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1  The table below shows USSR's forsign trade [n chemicals in 1989.

(a)
(b)

Product Export (%) Import (%)
Basic chemlcals 221 5.0
Agrochemicals 40.4 b.6
Polymers 15.8 24.8
Paints 0.3 6.8 )

- Dyes 1.9 1.8 .
Photochemicals 0.5 20 and
Detergents 0.9 3.0
Pharmaceuticals 4.4 27.0
Cosmetics 0.3 8.9
Other 14.0 15.2

(1) Soms cosmetics contaln soft waxaes,
Suggest the name of the raw material from wshich these waxes are obtained,

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

-------

(it) The pharmaceutical aspirin could be made from ethanolc acid and a compound which
contains 8 C—OH group.

What type of compound is aspirin?
........ evees [1]

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

“Basic chemicals’ are used to manufacture other cheimicals. A typical “basic chemical” is
ammonia, The reaction used in the Haber Process to manufacture ammonia is raversible,

N, + 3H, = 2NH,

(1) How is the nitrogen obtained for the reaction?

............................................................................................ . [2]
(it) What are two of the conditions for the reaction?
.............................................................................................................................................. f21
(111} Name a chemical that {s manufactured from ammonia.
...... v {1]

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

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

(iv) Give another example of a reversibls resction. Explain how changing a reaction
condition, such as temperature or pressure, would affect it.

EXBITIPIE ..vovaecvierverseeiiessesseesesseisssiesistansssvesssmessssessrdsabsas sas s (hbeROE St e e s s R b e b e st ba R eSS bn m R bbbt sis

CREIIGE 11 FEBCLION COMUIIION aeoeeiresveresreesseseessierssesiesassssirssssressssnsssnssssensasnrestnssssssnsssenessen

.............................................................................................................................................
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{¢) Photochemicals are those used in photography. A film, which Is coated with silver bromide
particlas, is exposed to light and the image ‘capturad’ on the film, When this film is
developed, the developer changes only those silver lons that were exposed to light into silver

atoms. Finally, the unreacted silver ions are removed.

(i) Complete the equation for the changing of silver ions into silver atoms.

= : Agt + ...... —- i - {1]
(u} What type of reagent is the devaloper?
rerersmmeseneeen vt trmssastanasn erriessrmmssasesseses vorree s vttt s ae s R e s At Aa e S . [1)

(1il) Suggest a reason why the developed film should not be exposed to light unt:l tha
unreacted silver ions have been removed. ‘

--------- dsaaseddineenduasearunrasandidany

{iv) Suggesttwo {actors that would increase the rate of reaction batwesn the developer and ’
the silver ions in the solid silver bromlide.

nereeseteeissstansnerrnssseanaaans revrsssessearessersrssrasessiens eeeteesarentetaentsnsranne wresresssrarranerronsonns {2}
(v) The diagram shows the image on the film and the same film after developing
bright area :same area
on image .dark when
film developed
image on film
after developing
Fig.J1
Explain why some areas of the devsloped film are darker than others.
bteseesserstssaraesae ettt seanarsestanenasnseans vaebeetieservaeerarebeeaseaateanyeasssaensantbarannts vterrereseneespnetesteannans 3]
3

- [Turn over
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2 The table given below shows research dons to compare powdered and liquid detergents.

Powder  Liquid
60°Cto 30°Cto

Tempersture range 80°C 60°C

"éi ) = Removal of: fat/oil v .
T - - soil * *
coloured stains e .
protein * -
Performance on: cotton b *
wool ‘ i
L ] L 3]

man-made fibres

*** excellent ** very good * good

(a) (1) If the costs of the detergents needed are the same, suggest why it is cheaper to use
liquid detergent.

veeeuriessssessreseresSeTANEIIRTIRRR LS es syn beRTTRe SyeReaRetanebLe b e pa et e eransteseransant rersressrstsntinsarsnearnrasneas [1]
(i) Which ona of the detergents would be the more effective at removing
SOl frOM COON, crrrvrrrrerriererrrssrmeesrsrsssesaresssnnssasssteesnannrse vesvas
oil from wool? eetsrsseesstsentaser rares s e ra s bt e en rovee s St baR S re bbbt b s et eas s aeavenn {2}

(1i) Two of the main constituents of food are mentioned in the table.
What is the third one?

