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(d) The apparatus shown was set up.

plastic trough

solid silver nitrate. solid
ammonium dichromate

water

After five minutes, a red solid appeared along the line marked § on the diagram.

(i) Explain why a red solid appeared along the line marked S.

B
(ii) The experiment was repeated at a higher temperature.

What effect, if any, would this have on the time taken for the red solid to appear? Explain
your answer.

@
(¢) Ammonium dichromate, (NH,),Cr,0;, undergoes thermal decomposition
The products are chromium(III) oxide, nitrogen and water.
(i) Whatis meant by thermal decomposition?
2
(ii) Write a chemical equation for the thermal decomposition of ammonium dichromate.
@

[Total: 16]
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6 Concentrated ammonia solution gives off ammonia gas. Concentrated hydrochloric acid gives off
hydrogen chloride gas. Ammonia, NH,, and hydrogen chloride, HC1, are both colourless gases.
Ammonia reacts with hydrogen chloride to make the white solid ammonium chioride.

Apparatus is set up as shown.

cotton wool cotton wool
soaked in concentrated soaked in concentrated
hydrochloric acid ammonia solution

glass tube
After ten minutes a white solid forms in the tube where the gases meet
(a) (i) Write the chemical equation for the reaction of ammonia with hydrogen chioride.
m
(ii) Name the process by which the ammonia and hydrogen chioride gases move in the tube.
m

(iii) At which point, A, B, C or D, does the white solid form? Explain why the white solid forms
at that point.

the solid forms at

explanation

(iv) The experiment was repeated at a higher temperature.

Predict how the resuls of the experiment would be different. Explain your answer.
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(i) sodium carbonate AND barium nisate barkum chlorde.

i soluton/ aqueous  dissolved (n water)

Fiter centrtuge (barium carbonate)

wash (residue) AND dry  descripon of washing and drying

BaiNO): + Na:CO ~ B3CO; + 2NaNOy/Ba™ + COS™ - BaCOs
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BaCk + NexCOs  BaCOs + 2NsCl

oK)

2NaNO; - 2NaNO: + Oz

1 mark for siher NaNO3 or Oz on the right hand side.
1 mark for fully comrect aquation

e

20uNO;:3H:0(8) — 20u0s) + 4NO(s) + Oxlg) + 6H:0(g)

013 numbers = 2 marks
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e
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oI
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)

M1 (acids) have same concentration

M2: measure pH OR describe how to measure pH (such as use Universal Indicator)
M3 lower pH corresponds to the stronger acid/ hydrochloric acid
R

M2: 244 calcium/ magnesium/ zinc/ ron
M3 faster ate offorming bubbies corresponds to the sironger acid/ hydrochioric acid
orR

M2 ate ofreaction with (metal) carbonate.

M3: faster rate offorming bubbles corresponds to the sironger acid/ hydrochioric acid
R

M2 ate of reaction with (named) metal oxide
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R

M2: dlectrical conduciviy
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R
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4(e)
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structure of butan-T-ol

outan-1ol
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Question

Answer

Marks

4@

any 3 rom:
* catayst
« more than one/variable oxidation state/oxidation number valency
« fom coloured compounds /coloured ions.
« forms complex fons/ complexes.

)

‘add sodium hydroxide (solution)/NaOH/ potassium hydroside (solution)/KOH

zinc oxide dissolves! reacts OR copper() oxide does not dissolve /react

fiterfdecant/centrfuge (copper((]) oxide)

20 . 20" + 2126
M1 formuia of Zn on the right hand side
M2 equation full correct

aneizn
nickel/Ni
copper/Cu

copper (+) and nickel ()

0sev
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Question Answer Marks
3(ak) | 4s0% 1
200 atmospheres. 1
3@ | iron 1
30K) | 40n0) 1
5(0) AND 6(:0) 1
3(b)i) | lower yield of NO/lower yield ofnitic acd/lower yield of product/ equibrum shifsto et (at higher 1
temperatures) backward reaction favoured(at higher temperatures) ORA
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30 | 4NO + 30: + 20 . 4O, 2
W1 all formutae corect
M2 baiancing
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fiter (t remove copper(I) carbonate)

‘evaporate/ heat/wamboil/leave in sun
AND

untl mostof the water has gone /soms water is et/ vaporate some of the water/ i t s concentrated  saturaion
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(for any soluton) eave/allow to coolallow o crystalise.
or
(or any crystas) fiter/wash/cry with iter paper/cry in wamm place iy i a (low) oven/leave to dry

formua of CulNOsl:

‘equation: CUCO; + 2HNO; —+ CulNOs): + CO3 + 0
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Question Answer Marks.
36MW) | MgSuTHO 2
M1 MgSO:
M2 rest of the formula correct
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fiter to obtain residue) 1
wash (the residue) using water 1
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3d) | Pv(a) + SO(aq) — PbSOMs) 2
M1 correct species.
M2 correct siate symbols.
Question Answer Marks,
4(@K) | roastinair 1
4@ [220S + 30: — 2200 + 250: 2
M1 correct species.
M2 correct balancing
400 | coke 1
4®)) | zinc s vaporised boiled 1

andis condensed
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Answer

Marks

2a)

number of moles of NaNO, used: 3.40/85 = 0.04(00) (mol)
2000y 10° o

number of moles of Oz formed:0.04/2 = 0.02(00) (mol)
200y 10° o

volume ofO; formed: 002 » 24 = 0.48 ()

2000

(@ substance whichis) a prolon/H' Ihydrogen ion acceplor,

2006

Ma(s) + 2O() — Ma(OHK(aq) + Hdg)
"Mg(OH:; restof equation;

20
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M2 ALLO: wil react wilh/noutraisos both
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20)0)

covant

200

any 2 rom:
high melting point/high boling point;
poor conducor(ofelacriy):

insolubl;

2000
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7 Proteins are a major consfituent of food.
Proteins are polymers.

(a) Whatis a polymer?

(b) Proteins can be converted into amino acids.

(i) Name the type of chemical reaction which occurs when proteins are converted into amino
acids

U}
(ii) - Suggest a condition needed to convert proteins into amino acids
U}
(€) A colourless mixture of amino acids was separated by chromatography.

Amino acid X has an R, value of 0.6,
The chromatogram of the mixture after treatment with a locating agent is shown

solventfront
(]

(]

baseline '

(i) How is an R, value calculated?

