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PRELIMINARY EXAMINATION 2022
SECONDARY 4

CHEMISTRY 6092/02
12 September 2022

Paper 2
1 hour 45 minutes

Candidates answer on lhe Question Paper.
No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number clearly in the spaces provided at the top of this
page.
\Write in dark blue or black pen.

| far any diagrams or graphs.

You may use an HB penci 1
Da not use staples, paper clips, glue or correction fluid.

Section A
Answer all questions in the spaces provided.
For Examiner's Use
Section B -
Answer all three questions, the last question is in the form Section A /50
either/or. ) ) ) Section B : T g
Answer all guestions in the spaces provided. s el
BE 112

The number of marks is given in brackels [ ] atIhe end of each - m
question or part question. .
A copy of the Periodic Table is printed on page 24. B8( ) 110
The use of an approved scientific calculator is expecied, where
appropriale.

Total { 80

This document consists of 24 printed pages.
[Turn over

2
Secllon A
Answer all questions in this section in the spaces provided,
The total mark for Ihis section is 50,
The farmulae of some gases are given in the Tollowing st

02 co Ch He
Ha CHa

A1
NH,
Ch SO: NO
Choose lormulae from above to answer the [ollowing questions.
You may use each formula once, mare than once or nat at all.

Give the formulae of two gases which are elements.

{al
OOt LA SRS srersasaresemmssereessaserssensnsansastassraserasnassrrasmensresd 1]
{b) Give the formulae of two gases thal will change Ihe colour of a damp fed litmus paper.
reveeasarnsereeneeasnasarenenssemensssnnrnansrensnes BN criiiinarm e [T & ||
{¢) Give the formulae of two gases that are involved in both respiration and photosynihesis.
....... SR | ||

and .o B

srssssmannnannnren

{d) Give \he formula of a gas thal contains an element with an oxidation stale of -4

[ L LT LLE T

{e} Give the formula of a gas which is oxidised in the catalytic canverior.

e T A LLG L] fannmma T b
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A2 The tabl
e shows some information about the atoms of elementa A, B,C.D,EandF

b ]

(The letters do not represent the atomic symbols of 1ha elements. )

numberof | numberofl | nuclean

number

8 6

14

I element l
protons neutrons
A |

(v)

Filin the blanks in the table above. [1]

White the electronic configuration of element D.

T —— Sissmmmamnstt srmnnan .

E can form a stable ion.
VWrite the formula of Ihis ion.

RS R § Simisbidinirisnd 1]

e

(b) Q)
-

1 i erimanarans

| SR

(i)  State the trend in the melting point of the elements B, D and F.

Use the information in the table o identify the elements B, D and F.

Highest melting point  cceviviciaicnaninnan

T e PP T TITT I T

Lowest melling point ...

2022 Prekminary Exam/CCHMSISecandary 4/Crematry €002/02

(]

(1]

C

Explain your reasoning for the difference in meling paints for B and F.

A T T T T T —
....... R T L T TR T I T LA L - -

R

SRR )|

T e

B LT

B and C can react to form a compound.

Draw & dot-and-cross diagram to show the bonding in this compound.

Show outer shell elecirons only.

[Total. 1

2072 Pravminary EvamvCOHM BB ecenday 4Chematy BO5202
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AJ The Wink
ler Methog can
be term
feactions invoived ame HEed to determine the OXYgen concentration 1y waler !
samplas. The

Step 1. '-!a-“gaﬁeseill:- Sultate is added to an excons of alkali
e ::504 (23] + 2XOH (aq) — MM, (8) + K:SO. (aq)
ep 2:
P e resulting misture Bbove is pdded ta 100 em? of water conlaining dissolved oxygen,
ZH0 (1) + AN O (3) » O:(a3) — 4Mn(OH) (s)
Step 3: An excess of aciaified potassium iodide is then pdded
2IMADHxs) * 2K(aq) + 3H:504(aq) — 2MnS0.(aq) + K:504(an) + Ix{aq) + 6H.0()

Stepd: The e s the
' then tans'erned fo a conical flask and tit ; T
SJum thosuate using starch as an indicator. raled with a standard solulion of

Iz (83) + 2Na:5:0, (aq) — 2Nal (8q) + Na:5.0
«Us (ag)
=iouriess oolnurles.s

= K
(a) Sizte two obsenvations whers manganese shows the typical characteristics of a transition

[ oy —d aoumng these reactions.
T —— - PR S arenan s sty ananeranssed 2]
(b) Wit the wrmic equation for step 3.
T PP — T EEELs e sinbm s nen s e PP [1]

Suffur can exhibi! two oxidation states.
Table 3.1

(e

| oxidation slate of sulfur |

Na;5:0;

+2.5

T Na;5:0.

