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1 Zirconium (Zr) is a metal in Period 5. Its main oxidation state is +4.

(@)

(b)

()

. . . 90 91 92
The following are all zirconium atoms: 40Zr, 40Zr and 4Zr.

In terms of numbers of electrons, neutrons and protons, how are these three atoms the
same and how are they different?

They are the SAME DECAUSE ......covviiiiiiiieeeeeeeeeeeee e

They are differeNt DECAUSE ........ooviiiiiiiiieeieeeeeeeeee e

..................................................................................................................................... [3]

Containers for fuel rods in nuclear reactors are made of zirconium.

Nuclear reactors are used to produce energy and to make radioactive isotopes.

(i) Which isotope of a different element is used as a fuel in nuclear reactors?
.............................................................................................................................. [1]

(ii) State one medical and one industrial use of radioactive isotopes.
.............................................................................................................................. [2]

(iii) Above 900°C, zirconium reacts with water to form zirconium(lV) oxide, ZrO,, and
hydrogen. Write an equation for this reaction.

(iv) Ina nuclear accident, water may come in contact with very hot zirconium.
Explain why the presence of hydrogen inside the reactor greatly increases the
danger of the accident.

It is possible to determine whether zirconium(lV) oxide is acidic, neutral, basic or
amphoteric using an acid and an alkali. Complete the table of possible results. If the
oxide is predicted to react write ‘R’, if it is predicted not to react write ‘NR".

© UCLES

if the oxide is predicted result with predicted result with aqueous
hydrochloric acid sodium hydroxide
acidic
neutral
basic
amphoteric
[4]
[Total: 13]
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2 (@) The diagram shows the lattice of a typical ionic compound. Exall“:n(i);er’s
Use

D—)

(i)

(if) In this lattice, the ratio of positive ions to negative ions is 1:1.
In the lattice of a different ionic compound, the ratio of positive ions to negative ions
is 1:2.
Suggest why this ratio varies in different ionic compounds.

(iii) Give three physical properties of ionic compounds.

(b) Strontium oxide is an ionic compound. Draw a diagram which shows its formula, the
charges on the ions and the arrangement of the valency electrons around the negative
ion.

The electron distribution of a strontium atomis 2 + 8 + 18 + 8 + 2.

Use o to represent an electron from a strontium atom.
Use x to represent an electron from an oxygen atom.

[3]

[Total: 9]
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3 The main uses of zinc are preventing steel from rusting and making alloys.

(@) The main ore of zinc is zinc blende. Zinc blende consists mainly of zinc sulfide, ZnS.
There are two major methods of extracting zinc from its ore. They are the direct reduction
of zinc oxide to zinc and by electrolysis. In both methods, zinc oxide is made from the
zinc sulfide in the ore.

(i) How is zinc oxide made from zinc sulfide?

(b) In the electrolytic method, zinc oxide reacts with sulfuric acid to form impure aqueous
zinc sulfate. This solution contains Ni?*, Co?* and Cu?* ions as impurities.

(i) Write the equation for the reaction between zinc oxide and sulfuric acid.

(ii) Nickel, cobalt and copper are all less reactive than zinc. Explain why the addition of
zinc powder removes these ions from the solution.

.............................................................................................................................. [2]
(c) The solution of zinc sulfate is electrolysed using inert electrodes.
This electrolysis is similar to that of copper(ll) sulfate with inert electrodes.
(i) Write the equation for the reaction at the negative electrode (cathode).
.............................................................................................................................. [1]
(i) Complete the equation for the reaction at the positive electrode (anode)
......... OH = 2H,0 + ccoceoess + el 2]
(iii) The electrolyte changes from zinc sulfate to
.............................................................................................................................. [1]

© UCLES 2013 0620/33/0/N/13
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(d) () Brass is an alloy of copper and zinc. Suggest two reasons why brass is often used Exaan?;er*s
in preference to copper. Use

(ii) Sacrificial protection is a method of rust prevention. Explain in terms of electron
transfer why steel, which is in electrical contact with zinc, does not rust.