R=

(if) On the diagram put a ring around the spot caused by amino acid X. 0]
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3(6) | M1 nirogen and oxygen (fom the sin) 2
M2 (react) 2 igh temperatures (i sngine) o (electial)spark i engne)
a0 2
1
1200 1
3@ | cuom: 1
3@ | Any tree from: maxa
1 zine more resctve than copper
2 displacement  adosx reacton OR zine displaces copper OR 2in reacts with copper ions
3 copper = soit/ copper i brown.
3 Zine it s cclouriess (solution)
or
blue colour disappears because G ions removed (rom soton)
3@ | 1 sodium hycroride /NaOH 2
M2 suminium A
36 [CuCos + 2HNOs 3 CuNOs: + COs + HO 2
M1 csrbon dioxids snd water 32 products
M2 rest correct
(eI | respiraton 1
3@ photosymtnesis 1





image113.png
Answer

Marks

4a))_| reduction and (e Cu* ion/oopper ions) is gaiing electrons/is decreasing i oxidation nuber;

@ 2
formation of Cu*/capper ions at the anode happens at the same rate as 1
removalof Cu fcopper ians al he cahiodo ora; 1

) 2

repiace (anods of) copper witnickel,
ropiace electolyte with nickell) sufate/NISOL;

Ee)

(good) catalyss
varable oxdation numbers,
form coloured compounds /coloured lons;
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(hotair
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X

carbon dioside i reduced by (more) coke o form carbon monoxide or CO.
or
c+co; 200

300+ Fe0, 27+ 300,
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)
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Question Answer
5000
5(c)i) | addion OR bromination
5@ | substituion
@
(compounds with the) same molecular fornula
diferent structural ormulae or siuctures.
s
structure of 1chioropropane.
structure of 2chioropropane.
SeX) [10s
W175.0/127 AND 26.0/16.0
M2053AND150R 1 AND 25
M3 1.0,
S(ei) | (ums) red/pinkforange  yellow
fodine is a non-metal
Question Answer
&)

baudte/Alumina is dissolved in molten cryolte:
eryolte lowers the melting temperature.
molten aluminium forms.

‘anode reacton: 20° . O; + 4"

cathode reaction: AP + 35—+ Al
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Question
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Toast/heal and n air/oxygen

@)

220 + 30, - 2200 + 2505
'S0 on rght of squation; a formuiae and balancing conect;

SO

w 1
heat praduced by carbon /coke (burning in) oxygen/ai;
or

C + 0z — CO; produces heal/exothemmic;
or
2C + O, — 200 produces heat/exothermic (soores M1 and M2).

2 1
€+ co: — 200,
or

26 +0;, — 200,

s 1
200 + €O — Zn + CO;
or
200+ C — 20 + CO,
or

2200 + C — 220 + 005

0

temperature (inside the fumace) is above 907 “C/lemperature (nside the fumace) is above the boiing point (of
20nc) 1000 °C i above the boiing poit (of znc):

ST

Condonsation/condensing/condense;

)

M1 zinc s more reactive than iron/zinGis higher in the reacivty series than ion ora;
M2 zinc loses electrons;

M3 ron]steel/oxygen/ai walor gains electrons OR electrons move 1o iron/stool/oxygen/air/waler
M4 (ihorofore) ron doas ot lose electrons/got axilised/form ron(T)/form ron(Ill;
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4o

carbon menoxide: rom incomplete combusion (offus!)

oxides ofnirogen: nirogen (rom the ai) rescts with oxygen (fom the 3]

oxides of nirogen: at high temperatures in engine) OR (slectrica) spark (in the engine)

4(X) | poisonous toxio/deatn
4@ | any 3 om:
' ovides ofnirogen sre reduced /loss oxygen (o form nirogen)
+ oxides ofnitogen form nitogen
« (oxides of itrogen) react with carbon monoride
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4@ | butane
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Question Answer
20
ehlorine must have more than one isofope:
the masses of these isotopes! (any given) mass numbers are averaged
E
lattoe of labelled AP"ions
‘lectrons seen on the iagram between the ions.
atiracion between (positive) fons and (sea of delocalised) dlectrons
Question Answer
ES)
itrogen (76%) AND oxyoen (21%)
noble gases OR argon (1%)
ES)

nirogen AND oxygen (fom the air react
(inthe) high temperatures of a car engine.
NO./cxides of itrogen react withor issalve in water (1o form an acid)

3

any 2 rom:

(named) ruminant animal/ cate/ (anaerobic) digeston fatulence (in anmals) / animal waste! (anima) dung

‘Gecomposing vegetation/animals/organisms decaying (organic) matter/
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Question Answer. Marks
@ | N+ 3 = 2N,
Wi formuiae
M2 baiancing
4@)i) | (nitwogen) air/atmosphere.
(hycrogen) steam /water/ hydrocarbons /natural gas
Ha)ii) | (temperature) answer n range 370470°C
(pressare) answer in range 150-300atm
4B)) | W1 forward and reverse reactons (occur)

M2 amounts /moles. concentrations (of reagenis and products) constant.
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M2 rate offorward and reverse reactions equal

4o

‘endothermic AND yield increases as temperature increases

o))

M1 yield decreases (as pressure increases)
M2 because more moles /molecuies (of gas) on the right
M3 50 positon of equilbriam moves et
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(ili) Describe how you would perform a chromatography experiment to produce the
chromatogram shown in (c). Assume you have been given the mixture of amino acids and
asuitable locating agent. You are provided with common laboratory apparatus.

Bl
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Question Answer
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Question Answer

4@ | petroleum

4)) | saturated: only sigle bonds OR no double/multple bonds (between carbon atoms)

‘hydrocarbon: (compound that) contans carbon and hydrogen

hycrocarbon: and no other slements only

4@ | akane(s)

4()i) | any 2 from:
‘same simiar chemical properties

(same) general formula

(consecutive members) differ by Chs

‘same functonal group.

common (allow simiar) methods of preparation
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Question

Answer

Marks.

Ble) 1
W o 1
I
=
B(e)) | aciafied 1
(potassium) manganate(VIl) 1
S(e)i) | oudaton T
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ethancic acd 1
catalyst 1
peat 1

CH,COOH + CH,OH - CH,COOCH, + H:0
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Question Answer Marks
s | water
S0 |HS0r + O 5 2S0.
S(e) | detergents/car batteries/ayes/paints/syntheticresins/printing inks/ metal extraction  cieaning metals/
5(0) | exsts completey as ons (in solution)competey dissociates (in solution) /completey onises (i solution)
s Universal Indicator/pH paper/ pH indicator /pH meter
Universal Indicator o pH paper or pH indicator tums red!/pH 0-1
Si) | NasCOs + 2CH:SO:H — 2CHeSONa + CO: + HO
fomua of CaHeSONa
all formulas correct and balancing corect
Question Answer Marks
(@)
condensation:
M1 (o) molecuiesmonomers foining
M2 withthe removal o a (smal) molecue
polymerisation:
M3 to form) a large moleculea long chain
(@@ | adaion
60)) | circled anide ink
6(0)@) | al missing atoms and bonds shown on the diacid

all missing atoms and bonds shown on the diamine.
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Question Answer Marks
BN | nylon/Kevar/Nomex 1
) | amnoacis 1
6e)i) | hydrolysis 1
chromatography 1
(spray with locating agent/ UV 1
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1 The table gives some information about five substances.

U P p——
‘when molten ‘when solid
F -97 65 very soluble | does not conduct | does not conduct
G 1600 2230 insoluble does not conduct | does not conduct
H 801 1413 soluble conducts does not conduct
1 57 126 insoluble does not conduct | does not conduct
J 1085 2562 insoluble conducts conducts

(a) Which substance in the table has fonic bonding?

(b) Which substance in the table has a giant covalent structure?

