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1 Acrystal of lodine produces a coloured vapour when gently heated

2

Which pair of statements comectly descnbes this process?

- | type of bond broken

formula-of coloured species

intermolecular
intermolecular

intramolecular

o 0 W P>

intramolecular

2 A mixture of copper, magnesium and zinc is added to an excess of dilule sulfuric acld

The resulting mixture 1s then filtered

What s the colour of the filtrate?

A hlue
colourless
grey
pink

o 0w

solid

——— solution

3 Which of these palrs of aqueous ions both react with dilute sulfuric acld to give a visible

result?

A Ba®andCr

B Ba? and CO
G NHy*and CI

D NH* and CO#
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4  Which atom has twice as many neutrons as protons?

A B 2y c % D 44

5 The ®®Ge i1solope Is medwcally useful because It undergoes a natural radicactive
process to give a gallum isotope, ®Ga, which can be used to detect tumours This
transformation of ®*Ge occurs when an electron enters the nucleus, changing a proton
Into a neutron

Which statement about the composttion of an atom of the **Ga sotope Is correct?
A lthas 3 shells
It has § electrons In Its outer shell

B
C It has 37 neutrons
D

Its proton number is 32

6  Hard water contains calclum lons and hydrogencarbonate ions arising from dissoived
calclum hydrogencarbonate, Ca{HCOa)z.

How many electrons are present In the hydrogencarbonate fon?

A 30 B 31 c 32 D 33

7  Boron Is a non-metallic element which Is placed above aluminium in Group Il of the
Perlodic Table it forms a compound with nitrogen known ag boron nitride which has a
structure sinular to graphite,

Which of the following conciusions can be drawn from this information®
1 The emplricat formula of boron nitnde is BN

2 The boron and nitrogen atoms are likely to he arranged alternately in a
hexagonal pattern.

3 Boron nitride has a layer structure with Intermolecular forces of
attraction between the layers

A tonly B 1and2only C 2and3only D 1,2and3

348
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8 The table gl\;es the radii, In pm, of some lens {1 pm = 1Q“2 m}

ion radu
LY 102
Mg?* 72
Cs* 167
cr 181
o* 140

Cassium chlorlde, CsCl, has a different lattice structure from both sodium chloride,
NaCi, and magnesium oxide, MgO

CsCl! lattice NaC! and MgO lattice
Which factor appears to determine the type of lattice for these three compounds?
A the charge on the cation
B the ratio of the lonic charges
C the ratio of the lonlc radi
D

the sum of the ionic charges

9  Which relative molecular mass, Mr, is not correct for the molecule given?

molecule M;
A ammonia 17
B carbon dioxide 44
c methane 16
D oxygen 16

©Scss2015 ¢ S07AI/OPRELIMAG [Turn over
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10 The diagram shows an experiment o find the formula of magnesium oxide

12

& > cruclble

1 T magnesium ribbon
heat

Which plece of apparatus would be needed in addition to those shown?

A abalance

w

a measunng cylinder

2]

a slopwatch

o

a tharmometer

Nicke! makes up 20 % of the total mass of & coin The cein has a mass of 100 g.
How many nickel atoms are there in the coin?

A 203x102 B 4.29x10% C 214x10® D 120x10%

On collision, alrbags In cars can Inflate rapldly due to the production of nitrogen
The nitregen is formed according to the following equations,

2NaN; -> 2Na + 3N2 ‘

10Na + 2KNO3 = K20 + 5Naz0 + Na
How many moles of nitrogen gas are produced from 1 mol of sodlum azide, NaNa?

A 15 B 16 c 22 D 40

©SCS5 2015 ' SOTRMO/PREIIWIS, [Turn over
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6

Which oxide, when mixed with water, will produce the solution with the lowest pH?
A CO B NaxC C PyOp D Si0;

A sample of soll has a nitrogenous fertiliser in the form of an ammontum salt added to
it The ammomum sall dissolved in the water In the soil

When tested a week later, the water in the soil conlained 15 3 % of dissolved nitrogen
andhadapHof4 6

Calcium hydroxide was added to the soll and then the water in the soll was tested the
next day, both for nitrogen content and pH

What would be the most likely result of the final test?

% of nifrogen pH
A 114 46
B 12.7 6.9
c 153 46
D 153 69
15 Tha table gves the concentratons and pH values of the aqueous solutions of two
compounds X and Y Either compound could be an acud or base
X Y
concentration | 2moldm® | 2 molidm®
pH 6 10
Student P concluded that X Is a weak base
Student Q concluded that the extent of dissoclation is lower In X{ag) than In Y{(aq)
Which of the studenls ars correct?
A bothPandQ
b neither P and Q
C Ponly
D Qonly
oscss 2015 SoTIOIOPRELIMS [Turn over
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16 A student puts 10 cm® of 0 100 molidm® nitrie acld Into one testtube and 10 cm® of
G 100 mol/dm® ethanole acld into another test-tube He then adds 1.0 g {an excess) of
magnesium nbbon to each test-tube and takes suitable measurements. Both aclds
have the same starting temperature.

