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Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 (a) Select elements from the list to answer the following questions.
You may use each element once, more than once or not at all.
potassium
copper
magnesium
iodine
aluminium
lithium

chlorine

(i) Which two elements react together most vigorously?

(ii) Which element bleaches damp blue litmus paper?

choring

(iii) Which element forms positive ions with different oxidation states?

(iv) Which element forms an amphoteric oxide?
QUM iniuim

(v) Which two elements form ions with the electron arrangement 2,8,87

chlovine  and potasSium
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& (b) The following are statements about groups and periods in the Periodic Table.

[_

o Put a tick (v) in one box in each row to show which statements are true and which are false.

E

:

o true false

o)

o The most unreactive group contains only J
non-metals.

z Melting point increases across Period 2. v

T}

2 —

< Atoms lose electrons more easily down

2 Group |. v

= —_—

£ The strongest non-metal oxidising agent /

it} . 3

§ is at the top of a group.
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A2 Fractional distillation is used to separate the alkanes in crude oil.

Fig. 2.1 shows where some alkanes leave the fractionating column.

» fraction containing propane and
butane

T "= fraction containing octane

D /e —

hot crude oil 1
__’
vapour

Fig. 2.1

(a) Describe how fractional distillation separates propane from octane.

\ ‘
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(b) Explain why propane and butane leave the column in the same fraction.

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

Qnd heie boiling, golns fal witin e, angein the Ffectn Heng,
bot molecules  condene, whrh the Sdwe {onge of Wf’f&’ Atpe in Fhe
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(c) Complete Table 2.1 to show the molecular formula and empirical formula of propane and the
empirical formula of octane.

Table 2.1
compound molecular formula empirical formula
pror;r; CyHg (3 Mg
octane CgHyg CiHq

(2]
(d) Octane is the main component in petrol used in cars.

However, some cars use LPG (Liquefied Petroleum Gas) fuel. The main component of LPG
fuel is butane.

Table 2.2 shows the enthalpy change of combustion when one mole of octane and one mole
of butane are completely burned.

Table 2.2
[ alkane enthalpy change of combustion in kdJ/mol
octane -5470
butane —-2880

(i) Suggest reasons why the enthalpy change of combustion of octane is more negative
than the enthalpy change of combustion of butane.

Both oCrane dnd e have a eI mﬂm\pj L\'\m«j&? of omashon as heat

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

£ -‘W eleated) qux (HMMSH0 - The, owount of Wa\ Qma, wam@ m”“"‘“{“

.................................................................................................................................
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\

Ao Viad o oo e A v 74 e 8 L R ‘h.gc]l\(_, WM pctne thoa
(i) Calcuia e the mass of butane that gives the same amount of energy when combusted as
50.0kg of octane.

Give your answer to three significant figures.

2 wol of
ol 0% oCitne = \%@

Fneig 00N = Y38 39} » ELFPO Mass = §3303
! - _zrgqq 12 x|0 . %83
mass of butane = .........cccoell L‘%‘-J) ........... ﬁ

[Total: 11]

I © LUCLES & MOE 2021 @ 6092/02/0/N/21 [Turn over I

5 [

h) ;cwpl'cvj“
hurtve - 20
= 438514 - 333 03 m!

mokdes

e

, (sg)

»



* 0013578600406 *

MIWAMANWInNw - -

A3 Table 3.1 shows information about some electrolysis experiments.

Table 3.1
. negative | positive substance formed at | substance formed at
S Rcment electrode | electrode Sl negative electrode | positive electrode
dilute aqueous 0¥\
1 carbon | carbon | o ium chioride hydroden Ygen
concentrated aqueous . AC\ND |
2 carbon | carbon <odium chioride \(\\1d(\)q@V\ chiof\ee,
3 silver silver clbisiggiicous copper oxygen
copper(Il) sulfate
dilute aqueous o COMQ(GQ]OM |
. copper copper copper(II) sulfate Q)OPW
(a) Complete Table 3.1 by filling in the missing information. [2]
Oel/

(b) Use examples from the table to ekplain the difference between an inert electrode and an
electrode that is not inert.

) 07 Qactapait in e MCholyhe, @l . However m erpgiminks 3ond & e weachie|

. POC v W
ho e, Lechtles take. pack e dlectmhte expuinatas e Uechude diiit

o focm poeeve 1one (gt in Pxpeimint 3) md (w2t in eypest 4)
(c) (i) Describe the change that would be seen at the negative electrode during experiment 3.