................................. . (13
{Ilv) Give the name and draw tha structure of a man-made fibre.
{31
{b) An ingredient in the liquid detergent is soap. Name the reagents used to make sosap.
(2]

......................................................................................................................................................
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(c) Major manufacturers are aware of the effect ‘of their products on the environment. The liquid
detergent is biodegradable and is sold i in bottles made from recycled plastic.

(i} What is meant by biodegradable?

T T L L R L T LT

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

.........

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

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

(d) The detergents contain a bleach, sodium perborate, which removes coloured stains. The
structural formula of the perborate ion is drawn below.

2_-

HO O—0 CH
\/ \/

B
\
O/ \O—-—O/ OH
Flg.J2

(i) There are chemicals, other than sodium perborate, that.can bleach,

Nsme a gas which bleaches damp litmus paper.

T T B L L T Y S )

............................................................................................... [2)
(i} If the formula for sodium perborate is of the type
Na‘BZH‘Oy.
what are the values of x and y?
XIS eeiernmnenennonannnns and ¥ i8S .evverirerenenens [2]

th
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3 in 1818, the Swedish scientist Berzelius discovered the element selenium. It has similar chemistry
to that of sulphur, which is in the same group in tha Periodic Table.

Selenium is now obtained from the “anode sludge” in the refining of copper by e[ectrélysis.

'
- |
pura copper impure copper
© electrode . @ electrode
anode sludga
/ g
/ e
M
aqueous copper(ll) sulphata
Fig.J3
{a) (i) Explain why the anode becomes smaller during this electrolysis.
.......................................................... (1]
(i) Write an equation for the reaction at the negative electrode.
....................................................................................... [1]
(iii) What technique could be used to separate the “anode sludge™ from the electrolyte?
............................................................................................................................................. [1]
(lv) The pure coppet is used to maks alloys. Complete the following.
The alloy ...eveeevee T contains copper and ......cceecvririenens . This slloy is preferred
10 PUTE COPNET, BBLAUSE 118 ......iviiviivrersirereisesisssssrrnesenssenssssmsssssrssssrssesmessyersassnssssnsrssnsens (3]

{(b) There is more than ona solid form of the element selenium. One form is a red solid. lts relative
molecular mass is 632,

(i) How many atoms are thers in one molecule of this form of selenium?

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

.............................................................................................................................................
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(c) Selenium atoms have the electron distribution 2.8.18.6.
{i} The compound sodium selenide contains the selenide ion.

What is the alectron distribution of this ion?

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

_-={ii) Complete the following to show the arrangement of the va!enc\,"ﬂqctrons in the

covalent compound selenium chloride.

Cl Se Cl

Use x to represent electrons from selenium.
Use o to represent electrons from chlorine.

(2]

(ili) Predict which compound has the hlﬁﬁ‘er melting point, selenium chloride or sodium

selenide.
Give a reason for your answar.

(2]

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

(d} Both sulphur and selenium have trioxides of the type XO:;, which react with water to form

acids.
(i) Sulphur trioxide is used to make sulphuric acid.

Give a large-scale use of this acid.

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

------

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

-

[Turn over
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Mineyals and fossil fuels are obtained from the Earth’s crust. To find out about the rocks below the
surface, a borsholse is drilled. '

”

{a) Thetip of a drill is coated with diamonds. The structure of diamond is drawn below. Graphita
could be used 1o lubricate the drill and es 8 conductor in the motor that drives the drill.

- : S» -

Fig.J4
{1) Describe the structure of graphite.

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

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

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

............................................................................................................................................. (2]
(1i) Why is diamond hard and graphite soft?

............................................................................................................................................. (2]
(iit) Why is graphite a good conductor of electricity?

............................................................................................................................................. (13

{b) In the last century, it was balieved that natural gas, methane, had been formed by maetal
carbides in the ground reacting with water, It is now known that the gas was formed by the
decay of vegetable and animal material.

(1) What is the source of the energy needed to make carbon compounds in plants?
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(li} Aluminium carbide reacts with water to form only methane. Calcium carbide reacts with
water 10 form an unsaturated hydrocarbon. .

Suggest a chemical test which could be used to distinguish between these carbides.

