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Section A
Answer all the questions in this section in the spaces provided.
The total mark for this section is 45.

1 The diagram shows part of the Periodic Table.

L[| v v [ v [vi]vi
C|N|O|F
Mg Al Cl | Ar
K | Ca Cr Fe Cu | Zn Br
I
Pt
Answer the following questions using only the symbols of the elements in the diagram.
Each symbol may be used once, more than once or not at all.
Give the symbol of the element that:
(a) is a catalyst in the Haber process
...................... Fe e [1]

(b) is used to make food containers because of its resistance to corrosion

..................... B e ]

(c) is about one percent by volume of dry air

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

(d) is extracted from haematite

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

(e) forms an ion with a charge of —2.

© UCLES 2022 5070/22/0/N/22
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2 This question is about halogens and halogen compounds.

(a) (I) Draw a dot-and-cross diagram to show the arrangement of electrons in a chlorine
molecule.

Show only the outer shell electrons.

\/

[2]
(ii) State one use of chlorine.

....... /‘EMUMA';W%“{:'%%M“""Z‘“ [1]

ba(feria
(b) Aqueous chlorine reacts with aqueous potassium bromide.

Clyaq) + 2KBr(aq) — Bry(ag) + 2KCl(aq)
() State the colour of Br,(aq).

............. O“““ﬂ@ [1]

(i) Explain, using ideas about the reactivity of the halogens, why aqueous bromine does
not react with agueous potassium chloride.

C[’)/Dn.mz, /5 More yealkive +Han LVamhnncz '

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

(c) Bromine is a liquid at room temperature.

arrangement ...\ M........ Pa'*‘d‘“‘ ..... 1%.....) ana'm-—-i-j ..... an 9\ ot Sude '0‘4 “
separation .../W2 ... ) Pavheles ""‘Olo.&“'f"j@fm ...... ‘x"‘;),s"“"\»‘l
Pav*‘ cles "'Du-c.k;:j . [2]

(d) Chlorofluorocarbons (CFCs) are atmospheric pollutants which deplete the ozone layer.
Explain the importance of the ozone layer.

Describe one problem caused by the depletion of the ozone layer.

importance ........ He.....vedwlas.. Ha amenwd— 4 M’mealu—
............ Tad'at'vnfaﬂo‘mj AU e
problem ... M.v.v..g ..... o YT — Jeaels.. .. bkom.. Cartar. 2ol .
..................... Sun burn
[2]

[Total: 9]
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3 The alkanes are a homologous series of hydrocarbons.

(a) Give the general formula for the alkanes.

H H H H
|1
H—C—C—C—C—H
I
H H H H
(i) Name this alkane.
.......... bufq"‘e [1]
(ii) Draw the structure of a different isomer of this alkane. Show all of the atoms and all of
the bonds. d
v B z
H-C—¢ — - H
v
H H
H

H-G-
W
[

(c) The fractional distillation of petroleum (crude oil) produces fractions containing alkanes of
different chain lengths.

(i) Separation by fractional distillation depends on a physical property of the fractions.

Name this physical property. L

(i) Naphtha is one fraction separated from petroleum (crude oil).
State the main use of the naphtha fraction.

...... NQPL“'LA 1S u-‘lo' 1;\ Mqtﬂ:j C/LQM\-LQAJ " 1]

................................................................................................................
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(d) Larger alkane molecules are cracked to form smaller alkane molecules.

(i) Explain the importance of cracking larger alkanes into smaller alkanes.

........ “QU‘“’B?‘DA“WS\‘"N’CMQ \\;C*\;"“‘
thak ave Move v Alraand ad 9 "‘=‘Cx"“°‘“‘\l\[$]‘rsz
(if) State two conditions needed for cracking. ) >
1\3\\ ..... A= QW*‘ZS"*&M*'G‘W""’DL ...................
2. Gy (Awemwa Ny
(2]

(e) Alkanes react with chlorine in the presence of ultraviolet light to form compounds that contain
carbon, hydrogen and chlorine.