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

(ii) Write an ionic equation for the reaction at the positive electrode in experiment 3.

40H‘((u}) — AW0E) t Osg) + 4e

(iii) Describe and explain the colour change of the solution during experiment 3.
Bue colpur labon ades anay due o e preterpota)
dischayge of Oﬁ&uml iy ton b e heaahve dechale

e
\Owéf?f@niﬁfiﬁﬂfﬂ" o UL +fU/[_j .......................................................................
s 0 eqonavie e e st 2

[Total: 8]
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A4 [ron is extracted from iron ore in a blast furnace. |

Fig. 4.1 shows the substances that enter and leave a blast furnace.

r iron ore, coke and limestone

waste gases

> 4
hot air —m -a— hot air ;
= —
slag <&
— molten iron
Fig. 4.1 '

(a) Give the name and the formula for the main compound in the slag.

(b) Iron ore contains iron(III) oxide, Fe,O,.

() Calculate the maximum mass of iron that could be produced from 14000 tonnes of
iron(1IT) oxide.

1 tonne = 1000kg 6
—. 14000 %1D 3
Woles ot 4T—!'i.zoj - T 1
= 2350V ?
ol F30; = 2 w| Te "
s 6 Fe = 205K~ B |
S
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(ii) 14000 tonnes of iron ore produce much less iron than the value calculated in (b)(i).

Suggest reason@why.

blow 0o o fien 100 o o%.q} e 11,

................................ e Sheasarragles

fure o %%e nhataie blown |
P FhER | migh IGACHW Hh my K N j)eadng 4o 1y
M

(c) Table 4.1 3iuws e Ju.np siuon 01 uwe 1iain waste gases that leave'the furnace.

achétinad 70 X (1]
Table 4.1 O_I‘ W % V‘Ql

gas percentage composition
nitrogen 55
carbon dioxide 21
carbon monoxide ' 20

Describe and explain the source of each of these gases.

Catkon Moxdd 18 fgm\u(@l {om fle. combu fn o wke ) dpposiiron of i“}}{igw

Carefully controlled amounts of carbon are then added to make steel.

[Explain why carbon is added to iron}and krvhy the amounts added must be carefully controlled. -

Lovvon 1800000 .50 00 ) u.«g...hi.»‘..mﬂ.\.m..E‘-it.’.é;.\..1._L@Mf_&\.ﬁ...n.%....\.'!?rdll..@?f‘.?:! _______
0000 00 YA IO0 L

sthfer | o ({m&\\u} qu‘ chile. g dn04rd of @tk awe Ehongle ‘E”z‘%
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A5 Anew system for treating the exhaust emissions of diesel cars has been developed.

The system injects a fluid called DEF (Diesel Exhaust Fluid) into the hot exhaust gases.

DEF contains an aqueous solution of urea, (NH,),CO.

i
(a) Draw a ‘dot-and-cross’ diagram for urea, (NH,),CO. :
Show outer electrons only. \O\
c K
H ~ N / ~ N %
/ H

3]

(b) When the DEF is injected into the hot exhaust gases, the high temperature causes the
reaction shown in equation 1.

equation 1~ (NH,),CO + H,0 —> 2NH, + CO, » '

The ammonia formed reacts with nitrogen oxides in the exhaust gases.
equation 2 4NH; + 4NO + O, = 4N, + 6H,0

equation3 /' 8NH; + 6NO, —> 7N, + 12H,0

(i) The DEF is stored in a tank in the car away from the hot engine.

If this tank becomes too hot, it could cause an explosion.

Use equation 1 to explain why.

" . ~ . ki DEF .. AP [UWGP@ ’ \0 _FU ﬁ‘n 3 m"l(’gop 7 §
A8 e e, Jonpeave, gott oo laigh, more moles of gateay 5. (e éﬂ

Joading bo 0, e wlivg of guses ae fomed n Westonk Ty o 2

\W‘WL“‘{- of I{.-}t@(—’ 3 |@M © 0o l-ul\durptrl freséure, /( A RH’ € ;

ey el EXPlodion - : 2
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(i) State, with reasons, two benefits to the environment of using DEF to treat exhaust
gases.