Nalther reaction is complete after 2 minutes, but both are coniplets after 20 minutes
Which statements are correct?

1 Aftar 2 minutes, the nitric acid Is at a higher temperature than the ethanoic acid
2 After 2 minutes, the nitric acid has produced more gas than the ethanolc acld
3 After 20 minutes, the nitric acid has produced more gas than the ethanolc acld
A 1only B 1 and2only C 2and3only D 1,2and3

17 Rat polson needs lo be insoluble in rain water but soluble at the low pH of stomach
cantents
What is a suitable barium compound to use for rat poison?

A barium carbonate

B barium hydroxide

C barlum nitrate

D barfum sulfate

18 Inwhich equatlon Is the underlined substance acting as & reducing agent?

A 3C0 «+Fex0s = 2Fe + 3C0O;

B CO;+C->2C0

C CuO+Hz-> Cu+H0 ‘

D CaO +H.0 <> Ca(0OH);
3 oscssais SOTOUOPRELIMIIE [Turn over
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19  Sulfur dioxide, SO;, is added to wines to prevent oxidation of ethanol by air To
determine the amount of SO, a sample of wine is titrated with iodine, Iz In this
raaction, one mole of SO, Is oxidised by one mole of >

What is the change n oxldation number of sulfur in this reaction?

A 42> +4 B +4->36 C 6>+ D +4->+2

20 A metal has the following properlies
¢ |t does not react with cold water
= |t reacts with dilute hydrochloric acid
= It cannot ba extracted from it oxide using carbon
Between which two metals in the reactivity senes should it be placed?
A calclum and magnesfum

iron and copper

magnesfum and zinc

o O w

zinc and won

21 Which of the following carbonates shows the least change in mass after strong
heating?

A calcium catbonate

B copper{l) carbonate
C sodlum carbonate
D

stilver carbonate

T

©SCS52015 S07301/OPRELIMAS [Turn over



22 Some caloium carbonate and hydrochlonc acid start to react
Water 1s then added to the reaction mixture
What happens to the speed of the reaclion?
A Itdecreases
B ltincreases
C It stays the same.
D

it stops

23 A studentinvestigates the rate of reaction between marble chips and hydrochloric acld

The loss in mass of the reaction flask 1s measured.

The graph shows the results of two expenments, P and Q

mass of
reaction flask

time .
Which change explains the difference between P and Q7
A A catalystis added In P.

B Ahghertemperatureis usedin P

C Ahigher pressure Is used in Q

D Powdered marble chips are used in Q

©5CEs M5 SOTIOIOPRELIMAS |,
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24 The following report appeared in a newspaper

Drums of bromine broke open after a vehicle crash on the molorway Traffic was
diverted as purple gaseous bromine drifted over the road (t is denser than air),
causing mtation to dnvers’ eyes Fireman sprayed waler over the scene of the
accident, dissolving the bromine and washihg it away

What is wrong with the report?

A

B
C
D

Bromine does not dissolve in water
Bromine does not vapourise readily
Bromine Is less dense than alr.

Bromine Is not purple

25 The diagram shows the circult for electrolysing lead(Il) bromide and sodium chioride to
liberate the metal,

®

centalner for contalner for
lead{IT) bromide sodium chloride
In which form are these salls electrolysed for liberating the metal?
lead{D) bromide sodium chloride

A | concentrated solutlon concentrated sofution
B | concentrated solution molten

c molten concentrated solution
D molten molten

oscssems v 5073V 1FRELIWIS [Turn over
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26 The diagram shows the electrolysis of concentrated aquecus sodium chloride

concentrated
aqueots sodium
chioride and litmus

What Is the colour of the liimus at each electrode after five minutes?

cclour at anoda colour at cathode
A blue green
B red grean
C colourless green
D colourless blue

27 The abliity of an atom In a covalent bond to attract electrons to itsalf Is called its
electronegatvity

The graater the difference between the electronegativities of the two atoms In the
bond, the mare polar Is the bond.

Which palr will form the most polar covalent bend between the atoms?
A chlorine and bromine

B chlorine and iodine

C fluorine and chlerine
b

fivorine and iodine

352
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29

30

12

Which substanca does not produce a polsonous gas when burat in a limited amount of
alr?

