ionic bond.

- Most simple moleculur solids are insulators as molecules are electrically neutral.

Macromolecular, ¢.g. polymeric materials, proteins, carbohydrates

- Bonding between atoms in molecute is predontinately covalent bond.

Altraction between molecules is commonly van der Wanls® forces, e.g. polyethene
- Most polymeric materials are insulalor, e.g. polyethene
C. Covalent netwotk solid, e.g. Si, C, 8i0z 31

- Bonding between atoms is covalent bond in covalent network structure (dismond
1 geaphite / silicon) o )

- Dlecirical conducting property:

Insulators (e.g. diamond / silica) + explanation (bonding elecirons arc localized)
Conductors (c.g. graphite / carbon nanotubes)
Semi-conductors {e.g. $i). The elecltical conductivity of semi-conductors
increases with temperature and is affected by the addition of doping agent{e.g. In
an 8b)

D. lonic solid, e.g. NaCl, MgO 31

- Bonding between cations and anions is ionic bond / transfer of electrons from an
electropositive atom to an electronegative atom,
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- Stencture: giant ionie lattice, e.g. NaCl structure, CsCl structure
- With cations and anions occupying fixed positions in the lattice, jonic solids
caunof conduet electricity.

ASLI2(11)_05
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Both CI & 8 eoxist as simple nofecules, Their intermolecular altraction is van der Waals' (%]
forces.
They have low melting point. A

Botl Na & Mg have metallic structuce. Their interparticte attraction is metallic bond.

Si hias a covalent network structure, The atoms are tield by covalent bond. It has the higher
melting point mmeng the five elements,

Chloring exists as Clz molecuies and subphur as Ss. [}
The strengih of van der Waals' force increases with the number of electrons in the mwolecule.

~m.p. of 8§ > m.p. of Cl

Metallic bond strength is affected by {I) no. of valence electrons per atom participating in ~ [1]
melallic bonding; (2) atomie radius; {3} degree of compactness.

As compared with Na, (1) Mg has greater number of valence electrons, {2) Mg atoms has a
smaller size, and (3) Mg atoms are more closely packed in solid state. & m.p. of Mg > m.p.

of Na,

{For metallic bond steength, accept any ONE of the correct explanations.)

ASL13(In_02
Behavior with water: 3]
- Na;0(s) dissolves in water to give an alkalinc solution,
- ALOs(s) and Si0:(s) are insoluble.
- PsOu(s) dissolves in waler to give an acldic solution.
Explanation: 2}
Across period 3, the structure of the oxides changes from ionie erystals lo covalent network
and then to simple nelecules.
- Na;0(s) is &n ionic oxide, The 0% jons react with walcr to give OH*(aq) ions.
- ALOs(s) is an ionic solid with a very strong fonic bond. The interactions between ions
and water are much weaker than the jonic bend in AL:O3. It is insohuble in water.
- S8i02(9) has a giant covalent network stewelure, Its atoms are bounded by steong
covalent bonds. It Is insoluble in water.
- PaOya(s) hydrolyzes in / reacts with water to give an acidic solution,
490

ALI3(D_02
Transition metal fons usually have unoccapied 3% (or 4®) electroxn shell,

Transition of electrons in these electron shell involves absorption of clectromagnetic

radiation in the visible light region,

Thus transition metal compounds are usually colored,

DSELISP_14

Sodiium oxide dissolves in water to give an alkaline solation (NaOH(aq)).
NaOfs) + MO{) —~ 2Na'(ag) + 20H(aq)

Sulphur dioxide dissolves in water to give an acidic solution (Ha2S0s(aq)).
80x(aq) + HO(l) == SO0i*(aq) + 2H'(aq)

DSBI2PP_09

() MgO AlOs §i0; PsOro 802
Structure ic IC CN SM SM
Acid-base BA AWM AC AC AC
property

{t)  Tonic oxides are bosic, while covalent oxides are ackiic,

(e} (In this question, award [ mark for the reagents used in each of tests for rcidic, basic
and ampoteric oxides, and | mark for a correct observation. One possible method is
shown below.)