Fill in the missing axidation slate of sulfur in Table 3.1. 1)

(i
{ii} Use oxidaton states to show why slep 4 is a redox reaction.

T P P T T T T T L T T L LT LR T R LR L REEELE TS

rrrrrrrrrrrrrrrrr e e L TR TR ETEREEEEEEEEEL)

e AR

[Turn over
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f¢

L]
(d) St i colaur changa cf rra ard goind in atep 4

L

A 100 om? sampie of watar CHTBOCG TG Cryan taquired 11 29 ot
em' ot

L]
0 0180 moldm® sodium trcutaa LN o reach Ihe ard par

Calculate the concenration of SrfEn N Tus sampie of water n meldo?

L]
[Tatal 10]
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Ad :lrﬂré.-;n;_hrr:‘ect:amr"nu hydmgen have been nvest
b men Uso pef,
of thase fos y Pefrol The table below

'@ated as possible alternative fusls for malor
compares the enargy released on comblstion

The enthalpy change of combus
on of a substance, AH,, |s d
one mole of the substance is completety l:urn; In exygen. el

fuel
e Ul':'lﬁh: &M, energy per gram
e ?-;r?-dm_m 1 kJimol Iedig
-7 -
o 47.a
me
hyrd

ethane f fo be calcwiated -891 557 _l

e enagy released whan

thamo! 792 725
L =72 o be calculat
ydogen | 0.0354 —286 - '-1—43”—M

3l (il  Calculate the density far methane in gfdm?,

s ebean et sasn te st anmae pamaen T e e[ ]

(i)

(iif) Suggest why no value is quoted for the enthalpy change of combusi) !
b it Dy ge o mbustion of pelrol in

(b) Methane and methano! undergo complete combustion o give the same products.

(i} Draw an energy profile diagram to show when melhane is completely burm! in
oxygen.

Your diagram should show and label the chemical formulae of the preducts, the
aclivation energy and enthalpy change of reaction,

energy CH.(g) + 20.:iq)

rogress af reaction
prog [3]

2072 Preiminary ExamiCCHW S/Secondiry 4G hemsin 607202 [Turn over

<

i hen 1
i} Which fuel, methane aor methanal, (s ikely e gne socter m:hm.si_ products w
¥ |s combusied in ihe same volume of air in the motor vehicle engine? Explain your

answer.

BT T T T T LTI T T TR T T T

R R SRR e e e R

L LI L T L T T T E P T

fe} Atthaugh hydrogen releases iess than half the energy than methane per mole, many
peaple beleve that hydiogen is a befer atermative fuel campared to methane. Suggest
why 1his is 56

(d)  One alternative fuel technology invelves the comersicn of lquid methancl inte hydregen
025 as shown by Ihe equations below The hydrogen obtaned ¢3n then be used as a fuel.

step 1: CH,0H(N) — CHyOH(g)

step 2. CHiIOM(g) — 2H:{g) + CO(g)

(i} Useihe given information below 1o calculate the enthalpy change of reaction far
step Z in kdimal.

Eond energy n kdmol
210

|
|
| 360
| 1077

|
' 463 1‘
436 ot

121

(i} Explain why the enthalpy change for the conversion of kqud methanol o hydrogen
is grealer in magntude than that far \be conversien of gaseaus methanol 1o
hydrogen.

o e e o B N S NS B N N BB 0 B B K855 5 56 8 8 e e s e s m b e e A s e e

N R R R R SRR RS s m s m

032 Preimingy EvarvCCHM SiS scondary 4TS ety B29202



(i) Suggest w

L T

[

2022 Prelminary Exam/CCHWE/Secondary 4/C hemmtn /600102

¥ this a'le mative 1
to have a harmitul eMec

s asessnaaae

AL T,

¢

uel technology lo produce hydrogen s somelimes sald

[Tetal: 14)

[Turn over

10
A6 I soma o refineries, naphtha is keatad (o form a mixure of hydiccarbang

Some of these hydracarbans are womers Eama

infarmation abowt the wamers 1 [
s i .2ard 1is

W decnlaunisas aquecus bromine -]
farm a muedurs of S ard cther
aganic producls

1somer 1: Tl 1
eyclobutane l acdd aquecus tromine
H H
somer 2 ]r_ oy 3:
H—C —C—H unbranched unbranched
hydrocartan W | \ Rydrocarban X
H—C—C—H
H H acd sleam ynder
add steam urder hagh tempemiure
high ter fare and pressure

add sutakie
oxidising agent
T

z ]

Z reacts with aqueous socdium
carbonate to form a gas that gves a
white precipitate in imewa'er.