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

P = -
B
............................................................................................................................................. f3]
(iit} Give the formula of an unsaturated hydrocarbon.
............................................................................................................................................. (1}
(c) Limestone is an important mineral. It is used in the manufacture of iron and to make alkaks.
: (i} Why is limestonse used in the blast furnace? -
........ SO U OO URRR OO PYRPPRRSURRORR b X |
(1i) Large amounts of limastone gre used In Europe to treat the smoke from coal-fired power
stations.
Name the acidic gas that is removed from the smoke, and explain why it should be
removed.
........................................................................................ DSOS URORONUPROS
{d) A mineral found on the shores of an African laks has the formula:
xNa,CO,.yNaHCO,
Sadium carbonate doas not decompose on heating but'sodium hydrogencarbanate does.
2NaHCO; — Na,C0O, + CO, + H,0
Both carbonates react with acids to form carbon dioxide. One mole of either carbonzte forms
aone mole of carbon dloxide.
{i) One mole of the minera! reacts with an excess of acid to give 120 dm? of carbon dioxide
at room temperature and pressure,
How many moles of carbon dioxide wers formed?
............................................................................................................................................ (1}
(ii} When one mole of the mineral was heated, one mole of carbon dioxide was {ormed.
What is the value of y?
............................................................................................................................................. (1]
{ill) Use your answers to parts {I) and (li} to work cut the value of x.
............................................................................................................................................. (13

[Turn over
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The table below shows tha alements In the secand period of the Perlodic Table and a selection of
their common oxidation states.

Element Li Be 8 c N 0 F Ne
Number of electrons 1 2 3 4 5 & . 7 8
in outer shell

-Oxidation state +1 42 +3 +4 -3 -2 .5l 0

(a) (1) What does it mean when the only oxidation state of an element is zara?

----------------------------------------------------------------------------------------------------------------------------------------------------
L T T T Ty P P P P L T R L Ry P e L T L L T T PPy Y PP PPy

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

(b) Beryllium hydroxide is amphotetic.
(1) Describe what would be observad when an excess of aqueous sodium hydroxide is
gradually added to aqueous baryllium sulphate.

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

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

....................................................................................................... (2]
{11} Name another metal which has an amphoteric hydroxide.
eettrearesseeessnesaseREesaneyEsIs LSt stanstee s ts st ryane e e snas b e e rad e e P e SO 4 b e drere e n s (1]
(it} Complete the ionic equation:
Be2+ + e — Be(OH), (1]
(c) Beryllium and chromium are both metals.
(i} Explain why they are both malleable.
v W (1]
(I1) Suggest a difference in the physical proparties of these metals.
............................................................................................................................................. (1]
(tii} Suggest a difference in the chemical properties of these metals.
. [1]

10
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(d) Two different atomic forms of the element carbon are 'fC and '{'C. One of the atoms is
radicactive. When such en atom emits an electron, the nucleus then contains ons more

proton and an atom of another slement Y is formed.
(i) What is the difference between the nuclei of these atoms of carbon?

e e RR R rA e SE4 AR e e [2
5 _— . _3 - ]
P (1) What are different atoms of the same slement called?
eaeessesuses R Rt ssane s sensp e ereeneeenaes ceeesetaa e et r e e sataes ereere e ses s sssan s ensanes (1]
(iil) What is the symbol of the element Y formed from the radioactive carbon?
....... esRetee1mteeneeteR et e RS RS RRS s s r s s sesssassesssiesssssssessssenssnsessesesonsennes [1]
(iv) State two usas of radioactive elemaents.
............... Cerstsessire st e e tas e ER AR R bR et sa s s et ennrenbesbassasestrnssnsarensasstassesneenes [ 2]
11
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1 Tha element hydrogen was first isolated in 1786 by tha English scientist Cavendish.

(a) Cavendish reacted zinc with difute acid. Because the zinc was impure, the hydrogen
—=contained other gases, such as hydrogen arsenide.

{i} Complete the ionic equation. -
2o+ 2H Y —» . M
(1) What type of reaction is this?
vetesseverearasestesteResrsiaseuseeetearesattseeTE e ey ae R an e A e R R s R sa s A O e b s e sb e s erananannneeas veressrsssasnerens {1
(iif) Predict the formufa of hydrogen arsenide, which contains hydrogen and arsenic (As)
only.
- seneessess sl st rre s se bR ermeeesssssststoen et sresmmsereneeees (1]

N P Y T Y Y P IPTTPYEE LY

{iv} Suggest how pure hydrogen could be obtained lrom a mixture of hydrogen and
hydrogen arsenide.