(¢) Name a method you could use to separate a mixture of substance J and water.
Ul
(d) Name amethod you could use to obtain substance F from a mixture of substance F and water.
2

(&) Describe how you could obtain a solid sample of substance H from a mixture of substance H
and substance G

() Substance J is a metal

Describe how substance J is able to conduct electricity when it is a solid

2
[Total: 10]
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Cal + HO — GHOH,

any 2 fram:
high tomperature 1220°C-350°C,
high pressure /60atm-—70atm.
‘phosphorc ac calalyst;

Question Answer Marks.
2| butane; 1
20 B
compounds: E and F, 1
general formua: CoHes !
or
compounds: AandB; 1
gensral formua: G,H 1

20 B
compounds: E and F, 1
explaration: same molecular ormula/cortain the same nuber of atoms each element; diferent structures 2
diflrent stnictural frmulae/ dfferent arrangemert of atoms,

2 B
contains a double bond/not albonds are single bonds; 1
CandH only 1

200) B
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4 Potassium reacts with bromine at room temperature to form potassium bromide.
(a) Wite a chemical equation for this reaction. Include state symbols.
Bl
(b) Potassium bromide exists as an ionic lattice.
Potassium bromide does not conduct electricity when solid but does conduct electricity when

molten.

(i) Whatis meant by the term ionic lattice?

2

(i) Explain why potassium bromide does net conduct electricity when solid but does conduct
electricity when molten.

(€) Concentrated aqueous potassium bromide is an electrolyte.

(i) Whatis meant by the term electrolyte?

2]
(i) Describe the electrolysis of concentrated aqueous potassium bromide.

Include:
an onic half-equation for the reaction at the cathode
o the name of the product at the anode

o the name of the potassium compound formed.

“
(i) When molten potassium bromide is electrolysed, the product at the cathode is different
Name the product at the cathode when molten potassium bromide is electrolysed

U]
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(d) lodine reacts with chiorine to form iodine monochloride, IC7, as the only product
(i) Write a chemical equation for this reaction.
2

(i) Draw a dot-and-cross diagram to show the electron arrangement in a molecule of
iodine monochloride. Show outer shell electrons only.

(e) Potassium bromide has a melting point of 734°C.
lodine monochloride has a melting point of 27C.

In terms of atiractive forces, explain why there is a large difference between these melting
points.

Bl
() When chiorine gas is passed through aqueous potassium bromide, a redox reaction occurs.
The ionic equation is shown.
Cl + 2B - 2CI- + Br,

(i) Write an ionic half-equation showing what happens to the chlorine molecules, CLy, in this
reaction.

U]

(i) Explain why the bromide ions, Br-, act as reducing agents in this reaction.
U]
[Total: 23]
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(e) @)

(i)

(d) @)

(ii)

Describe the bonding in iron. Include a diagram in your answer.

3

Use your diagram in (e)(i) to explain why iron is malleable.

2
Iron containing a small amount of carbon is known as steel

Explain why steel is less malleable than iron.

4]
When iron is added to dilute sulfuric acid, an aqueous solution of iron(II) sulfate is formed
as one of the products.
Write a chemical equation for the reaction.

m

When iron(III) oxide is added to dilute sulfuric acid, an aqueous solution of iron(III) sulfate
is formed as one of the products.

Write a chemical equation for the reaction.

&)
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(e) Interms of attractive forces, explain why LiClhas a higher melting point than SCI,

[3]

() Suggest the identity of a covalent compound with a higher melting point than LiCL.
U]
[Total: 14]
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(ii) Propene also reacts with bromine

H
" H\C/ roBr H
~
\ / S + Br—Br - H—C—C—C—H
c=C¢
/N H H H
H H
Use the bond energies in the table to calculate the energy change, AH, for the reaction.
CH | cc |[BrBr | car | c=c
bond energyinkJ/mol | 412 | 348 | 193 | 285 | 611

energy change =

(¢) The boiling point of bromine is 59°C and the boiling point of iodine is 184°C

Explain why iodine has a higher boiling point than bromine.

ki/mol [3]

2
[Total: 10]




image13.png
3 Magnesium is a metal

(a) Describe the structure and bonding in magnesium.

3

(b) Why can magnesium conduct electricity when solid?

2

(¢) Why is magnesium malleable?

21
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(d) Magnesium reacts with sulfur to form the ionic compound magnesium sulfide, MgS.

The diagrams show the electronic structures of atoms of magnesium and sulfur.

(i) Complete the diagrams to show the electronic structures of the ions in magnesium sulfide
Show the charges on the ions.

[3]

Tonic compounds, such as magnesium sulfide, do net conduct electricity when solid
Magnesium sulfide does not dissolve in water.
Magnesium sulfide does conduct electricity under certain conditions.

State the conditions needed for magnesium sulfide to conduct electricity. Explain why
magnesium sulfide conducts electricity under these conditions.

2

[Total: 12]
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(e) Carbon dioxide, CO,, is a gas at room temperature and pressure, whereas silicon(IV) oxide,

Si0,, is a solid
(i) Name the type of structure which the following compounds have.
carbon dioxide 1]
silicon(IV) oxide 1]

(i) Use your knowledge of structure and bonding to explain why carbon dioxide is a gas at
room temperature and pressure, whereas silicon(IV) oxide is a solid

&
Silicon(IV) oxide is an acidic oxide. When silicon(IV) oxide reacts with alkalis, the salts formed
contain the ion SOz

Write a chemical equation for the reaction between siicon(IV) oxide and aqueous
sodium hydroxide.

[2]

[Total: 20]
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2 Berylium is a metaliic element in Group Il

(a) Give the electronic structure of a beryllium atom.

U]

(b) Give the formula of berylium oxide.

(c) (i) Describe the bonding in a metallic element such as beryllium
Include a labelled diagram and any appropriate charges in your answer.

(ii) - Explain why metallic elements, such as beryllium, are good conductors of electricity.

() Berylium hydroxide is amphoteric.
Beryllium hydroxide reacts with acids. The salts formed contain positive beryllium ions.

(i) Give the formula of the positive beryllium fon
U]

(i) Wite a chemical equation for the reaction between berylium hydroxide and
hydrochloric acid

2

i)y Beryllium hydroxide also reacts with alkalis. The salts formed contain berylate ions,
BeO,>

Suggest a chemical equation for the reaction between berylium hydroxide and
sodium hydroxide solution

2
[Total: 11]
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4 silicon(IV) oxide and sodium chloride have different types of bonding and structure.
(a) Name the type of bonding present in
silicon(TV) oxide,

sodium chioride.

(b) Name the type of structure present in silicon(IV) oxide

U}

(c) () Silicon(IV) oxide has a high melting point. Explain why.

(ii) Silicon(TV") oxide is a poor conductor of electricity. Explain why.

U}

() Solid sodium chioride does not conduct electricity. However, it conducts electricity when molten

Explain why solid sodium chloride does not conduct electricity, whereas molten sodium chioride
does conduct electricity.

Bl

(¢) Aconcentrated aqueous solution of sodium chioride is electrolysed using carbon electrodes.
(i) Name the products formed at the electrodes.
product at the positive electrode (anode)

product at the negative electrode (cathode)

(ii) - Write an fonic half-equation for the reaction occurring at the negative electrode.
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(a) Potassium iodide is an ionic compound

(i) Describe what happens, in terms of electron loss and gain, when a potassium atom reacts
with an iodine atom

2

(i) Describe the structure of solid potassium iodide. You may draw a diagram.

2

(iii)  Explain why potassium iodide has a high melting point.