A compound contains 37.8% carbon, 6.30% hydrogen and 55.9% chlorine by mass.

Calculate the empirical formula of this compound.
G—\aw.w.\-

c rW Jel

TMase 272 lg3p |ss°9
R-An |2 1 355
MD\QJ 378 630 | 55-19
12 : 35 -8
.| 35 G2 (s
Molerao | 305 | ¢35 | s ¢ H cl
1-357 1*$ 1 1'57 empirical formula ......... 2. .. o (O [2]

Cz H+ Al [Total: 10]

‘:_—ﬁf-
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4  This question is about ammonium sulfate, (NH,),SO,.

(a) Ammonium sulfate is a fertiliser.

: o~ N
Jha... WQ%"“\J"?M ...... Lm.P ....... Bizldds.... O“AO"“’\W ...... 1]
los Whan  plantrs ave

Explain why farmers put fertilisers on soil where crops are grown.
T

hayvaest 2o\
(b) Explain why farmers do not add calcium hydroxide to the soil immediately after adding
ammonium sulfate.

(c) Calculate the percentage by mass of nitrogen in ammonium sulfate.

Give your answer to three significant figures.

Q\J ”> Lo e = () + (Hx2) —+31-(“oxw)
KA ag 2 ~32 %Sk

-
i
—
——

P \3=
v (@ e nvkeae s - 2% \o: = 212 lﬁ
e K J 'Tg;_x > =
AL 4
percentage by Mass ..o [3]

(d) Complete the equation for the reaction of ammonium sulfate with aqueous sodium hydroxide.

(NH,),S0, + 2NaOH —» 'ZNt‘a ........ +N‘3.S°qr+zl+ao ..... 2]

© UCLES 2022 5070/22/0/N/22



7
(e) Ammonium sulfate decomposes when heated. The reaction is endothermic.
3(NH,),SO, — 4NH, + 380, + N, + 6H,0
Complete and label the energy profile diagram for this reaction to include:

= the reactant and products
+ the enthalpy change of the reaction.

NE =+ S0 1-N2_+éﬂ:o

energy

3NH)so, | (2

reaction pathway
(2]
[Total: 10]
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5 . This question is about metals and metal compounds.
(a) Zinc reacts with aqueous copper(ll) ions.
Zn + Cu?* = Zn?* + Cu
Explain why this reaction involves both oxidation and reduction.

Use the equation and ideas about electron transfer in your answer.

Z\“C,U*Su ...... tleetrors.  which A o’“"“““’" ...... . "“" ......

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

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

(b) Aqueous ammonia is added to aqueous zinc ions.
Describe the observations when:

a few drops of aqueous ammonia are added

S NL‘*L ...... PreciPhare o Aovemad . .

(2]
(c) Molten zinc chloride conducts electricity.

(i) Predict the products formed at the anode and the cathode when molten zinc chloride is

electrolysed.
anode C‘“\o“ﬁa' .............................................................................................
cathode ch .....................................................................................................

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

© UCLES 2022 5070/22/0/N/22
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(d) Aluminium is extracted from its ore by electrolysis.

(i) State why aluminium is extracted by electrolysis and not by reduction with carbon.

R\"\‘*\ VAT WA (A \ Q:VJ_ Yaa (.-h;.\/(&, =l CL&O\'* 1]

[Total: 11]
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Section B
Answer three questions from this section in the spaces provided.
The total mark for this section is 30.
6 This question is about nitrogen and oxides of nitrogen.

(a) State the percentage of nitrogen by volume in dry air.

(b) The equation represents the equilibrium between nitrogen and oxygen at a high temperature
in a closed container.

Ny(@) + O(g) == 2NO(g)
(i) Predict what happens to the position of equilibrium when the pressure is increased.

Explain your answer.