. nirsrsresseransessnssin st s sareambanrearacs [23

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

{b} Hydrogen can also be prepared by reacting metals with either water or staam. The following
metals are given in order of reactivity. The most reactive is given first,

rubidium, sodium, aluminium, manganese, iron, copper, platinum

Predict whether the following metals would react with water or steam. If so, complets the
word equation; otherwise, write “no reaction”.

{I) manganese + Waler = ..coveervrvreriraesnns reeeresinenertereenesrasasses deveeerteceesetesescrentneeseesnneasssrsnnren

(IT) PIBUHNUM b WAIBT 4 Lot ceerecsei st renrs sas s ersee b st s e s bae s s s s e bmeaassssastnan et sesn

(iii) rubidium + water — ... Feerireeresrerssesaareestesatearatener tereraeeanon eenat st enne et tanasesvesnra s {3]

(¢} Uses of hydrogen include the manufacture of ammonia and of margarine. [t was formerly
used to fill balloons.

(i) Explain why helium, which has a higher density, is now used for filling balloons instead
of hydrogen,

oo eeeeecsessees e et en et e es st e essseseseenmmeneenaes coreeresreoniens N [1)

(i1) Use the data shest to calculate the mass of one dm? of hydrogen at r.t.p.

---------------------------------------------------------------------------------------------------------------------------------------------
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(d} Ina factory near Munich, a research car that runs on liquid hydrogen has been built. The aims
of this research are to find an alternative (o fossil fuels 8nd 1o reduce atmospheric pollution,

(i} The diagram below shows the chemicals entering the atmosphera from the exhaust of &
petrol-fuelled car,

carbon dioxide

water vapour

0

carbon monoxide

nitrogen

oxides cf nitrogen

hydrocarbons

Which of these would be lowaer In concentration if the car was fitted with a catalytic
convarter?

{1} Onshortjourneys, when the exhaust systemis cold, the catalytic converter is inelficient.
Suggest an explanation.

e [1]

(111) Name the chemicals which would leave the exhaust of a hydrogen-fuelled car.

veeene [2]
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2 The diagram shows the slructura of 2 looth.

-
din ‘,?
A :l JI
WL ) [erame
-
; ik
lower tooth Roviine :
(3 . 5
kY ..' N I" .
A H v ]
 of - 3f
T

(s} The enamel contzing the compound hydroxyapatite, which has the formula

Ca, (PO T)(OH7),
(i) What is the symbol of the calcium lon?

P T T T T L L L T T T L L T T P T P P D PP T P r T

L T e L L N e LR L R e e L R AR L e R L)

(tif) This compound has no overalf chargs.
What is the value of x?

. [1]

L T Ry T L e T LT L L L PP PP TPy TP EPY

e [1]
(b) Carbohydrales are oxidisad to carboxylic acids, which attack the ensmel! and cause dental
decsay.

(f} Name another type of organic compound that can be oxidised to a carboxylic acid.

L LT T B B T L L T T Ty P T T T

: {1]
{ii} Draw the siructural formula of the carboxyllc acld that contelns three carbon atoms In
each moleculs.

16
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{c) To investigate Now the rale of attack of an scid on-tooth enamel depends on pH, the

following experiment was carried out.
A tooth was weighed and placed /n an acld solution. After 8 while, the tooth was removed
from the acid. The tooth was washed, dried and weighed. The rate al which the tooth reacted

= with the acid was calculated.

The experiment was repeated, using different teath and different conc@Mrations of acid,

(1) Suggest two ways in which the experimental conditions could ba controtled in order to
maka sure that the rate measured In each of the experiments depended only on tha

concentration of the acid.

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

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

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

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

{ii) From the results of this experiment, rate could be plotted against pH.

graph C
graph B

graph A

reaction rate

pH

Which one of the graphs A, B or C could be the correct one? Give a reason for your
choice.

L T LT T T LTy T T el s L T S P S

B L L P L T T T PP PP R TP P P PPy PP sy
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{d) The oxides of magnesium, aluminium and silicon Bef usediin dental cements.

- (l) Complete the following (o show the asrangement of the valency electrons In the jonic
- compound magnesium oxide. -

Use x to represent an electron from oxygen.
Use o to raprasent an electron from magnesium.