A hydrogen B methane C propens D sulfur

- -~ - "

Which gas 15 present In the exhaust fumes of a car engine in a much greater amount
than any other gas®

A carbon dioxide
B carbon monoxide
C nirogen

D water vapour

When sohd ammonium chioride Is added to water, a solution is formed

— water

Which row correctly shows the temperature change and the type of reaction taking
place?

temperature change type of reaction
A decreases endothermic
B decreases exothermic
c increasas endothermic
D Increases exothermic

oscssas SOTAOUOPRELIVE [Turn'over
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31 Some bond energy values are listed below.

bond bond energy f kJmol !
—— - C-H 4a10_

C-Ci 340

CI-Ci 244

Br-Br 193

These bond energy values relate to the fellowing four reactlons
P Brz - 2Br
Q 2CI-» Ch
R CHz + Cl > CHyC!
] CHy¢=> CHa+H

What is the order of enthalpy changes of these reactions from most negative to most
positive?

A P>Q>R>S
B Q>R>S>P
C RO>Q>P3S
D S3P>Q>R

escsszns - SOTIIOPRELIVIS [Turn over
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32 Ethanol Is a fuel used In cars 1t can ba made from patroleum.
CiHip > CaiHe+CHg
CHy+H:0 = GCHsOH
GeHsOH +30; & 280z +38H,0
Compounds of how many homologous series appear in these equations?

A1 B 2 cC 3 D 4

33 The compound 2-methylpropene, G4Hj, is a monomer used in the production of
synthetic rubber

H/ \CH,

In additlon to 2-methylpropene there are x other isomers of C4Hs which contain a
double bond.

What is the value of x7?
A1 B 2 c 3 D 4

34 One of the reactions taking place in a catalytic converter In a car exhaust system Is
between nitrogen oxlde and octane {unburned patrol). The products of this reaction are
non-foxic
Which Is the correct equation for the reaction?

A CaHgs +16NO = 8CO +'BN2 + BHzo
B CgHig + 24NO < 8CO, + 12Nz + 8H0
C CgHyp+ 17NO > 8CO + BYEN, + SH0

D CgHig + 26NO - 8C0O; + 12V2N; + 9H.0

©6CSS 2016 SOTVANPRELIWIS [Tutn over
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Which ﬁydrf:barbon would not be collected In the inverted tube by heating pentane,
CHa{CH2)3CHg, in the apparatus shown?

pentane on aluminium
mineral fibre oxide

very strong
heat

A CH

B CHsCHs

C CHiCH:CH=CHa
D CH(CHz)sCHs

A pure hydrocarbon Is used In bottled gas for cooking and heating.

Exaclly 50 cm® of oxygen Is needed for complete combustion of 10 ecm® of the
hydrocarbon.

30 cm” of carbon dioxide Is produced

All gaseous volumes ware measured at room temperature and pressure.

What s the formula of the hydrecarbon?

A CHg B GCsHg C CjHg D CiHyo

354
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37 The solubllty of the carboxylic acids in water decreases as the size of the carboxylic
acld molecules Increases

Which carboxylic acid Is the least soluble in waler?
A butanoic acid - -
B ethanowc acid

€ methanolc acid
D

propanale acld

38 Sorbic acld 1s used as a food preservative because it kills fungl and moulds.

H H o]
Py
he” Ne” S oH
| l
H H
sorbic acid

Sorblc acid will react with
» hydrogen n the presence of a nicke! catalyst,
= bromine In an organie solvent

How many moles of hydrogen and of bromine will be Incorporated into one mole of
sorblc acid by these reactions?

moles of hydrogen | moles of bromine
A 2 2
B 2 2%
Cc 3 2
D 3 2%

©5CSS 2015 So7ARUOPRELIMAS [Turn over
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39 Bees use 2-methylbutyl ethanoate as an 'alarm’ pheromone to alert other bees

H 0
/
- NS
H

2-methylbutyl ethanoate
Which starting materials would be required to synthesise 2-methylbutyl ethanoate?
A CH3CHzOH and CHsCHZCH{CH3)CO:H
B CH3CO:H and CH3CHCH{CH3)CH-OH
C CHzCHz0H and CHaCH2CH(CHs)CHzCO2H
D CH3COzH and CH3CHzCH(CH3)CH2C0:H :

40 A molecule of a polymer contalned the sequence shown

#H H H H H G H H H C H H

[ L b
e G G G e G e G G G G G o G Gt G

R T (A Y T Y Y A R

H ¢ ¢l H H H @@ HH H H «

Which monomer could produce this polymer by addition polymerisation?
A CHCI=CHCI

B CHz=CHCI

C CHsCCi=CHCI

D CH;CCI=CH;

osCES M5 BOTVOVORRELING . - .
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Section A (50 Marks)

Answer all the questions in the spaces provided. -

A1 The diagram shows the structures of vanous compounds.