21
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3 Gallum is a metallic element in Group Il It has similar properties to aluminium

(a) (i) Describe the structure and bonding in a metallic element
You should include a labelled diagram in your answer.

&)
(ii) - Explain why metallic elements such as gallium are good conductors of electricity.

m

(b) Give the formula of
gallium(III) chioride,
gallium(III) sulfate.
4]
(€) Gallium(III) oxide, Ga,0,, is amphoteric.

(i) Wiite the chemical equation for the reaction between gallium(II) oxide and dilute nitric
acid to form a salt and water only.

2

(ii) The reaction between gallium(II) oxide and sodium hydroxide solution forms only water
and a salt containing the negative ion Ga,0,*

Write the chemical equation for this reaction

2

(d) Alloys of gallium and other elements are often more useful than the metallic element itself.

Suggest two reasons why alloys of gallium are more useful than the metallic element

2

[Total: 12]
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5 Copper(Il) sulfate solution was electrolysed using the apparatus shown

copper wire
carbon anode—__+ carbon cathode
bubbles of gas- oo copper(Il) sulfate
solution

(a) Agas was formed at the anode.
Identify this gas and give the test for this gas.
gas
test

result of test

(b) During electrolysis, electricity passes through the copper(II) sulfate solution
Solid copper(II) sulfate does not conduct electricity.

Explain both of these statements.

Bl

3]
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(€) The electrolysis was repeated using copper electrodes in place of carbon electrodes. The ionic
half-equations for the reactions at the two electrodes are shown.

anode  Cu(s) - Cu(aq) + 2e
cathode  Cu™(aq) + 2e~ — Cu(s)

(i) Which species is reduced during the electrolysis? Explain your answer.

(ii) The masses of the copper electrodes changed during the electrolysis.

State how and explain why the masses of the two copper electrodes changed
Use the ionic half-equations to help you.

Bl

(i) Explain why, during the electrolysis, the colour of the copper(II) sulfate solution does not
change

U}
[Total: 12]
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4 Copper(Il) sulfate solution was electrolysed using the apparatus shown.

+

carbon cathode carbon anode

copper(I]) sufate
solution

(a) (i) Draw an arrow on the diagram to show the direction of movement of electrons in the wire.
Label the arrow A 1)
(ii) Draw an arrow on the diagram to show the direction of movement of positive ions in the
copper(II) sulfate solution
Label the arrow B. 4]
(b) Oxygen was formed at the anode and copper was formed at the cathode.
(i) The ionic half-equation for the formation of oxygen is shown
40H- - 0, + 2H,0 + 4e-
Explain why this reaction is oxidation
U]
(ii) Write the ionic half-equation for the formation of copper at the cathode.

2

(¢) The electrolysis was repeated using copper electrodes in place of carbon electrodes.

State and explain what happens to the masses of the anode and the cathode during this
electrolysis.

4]

[Total: 9]
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5 A student investigates the rate of reaction between lumps of calcium carbonate and dilute
hydrochloric acid using the apparatus shown.

CaCOy(s) + 2HCi(aq) — CaClyaq) + COg) + H,0()

The calcium carbonate was in excess.

gas syringe

lumps of calcium carbonate. dilute hydrochloric acid

(a) Which measurements should the student make during the reaction to determine the rate of
reaction?

(b) What happens to the rate of reaction as the reaction proceeds? Explain your answer.

3]

() The student repeated the experiment at a higher temperature. All other conditions were kept
the same. The student found that the rate of reaction increased.

Explain, in terms of collisions, why the rate of reaction increased.

]
(d) Apart from using a higher temperature, suggest two other methods of increasing the rate of
this reaction.
f
2

[Total: 11]
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(c) The original experiment was repeated at a higher temperature. All other conditions were kept
the same.

Describe and explain, in terms of collisions between particles, the effect of using a higher
temperature on the time taken for the reaction to finish

51
[Total: 10]
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(¢) The graph shows how the concentration of hydrogen iodide, HI, changes after hydrogen gas
and iodine gas are mixed together in a sealed container.

concentration of
hydrogen iodide

time

(i) When is the rate of reaction fastest?
U]

(ii) The reaction was repeated at the same temperature and pressure but in the presence of
acatalyst

Draw a graph on the same axes to show how the concentration of hydrogen iodide changes
with time in the presence of a catalyst 2
(d) Amixture of hydrogen gas and iodine gas s allowed to reach equilibrium.
(i) Increasing the pressure of a gas increases its concentration.

State and explain the effect of increasing the pressure on the rate of the forward reaction.

12

(ii) State and explain the effect of increasing the temperature on the rate of the reverse
reaction.

3]

[Total: 13]
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3 Cobaltis a transition element. Potassium is in Group | of the Periodic Table.
(a) State one physical property that is similar for cobalt and potassium.
m
(b) (i) State one physical property that is different for cobalt and potassium.
m

(i) Describe how the physical property given in (b)(i) is different for cobalt compared to
potassium.

m

(€) When a small piece of potassium is added to cold water, the potassium floats and disappears
as it reacts.

Give two other observations that would be made when a small piece of potassium is added to

cold water.
f
2
2
(d) Cobalt reacts with dilute hydrochioric acid to make the salt cobalt(II) chioride. Bubbles of
hydrogen gas are produced.
(i) Describe a test for hydrogen.
test
result
2

(i) The rate of reaction of cobalt with dilute hydrochloric acid can be made faster by heating
the acid or by increasing its concentration

State one other way to make the rate of reaction faster.
m

(i) Use collision theory to explain how heating the dilute hydrochloric acid makes the rate of
reaction faster.

131
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5

(a) (i) Name the products formed when sodium nitrate is heated.
2

(i) When copper(II) nitrate, Cu(NO5),, undergoes thermal decomposition, three products are
formed. One of the products is nitrogen dioxide, NO,.

Write a chemical equation for the thermal decomposition of copper(II) nitrate.

@

(b) The chemical equation shows the equilibrium between dinitrogen tetroxide (N;O, a colourless
gas) and nitrogen dioxide (NO,, a brown gas).

N,O,(g) == 2NOy(0)
colourless brown

A mixture of dinitrogen tetroxide and nitrogen dioxide is allowed to reach equiibrium in a
closed gas syringe.

(i) In chemistry, what is meant by the term equilibrium?

2

(ii) I the equilibrium mixture is heated at constant pressure, a darker brown colour is seen
inside the gas syringe.

What does this information indicate about the decomposition of dinitrogen tetroxide?
Explain your answer in terms of the position of the equilibrium

2

Suggest what you would se if the pressure on the equilibrium mixture were increased at
constant temperature
Explain your answer in terms of the position of the equilibrium

@
[Total: 10]
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5 Some chemical reactions are reversible.
(a) Aqueous potassium chromate(VI), K,CrO,, is a yellow solution
Aqueous potassium dichromate(VI), K,Cr,0;, is an orange solution
The two compounds interconvert when the pH of the solution changes.

2K,CrO, + H,SO, = K,Cr,0; + KSO,+ H0
yellow orange

Solution Y is a mixture of aqueous potassium chromate(VI) and aqueous
potassium dichromate(VI) at equilibrium.

«  Explain, in terms of the position of the equilibrium, what you would see if sulfuric acid were
added to solution Y.

« Explain, in terms of the position of the equilibrium, what you would see if sodium hydroxide
were added to solution Y.