2022 Proiminary ExamCEHMESecendaly 4Chamaly B05201
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o 1 e e e (e} S u an organic compound tat ras tre lowrg comooston by TSt
M TMMﬂWrnmmmﬂ-mldm1hulmm|mm S 3%, O 10 5% Br 529%

11

State the molecuiar formuta of tha member
Caluiate tre errpercal ormsa of 8
4 e e e S 0 4 S S 4 B S S 556 58 e rEe I e e b | |
-1 Shorm your werding ceary
(i) Cydobutane has fe same chemvcal reactvty aa butane
When excess cyclobutane reacts wth chlonne, a chiorine-containing organic
compound m formed
Sta's e condton and wefe a balanced equation lo show how this chiorine-
CoManng 05 compound can be formed
S S R——— |
B [ Sixethe rcecdarformois of W
i b e b i S i b pe ol 1]
(§) Use the rformaton in the reaction scheme o deduce and draw the full structural emorcal Truia
formudae of the organic compounds W, X, Yand Z
=
| ommenccompoung | structural formula
. [Tt 11]
| w
!
J
|
|
| X
!
|
Y
]
|
| z
|
]

(4l

et Erami”lrad Bleconasy rARS N Pt e I Turn over 017 Prateesy EranCONWSSKenaay ATy NI
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Section B

Answer all three questions in this seclion

The last question is |
nt
he form of an eherfor and only one of the alternalives should be attamplad

Read the information
. . aboul the relatonshi i
ch ships between the electro
emical bonding between elements and their " I.lt o electronegativity of elemenis,

Electronegativity of elements

Electronegativity is a
measurement of the tendency of an stom to attract a bonding pair of
electrons. A bonding par of electrons is the pair of electrons shared in a chamical bung P

l'l";a P_:l;d’ina scale is used to measure the electronegativily of elements. It ranges from 0.7 lo
B a'n“; ! Dr: t;?:er v:’iue1$'ms::hng rg;emer electronegalivity. The greater the elecironegativity
. torm, greater en the alom to altract i

D o, Ie8 g ncy o altract Ihe bonding pair of electrons to itsell

The values of the electronegativity of the first twenty elements in the Periodic Table are given in
Table 6.1. The electronegativily value ef sodium has been intentionally left oul.

Table 6.1
l element electronegalivity
L H 2.20
“"He |  MNodata |
Li 098
Be 1.57
|— B 2.04
c 255
N 304
0 344
F 398
Ne na data
Na

Mg 1.31
Al 1.61
Si 1.90
P 219
[ 2.58
[ol] 3.186
Ar nodata
K 0.82
Ca 1.00

T

[Turn over
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Th;g :mzr:nr.e in elecironegativity betaeen two slaments invelved in a chermical bond, §. can be
calculaled by subiracting the V i, Faril
bt ng smallar elecironeg § vatue from the l@arger electonegatnety

I gives o good indicaton of whether a chemcal bond formed bat ren
ween two ele
covalant The general nis states that f 3 chemical bord i an onic bond n:n i1 vﬁhfallulll‘;,::;:'r
than 2 0. An example s magnesum Nuanda, MgF,, whers L =368 -1 1 =287
However, there are exceplions 1o this rule
Elements and their oxides and chiorides

The lormulan and chemical banding of the oxdes and chiordes of soma elements are grven in
Table 6 2. The bonding in aluminium cxde has been ntentonaly e out

Table 62
FIEmcm formuia of main bonding n forruacl ran | Lorerg m
| edge | = cxde | cricrce chigrae
H H:Q covaent | (a2 covalent
Ma MgQ | |Ge | W3Th e
Al AlDy i | AT T covaent |
P PuOia | ovalent | PLh covaent |
S S0 | covalent [ S.Ck covanrt |

Band energies

Bond energies give an indicatan of the strength ¢f \he covalent bord The hagher the Bond
energy, tne stranger the covalent bond

The bond energies of same covalent bonds ane given in Tabie 53

Table 62
[ covalent bond | _bond energy / kimal [ covaerttore | Sond erergy | met |
H=H | 432 G=0 | 434
H-fF | 562 \7 c=0 | 1077
H-CI 1 431 | C=0 | 739
p-cl | 346 | c-o | 3s8

{a} () Describe and explain the rend in the elecironegativty of Group 1l elament.