Add each oxide to HCl{aq) and measure the pH of the mixture, Onfy MgO(s) and
ALOs(s) react with HCI(aq) and the pH increases, These two oxides demonstrate
basic propertics,

Add cach oxide 1o NeOH(aq) and measure the pH of the mixture, Ouly ALOs(s),
§10u(s), P4O1ols) and SOx(g) react with NaOH(aq) (SiOx(s) reacts with hot cone.
NaOH(aq), and the pH decreases. These oxides demonstrate acidic propertics,

A1 Os(s) reacts both cases. It Is amphoteric,

Lffective communicstions (Award I mark [ candidates can express their ideas
clearly.)

DSE{2PP_13

@© HzSOq(aq) veacls with the NHi(aq) present:

H'@q) + Nihfag) — NHe'(@eq)

OR, H804(aq) + 2NHi(aq) —= (NH):80i(aq)

Removal of NHz(aq) causes the position of the following equitibrium to shift to the
left,

Cu*(agy + 4NHy{aq) —= Cu(NHz:*(aq)

NEH3(aq) is a weak base:

NHs(aq) + H0() ==~ NH¢(rq) + OH-(aq)

precipitate.
Cu™(ag) + OH*(ag) —+ Cu(CH)(s)
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When [C*(aq)] builds up it will renet with the OH(aq) fons 1o give the blue

i
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When excess HaSO4(nq) is added, it will react with the Cu{OB)a(s) formed fo give
a blue solution.

Cu(OH)(s) + 2H" — Cu¥'(aq) + 2H0)

(3 marks for chemical cquations; 1 mark for explanation of the shift in equilibrimm
position; ! mark for the fonmation of blue precipitate.}

DSEI2_I6

(@ NmO, MgO, ALO;

b) S10; has & giant covalent structure, and the Si and O aloms are linked by strong
covalent bonds. (Not accept strong covalent structure / giant covalent bonds)
Other covalent oxides are discrete molecules attracled by weak van der Waals®
forces / weak intermolecular forces / weak dipolar Interactions. (NOT accept VDW
forces)

(&) ARO; + 200 + 3H0 -——= 2AHOH)
OR AhO; + 2NaOH+ 3H,0 —= 2NaAl(OH)

DSEL3 13

Nitrogen < fithivin < beryllium < carbon {graphite)

Nz has the lowest melting point as it has a simple molecular structure, weak van der
Whaals® forces / intermolecular forces need to be overcome,

Both Li and Be have metallle structure, metallic bond in L1 is weaker than that in Be.
» Li < Be in melling poinis.

C has the highest melting point as it has a giant covalent structure, large amownt of energy
is needed to break strong covalent bonds befween atoms In melting.

Effcctive communication

DSEl4 11
(a)  Venadium exhibits variable oxidatien numbers and its ions in aqueous solution
carry colors,

DSE15_10

S EE e

It gives an alkaline / a base sofution / NaOH / sodium hydroxide

@) Y,
(e

...}t gives an acidic solution / HOCH / hypachiarons acid |
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(b)  Any TWO of the foltowing {answers should have examples) 23
- TFe can have variable oxidation numbers —+2, +3, Fe?*, Be?
- Feocan acls as a catalysl — ¢.g, Fe in Haber Process
- Fe forms eolored compounds — Fe?*(aq) is green, Fe¥*(aq) is yellow
. Fecnn form complexes - e.g. the Fe complex in rust indictor, K3{Fe(CN)]
- Te lias magnetic properties ~ c.g. iron nictal can be atiracted by magnets,

DSE{6_14

Electrien] conductivity: aluminium > sodium > silicon = sulphar (or: siticon > sulphur) 1]
Any 3 of the lollowing Htems, each | mark 31
- Both atuminium and sediwmn have giant metnllic structures with delocalized /

maobile clectrons so thal clectrical conductivity of them is high / their elestrical
condugtivity is higher than that of siticon and sulphur.

- The number of delocalized / mobile clectrons of aluminium is more than that of
sodium so thet electrienl conductivity of ntumininm is higher than that of sodivm.

- Sillcon has giant covalent structure and ils elecirons are not mobile and eannot
conduct electricity / its electrical conductivity is lower than that of aluminlum and
sodiunt,

OR. Silicon kas glant covalent structure and its clecirons arc not mobile. But sitcon
is a semi-metal and can conduct electricity in some conditions.

- Suphur has simple molecular structure and its clectrons are not niobile snd cannot  [1]
conduet electricity / its electrical condactivity is tower than that of aluminiem and
sodium.