Reffar- to the@ftfﬁs an rodUCts of e uaﬂ?n 2 and equation 3 in yourl a@\&%k J - l
DH....\'}Q!p?e..@....tfff.ﬂ'!.f!‘!‘ie....ﬂ?@ﬂﬂﬂ“ﬂ..@.@.\lﬁ.‘P’(?.??...Q?ﬂ....N.O....Cfﬂ.d...NQ%....‘.%Q%?‘I@Q?Z o

ong DEF ywduces No ond 120 i o pduls which are clodn,,

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

ouses and A0 no) Plive e gOmgrt [1)
(iii) Suggest and explain one reason w y using DEF "does not solve all environmental
problems caused by the exhaust gases.

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

LY o0 Inteak, 0 0n6ge npOAvE. st gjlolal i

/
fekenn

(iv) Write an overall equation for the reaction of urea with NO,.

4O Lo+ bND, —> 30, 3o + 41,

(2]

() A motorist buys a 500 cm? bottle of DEF,
The label says that the bottle contains 160g of urea.

Calculate the concentration of urea in mol/dm3.

Mo of urea = 2v(142) 412+l

32+ 4
= bo

wleofynds - —I:%

= 9. b66 7 3
266671 5.2 1m0 [dm
Conanethon = —eo— = 2 33T /

(990 -
concentration Of Ureal = ... me i ssasivenniiosis mol/dm?3 [2]

W

[Total: 12]
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Section B

Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

B6 Acids and pH

Solutions of different acids of the same concentration (in mol/dm?3) have different properties. The
concentration of hydrogen ions, the pH and the rate of reaction with metals and carbonates may
be different, even when the initial concentration of the acid is the same.

Table 6.1 gives information about solutions of acids at different concentrations.

Table 6.1
name of acid concentration of concentration of hydrogen H
acid in mol/dm3 ions in solution in mol/dm3 P
0.01 v 0.01 20 v
hydrochloric acid 0.10 0.10 1.0
0.20 0.20 0.7
0.01 7 0.02 17 Y
sulfuric acid
0.02 0.04 14
001 7 0.0004 34
ethanoic acid 0.05 0.0009 3.0
0.10 0.0013 29
_ |

General Equations for Reactions of Acids

Some sources, such as text books and websites, represent the general formula of an acid as HA,
where A is an anion. HA can be used to give general equations for the reactions of acids.

For example, the reaction of acids with Group Il metal hydroxides may be shown as:

equation 1 2HA + M(OH), = MA, + 2H,0

And the reaction of acids with any metal can be shown as:

equation 2 xHA+M—> MA, + —’23 H,

where x is the value of the positive charge on the metal ion.
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(@) (i) Which acids in Table 6.1 fit the general formula HA and which do not?

.............................................................................................................................
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Bath adds pedugs potimely choged 1 ons g negively mgig]
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fhe QOMLHLL s the .QD){-J“ Anlan

(i) Construct a general equation for the reaction of an acid with Group | carbonates. 4--\1qtﬁj€d

0 -
Use HA as the general formula for an acid and M as the symbol for a Group | metal.

2HA * M0, —2MA =+ w0 + (0,

mno vMiARGIN
Lo
e
BT
>
>
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[ e
=
=
>
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=
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L Y
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e
-

TN L. IV 1%

(iii))  Write an equation for the reaction of calcium with ethanoic acid.

Show, with reference to the value of X, why equation 2 agrees with your equation.

Ca *2CH;C00H  —  (CH3000),Ca + H, [1]

oo 2 -
yHA + M — MAy *‘%{HL

When X = 2wkt s Gowp T

QHA + M= mnl v fy

@
This s Smllar when A 15 gquals to CH3y (0O
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(b) (i) A studentlooks at the data in Table 6.1 and suggests the following relationship.
1
initial concentration of the acid

14

pH

Use the data to show that this relationship is incorrect.

Wl 004 were 0-0) wafdw’ the pit of te adds were

LS INQIECY, Based on Yle 10 -!@W_@n-.ﬁ.\ﬁeg_._}ﬂ-_ﬂ@__‘.t.n)m#_ Genhih ) of

aud we_ al| 0-0|w\1dh1‘;ﬂ@ pH of ali 3 acdy S\0uld be fie S
(i) State and explain the fac

ors that affect the pH of an acid using information from
Table 6.1.

- e Sirengin of a0 afects

4 pH,..S ) dodS Yke WO and 2804 oniees

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

Use the data in Table 6.1 to help you.

Table 6.2
. - concentration of
acid concenlt;z(a)tlljacr; n?; acid in hydrogen ions in predicted pH
solution in mol/dm?
hydrochloric acid 0.04 004 \edt
sulfuric acid 0.05 010 \-0

g He
3. The 5 NN O

Putions o Slaten He lower e i o
Shown emmwu&, RS congpig of PY oty fen

DOO¥ o 00013 fpHt ALUCH fowr 34 4o 229
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B7 (a) Molecule A and molecule B react together to make a condensation polymer.