. . - ; electrical electrical
substance meltlng pomt b°"'“§ point conductivity as a conductivity as a
/1°C /°C . o
solid liguid
A 839 1484 good good
B -188 -42 poor poor
- “1497 | T poor | 7 good
D -117 78 poor. poor
E 1607 2227 poor poor
F -5 102 pcu“grb T good

Use the letters A to F to answer the following questions.
Each compound may be used once, more than once or not at all.

(a)

(b)

(c)

(d)

(e)

Which substance could be a metal?

................................................................................................. (]
State all the substances that are liquid at rocom temperature?
................................................................................. [1]
Which substance could have a macromolecular structure similar to that of
silicon(lV) oxide?
............................................................................................................................. [1]
Which substance could be propane?
.............................................................. 1]




3

A2 The table shows some properties of the Group { metals.

"1 et densciitryt(] ing/ meltilngcpoint b'dili?g'goint
lithium 0.53 181 1342
sodium 0.97 98 883.
potassium 0.86 63 7 _ 7
rubidium 1.53 39 686
caesium 1.88 29 669

(@) (i) Describe the general trend in the density of the Group | metals.

....................................................................................................................... (1]
(if) Predict the boiling point of potassium.

........................................................................................................................ [1]
(iii) What is the physical state of caesium at 35 °C? Explain your answer.

....................... . [1]

(b) (i) Describe the trend in reactivity of the Group | metals with water.
[1]

(i) Construct the equation for the reaction of rubidium with water.,

......................................................... 1]

(iii) The reaction of rubidium with water is exothermic,
What is meant by the term exothermic?

359
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(€)

(d)

4

Sodium and calcium form ionic hydrides containing the hydride ion, H™.
Sodium and calcium hydrides react with water to form the hydroxide and hydrogen.

NaH + H,O 2 NaOH + Ha
GaHa + 2H,0 > Ca(OH)z + 2Ha

Deduce the general ionic equation for these reactions.

..................................................... S L )|

Sodium is a soft metal with little catalytic activity.
Nickel is a hard metal which is often used as a catalyst.

(i) Describe two other differences in the physical properties of sodium and nickel.

L eeeeceetesessseesneesesss sse b esaaa A Ra e Rt R AR eSS AF SR S SR AR RS SE SRR sn g AR RO RI AR NSRS SRR RS S A S e
e eieerecessssreerrereeentassssesss Sateraesanmmananis ferarsismsetenrereeaaaaeareeebasatstetIissananean bt ssannans
2]
(i) State one industrial use of nickel as a catalyst.
.................................................................................. pn— ) |

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

--------------------------------------------------------
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A3 The melting point of sodium chloride is 801 °C.
The melting point of chlorine is =101 °C.

- - -

(@) Explain, in terms of structure and bonding, the difference between the melting
points of these two substances.

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

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

............................................................................................. [3]
{b) Explain why molten sodium chloride conducts electricity but solid sodium chloride
. does not. --

................................. :-uurn.u........-...--g.‘...--....-..u::-"u"‘;n.i.’."..............u-.u.

: R AR P serenanens Seseessenireninesesatanes

’ 1 ! T 1 e
...................... ‘"‘F’i_[2]
- - o ! e H
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A4 Sulfuric acid reacts with the alkali sodium hydroxide.
- HpS04 + 2NaOH -> Na2804 + 2H0
(a) Write the ionic equation for this reaction.

............................. . S | § |

(b) The graph below shows how the pH changes when aqueous sulfuric acid is added
slowly to 45.0 cm® of 0.150 mol / dm® sodiutm hydroxide until the acid is in excess.

14

10

&

pH

o

&

4]
1

Q 10 20 20 40 80
volume of acid added / cm?®

() What volume of acid has been added when the pH is 7?




(c)

(d)

7

(ii) Use your answer to part (i) to calculate the concentration, in mol / dm®, of the
sulfuric acid.

-
-~ - -

[3]

The experiment was repeated using ethanoic acid of the same concentration as
the sulfuric acid The same volume and concentration of aqueous sodium
hydroxide was used.

() The volume of ethanoic acid required to neutralise the aqueous sodium
hydroxide was twice as great compared with the volume of sulfuric acid.

Explain why.

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

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

........................................................................................................................ [2]

(i) Suggest the value of the pH after excess ethanoic acid has been added.
....................................................... [1]

Suifuric acid is one of the acids present in acid'?ain.