51
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(¢) Nitrogen dioxide, NO,, exists in equilibrium with dinitrogen tetroxide, N,Oy,
Nitrogen dioxide is brown and dinitrogen tetroxide is colourless.

2NOy(g) == N,O,(9)
brown colourless

(i) Asample of nitrogen dioxide and dinitrogen tetroxide at equilibrium was placed in a closed
gas syringe
The syringe plunger was pushed in. This increased the pressure in the gas syringe. The
temperature was kept constant.
nitrogen dioxide and
dinitrogen tetroxide
at equilibrium

end blocked
gas syringe

State how the colour of the gas in the syringe changed. Explain your answer in terms of
the position of the equilibrium.

[}

(ii) A sealed tube containing nitrogen dioxide and dinitrogen tetroxide at equilibrium was
cooled in an ice bath at constant pressure. The contents of the tube became paler.

Suggest an explanation for this observation in terms of the position of the equilibrium.

@
[Total: 12]
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7 Copper(II) oxide reacts with dilute hydrochloric acid
CuO(s) + 2HCI(aq) - CuClyaq) + H,0()

6.00g of copper(II) oxide were added to 50.0cm? of 1.00mol/dm? hydrochloric acid. This was an
excess of copper(II) oxide.

(a) The rate ofthe reaction can be increased by increasing the concentration of the hydrochloric acid
or by heating it

(i) In terms of collisions, explain why increasing the concentration of the hydrochloric acid
increases the rate of the reaction

21

(i) In terms of collisions, explain why heating the hydrochloric acid increases the rate of the
reaction




image31.png
(e) The original graph has been drawn again.

On the grid, draw the graph expected if the concentration of dilute hydrochloric acid is changed
from 0.1 mol/dm?to 0.2mol/dm?. All other condiions are the same as in the original experiment

Explain, in terms of particles, why your graph is different from the original graph.

400
300
volume
of gas 200
fom®
100
0t

30 60 90 120 150 180 210 240
time/s

1“4

() The experiment is changed and the mass of powdered barium carbonate is doubled. All other
conditions are the same as in the original experiment. The acid is stillin excess.

Deduce the volume of gas formed at room temperature and pressure, in cm?, in this experiment

volume of gas = cme 1]

[Total: 13]
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Magnesium carbonate reacts with dilute hydrochloric acid.
MgCO,(s) + 2HCI(aq) — MgCly(aq) + H,0() + CO,(g)
An excess of magnesium carbonate pieces was added to dilute hydrochloric acid. The apparatus in

the diagram was used to measure the volume of gas produced. The total volume of gas collected
was recorded every 20 seconds.

bung
inverted
T measuring cylinder

conical flask.

dilute
hydrochloric
acid

water
magnesium carbonate.

pieces trough

(a) The resuits obtained are shown on the graph

120

100

80
total volume of

gas collected 60
Jem®

40

20

o
0 100 200 300 400 500

time/s

(i) Describe how the rate of this reaction changed during the reaction. Explain why the rate
changed in this way.
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(i) The experiment was repeated using the same mass of powdered magnesium carbonate
with the same volume and concentration of dilute hydrochioric acid.

Explain how the initial rate of reaction and total volume of gas collected would compare to
the first experiment

initial rate of reaction

total volume of gas

[

(b) A piece of magnesium ribbon was cleaned. The experiment was repeated using this clean
magnesium ribbon instead of magnesium carbonate.
Mg(s) + 2HCI(aq) — MgCL(aq) + Hy(g)

This reaction is exothermic
The rate of the reaction gradually increased over the first 2 minutes.

Explain why the rate of the reaction increased.

5]
[Total: 13]
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3 When aqueous sodium thiosulfate and dilute hydrochloric acid are mixed, a precipitate of insoluble
sulfur is produced. This makes the mixture difficult to see through.

Na;S,04(aq) + 2HCI(aq) — S(s) + 2NaCl(aq) + H,0() + SOx(g)

The time taken for the cross to disappear from view is measured.

distilled water to the conical flask.

N
'

=

A student adds the following volumes of aqueous sodium thiosulfate, dilute hydrochloric acid and

The time taken for the formation of the precipitate of sulfur to make the cross disappear from view

is recorded
experiment volume of volume of volume of time taken for
number | sodium thiosulfate | hydrochloric acid | distiled water | cross to disappear
Jem? Jem? Jem? from view/s
1 10 10 40 56
2 20 10 20 28
3

(a) State the order in which the aqueous sodium thiosulfate, hydrochloric acid and distilled water

should be added to the flask.

U]
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(D) Inexpenment 3 the student wanted the sodium thiosuliate to be double the concentration used
in experiment 2

(i) Complete the table to show the volumes which should be used and the expected time
taken for the cross to disappear from view in experiment 3. 2

(ii) Use collision theory to explain why increasing the concentration of sodium thiosulfate
would change the rate of reaction

2

(¢) The student repeated experiment 1 at a higher temperature.

Use colision theory to explain why the rate of reaction would increase:

6}

[Total: 8]
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3

(a) Dilute sulfuric acid and aqueous potassium hydroxide can be used to make potassium sulfate
crystals using a method that includes fitration.

dilute
sulfuric acid

conical flask

25.0cm of aqueous
potassium hydroxide

A student titrated 25.0cm? of 0.0500mol/dm? aqueous potassium hydroxide with dilute
sulfuric acid in the presence of an indicator. The volume of dilute sulfuric acid needed to
neutralise the aqueous potassium hydroxide was 20.0cm?.
The equation for the reaction is shown.

H,SO, + 2KOH - K;SO + 2H,0
Determine the concentration of the dilute sulfuric acid

«  Calculate the number of moles of aqueous potassium hydroxide used.

mol

o Calculate the number of moles of dilute sulfuric acid needed to neutralise the aqueous
potassium hydroxide

mol

o Calculate the concentration of the dilute sulfuric acid.

mol/dm®
B
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(b) After the titration has been completed, the conical flask contains an agueous solution of
potassium suifate and some of the dissolved indicator.

Describe how to prepare a pure, dry sample of potassium sulfate crystals from new solutions

of dilute sulfuric acid and aqueous potassium hydroxide of the same concentrations as used in
the fitration. Include a series of key steps in your answer.

[5]
(¢) Potassium hydrogensulfate, KHSO,, s an acid salt. It dissolves in water to produce an aqueous
solution, X, containing K+, Hr and SO ions.
Describe what you would see when the following experiments are done.

(i) Magnesium ribbon is added to an excess of solution X.

2
(i) Aflame testis done on solution X.
U]
An aqueous solution containing barium ions is added to solution X.
U]
(d) Dilute sulfuric acid reacts with bases, metals and carbonates.
Wite chemical equations for the reaction of dilute sulfuric acid with each of the following
(i) magnesium hydroxide
2
(i) zinc
2
(iii) ~sodium carbonate
4]

[Total: 18]
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(d) Ethanol can be oxidised to ethanoic acid
State the chemical reagent needed to oxidise ethanol to ethanoic acid.
m

(€) Ethanoic acid reacts with ethanol in the presence of an acid catalyst. The products are an
organic compound and water.