= ) Mg Q

(2]
{1i) Oxides can be classified as acidic, amphoteric or basic.
Classify the following.
Magnesium OXIdE 15 ccvviciicr s rmrrnr v srsnressstessereeseorssessusassasise
Aluminium oxids is ....... rrrere e esastrsssninases rerernatenassesnesans
Silicon{1V) oxide (silicon dioxide} is ......... vrensesrsisresss vreverane
- (3]
(iti} Name a reagsnt that reacts with an amphoteric oxide but not with a basic oxide.
............................ SO PU ORI SPUOP SRRSO TORRRRRN () 1 |
{lv) Name a reagen! thet reacts both with a basie oxide and with an amphoteric oxide.
..... Leretttasbeteta et At Re st s e e s e A4 batet 4t sae et v R et st et eReanaebas b e stesseranra s irasnsbsnsasasssrsetetsasserersasiens [ 1)
- 18
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The following is part of a newspape} article,
HOW L ONG RUBBISH LASTS
This is how long experts say it takes for various items of litter to break
down,
A plece of paper 2 to 4 weeks
A cotton rag 1 to 5 months =
A woollen sock ! year
A tin can 100 years
An aluminium can 200 to 500 years
A piece of plastic 450 years

(a) A tin can is made from mild steel coated with tin. The thin layer of tin reduces the rate at
which the stes! rusts. )
(i) Name the two chemicals that must be present for stes] {o rust.

.................................................................................................... {2)
() When the layer of tin is broken, the exposed steel rusts quickly.
But if steel is coated with zing, any exposed steel rusts slowly.
Explain this differenca.
- (3

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

(#11) What s the name of the process that Is used to coat steel with 2 protective layer of zinc?

I £ §

(tv) Why does eluminium, a reactive metal, take so long to corrode?

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

(b) Cotton is 8 carbohydrate and can be thought of as a large number of sugar units joined
together. A sugar unit may be represented as

HO ——OH

Draw the structure of a carbohydrate such as cotton.

19
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{c) Wool is another natural macromolecule. It Is 2 protein.
Deascribe how a sciantist could show that two samples of wool were Identical, by breakin.
tham down and identlfying their monomers,

Reagent used to break down protein .......einvnecirensas S IPIT SR
= .

Type of monamer formed ......uucvccirrenes Crerabiserseaetss et R b bR nen e pasas e earabeROSba R Senn b bt e e

Maeathod of identification ............ veeeas rtesrearsbeve e renstsasaes (23

(d} Litter that persists for a long time causes 8 serious pollution probfem.
(1) Whatis the scientific term {word or words) used to describe long-lasting litter, such as ¢
plsce of plastic?

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

e ; v [13

(1) The plece of plastic might be polystyrene. The chemlcal name of this synthetic polyme
is poly{phenylethene) and It has the following structure,

H H

GHSH n

Wﬁat is the name and formuia of the monomer?

Name of MONOMEBE .eeveerreresrnans reevesssnrasstsesansntuen

Formuls of monomer

(3]
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{(2) On 8 baby's nappy. urea changes into ammonium carbonate. This decomposes 10 form
ammonia. Both of these reactions are catalysed by enzymes.

(i} Complete the following equation, .
(NH),CO, - CO, + ... NH, +...... (2]

{it) How could you test for ammonium lons?

.................................................................................................................................
-----

ROSUIE OF [BSE onereerererriiriccisraessstisnasssssssssarasasstsasssssnsesrassnnsesssressaneans trvesseeserisneesesressinsreesss (2]
(ill) Ammonia reacts with water to form an alkaline solution. Water behaves as an acid and

loses particles to the base, ammonia.

What is the name of these particles?

nnnnnnnnnnnnnn

(iv) Other reactions are catalysed by enzymes. What Is the reaction thgt is caia!ysed by
enzymes from yeast? )

.....

-------

TTrTIeTvTY AL 2 411 19 .
T R

It contains the salts sodium chloride and sodium peroxodisulphate.

When dissolved in water, "Nappyfresh” slowly releases chlorine. The peroxodisulphate
oxidises chloride ions to chlorine molecules.

21
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(1} Why are dirty nappies soaked in “Nappylresh™ ‘whiter’ and ‘healthier'?