(i) Suggest how sulfuric acid is f&r’mé‘c! in thé_éj;nosphere.
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(ii) State one effect of acid rain on human health.

- (11
A5 Chromium is a transition element.
(a) (i) State two differences in the physical properties of chromium and sodium.
.......................... e vensssssssessmnne e eessescsmssseseesensioesrsasstsse seviee ssressereeses 12]

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

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

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

(b) Chromium is used in minute amounts in producing stainless steel. Chromium is
also used to electroplate steel objects. The diagram shows how this could be done.

lead anode «_ FE=——————= steel object to be
plated

chromium(Ill) sulfate (aq) —~Se===lZ 2000

(i) Suggest two reasons why steel objects are plated with chromium.




(ii) Write the ionic half-equation for the reaction at the negative electrode.

(iii) Dunng the electroplating process, a colourless gas is formed at the positive
electrade. Suggest the name for this gas and descnbe the test for it.

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

(iv) During electroplating, 1t is necessary to add more chromwum(lli) sulfate but
during copper plating using a copper anode, it is not necessary to add more
copper(ll} sulfate. Explain this difference.

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

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

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

---------------------------------------------------------------------------------------------------------------------------
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A7 lodine reacts with chlorine to form dark brown iodine monochloride.

- - L+ Cl—=21G~ ~

(a) Calculate the overall energy change for the reaction between iodine and chlorine

using the bond energy values shown.

bond energy / kJ per mol
-1 151

CI-Ct 242

1-Cf 208

Show your working.

(3]




"

{b) Draw a |abelled energy level diagram for the reaction between icdine and chlorine
using the information in (a). Label “activation energy and ‘AH’.

.

energy

[
>

progress of reaction

| 3]

- M -
+ \1 1
.
- . i .
o N e,
- - < s .
- A, - - - -
H * r 1
- P < - -
. - LE . § i
- B - : L - b .
1 [ ]
- 8 5 —— - - -t
1 ' <
1 . ' H . - . Lo
- . - .
- ‘
1! L = " h P .“ L . i
» - - g =, e .,
- s
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1 A r
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Name: ( ) Class:
~Section B

Answer all three questions from this section.
The last question is in the form either/or and only one of the alternatives should be
attempted.
The total mark for this section is 30

B8 The ester, ethyl ethanoate, reacts with hydroxide ions to form ethanoate 1ons and
ethanol.

The graph shows how the concentration of ethanoate ions, CH;COQ™, changes as the
reaction proceeds at 25 °C.

0.5
OAEE R e
.r"‘
0.3
concentration of
GHsCQO ions in f
mol/dm?
0.2
0.1
It
G}
v} 1000 2000 5000 4400 5004

time /s

(a) Wirite a balanced chemical equation for the reaction.,




(b)

()

(e)

)

13

Describe and explain, using the kinetic particle theory, the change in the rate of
reaction with time in the above graph.

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

Use the information in the graph to deduce the mass of ethanoate ions in 200 cm®
of solution when the reaction is complete.

{2l

Use the information in the graph to calculate the average rate of reaction, in mol /
dm?®/ s, during the first 300 seconds.

[1]

Describe how, and explain why, the rate of reaction changes with increase in
concentration of hydroxide ions.

LR L

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

Sketch on. graph the curve you would expect if the regqt!org J? done at 40 °C.
Label this curve H: * o ~ TS LA 1Y
(1]

369
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B9 There are two types of polymerisation, addition and condensation.

{(a) Explain the ditference between these two types of polymerisation. -

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

(b) Some plastics, formed by polymerisation, are non-biodegradable.
Describe two pollution problems that are caused by non-biodegradable plastics.

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

() The polymer known as PVA is used in paints and adhesives. lts structural formula
is shown below.

—CH;—CH—CH,—CH—
.0COCHy - OCOCHs

“ Y

Deduce the structural formula of its monomer.

(11

(d) The structural formulae of butenediol acid and ethane-1 ,2-diol are shown.

0O HO H H
HO—'C// \C=O H'——O-—(!.:-—-(I:——O-—H
\_/ ]

HC —CH H

butenediol acid ethane-1,2-diol
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Describe the visible observations when butenediol acid or ethane-1,2-diol reacts
with
(i) aqueous bromine

......................................................................................................................... [1]
(ii) aqueous sodium carbonate

....................................................................................................................... [1]
(iti) acidified potassium(VIl) manganate

S eetvmesseessrnessesiEssiSesEISesLSILSRRLSALLL L s o a s e s e 1R ALA A" RA LA S du e rmnesnsae s e e aReane e nasenaeS []

(e) Butenediol acid and ethane-1,2-diof can undergo condensation polymerisation
under the right conditions to form a polymer W.