(i) Draw the structure of the organic compound formed. Show all of the atoms and all of the
bonds

2
(i) State the name of the organic compound formed.

m
(i) Which homologous series does the organic compound formed belong to?

m

() Ethanoic acid, CH,COOH, is a weak acid. It reacts with copper(II) carbonate to form the salt
copper(I]) ethanoate, Cu(CH,COO),

(i) What is meant by the term weak when applied to acids?
m

(i) Describe how a crystalline sample of copper(II) ethanoate can be prepared starting with
ethanoic acid and copper(Il) carbonate.

Bl
(iii)  Write the word equation for the reaction between ethanoic acid and copper(II) carbonate.

m
[Total: 18]
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6

(a) Al sodium salts are soluble in water. All nitrates are soluble in water. Barium carbonate is
insoluble in water.

Describe how you would make a pure, dry sample of barium carbonate by precipitation.
Include:
o the names of the starting materials

o full practical details
e achemical equation.

151

(b) Nitrates decompose when heated.
(i) Write a chemical equation for the decomposition of sodium nitrate when itis heated
2

(i) The unbalanced chemical equation for the decomposition of hydrated copper(Il) nitrate
crystals is shown.

Balance the chemical equation for this reaction.

2CU(NO3), 3H,0(s) — ....CuO(s) + ....NO4(g) + Ox(g) + ....H,0(g)
21

(iij) When the hydrated copper(Il) ntrate crystals are heated, steam is produced. When the
steam condenses on a cool surface, it tums into a colourless liquid

Anhydrous cobalt(IT) chioride is used to show that the colourless liquid contains water.
How does the colour of the anhydrous cobalt(IT) chioride change?

from to

2

(iv) How would the student test to determine if the water produced in (b)) is pure?

m
[Total: 12]
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5

(a) Solid copper(II) carbonate undergoes thermal decomposition. One of the products of the
thermal decomposition is copper(II) oxide.

(i) State the colour change of the solid seen during the reaction

start colour
end colour
n
(ii) Write a chemical equation for the thermal decomposition of copper(II) carbonate.
n

(b) Copper(II) carbonate reacts with dilute nitric acid. One of the products of the reaction is a
solution of copper(II) ntrate.

(i) Describe tests for copper(II) ions and nitrate ions. Include the results of the tests.

copper(II) ions

nitrate ions

(i) Copper(II) nitrate undergoes thermal decomposition.
Balance the chemical equation for the thermal decomposition of copper(II) ntrate.

Cu(NOy), > ....CuO + ...NO, + ....0,
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4 (a) Ethanol, C;H;OH, can be made by fermentation
(i) Complete the chemical equation for the formation of ethanol by fermentation

CyHipOs = -...CH;OH +

@
(ii) State two conditions required for fermentation
1
2
@

(b) Ethanol can also be made by the catalytic hydration of ethene. The equation for the reaction is
shown.

CH, + H0 > CH,OH
(i) Name a suitable catalyst for this reaction
Ul

(ii) Calculate the maximum mass of ethanol that can be made from 56 of ethene.

maximum mass of ethanol = 912
() Ethanol can be oxidised to form ethanoic acid.
(i) Name a suitable oxidising agent for this reaction

ol
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(i) Amolecule of ethanoic acid has the structure shown.

H o

|/
H—C—C

[\

§  Oo—H

Complete the dot-and-cross diagram to show the electron amrangement in ethanoic acid
Show outer shell electrons only.

XN

(d) Ethanoic acid is a weak acid

(i) When referring to an acid, what is meant by the term weak?

U}

(i) Describe how you could show that ethanoic acid is a weaker acid than hydrochloric acid
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4 Nickel, copper and zinc are three consecutive elements in the Periodic Table.
(a) Nickel and copper are transition elements.

State three chemical properties of transition elements

&)
(b) Copper(Il) oxide is a basic oxide but zinc oxide is an amphoteric oxide. Both oxides are
insoluble in water.

You are provided with a mixture of solid copper(II) oxide and solid zinc oxide. Describe how
you would obtain a sample of copper(II) oxide from this mixture.

3]

(¢) Three cells are set up each using two metals.

cell 1 cell 2 cell 3
140V 051V

zinc copper  zinc nickel  copper nickel
electrolyte electrolyte electrolyte

(i) Wiite the ionic half-equation for the reaction occurring at the zinc electrode in cell 1

21
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(d) Describe how you would prepare a pure dry sample of copper(Il) nitrate crystals in the
Iaboratory using dilute nitric acid and solid copper(II) carbonate.
Include a series of key steps in your answer.
You should include a chemical equation for the reaction

61
[Total: 15]
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(¢) Lead(Il) sulfate, PbSO,, is insoluble.
Describe how you would prepare a pure dry sample of lead(I) sulfate crystals starting from

solutions of lead(II) nitrate and sodium sulfate:
Include a series of key steps in your answer.

1“4

(d) Write the ionic equation for the reaction which takes place between solutions of lead(II) nitrate
and sodium sulfate.
Include state symbols.
2

[Total: 16]
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(b) Potassium iodide and lead nitrate are both soluble. Lead iodide is insoluble.

(i) Describe how a pure dry sample of lead iodide could be made from solid potassium iodide
and solid lead nitrate.

“1
(ii) Write an ionic equation for the formation of lead iodide, PbI,, when potassium iodide and

lead nitrate react with each other.
State symbols are not required.

21

(€) When chiorine gas is bubbled through an aqueous solution of potassium iodide, a redox
reaction takes place.

20- + Cl, » I, + 2CI

(i) State the colour change expected in this reaction.

start colour
end colour
21
(i) Identify the reducing agent in this reaction. Explain your answer.
21

[Total: 16]




image47.png
(c) Aluminium oxide is amphoteric. It s insoluble in water.

Describe experiments to show that aluminium oxide is amphoteric.

&)
(d) Silicon(IV) oxide has a giant structure.
(i) Name the type of bonding in silicon(IV) oxide:
m
) Give two physical properties of siicon(IV) oxide.
@

() Calcium phosphate is used in fertilisers. The bonding in calcium phosphate s  ionic.
Calcium phosphate contains the phosphate ion, PO,

(i) Whatis ionic bonding?

@

Deduce the formula of calcium phosphate:

]
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(¢) Ateacher heated 18.89 of copper(Il) nitrate.

(i) Calculate the number of moles of copper(IT) nitrate present in the 18.8.

mol [2]

Calculate the maximum number of moles of oxygen that can be made by heating 18.8g of
copper(Il) nrate.

mol [1]
(i) Calculate the maximum volume of oxygen at room temperature and pressure, in e, that
can be made by heating 18.8 of copper(Il) nirate.

am® [1]

(d) A sample of copper(II) nitrate was dissolved in water to form an aqueous solution.

The aqueous solution was split into three portions. A separate test was done on each portion

as shown
test | reagent added result
1 wl:,‘j‘“mfm e light blue precipitate forms
B e poweer luon changes rom e o coouiess
3 ammonia gas is produced

(i) Give the formula of the light blue precipitate formed in test 1

(i) Explain the changes seen in test 2

3]

i) Identify the two reagents that must be added to the aqueous copper(II) nitrate in test 3.
1
2
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(b) Give two changes which would be needed in order to coat nickel onto the object in step 2.