L LM bbbt I ST TR LR bbb

e

ed?)

nenamerag AR T i

T kb man AR e AR A AT S R S e o AER R

(i) Predictlhe alacimonegativty of sodum
FUTRORR. |y

.....-...‘............................................4,........--...u....u.--...---....

2022 Praymenaty ExamvCOHMESecond ary AT hamaty B3 202
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(b) InTableB 1,1he electro i
Bl Vb negativity of helium, neon and argon are noted as ‘no dala’,

A i i T AR L ser e asa e e P 2]
() Aluminium oxide and aluminium chloride melt at 2072 °C and 192 °C respectively

CalcuTale the cbﬂmnega'i\-ﬂy [+ inium o m
H erences, I values for a aallal X milni
loride. luminiu ide and aluminiu

Do the T values suppor the bending in aluminium oxide and aluminium chlorde?

Explain your answer

0 A 0 0 . 00 0 0 B 8 R B B8 S 88 B B B 68 e e e M e mm

SO 13 |

T P .

RS-

(d) Two students ta'k about the information given.

Student 1: [ think that the electronegalivily difference, I value, is directly proportional
o the bond energy of a single covalent bond between lwo different atoms.*
‘| think tha! the electronegativity difference, I value, can predict the

Student 2:
covalent bond strength.”

Does the information in the tables support the ideas of the studenis?

Student 1:

e e e 8 68 N N EE R RS A S RERE RS R R s s e

T T TP L LR

B L T LT T

T ———————— R T T R T PR R L b e ssssasmem wan
........... Bas

R s S SRR e e sassssnssminam. T L L Lt C L e ssssrssizinannan was CETTEEEE)
o e srsssmmmnanan anssanan B T LLLCL L] PP sapamanaia YT TR e
asasans

e T T L LR

(2

2027 Preiminary Exam/CCHW S/Sernrdary 41Chemaiy/E032/02 [Turn over

¢

{0} Dingrams con be used lo represent how pariicles are chemically bonded

(i}  The daot-and-cross’ diagram of an ammania molecule is shown below.

Based on your understanding of electronegativily, suggest why |he ‘dot-and-cross’
disgram is not an accurale represeniatan of the covalanl bonds in ammania.

Sissssmmrmnranmr s T D

TTTTTT TP

............................................................................ USSR |

(i) Draw a ‘dot-and-cross’ diagram lar S:Cl;

12)
[Total 12

2072 Pistminaty ExamCCHM R Secondary 4T hamalip B9 202
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An ﬁl‘.’c{ml‘ytc and
electrochem,
= cal selup consisting of two cells are ahown in the dingram

i_ —__ copper wires
siver
ve graphite graphile
elect 1 elecirode 2
diste silver nitrata
suMunc acd anc solution
cel A cel B

(a) Both o= A and cel B use electrodes, electrolyles and copper wires for electrieal
conducion
Descobe how the elecimdes, electrolyles and copper wires conduct elactricity.

e s E T T T T TP PP P e T

o esbie s s i eerreresesenreend 12

R e S e S S S

...... s daE s EEiEEL e bl e e s R AR RLR

(&) In c=I A, &nc 1S the negative electrode

\irte the overal eguation for the reaction in cell A
w11

S S

\Wr2e an ionve equation for the reaction at the graphite elecl rode 1in cell B.

[e) il
SO | |

(D]

e e GaEEEAmANEE S RARmEE e

R T L LTTRLLELE L

= B

smamamsarnanns

[Turn over
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1
The elecitalyte in eall B s raplaced wih raiten alumnum ernde

Aftar a long paricd of ima_ cra of (ha graghda aleciiodes o cail
- B reducss and
reads lo ba raplaced N

Explan why this graphfie elecirods nasrds 1o be replaced

2022 Pradminary EramCOHMS Spcorday AThamatnyBLE202
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EITHER

BS The table below compares the hme taken for an alloy o react with ethanoic

peid, nilric acd and

phosphenc acid, each at three dfferent concentrations. The time taken lor Ihe alloy 1o decrease

in mass by 1.0 g was measured All other condtions were kepl the same

[ acid time taken for reaction / hours
concentration of concentration of concantration of
acid acid acld
) ) 0.04 mol/dm’ 0.02 mol/dm’ 0.01 molidm®
ethanoic acd 92 180 410
niing aod | 2 ] 18
phosphencaod | 19 a3 80

{a) (i} Explain, intermsof reacting padicles, the dfference in rale of reaction when the allay
reace weh 0 02 mol/dm? nitric acid and 0 02 moldm® phaspharic acid separately.

e RS T TSI TSP PSP TS PP TTITTL T
PRSP PSSP EP PR DT T PR
J RSP DI LIS EEE LR IS L LILLLRL S S - |

{i) Hyszrochlonc aad can also react with the alloy.