Draw the structural formula of a repeat unit of the polymer W and circle the group
that links the monomers together.

(2

(f) Butenediol acid can undergo self-polymerisation under the nght conditions to form a
polymer X,

Draw the structural formula of two repeat units of the polymer X.

- 1 .

]
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Either

B10 * - - - —_— -

‘Tin cans' are often used as containers for food. In fact, a ‘tin can' is made from a steel
alloy with a thin coating of tin on it

To recover the tin from used cans, they crushed and then warmed with chlorine. The tin
forms tin(IV) chloride, boifing point 114 °C, which distils from the mixture.

On stronger heating, the tin{lV) chloride decomposes into molten tin and chlorine, which
is re-used. .

(a') Suggest why the steel alloy is coated with tin for use in food containers.

(b). Draw the ‘dot-and-cross’ diagram to show the bonding in tin(IV) chloride. Show
outer electrons only.

[2]

{(c¢) Is the bonding in this compound ionic or covalent? Give an explanation for your
answer,

............................................................................ 2]

(d) Construct the balanced chemical equation for the decomposition of tin(IV) chloride.
Explain why this decomposition is an example of a redox.
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(e) Calculate the mass volume of chlorine gas produced from the decomposition of
30 g of tin(IV) chioride.

{3
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or
- - B10 -

A 6.30 g sample of hydrated ethanedioic acid, HoC204.xH20, was dissolved in water
and the solution made up to 250 cm®,

A 25.0 cm® sample of this solution was acidified and titrated with 0.100 mol / dm?®
potassium manganate(VIl) solution, 20.0 cm?® of this potassium manganate(VII) solution
was required to react fully with the ethanedioate ions, C;04%", present in the sample.
(a) The MnO4 ions in the potassium manganate(VIl) oxidise the ethanedioate ions.

(i) How does the oxidation state of Mn change during the reaction?

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

........................................................................................................................ [11
(ify Complete and balance the ionic equation for the reaction between the
manganate(VIl) ions and the ethanedioate jons.
2MnO4 (aq) + 5C20427(a9) + wevvvuene H*(aq) = . Mn®*(aq) + 10C0Os(aq) + ......... H-0(l)
[l
(b) (i) Calculate the number of moles of manganate(VIl) used in the titration.
[

(ii) Calculate the relative formula mass of HxC204.xH20.

&l
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(i) The relative formula mass of anhydrous ethanedioic acid, H.C,04, is 90.
Calculate the value of x in HaC204.xH:0.

(1]
(¢) (i) Suggest and draw the full structural formula of anhydrous ethanedioic acid,
H2C20a.
(1]
(i) Draw the ‘dot-and-cross' diagram to show the bonding in anhydrous
ethanedioic acid, H2C20..
; [2]
; Sger xT RS talel D
- _&}_ x ¥

" ~ End of papér ~
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The Periodic Table of the Elements
Group e
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1 ) B} 4
H He
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a7 k] 89 40 H“ 42 43 44 45 48 4 48 A9 D 51 B2 53 54
133 13r 139 178 181 184 188 190 1e2 Sm., 197 204 204 207 209
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Ph Bi Po At Rn
Corthu Barkmn Lunfunos Halnivin Tonlaben Tungsten Fhenium Doxm Iddum Plhimm Gald Rheraury Thakan Lead Bhapth Polonfan Astatne Rwden
55 58 74 | 72 78 74 76 7% n 78 0 80 8i a2 83 84 8 ]
228 27
Fr Ra Ac
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o7 88 8 t
‘mm.mj —um:-_.umﬂoa Senes 140 141 144 160 m.." 152, 157 150 162 165 167 169 173 175
$90-103 Actinoid series Ce Pr Nd Pm Sm | . Eu Gd Th Dy Ho Er Tm Yb Lu
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The volume of one mole of any gas Is 24 dm® at room temperature and pressure {rt.p.).