(¢) Copper, nickel and silver are transition elements.
Typical physical properties of transition elements are a high density and a high melting point.

Give three different properties of transition metals which are not typical of other metals.

6}

[Total: 8]
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3 This question is about iron

(a) Three of the raw materials added o a blast fumace used to extract iron from hematite are
coke, hematite and limestone.

Name one other raw material added to the blast fumace.

U]
(b) Aseries of reactions occurs in a blast fumace during the extraction of iron from hematite.
Describe these reactions.
Include:
o one chemical equation for the reduction of hematite
o one chemical equation for the formation of slag.
5]

(€) The iron extracted from hematite using a blast fumace is impure.
Identify the main impurity in this iron and explain how itis removed in the steel-making process.
‘main impurity

how it is removed

[Total: 9]
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3

Iron is extracted from its ore using coke in a blast fumace.

waste gases

\

raw material
coke,

iron ore,
limestone

air—» ~—air

> slag
— .
[E———=—=—"molteniron

(a) Name the ore of iron which is mainly iron(III) oxide.

(b) Describe the reactions occurring in the blast furnace.

In your answer, include
«  two reasons for using coke in the blast fumace,

« achemical equation for the reduction of iron(III) oxide,
«  an explanation for using limestone in the blast fumace.

m

(61
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& Aluminium is a very important metal

Aluminium is extracted from its ore, bauxite, by electrolysis. Bauxite is an impure form of aluminium
oxide, ALO,

@

®)

©

Describe how aluminium is extracted from bauxite. Include an ionic half-equation for the
reaction at each electrode.

description

fonic half-equation for the anode reaction
fonic half-equation for the cathode reaction
51

Explain why the anodes have to be replaced regularly.

Give two uses of aluminium and give a reason why aluminium is suitable for each use.
use 1

reason

use 2

reason
“1

[Total: 11]
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6  Zincis extracted from an ore called zinc blende, which consists mainly of zinc sulfide, ZnS.
(@) (i) The zinc suifide in the ore is first converted into zinc oxide.

Describe how zinc oxide is made from zinc sulfide.

m

(ii) Write a chemical equation for the reaction in (a)(i).
@

(b) Zinc oxide is converted into zinc. Zinc oxide and coke are fed into a furnace. Hot air is blown
into the bottom of the furnace.

Zinc has a melting point of 420°C and a boiling point of 907°C. The temperature inside the
fumace is over 1000°C.

(i) Explain how zinc oxide is converted into zinc. Your answer should include details of how
the heat is produced and equations for all the reactions you describe

6}

(ii) - Explain why the zinc produced inside the funace is a gas.
m
(iii)  State the name of the physical change for conversion of gaseous zinc into molten zinc.

U]
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() Copper(ll) nitrate, Cu(NOy),, decomposes when it is heated. The only solid product is
copper(IT) oxide, CuO. There are two gaseous products. One of the gaseous products is

oxygen.

(i) Describe a test for oxygen.

test
result
2
(i) Name the other gaseous product. Describe its appearance.
name
appearance
2

(ii}) Write a chemical equation for the thermal decomposition of copper(II) nitrate.

U]

() Iron does not rust when itis completely coated with zinc. When the zinc is scratched, the iron
till does not rust.

(i) Explain why the iron does not rust when it is completely coated with zinc.

(i) Explain why the iron stil does not rust when the zinc is scratched

3]

[Total: 16]




image55.png
1

This question is about gases.

(a) The following substances are gases at room temperature.

letter A B c D E F G
substance | SO, Ar co | ct | N4, | co. | CH,
Identify, by letter:

(i) agas which combines with water to form acid rain

two gases which exist as diatomic molecules

a gas which bleaches damp litmus paper
(iv) agaswhichis used as an inert atmosphere in lamps
(v) two gases which are found in clean dry air

(Vi) two gases which are found in refinery gas.

(8) NF; has covalent bonds.

(i) Whatis a covalent bond?

NF;,
Show outer shell electrons only.

2]

Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
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() Airis a mixture. Nitrogen and oxygen are the two most common gases in air

(i) Whatis meant by the term mixture?

m

State the percentage of oxygen, to the nearest whole number, in clean dry air.
m

Describe the steps in the industrial process which enables nitrogen and oxygen to be
separated from clean dry air

Use scientific terms in your answer.

&)

(iv) Which physical property of nitrogen and oxygen allows them to be separated?
m
[Total: 20
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(e) Car engines produce carbon monoxide and oxides of nitrogen.

(i)

(i)

(iii)

(iv)

Name an environmental problem that is caused by the release of oxides of nitrogen into
the air.

m
Explain how carbon monoxide and oxides of nitrogen are formed in car engines

carbon monoxide

oxides of nitrogen

Bl
State one adverse effect of carbon monoxide on human health
m

Describe and explain how catalytic converters remove oxides of nitrogen from car engine
exhaust fumes. You are advised to include a chemical equation in your answer.

31
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3 Clean, dry air contains a small amount of carbon dioxide.
(a) The percentages of the other gases presentin clean, dry air are shown in the table.

Complete the table by inserting the names of these gases.

name ofgas | percentage present
78

21

1

(b) Oxides of nitrogen are atmospheric pollutants which can cause acid rain

Describe the formation of oxides of nitrogen and suggest how they can cause acid rain.

(€) Methane contributes to the greenhouse effect
State two sources of methane
1

2
2

(d) Combustion and respiration add carbon dioxide to the atmosphere.
Name one natural process which removes carbon dioxide from the atmosphere.
U]
[Total: 8]
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(b) Ammonia is also made when ammonium carbonate decomposes.
(NH,),CO,(s) == 2NH,(g) + H,0(g) + CO4(g)
The reaction is reversible and can reach a position of equilibrium

The graph shows how the yield of ammonia at equilibrium changes with temperature and

pressure.
ield of \
s 300°C

ammonia
100°C
pressure

(i) Whatis meant by the term equilibrium for a reversible reaction?

21

(ii) Using information from the graph, explain whether the reaction is endothermic or
exothermic

U}

(iij) State and explain the effect of increasing the pressure on the yield of ammonia in this
reaction

Bl
[Total: 12]
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3 Clean dry air contains mainly nitrogen and oxygen.

(a) Name two other gases that are in clean dry air

(b) Air often contains poliutants.

Identify three common gaseous pollutants in air and state how each of these pollutants are
produced

polutant gas 1

how itis produced

pollutant gas 2

how itis produced

pollutant gas 3

how itis produced

61
[Total: 8]
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(€) Rusting of steel can be prevented by coating the steel with  layer of zinc.

Explain, in terms of electron transfer, why steel does not rust even if the layer of zinc is
scratched so that the steel is exposed to air and water.

4

(d) When a sample of steel is added to dilute hydrochloric acid, an aqueous solution of
iron(II) chioride, FeCl, is formed

When a sample of rust is added to dilute hydrochloric acid, an aqueous solution of
iron(III) chioride, FeCl, is formed.

(i) Aqueous sodium hydroxide is added to the solutions of iron(II) chloride and
iron(III) chloride

Complete the table below, showing the observations you would expect to make

iron(II) chloride solution iron(III) chioride solution

aqueous
sodium hydroxide

2
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5 This question is about compounds of nitrogen

(a) (i) Describe the Haber Process giving reaction conditions and a chemical equation
Reference to rate and yield is not required

5]

) Give one use of ammonia.

m

(b) The diagram shows the structure of a hydrazine molecule.