....................................................... SOOIV PSRRI TOPRUOPIPRORY §7.3
5._1_ —Xi1) 1f a solution of “Nappyfresh™ was added to aqueous potassium lodide, what would be
Y observed? Explain the chemistry of the reaction. 2.
Observatlon ..o eresseosvaseeasesasssases wteereasrmearereaenerasasne beraseaseeissasesrsansntntotareere Rt saan iR nestery
Explanation ........aeesnean. penerasssnns .
evnasssarses rovatannas Chestreaeisbettstebe st ssasanans . {2)
(I1) Suggest enother way of oxldising chlorida tons.
et ssssssrontoes versesasessonsassrersseibsanss s et st ssa s 2 - (1]
(e¢) Sodium paroxadisulphats contalns 19.3% of sodium and 26.9% of sulphur, by mass. The
only other element present is oxygen.
(1) Whatis the percentags of oxygen, by mass?
ettt s e Ae SRR o r R SRRSO 044ttt e {1]
(it} Complete the following to calcuiate how many molas of sach efemant are prassnt in’
100 g of the compound.
Number of moles of sodium = 19.3/23 = 0.84
Number of moles of sulphur =
Number of moles of oxygsn = [2}
(111} What is the empitical formula of sodium peroxodisulphate?
........................................................................... [1}
(Iv) The mass of cne mols of sodium peroxodisulphate is 238 g.
5 What is the formula of sodium peroxodisuiphate?
................... {1]

----------------------------------- A L L L L e Py Y T Y P PE PP I

§  Zinchasbeen used for over two thousand years. The major ora is zinc blends, ZnS, which is mined

in Canada, the USA and Australia.
(a) (1) Describe how zinc Is extracted from zinc blende.

N'-ll--'--------l.---o-c..o-‘-------A'a-:.---opollnpo.-oa'ﬂtl.lltqn.--1--.---'.---l--o»-co-------o--.-l-tn -----------------------------------------

------------------------------------------------------------------------------------------------------------------------------------
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(i) Sulphur dioxide is formed during this extraction. Sulphur dioxide is used to preserve

food.
Why does it slow down the rate 2t which food gozs ‘bad’?

. K
............................................... OSSOSO £ ) I

(b) Purazinccan be obtained by the a!ectro!ysis of aqueous zinc sulphate. This sofutzon is made
=~ from impure zinc oxide. Impurities in the solution include iron{ll) sulphate, copper{il)
2 -

sulphats and cobait(I1) sulphata.

(I) Describe how a solution of zinc sulphate could be made from the insoluble compound.

#

E (1)
(i)
(iv)

zinc oxide,

FYFSY PR PPy I pevessnparsatratatdanknbinadnsrannuns, FOTTT TY P FPTeTes T Y P S P T PP T Py FERRIARREYIrIIEI. tresvsransrssrrersnanas

R R L R L e T T L T T L P T P P PP Py YT R TP

Manganese(lV) oxide, with a base, changes the aqueous iron(11) su!phale into
iron {111} hydroxide.

What is the colour of lron(III) hydroxide and how could it ba separated from the
solution?

.. sevaarpaseersagrnns

SEessussuasnnyRIRany

L T T e P T P LY R LY L ] 4asnpangne TR PR,

et ene

Colour of iron(III} hydroxide ........... revsessnnsnsrsassnsensan .

Method of separation .......... weeresseenee eesssnsrnsssssssraressns eetesamerarsrrsrnsas [2)
Powdered zinc is now added to remove the other metals, leaving only zinc sulphate in
solution.

Explain how zinc removes the other metals from solution,

-------------------------------------------------------------- AemsaynersraeesrererrTiantne srvaaranm

resbetsenenanasasR s R b st s R sh R R b s sn e e enen S o [2]

During the electrolysis, zine and oxygen are formed at the electrodes.

What remains in the solution?

------------------------------------------------ L T L T P Sy P R e e [1 }

{c) An important use of zinc is in the manufacture of batteries.

(M

{1)

Why are battaries needed?
..... e eeaeteereteesnar et bt aseratu e aeartanes sreresaet ke bed b e s e e e st e ses it eeretardartantneeteninssresseerseserassransannesaserrrsarse | ) )

Describe how to find the order of reactivity of copper, silver and zinc by measuring the
voltage of suitable cells,

...................................................................................................................................................
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Arsenic was first Isolated by Albertus Magnus In 1220. This alement is In Group V of the
Periodic Table. i has the electron structure {configuration] of 2,8,18,5.