0c
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al Denslty ganarally Incroasos down the group im
all |760°C (Allow batween 710 —860°C) m
The physical stats Is fiquld and metlling point Is
A1 | petaw 35 ¢ and boillng polnt 1s above 35 *C. ¥ for both correct
b1 | Metals in Group | are generally more reactive down im
the proup
bl |2R5+2H0 9 2RBOH + H; im
b | Excthermic ks a reaction which relenses hoat / 1m
reloasos enorgy to the surrotndings
© H +H0—OH + Hz im
Any two of tha foliowing
= sodum has low danslty but nickel has high
at densly 1m each
= godium has low metting and bolling point but nickst f2m)
has high meiting and bolling peint
Any two from the following
= godium Is more reactive than nickel,
» pickel has mora than one exidation state, sodium
has one,
dit |* nickel forma coloured compounds, sodium 1 mfor each paint
compounds are white; [2]

= godium reacts with cold water, nickel does not,
+ nickel has catalylic properties, sodium does nol

11¢



dim

Usa In the manufacture of margarine / hydrogenation
of alkenos

div

Diifarent sized nickel atoms ars added to distupt the
orderly arrangament of capper atoms [1] Thus the
[nvers of cobper atoms cannot slido past ons
angther as easlly as before addition of nickel making
i less malleable [1]

im each
[2m)

Clz [a & covalent sUbstance/ molacula wih 2 gmpla
melecylar gtructurs [0.5] There Is weak Intermelocutar
force. of eftreaction batween melecules [0 5] Thus tla
heat enargy 13 required to overcome these weak forces
of attraction (0 5] Thus, Ck has a low malting and
bolling polnt,

On tha other hand, NaClis &n fonic compound with &
glant fonl strctyre. [0-5) Thare Is gtrong electrostetic
-] [} i

[0 5] Thus high heat enangy Is required 1o overcoma
these strong forces of attrachon.[0.5] Thus, NaCthas a
high melting and bolling point.

0.5m for each paint
[

Moltan sodlum chioride does conduct slectriclty as it
has moblle lons lo act as charge carriers, [1] On the
other hand, the lons In solld sodium chiorida are held
In fixed positlans thus are not moblle to act as

charge eanmers. [1]

1 m for each polnt
e




H* + OH — HO

a 1im
pl |20cm? oroo2dm® 1m
No of moles of NaOH =0 15 x 0.045
= 0 00575 mel [1]
Comparing male ratio, H:S0/ NaOH = 1/2
bl 1 m for each polnt
No of moles of HeSO4 = 1/ 2 x 0 00676 19
= 0 003375 mol [1)
concentration = 0 003375 + 002
= 0169 moVdm® [1]
Thg volume of ethanoic acld used will be 1
em®- [1] 1 mole of ethanolc acld dissociates Inwater to
produca 1 mol of H* whereas 1 mole of HaS04 Ezlm for each polnt
cl produces 2 per mol ofhui::. [1]@1?:3 :or the same g
concentration, the voluma rel or ethanale acld to
neutralise sulphurlc acid Is twice as much 2:_];%6 :nf?'.'i?:a?g ackd
el | any pH value between 3 and 8 9 Inclusive im




Sulfur dipxide from volcanla activity / bustion of
dl {ossll {uels[1] reacts with water in the atmospharato | 1 mfor each point
produce sulfurous acld which is slowly oxidised to | [2]
form sulfude acid, [1)
Any ane of the following
« corrode buiidings
dii |= initates skin
» imitatas eyes im
= [eaching of nutriants
» _harm to matine lifa
1 m for equatlon
A5 |a Cr** (ag) + 30" = Cr {5) 1 m for comrect state
symbols
f2)
40H=> 2H0 + Oz + 48 [1]
b Oxygen gas Is produced Place a glowing splint [1] 113?‘ for each polnt
near the electrods, tha glowing should refight /
reldndle {1)
crl:rumlum(m) sulfate 1s addad to replace the
chromium(Il) Jons that were used to plate stael [1]
c Howaver, during copper plating using a copper ancda, 12;" for each polnt
the copper(ll} lons are replaced from the oxidatlon
of the copper anoda [1]




Energy absorbed In bond breaking
«1{l-N+1(Cl-CY
=+151 + 242
= 393 kJ [1m]

Enargy&alaased In bond making
-2l

= 2(-208)

= 416 kJ [1m)

Energy change = + 393+ (-416)
w23k [im][3]

Minus 1 for each of the
following

no units/sign {only for
final step)

aqw ECFIn final step

The raaction Is excthermic. Tho heat energy
absorbed for bond breaking In 1 mole of lodine
and 1 mole of chlorine[1] Is less than the heat
anergy released In the bond ferming of 2 moles of
lodine monechloride [1]