I I
H’.'c)—(CHZ)‘,——o;H HO - C—(C4H,) —C —OH
A B

() What is the relative molecular mass of the repeating unit of the polymer formed from
molecules A and B?

)
Show your working. T\:{ ]
— 0—(CHy), — 0 0= (GHy)— ¢ —

Moo= b b () + Vot 12116+ (G2 4) +12+1b
= 220

[2]

(ii) Molecule A has two alcohol groups. Each alcohol group can be oxidised by acidified
potassium manganate(VII).

Draw the structure of the compound formed when molecule A is oxidised using excess
acidified potassium manganate(VII).

(2]

© UCLES & MOE 2021 @é 6092/02/0/N/21 [Turn over I
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(b) Fig. 7.1 shows how molecule C polymerises to make another condensation polymer.

O
4
n HO C
\
OH
C
lpolymerisation
| il
0 C + nH,O
L I
- Fig. 7.1

(i) The polymer formed from molecule C is a type of polyester.

(i) The condensation polymerisation of molecule C can be compared with the addition
polymerisation of ethene.

Outline one similarity and two differences between the condensation polymerisation of
molecule C and the addition polymerisation of ethene.

(ne..sumlavirysthat Yot types of lymensation. inoives Y. one hﬁ?@

oecules. in e prducts whereds n onlintaion golyminson of ¢

S woledos Wee O s lost e podugrs. 3)
o adiitn pagniation of et orly o fonchendd g oo
of =C douWe bond ¢ Invodved /(M; \_VJ (ond¢naton Y"’H(\ﬂ/mnb;
of C] o fun(ie o) VDUP} -0H ™y %foﬂ cve. invived @

He fovatin of {*\Jljﬁ}% o

I - -
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B8 Some cars have components made from an alloy of aluminium and silicon. E
=
o

Silicon is extracted from silicon dioxide in sand by heating the sand to 2000°C in a furnace with E
carbon. The reaction is shown. S
Q
Si0, + 2C —> Si + 2CO i
Sand also contains small amounts of aluminium oxide. Aluminium oxide remains in the silicon
after the reaction with carbon and further processes are needed to remove it. z
of
e
(a) What conclusions can you make from this information about the relative reactivity of carbon, 2
silicon and aluminium? %
|
Use ideas about reduction to explain your answer. E
~ , : [T TTRNRSS | . S 7 &
Carbon s W02 (oocrive than §uon as 1135 able Yo redug, Sllin S0, to 5. 2
i f L " - . " 1 [ 9
Oxdamn Stae of $1in $102 decednses fom 4 42 0,10, AS. aluminkin 6182,

|
|
.

Joaedu@, Min Maos . Dnddhon Sude. of AL 0 ML0z emains 13 Ho@
relahve oty W areuses fon Site C + AL jwith AL being met a3e

(b) Table 8.1 shows information about some oxides of carbon, silicon and aluminium.

Table 8.1
i dofiglly at room electrical
oxide melting point/°C | boiling point/°C | temperature and conductivit
pressure in g/cm?® y
carbon monoxide -205 -192 0.002 e e
in any state.
silicon dioxide 1600 2230 2.65 Dosswottconduet
in any state.
aluminium oxide 2000 2980 3.99 L en
molten.

bordy\3

l_ o of %‘Ujg Rquvd SR ve network of Gtmngalw pord)

Use ideas about bonding and structure to explain the differences between the properties of
the oxides of carbon, silicon and aluminium.

.
.

Sion. dioxtle. and. aluminuin 00dg. bowt et idn ek ng avd. boling portS

bdweQACDm‘tww“\eh@«wﬂ%wm\hﬁ(wﬂn%zs&w%“\”@e

bonan Sy
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S \oluwg n He (aml gen wiogg ewpard) +o CO
Table 8.2 shows information about thé composition of sdme aluminium=silicon alloys. _mus
Table 8.2 D%Vj \o (ure
alloy percentage by mass percentage by mass of elements
of silicon other than silicon and aluminium
X <16 7
Y 16-19 8
z 22-24 6
100g of an aluminium-silicon alloy is analysed and found to contain 2.8 mol of aluminium.
Identify the alloy, X, Y or Z, using the information in Table 8.2. ,
. Lo
Show your working. 7 //
mossof Al =2-8x23
= ?5"(30) U_)
Bhyouss of g = 100TBY ey
ond O%ves Yoreats ‘0‘0’ 0
. ) {
= O’
ln alleg Y - b 15 4o a4 o
p ) g 0=
%bﬂm‘){ls' anges fjwn 2‘-\10 bo 2Tﬂ=
T md o’ [Total: 10]
| LS
\n a\b‘j Z, ( " -3
g y f\&f& Ur \ 1 T (;2 9 v £
P o 03