- Effective communication

DSE17_t4

2MuO¢(aq) + 5C2042 () + 16H (8g) 2Mn?Haq) + 10COaaq) + BELO() 11
Manganese exhibits variable oxidatiun numbers. The oxidation number of manganese 1]
changes from +7 in MnO4™ to +2 in Mn® in the reaction.

Manganese forms colored lons in aqueous solution. MaO«(ay) fons exhibit purpte / {1}
Mu?*t(aq) ions exhibil pate pluk.

Froin {he graph, it shows that the reaction rate Increases when Mn* tons form / when  [1}
the reaction proceeds,

Manganese has calalytic propertics. Mn?* ions actas & eafalyst for the reaction. {1}
Compwnication mark 3

Chemical knowledge =0 to 2, mark =0,

Cheical knowledge =3 to 4, mark=0or |,
Incomplete answer / difficult to inderstand, mark = 0)
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DSEL8_14

NuyO(s} dissolves in water to glve NaOH{aq)

NazOfsy + HO(f) — 2NaOH{aq)

OR NeaO(s) reacts with HCl{aq) to give NaCl{ag) and 1120
NaO(s) + 2HClKaqy — 2NaCl(ag) + H.0

AlOs(s) reacts with HCl{aq) to give AlCL(rq) and H20
AROs(s) + 6HCHaqy —= 2AICh(aq) + 3H:0()

ALO3(s) reacts with NaOH(ag) to give NaAI(OH){nq) and HaQ
ALO)(s) + INaOH(@q) + 3H0() — 2NaANOH)(ng)

50,(g) dissolves in water to give HaSOs(aq).

S0g) + H0() — HaS80s(aq)

OR 80,(g) reacts with NaOH(aq) to give Nax$Os(aq) and HaO(1)
SOh{g) + 2NaOHfaq) — Na:SOi(aq) + H20(l)

Able to mention NwaO is a basie (alkallne) oxide, ALO; is an amphoteric oxide, and 803 is
an acidic oxide.

Communication mark

Chemical knowledge = 0 to 3, communication mark =0

Chemical knowledge = 4 o 5, conununication mark = 9 or 1)
[ncomplete answer or difficult to understand, communication mark = 0)

Noles:

€ [f'the candidate gives the answer in the form of a chemical equation, it is not necessary
{0 have the chiemical equation correctly balanced,

©®  The answer should state the rengents and products correctly {including the water
formed in the neutralization reacfion).

®  If the candidate gives the answer in the form of a correct jonic equailon, or sfate
the reagents and the praducts i corveet lonje forms, the answer is considered to
hiave correct chemical concept, but failed to state fhe reagents and products
completely. (Maximum) Deduet | mark for the whole question, Example: if the
candidate only stated 4 correet ionic cquations, but in cach of the entries the reagents
and the products were not stated explicitly, maximum 3 marks will be awarded for the
chemical knowledge,

©  The following answers are considered to have the products staled correctly,
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1: The m.p. of S must not bo higher than that of Mg;
2: The m.p. of Cland Ar must not be higher than that of P:
3: The m.p. of Ar must be lower than that of Cl
() The metalile bond in Mg is stronger than ¢hat In Na as Mg has more delocalised
cleetrons / more utermost shell electrons than Na.
OR The metallic bond In Mg is stronger than that iu Na as Mg has fwe
outermost shell delocalised cloctrons white Na only has one
{¢)  Melting of Si necds high energy to break the strong covalent bonds between Si
atoms in the glant covalent stricture,
Melting of P only needs smaller energy to break the weak intenmolecular forces. / P
hes a simple molecular structure, there arc weak van der Waals” forces between
molecules.
OR St has a giant covalent siructure whife P has a sitple nioleculac stracture,
High energy is needed {o break the sirong covalent bonds belween Si
atoms, while smaller energy is needed to break the wenk van der Wasls’
forces betwean phosphorus molecutes.
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Cobalt/Co? acts as a catalyst as the rate of formation of gas bubbles (CO2) increases / rate of
reaction increases when Co?* ions are added,

and the pink Co™ ions regenerate / remain (chemically) unchanged / do not consume at the end
of reaction.

Coloured ion / formation of coloured compound: Co™(aq) is pink / the cobalt(IfT) compound
formed is green.

Variable oxidation states: cobalt has cobait(IT) and cobalt(IlI) compounds / can exist as Co?*
and Co™.

(The answers have 10 be lustrated with the experimental observations provided i the
question )
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