[Total: 15]
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4  Sulfuric acid is a strong acid. Hexanesulfonic acid is also a strong acid. It has similar properties
to sulfuric acid.

(a) Sulfonic acids are made from alkanes and oleum, H,S,0,.
CH,, + H,S,0, -» CH ;SO,H + H,SO,

(i) Describe how oleum is made from sulfur by the Contact process. Give equations
and reaction conditions.

(b) The formula of the hexanesulfonate ion is C;H,,SO,™.

The formula of the barium ion is Ba?*. What is the formula of barium hexanesulfonate?

..................................................................................................................................... [1]
(c) Complete the following equations.
(i) magnesium + hexanesulfonic — ........cccccvvvvvevnnnnnne. o
acid [1]
(ii) calcium + hexanesulfonic — ......ccccccvvvvieiiiennn, F o,
oxide acid [1]
@ii) ... CHsSOH + Na,CO, — o o L [2]
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(d) (i) Sulfuric acid is a strong acid. Examiner's

You are given aqueous sulfuric acid, concentration 0.1 mol/dm?3, and aqueous Use
hexanesulfonic acid, concentration 0.2 mol/dm3. Describe how you could show that
hexanesulfonic acid is also a strong acid.

(i) Deduce why, for a fair comparison, the two acid solutions must have different
concentrations.

[Total: 17]
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5 Domestic rubbish is disposed of in landfill sites. Rubbish could include the following items.

(a) Explain why aluminium, a reactive metal, takes so long to corrode.

item of rubbish

approximate time for
item to break down

newspaper one month
cotton rag six months
woollen glove one year

aluminium container

up to 500 years

styrofoam cup

1000 years

(b) Both paper and cotton are complex carbohydrates. They can be hydrolysed to simple
sugars such as glucose.
The formula of glucose can be represented as:

HO— }—OH

Draw the structural formula of a complex carbohydrate, such as cotton.

Include at least two glucose units.

© UCLES 2013
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(c) Wool is a protein. It can be hydrolysed to a mixture of monomers by enzymes.

(i)

(i)

(iii)

(iv)

(V)

d) (@)

(i)

© UCLES 2013

What are enzymes?

Proteins contain the amide linkage. Name a synthetic macromolecule which contains
the same linkage.

What is the scientific term used to describe polymers which do not break down in
landfill sites?

Styrofoam is poly(phenylethene). It is an addition polymer. Its structural formula is
given below. Deduce the structural formula of the monomer, phenylethene.

CH,—CH

CeHs

n

[1]

[Total: 11]
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6 The alcohols form a homologous series. The first five members are given in the table below.

(a)
heat of combustion

alcohol formula .

in kJ/mol
methanol CH,0OH 730
ethanol CH,—CH,—OH 1380
propan-1-ol
butan-1-ol CH,—CH,—CH,-CH,-OH 2680
pentan-1-ol | CH,—~CH,-CH,-CH,—CH,—OH 3350

(i) Complete the table. 2]

(i) Complete the equation for the combustion of pentan-1-ol in excess oxygen.

CHYOH + Oy > o, + [1]

(b) State three characteristics of a homologous series other than the variation of physical
properties down the series.

..................................................................................................................................... [3]
(c) The following alcohols are isomers.
CH,-CH,-CH,—CH,-OH and (CH,),CH-CH,—OH
(i) Explain why they are isomers.
.............................................................................................................................. [2]
(i) Draw the structural formula of another isomer of the above alcohols.
[1]
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(d) Alcohols can be made by fermentation and from petroleum. Exall“:n(i);er’s
Use

(i) Ethanol is made from sugars by fermentation.
CH,,0, - 2C,H,OH + 2CO,
The mass of one mole of glucose, C,H,,O,, is 180g.

Calculate the maximum mass of ethanol which could be obtained from 729 of
glucose.