Eetmate the time taken for 0.01 mol/dm® hydrochloric acid to readt with the alloy.

B L LT e e m eSS R

.......... i fmmbisiy s s i 1]

{b) Ethanoc acd is added loan allay that consists of magnesium and COpper.

[i} Wie an equation to show haw ethanoic acid reacts wilh the alloy,

LRI L

(i) Descrnbe how pure copper can be abtained from the alloy by using ethanolc acid.

e b AR B AT RS saammae e LR L L LR L L LT

e bbb

- EE R s SSE IR R R iEEEsramssssRREEEEEennanAid

2022 Preiiminary ExarCCHW E/Secandary 4/Che Fatng L0202

e LT LT  EELEEE L

[Turn ovar

¢

0
[e) Ethanolc acid can react with thicay! chioride 10 form ethanay! chioride CH,COCT 3 shawn
below,
CH.COOH + SOCI; — CH,COC! + HCI + acidic gas A
(I} Describa a chemical lest 1o identfy the acidic gas A.
- reesminiraresiasnmareitsrnns -...._..-[2]
(I} Anather organic compound B, that contains the sarme functonal group as ethanayl
chioride. is shown below.
g H H 0
Il | 1 1l
el—C—C=C—C—OJ
B
Under suitable conditions, organic compound B =0 underga cocndensation
polymensaticn with angther organic compound C to form a pofymer.
H H
Ho L1 A
s 1_N\
1
H HH H
[
Draw one repeating unt to show the structure of thes porymer
2
[Total. 10]
2022 Mwiminany £ Ay CEHMES rodrdaly AT remaly BT
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B2 -
Elemer Isinthe PE“QdIE |BD|E have df erent reacty
Y

In thi i
this question, tha reactivities of some metal com

(3) The thema decompas

1
ZCO; was investgn'.ea,l on ofthree solid anhydrous metal carbonates, XCO,, YCO,

Apure1p

below,  © omele of each carbonate was separately heat

melal carbonate

<=

heat
delfvery tube

lime waler

Appropnate mass measurements were made, and the following obhservalions were noled

pounds and halagens are Investigated

ed using the sel-up shown

during the expenment.
Fel:il ohservations
|ecarbonate |
Vihile sald remains white.
Xco, White precpiale observed with imewater afler some Lime.
| veo White sold remains while
il No precipitate observed wilh imewaler. . —L|
o White solid tums orange-brown then black almost immediately.
ZC0, White preciptate observed in limewater almost immedialely.

{i] Write a balanced equation for the farmation of the while preciptate.

arrerrssan

{i) Ceduce the order of reactivity of melals X, ¥ and Z using the information above.

Explain your reasoning

e L LoL LI LT LT}

mas! reactive

........ femmrmann
P E T T T srpaErsrEisasssnnnnnan srinimnnan e

2522 Predsnary ExamiCCHU B Eezandary L5 rermalry BOSITT

[Turn over

and

annan

Bromine reacts with phasphorus

U}

(i

2P & 381, 2= P8y,

In practice, when phospharnus reacts wih tromine, the yeid of phospha
Is never 100% e s seiga s

Suggesi a reasen why

S — ——

e 1]

When tne same number of moies of phosCnerus 8 reacied with both bromine and
chionne, the rates for the two reactons are d*erert

Slate and explan the dfference in the rate of both reactons

D —

e e A

2072 Prevrerary ExamCOHWSSecondsry LG bty BI9 20D
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ysed ond found 1o have an average relative

Draw the strum, i
struzture of this polymer showing two repeating units
Caleulate the
number of carbon aloms present in an average chain

H
|
C
This organc compeund
&N undergo addfion
polymensaton to form a
polymer,
molecular mass of 33750,

m
(i A sample of the palymer was anal

Ll Fydrocarbe: Lene
ne structure shown below. T O 2acCtion 1o form an erganic compound

Bromine can react with a

(e}

(2]

[Tetal: 10]
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