81 o (Lo i o] INNR T4 1 LA ORI - IR oot ORI DE B Ot i ), SRR (5002 el AU ) (SRR e
explanation ....[E ... ‘“’3 ........ 2aval _wauwmber ST mal,t.ra ..... J.ak
...... QON.. KA. . &d........ ’fiﬂ’—ﬁua*‘wa“"‘v‘{““‘z’

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

(ii) The table shows the concentration of nitrogen(Il) oxide, NO, in the closed container at
three different temperatures.

temperature concentration of NO
in°C in mol/dm?
800 7 0.02
1000 0.20
1200 20.00

State what this information shows about the enthalpy change of the forward reaction.
Explain your answer.

enthalpy cha?g ..... ?E .......... V2ak o K. eodof@rmace -

explanation ...".%%., 2. 2R, IL

........ Ak aher £emp

© UCLES 2022 5070/22/0/N/22
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(c) Nitrogen(II) oxide, NO, reacts with hydrogen to produce ammonia and water.

Construct the equation for this reaction.

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

(d) Nitrogen oxides are pollutants in the atmosphere.

(i) State one source of nitrogen oxides in the atmosphere.
= Caf Qe &\\au}k fgu\wv..! -

— v@&.‘\.\ f(’“ﬂ-\ ?\!“)MQA ‘? o) &y s“'\'d.*.\-bh.l =
(i) Nitrogen oxides contribute to acid rain.

State one effect of acid rain on buildings.

(i) State the formula of the ion that is present in all acids.

S .

© UCLES 2022 5070/22/0/N/22
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7  This question is about carboxylic acids and polymers.

(a) The structure of an organic compound is shown.

/H
O H
0 || 0
S
H—O H H O—H
Deduce the molecular formula of this compound.
O
....................... C:.‘.Hé.s. [1]

(b) Propanoic acid, C,H;COOH, reacts with methanol, CH,OH, to form an ester.
() Name this ester.
Draw the structure of this ester showing all atoms and all bonds.

name of ester ......... Meﬁa\\?w?aﬁoqﬂt e

structure of ester
'r\\ ? ?\ v\ Y
W & -c—o—G~
| ) 1y
H w
[2]
(i) State one use of esters.
A2l a\Womk & - 1]

- Ve d W Qq,v wes a\“c\ & AVOUY A € »
(c) Ethanoic acid can be produced by the bacterial oxidation of ethanok:

Give one other method of oxidising ethanol to produce ethanoic acid.

Mo aur\ec-;fnw ................ mn(‘f“)(\éw\‘ig ..............................

© UCLES 2022 5070/22/0/N/22
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(d) The simplified structures of a dicarboxylic acid monomer and a diamine monomer are shown.

O (0] H H
\/\C%/ D
H—OQO \O—H H/ \H

(i) Draw the partial structure of the condensation polymer formed from these two monomers
to show:

= two repeat units
* all of the atoms and all of the bonds in the amide linkages.

- o
- r\{-@m@_m:r & -h)— ¢

H o4

[2]
(i) State the meaning of the term condensation in condensation polymerisation.
...... \kumlm“ﬁg\%sﬁmvmmh@ﬁ
7 \;.:-..{vn:\‘.\'m:a.......g\.....a.,......Sma\\....mm.em\..g....: ................................... 1]
(e) Proteins have amide linkages.
Proteins are hydrolysed using dilute acid.
Name the type of compound produced by this hydrolysis.
................. AN e R = 7. € S
[Total: 10]
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This question is about metals and metal compounds.
(a) Describe, with the aid of a labelled diagram, the structure and bonding in metals.
[ #ha e~
®Jf ®J ® ® 6
AN
Pe ®

®
66D OO
}\ﬂo.h\ AXern 5§ Avae \“Q.\é\ hM(SSCVD“ﬁ\ \aj

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

“(\Q*E\\\c.\oo'm\\:j ..... N “ﬁawm\‘“hﬁ*‘cbw“ﬁw

T T o) T T TP ROT U TDUPOURIr SO NSTRTE) P R 3
ERCTRE R i il \09-\9*" ~ Yavarter wgra) Ko Aﬂ&[ur.]nl\‘ad

(b) The table shows the reactivity of four metals with cold water and with steam.

metal

réactivity with cold water

reactivity with steam

cerium

slow

fast

nickel

none

very slow

rubidium

very fast

explosive

zinc

nhone

fast

© UCLES 2022

Put the four metals in order of increasing reactivity.