(ii) Describe how ethanol is made from petroleum.

petroleum (alkanes) — ethene — ethanol

[Total: 15]

© UCLES 2013 0620/33/0/N/13



PMT

12

"(*d'yu) @unssaud pue ainjelsadwal wWool Je wp g SI seb Aue Jo 8jow auo JO SWN|OA 8y |

€0T 20t ToT 00T 66 86 16 96 56 6 €6 26 16 06 J1aquinu (o1wore) uojold = g q
3 wniwia4 wnuRisug wniuioyed wni@yieg wnun) wnpUaWY wnjuoinid wnumdan wniuein wniunoelold wnuoy L
1 ON PN w4 s3 10 il wo wy nd dN n ed UL ogUIAS olwioye = X X Koy
8ez cee SSeul JIWOoJe SANB|D) = © e
TL 0L 69 89 29 99 S9 9 €9 29 19 09 65 85
wnpaing WINIGUANA wninyL wnig3 wniwoH wnisoidsAq wnigaL wnjuijopes wnidoin3g wnewes wniyewold wniwApoaN wniwApoaseld wnuad
S8119S pIouNdY £0T-061
n7 aA wl 13 OH Aa aL PO n3 ws wd PN id 3D Salias ploue .Em
S.T €LT 69T 19T S9T 29T 65T LST ¢ST 0ST 144" T orT . U _c_ I_ HN wm*
1 68 88 18
wniuRoy wnipey wnpuelq
v ey 14
Lzee 9¢e
98 S8 8 €8 8 18 08 6L 8L LL 9L SL 172 €L cL | * LS 9§ SS
uopey aunelsy wnjuojod unwsig pea wnyrey L Ainose P09 wnupeld winipu| wniwso winiuayy uasbun. wneeL winjugeH wnueyue] wnieg wniseen
uy W od g ad 11 BH ny id 11 SO 9y M el iH e ed SO
602 102 02 T02 L6T S6T 26T 06T 98T 8T 18T 8.1 6ET LET €EeT
S €S [4<] 18 0S 14 8y Ly o 14 124 214 [14 114 ov 6€ 8¢ LE
uouax aupo| wnunjiaL Auownuy uL wnipuj wniwpey JONIS wnipejed wnipoyy wnuayiny wnpauyoaL wnuapgAjon wniqoIN wnjuoduz wnupA wnpuons wnipigny
aXx | a1 as us ul pPD by Pd yd ny ol ON aN 1z A IS ad
T€T 12T 8T {449 61T STT 413 80T 90T €01 10T 96 €6 T6 68 88 S8
9¢€ S€ 123 €€ 43 1€ 0e 62 8T yx4 9C S¢ 124 €e [44 114 0z 6T
:Duﬂ\fv_ aulwoig wniuaes dluesiy wniuewlse wnies auiz kaQOU [EX I 1eqod uoJ| mmm:ﬁm:ﬂ\‘ wniwoiyd wnipeuep wniueny wnipueds wnioed wnissejod
I ig as SY 99 €9 uz no IN 0D = U 12 A 1L JS €D A
8 08 6L SL €L 0L S9 9 69 69 99 SS s 18 8y S ov 6€
8T JA? 9T ST T €T et T
uobiy auuoyD nyns snioydsoyd uooIIs wnuwnpy wnisaubepy wnipos
v 10 S d IS v B eN
oy §'GE [23 1€ 8¢ yxa e €c
0T 6 8 L 9 S 14 €
uoanN auuon|4 uabAxo uaboniN uoqred uolog wnifiag wniyin
SN = 0] N o) d 2d 1
02 6T 9T ¥T et T 6 L
4 T
wnisH uaboipAH
9H H
14 T
0 [IA 7 IN 7 A Al I 7 1] |
dnolig

S1UBWa|3 3y} JO 3|qel d1poliad ayl
133HS v1lvd

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every

reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included the

publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of

Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

0620/33/0/N/13

© UCLES 2013