, o1 nts \
n ﬂ\\\wj %, 7, ﬁ[’%ﬂ%@j&mm W(?CMQM <37
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B8 The ‘iodine clock’ reaction is an experiment that is used to investigate rates of reaction.

Aqueous iodide ions are mixed with other reactants and a series of reactions takes place to

produce iodine.

The solution turns blue-black when a fixed amount of iodine has been produced.

The conditions of the reaction are changed by changing the concentration of iodide ions or

temperature or by adding a catalyst.

These changes affect the time taken for the solution to turn blue-black.

Table 8.3 shows the conditions and results for a series of experiments.

DO NOT WRITE IN THIS MARGIN

Table 8.3
. concentration of iodide | temperature | catalyst added to | time taken for blue-black
experiment | - : 3 o : .
ions used in mol/dm /°C reaction mixture colour to appear/s
1 0.1 20 none 50
2 0.2 20 none 27
3 0.2 40 none 15
4 0.2 20 Cu?*ions 20

(a) One of the experiments is used as a reference to compare the effect of the variables.

Which experiment is used as a geference?

Explain how you made your choice.

3

Aot chungg onRATE of mixive o0 € me e
By 2 uas with a3 o 1RGN o eprneat 4 49 Cnpat s
oo st otulpr of (WS o1 € e XN .
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% (b) Use ideas about collisions between particles to explain why changing the conditions shown in |
E Table 8.3[ch_a__1n_g_e§ Ehe time takenfor the blue-black colour to appear.
g Waen cndavdnn was decieated fom 0.2 Yo 0 \wldor' inegpenent |, |
5 e, ot 08 T fors pedum Wl decrees s uch the partides @] |
3 GO e fregquafly o Yo Frequongy ot effcme @\inons deoages ‘
........... |
z i
g ............................................................................................................................. |
2 WenewpRahC Was moags Tom 20C o BOC th expmt 3, (| |
s Minmoe et Qe ond woed TSk, Thewe ave wore, paytlles it [2]
g |
9 |
8 'f
I 5] lJ
w\" iy en 5% .m W '\h@ﬁm‘kh [ '.
§ (c) The%&uatioﬁ‘lﬁoﬁ%ﬁhe %acti’on §hat produces iodine.“ P%“ 4./ oh ddprwa\'r\(f
ano-~ Yy vid@ il owt ng mo M‘h ) )1/
% 0\" IOW @I‘?%")’+ Hzoz(jq)u\nggg)q)% Iz'g )+ ZP:?Z)(I) < . \;.“ ‘j
: ORale o LAUAC = AiNRon oy . Rollinpto o ndease infroqieny |
E In every ;{xperlmenxhe voh,vrlna ofgaQerus io Ij.feio;\ 4’551‘\;3 1'0 cm? and acid is addﬁ in |
E excess. ‘e 7] I o ) Maea‘Q ,Q'ldo’\ i
2 e g{“ﬁ% kn+heﬁg~'ﬁ 293¢ +=230s. J 07 |
9 In every experim cm® of 0.05 mol/dm® aqueous hydrogen peroxide is used.
8 Which is the limiting reactant at the start of each experiment? !
Show your working. 25
N of wols of Ha0, = ooy 0 05
: | = 150xi0” ml 1]
2 Mols of T qurtd = 1-Soxo= <2
4 -3
u = 300x107w! []
: ,
5 W Q!{)@(‘W/H‘ 2,3 ond s
3 moleo} T R4 = 0.2 x 2 [3]
> 2.00%[0 >l . [Total: 10]
l(] Q}( ﬂ\WTi‘ \ . h\
5 | W pols of T whed - o\ x 8 - []
op
g = |-0px (0 m
; Qn e Cnterrd ao.of Aol ot I 7 ugey snexpornels 12,34 '
; are, KSS Fom ke of wlcof 7= wpded (30007 T
H g RRGVA |
3
E © UCLES & MOE 2021 Eﬁ 6092/02/0/N/21 _J

y