2w,

V\Al.;\o\\'u ™M

- Most reactive

Cerivm

N\C\mk

least reactive

(c¢) The full symbol of an ion of cerium is shown.

” Unb v ;" q,\zt/‘Um-‘

"uCe logr v oure s NS

Deduce the number of electrons and neutrons in this ion. Lvey-

NUMDBDBE OF BIECIIONS ... et e e e e e e eeeeeeeeeesasneeeseessseessssanseesessseeeseasssneessasneessssssnnees

NUMDET OF NBULTONS ... it eeieerrerersre s s sas s e e saba s sab s s b s e san e sbessbssesnessanessnesnsenn
v\) ng numbey— M‘C MMLQ[Z]
enborny =
(d) Zinc reacts with agueous silver nitrate, AQNO,, to produce aqueous zinc nitrate and silver.

Construct the ionic equation, including state symbols, for this reaction.

........ = ”(’1*2};5‘(“()-——:?2"\&{‘1)"{'2‘@“) 2]
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(e) The effect of heat on crystals of green nickel(IT) chloride, NiCl,-6H,0O is shown in the

equation.
NiCl,-6H,0 = NiCl, +  6H,0
green yellow
nickel(Il) chloride nickel(II) chloride

() State the term used to describe salts, such as NiCl,, which contain no water of
crystallisation.

................. A’“L:&O\Wm(wﬂﬁwﬁ”“—b“’ ] eeeeeremesesssssssessesmsssssesenseenns [1]
(i) Describe how to change yellow nickel(IT) chloride back to green nickel(11) chloride.
........... @ sz.qmm.a{r*ba.olo“*)d*‘“ (1]

[Total: 10]
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9 (a) Magnesium carbonate reacts with dilute hydrochloric acid.
MgCO, + 2HCI —> MgCl, + CO, + H,0

When 25.0cm?® of dilute hydrochloric acid is added to excess magnesium carbonate, the
volume of carbon dioxide gas produced at room temperature and pressure is 120cm?.

(i) Calculate the concentration, in mol/dm?, of the dilute hydrochloric acid. E o3
/Mola ?’f . 2 . Concampaste~ = 2£ =9
J jq_( - 2,q.ooo Cin

loop

Conc. Hd= 000 — o tyufd o
/\/ . ’ - 20 _ 00 dle — = L,M
o. ;f s ’f Ce N 'ngoo' R _.__O'S-M o 002 —————=
MFEMMMQ— e QHC‘ :4L0iconcentration ................... Olf‘ ........... mol/dm?3 [3]

) Be\= Gpooxr = 0-0)

(i) The reaction is repeated at a higher temperature. All other conditions stay the same.

Describe how the rate of reaction changes.

Explain your answer using ideas about collisions between particles.

....... he..vake.... YQM&;!“{“C“‘“‘?‘/GM\T‘EP‘“""‘d"
Movae. . . /fcutu ....... Awah.. lhave  Mare Kinehé £nraq
Sk 02 Soateasidml.... Cotlvsims., Freatas - #T )

ATV akioys  Zners 4,
(illi) The reaction is repeated using & higher concentration of hydrochioric acid. All other
conditions stay the same.
Describe how the rate of reaction changes.

Explajn your answer using ideas about collisions between particles.

(b) Duralumin is an alloy of aluminium, magnesium, copper and manganese.

State the meaning of the term alloy.

© UCLES 2022 5070/22/0/N/22
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(c) Copper is purified by electrolysis using an impure copper anode and a pure copper cathode.

Construct the ionic equation for the reaction taking place at the cathode.

(d) A metal object can be electroplated with another metal.

State one use of electroplating.

Covvos (an awnel Ma./ Sl tos rvy A,&v v
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