(a) Arsenic can be made by the reaction batween arsenic(ill) oxida, Aszoa.iang carbon,

)] éalance the equation:
7 AS303 + cevnnne. C—rnar. AS ¥ vuvuueu.. CO )
-
(1) In the reaction, which chemical Is the oxidising agent?

.......................................... et b bbb ssascasesesnsssassneensennes [1]

(ilf) In the reaction, which chemical is raduced?

................................... e e s ss b ann sttt srsess e sassnencensneos | 1]

(b} The following is an extract from an article on arsenlc:

Arsenlc has only one stable Isolops, nuclson{mass) number 75. One of the crystaliine
forms of arsenic looks like a metal but doss not behavs as one.

(1) What Is meant by the term Isotope?

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

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

{1} Suggast two proparties of arsenlc from “arsenic looks like a metal but doss nct
bshave as ona”,

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

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

26

DEXDJ 394



Al

3

(c) Arsenic(lil) oxide, a white powder, I3 very poisonous. it was probably used to kill Pope
Pius )l in the 15th century. The lethal dose Is 0.130¢g.

(1) Arsenic{lil) oxlde Is amphoteric.
Stata how It would react, If at all, with sodlum hydroxide and with hydrochleric acld.

with sodium hydroxide;

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

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

Arsanic reacts with gailium, which Is In Group (il, to form the compound galiium
arsenide.

Deduce the formula of gallium arsenide.

(d) )

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

(e} Arsenlc trichloride is a covalent compound.

Draw a diagram showing the arrangemant of valency electrons in one molecule of the
compound. '

Use x to represent an electron from arssnic. Use o to represent an eleciron from
chiorine,

27 13}
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The elements in Group Vil are cailed halogens. Compounds of the halogens are found in

familiar substances. -

e ®
TOOTHBRIGHT LEADED
contains fluoride 98 OCTANE

-
N

{a} Complete the passage:

At room temperature and pressure, fluorine is a pale yellow .....c....ooviveenns . A fluorine
molecule is diatomic. This means that each molecule conains wvvevvireevivrcivnens

«..... . The number of occupied electron shells in a fluorine atom is

s aracsn sns Na BN

......................... . The outer shell contalns .........cvvveeneen.... valency electrons. [4]

(b} (i) Deduce the formula of oxygen fluoride.

(If) A compound in tocthpasts contains only the jons Nat, PO;” and F~. What Is its
simplest formula?

L N N N T T L LR L L L T T R Y N N L L L

{c) The world's [argsst plant to extract bromine from sea water is In Britain, Chlorine is
bubbled through acldifled sea water. Bromine Is formed.

{I} How is chiorine manufaciured from concentrated aqueous sodium chioride?

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

L T e L T LI L R L L LT T T N R R ]

(i) Combine the following equalions o write the overall icnic equation for the reaction
between chlorine molecules and bromide lons.

Cl, + 20— 2CI

2B -~ 2e”—»Bry



5 .

(Il Bromine reacts with water.

Br2 + H,0 ‘_--Br + BrO” + 2H* .

To Increase the yleld of bromine, the pH of the s6a water fs ad}us:ed o 3.5 by the

addition of sulphuric acid.

- Explain why a low pH Increases the yleld of bromine. A -
ITYTYRYRIR AT RS R LAY AR (XXX I TR YRS NNI RIS L AR L] IXE TR LY LS LN AR L] * L] * . . *he LY} [3]
(d) Bromine Is used to make 1,2-dlbromoemane, This Is an additive In feaded petrol.
" {f) Name the compound that reacts with bromine to form 1,2-dibromosthane.
i

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

(i} Draw the structure of 1,2-dibromoethane,

[1]

(e} 1,2-Dibromoethane reac!s with sodium hydroxide to form a compound that has the

composition by mass:

carbon, 38.7%; hydrogen, 8.7%,; oxygen, 51.6%.