1m for each point
(2

6.€



3 frequency of effactive colllslon decreasas. [1]

ene Col Eaand AH—1m
1 i Cu:rr:: n:thelmk plot mhthl?flm for each
-1m g
E. Cofract reactants and = Amow points in
products —Im appesite
i+ Ch direction/dauble
head ammow/arow
AHw - 23kJ tea long or teo short.
e It exothermic plot given,
ECF for Ea and AH, and
reactants and products
prograsa of resetion =
B CH3;CO0OCHs+ OH™ 2 CHCOO™ + CHsOH
7 A CH;CO0C:Hs + NaCH > CH,COONa + C:HsOH 1]
A CH;C00CHs + H:0 3 CH,COOH + CHyOH
1 The aia o rascton d[eclreasas with time / L)
reaction s| lawn {1
2 As concentratlon/number of mola of sthyl o mark f candldates
ethancate and hydroxide fons or reactant to tamparature an gSA.
par unit volume decreases [1), even ltp;omiz and 2

ware mantloned

380



Concentration of ethanoate = 0 45 mol7 dmy”

Na of moles of ethanoate lons = 0 45 x 200/100 2
mass = 0 00 x 50 =009 mal[1) Mo mark for missing unlt
«531g [1)
1]
Average rate = 0 16/0 17 + 300 Mo mark far
= 5,335 67 = 10™* malidm® s'{1) missing/Incarract unit or

incormreet sig fig

The concontration of ethanoate lons will
double/increasa [1]

as the ethanol Is oxidized by atmospheric
oxygen to form ethanole acld which wil
dissoclata to form sthanoate lons [1]

12

Stesper indlal gradlent enly [1]

[

(any o
1

ne)

Addtion polymerization 1s whera there Is anly
ene product Involves unsaturated monomers
with carben - carbon double bonds
Condansalon polymarization Invalves
monomers with functional group such as
carboxyl group, hydrexyl group and aminp

group

Additlon palymerization preduces addition
polymers which are made up of repeating unlts
bonded together by carbon 1o carbon single
covalent band

Condensalion pelymarization produces

condansation polymers which are made up of

nl




repealing unlts bonded together by ester or
amide linkages

3 In additlon polymerzation, monomers are jolned
togethar to form an additfon polymer without the
removal of small molecules
Condensation polymerzation monomers are
jolned together to form a condensation polymer

with the removal of smal molecul

(any two)

1 Buming of plastics roleases palsonous gases.

2 It causes land pollution as they take up spaca In
landfills

K] Marine animals may mistake plastic bags for
food and choke on tham

4 Plasties may clog up rivers and dralns, which
might bacome breeding grounds for
mosqultoes

[

CH:=CH

Hs

dl

With butenediol acid, reddish brown agueous bromina
Is decolourised but remalns reddish brown with
ethana-1,2-diol

al

With butenediol acld, bubbfes of colourless edourless
gas will be absarved but no visible change with
sthane-1,2-dlol,

dill

With ethane-1,2-dlol, purple acidified KMnO, Is

U]




dacalourised but remalng purpla with butenediol ackd.

o]

1m for correct clrcla
el 1m for comect structure
{2
T
oll COOH COQOH COOH COOH [1]
The fln acts es a protective layer and provents the
a Iren In stael from rusting/coming Into contaets with )]
oxygen and molstura In the alr
The bonding (s covalent [1]
b | Thisls bocausa SnCls has a rolagvely Jow balling 2
pelnt. [1]
1m far carrect bonding
¢ 1m for all comrect
valence electrons

l

10
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o deduction ol mark for weong
skzs.

SnCly 2 Sn + 2CI[1)

The oxfdation states of tin In SnCY, has decreased from
+410 0Intln and SnCl 1z reduced Chlorine In SnCi,
has Increased from -1 to 01n Clz and SnCL [s
oxidised [1] Thus tha reaction Is a rodox reaction,

k]

No of males of SnCly = 30 /261
=0 11484 mot [1]
Compare mole ratia, Gz /SnCly =2/ 1
No of maoles of suliur =2 x 0 11494 4]
= 0.22038 mol
Volume of chlofine gas produced = 0 22088 x24
= 5.52 dm® (3sf) [1]

2MnOy(ag) + 5C:04%" {aq) + 16H"(aq) — 2Mn™*{ag) +
10C0:{aq) + 8H0{)

n

382




The oxdation state of Mn In MnO4 decrease from +7

ofl |10 +21nMn® "
No of moles of MnOy = 0 02 x 0 100
B =2 x 107 mol ol
Comparing mala rald, G204 / MOy
52
No of moles of G:0& = 5/2x2 x107° 1im
= 5x 107 mol
bl | No of molesof GO INBAg =5 = 107 x250/25 (k)]
=005 mol [1m]
Relative molacular mass of H.C;0,.0H;0 = 6.3 /005
= 126 [1m]
bl | Valus mx-gzs-so)na []
cl ’“’\E/E\,H m
oi | “Students need to refer ta c{) and draw the 1m for comect banding

representativa 'dot end cross' diagram




1m for aif correct
valence elattrons
2

o daduction of ks Jor wrong
228,
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