H H

||
N—N
|
H H

Draw the electron arrangement of a hydrazine molecule. Show the outer shell electrons only.

(€) Hydrazine is a base.
(i) Define the term base
m

(i) Complete the chemical equation to show that hydrazine acts as a base when added to
water.

NH, + HO — + M
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4 (a) Sulfuric acid is made industrially by a four-step process.

step 1 Suifuris bumed in air to produce sulfur dioxide.

step 2 Suifur dioxide is converted into sulfur trioxide.

step 3 Suifur trioxide is reacted with concentrated sulfuric acid to produce oleum.
step4 Oleum is reacted with water to produce concentrated sulfuric acid

(i) Some suifuris obtained by mining.

Name one other major source of sulfur.

m
(i) What s the name of the process by which sulfuric acid is made industrially?
m
(iii)  Describe the conversion of sulfur dioxide into sulfur trioxide in step 2.
In your answer, include:
o achemical equation for the reaction
o the essential reaction conditions.
51

(b) When concentrated sulfuric acid is added to glucose, CyH,,0y, a black solid is produced. The
concentrated sulfuric acid acts as a dehydrating agent.

(i) What is removed from the glucose in this reaction?
m
(i) Name the black solid produced in this reaction.

[
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5 Sulfuric acid is produced by the Contact process. The steps of the Contact process are shown.

step 1 step 2 step 3 step 4
starting  sulfur , sulfur o L sulfuric
material dioxide trioxide acid

(a) Suifuris a common starting material for the Contact process.

Name a source of sulfur.

[

(b) Describe step 2, giving reaction conditions and a chemical equation. Reference to reaction
rate and yield is not required

5]

(¢) Step 3 involves adding sulfur trioxide to concentrated sulfuric acid to form oleum
Complete the chemical equation for this reaction.

H,S0, + SO, >
U]
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6 (a) Ethanol can be manufactured by fermentation and by hydration.

U}

(i)

(i)

Describe these two processes of ethanol manufacture.

In each case you should:

o identify the reactants

o give the reaction conditions.

o wite a chemical equation for the reaction which produces ethanol.

fermentation

hydration

6]

Give two advantages of ethanol manufacture by fermentation compared to by hydration

1
2

State two major uses of ethanol
1
2
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(¢) Alkanes and alkenes are hydrocarbons.

(i) Whatis meant by the term hydrocarbon?

2
(i) State the general formula of:
alkanes
alkenes
2
() Ethanol can be produced from long-chain alkanes as shown.
step1 step 2
long-chain alkane — = ethene ——= ethanol
Describe the two-stage manufacture of ethanol from the long-chain alkane octane, C;Hig
Include:
o the names of the types of chemical reactions that occur
o reaction equations
e reaction conditions.
step1
step 2
[5]

[Total: 20]
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4 Gasoline is used as a fuel for cars. It is a mixture of hydrocarbons.
(a) Name the raw material from which gasoline is obtained.

m

(b) One of the compounds in gasoline is heptane, C;H,q. Heptane s a saturated hydrocarbon
Hie
(i) Whatis meant by the term saturated hydrocarbon?

saturated

hydrocarbon

B
(ii) o which homologous series does heptane belong?
m
(ili) Give two characteristics of an homologous series.
1

2
2

(iv) Complete the chemical equation for the complete combustion of heptane.

CiHy + 0, > +
2
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(d) The formula C,H,, represents two structural isomers, A and B.

H
Hf(‘)fH
H H H H H H
L N
Wb o
A B

(i) Name isomer A
m

(ii) What is meant by the term structural isomers?

21
(iii) Isomer B reacts with chlorine in a substitution reaction

Give the conditions required for the reaction to occur and draw the structures of two
possible products, one of which is organic and ene of which is not organic.

conditions.

structures of products

B
[Total: 23]
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(e) The alcohol butanol, CH,CH,CH,CH,0H, can be converted into a carboxylic acid with four
carbon atoms.

() Name the carboxylic acid formed from butanol and draw its structure. Show all of the
atoms and all of the bonds.

name

structure

2

(i) Ethanoic acid can be formed from ethanol by fermentation. It can also be formed by the
addition of a suitable chemical reagent

Name the reagent needed to convert ethanol into ethanoic acid
21

(iii) State the type of chemical change which occurs when ethanol is converted into
ethanoic acid

m
() Describe how a student could prepare the ester methyl ethanoate in a school laboratory.
Inyour description give
o the names of the two starting organic chemicals,

o the essential reaction conditions needed,
achemical equation for the reaction.

151

[Total: 19]
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6 Synthetic polyamides are made by condensation polymerisation.

(a) () Whatis meant by the term condensation polymerisation?

(ii) Name another type of polymerisation.

U}
(b) One repeat unit of a synthetic polyamide is represented by the following structure.
1,1
é N N

H H

(i) Draw a ring around the amide link. 0}

(ii) Complete the diagrams to show the structures of the monomers used to produce the
synthetic polyamide. Show all the missing atoms and bonds.

(iij) Name an example of a synthetic polyamide.

() Proteins and synthetic polyamides have similarities and differences.

(i) Name the type of compounds that are the monomers used to make up proteins.
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(i) Starting with a sample of protein, describe how to produce, separate, detect and identify
the monomers which make it up.

Your answer should include
« the name of the process used to break down the protein into its monomers,
«  the name of the process used to separate the monomers,

«  the method used to detect the monomers after they have been separated,
« the method used to identify the monomers after they have been separated

“1
[Total: 13]
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2

The structures of six organic compounds are shown

A B c
HoH H o
%:(}: Hili(://

H H H \UfH
E F
! LI
H—C—H H—C—C—C—C-
H H [
| | H HHH
T
H H H

(a) Give the name of F

(b) Identify two of the compounds that are members of the same homologous series.
Give the general formula of this homologous series.

compounds

general formula

(€) Which two compounds are isomers of each other?
Explain why they are isomers.

compounds

explanation

(d) Explain why B is an unsaturated hydrocarbon.

2

3]
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(¢) Describe how D is manufactured from B. Give a chemical equation for the reaction.

() Compound A forms an addition polymer.

Draw two repeat units of the addition polymer formed from A.

21
[Total: 13]
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2 Silver dichromate, Ag,Cr,0;, is a red insoluble sat.

Silver dichromate can be made by reacting silver nitrate solution with ammonium dichromate
solution. The chemical equation for the reaction is shown

2AgNOy(aq) + (NH,)Cr,07(aq) — 2NH,;NOy(aq) + Ag,Cr,0s(s)

(a) Describe how you could obtain pure dry solid silver dichromate after mixing silver nitrate
solution and ammonium dichromate solution.

[3]

(b) () The charge on a silver ion is +1
Deduce the charge on the dichromate ion in Ag,Cr,0;.
U]

Write the ionic equation for the formation of silver dichromate in this reaction
State symbols are net required.

U]

() Dilute aqueous sodium hydroxide was added to the ammonium nitrate solution made in the
reaction. The mixture was then warmed and damp Universal Indicator paper was held above
the mixture.

State and explain what would happen to the Universal Indicator paper.

2
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