(1) Calculats Its empiricat formula

EMPITICal fOrMUIA ..ottt (2]
{il} The relative molecular mass of the compound is 62. What (s Its molecular formuia?
............................................................................................................................... (1}
29
062013 834 o e [Turn over-.
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3
Is shown belfow.

l'r-

(a) Fullerenes are newly discovered crystalline forms of carbon. The structure of one of them

(i) Fullerenes dissolve in hydrocarbons. The other solid forms of carbon do not

dissolve.
Soot is a mixture of fullerenes and cther solid forms of carbon.

Describe how you could obtain crystals of fullerenes from soot.

L A T T T T L L LR L TN LT T T e D e e T O P

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

T D R D L Py LT P P TP

(li} One of the lullerenes has a relalive molecular mass of 720.
How many carbon atoms are there in one molecule of this fullerene?

U BET Of CRID M A0S 18 oottt eteeeerereteemane e renrsneraresssmsnssssrssseasnsnssnnnrmnnsmmnneses

cene

(b) A mixiure of a solid fullerene and potassium metal is an excellent conductor of electricity.

(i} Explain why metals are good conduciors of electricity.

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

naes

............................................................................................................................... {2]
(i} What other form of solid c:arbon is a good conductor of electricity?
heieeerevarereeeeeesereabee At hE s tene hs raeteen e earae et ae e ne bt b e has s maateraet bnenarabasnsseressienrtierungansisae 11
(1) The mixture of fullerene and potassium has 1o be slored out of contact with air.
Name two substances In the alr that react with potassium.
. (2]

LTI S04

AR
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7
(¢) Fullerenas have & ring structure as doss cyclobutane.

H H

\ /.

S B
H H/ \H H

(Iy Whatis the molscular formula of cyclobutane?
............. ceereteteeetame s eebabess s berras e R e A s et er b bbabasas et et s et ansaras araeresserssrnesansassetseressaese [1]

Some of the Isomers of cyclobutane are unsaturated hydrocarbons. Give the name
and draw the structure of one of these Isomars.

(i)

NGEMO crceiieiiiiiiriisearsiineniisrissrsnnsenn

Structura

a0y 3p4

(2]
{d) Unsaturated hydrocarbons take part in addition reactions.
() Write a word squation for the reaction between propene and hydrogen,
............................................................................................................................... (11
(1) Write a symbol equaticn for the reaction betwsen propene and steam,
............................................................................................................................... (2]
K _ e 31
| B [Turn over
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An Iimportant polymer is po!y(acrytchltrna). The world consumption for this polymer has
Increased from 0.2 million tonnes In 1960 to 3.8 mlillion tonnes In 1990. {ts principal use s as

_aflbre for clothes and bedding. ~

It 1s mads by the polymerisation of acrylonltrile, CHz=CH-CN.

Acrylonitrile Is made by the reaction:
2CH3;—CH=CH; + 2NH3 + 30— 2CH,=CH-CN + 6H,0% -

(a) Propane Is made from the naphtha fraction of hydrocarbons in palrole'um. The naphtha
fraction Is heated In the absence of air. ' B

CioHz2 —» 2C3Hg + hydrocarbon X

() What techniqus is used to obtain the naphtha fractlen from petroleum?

CrtseessRere AR L2118 4 470 R8RSR £ R RS R b 1]
(i) Give the name and structure of hydrocarbon X.
NamM8 ccviivrceeiinic e e e
Structura
{2}
{11y What Is the nama glven to thls process of decomposing alkanes to make alkenes?
............. OO TUOPOTORRUPRUIOUPPUORPORIPRN  §
(b) State briefly how oxygsen Is obtalned from alr.
............................................................. beberereeseseesnbeneatesessbemtesteeresnasastesesererssesresessenseees |2
3
32 l
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{c) The addition polymaerisation of acrylonitrile forms poly(acrylonitrlie}.

Draw the structure of poly(acrylonitrile).

(2]
{d} Tha addltion polymerisation of propene forms a diffsrent polymer,
(I} Nama the polymer manufactured from propene by addition polymerisation.
................. eseresmre st pesa et re s et A s eSS es SRR tb b s et er s ae et et tnesenesesersssnenseres [ 1]
(1) Suggest a use for this polymer.

........................................................................ envsnesnssessnsesassensessinsstessssssetonsseresnss [1]

{e) Synthetic macromolecules have partially replaced natural products, such as the
carbohydrate cotton, for bedding.

(t} Explaln what is meant by the term carbohydrafe.

(1) Why does the disposal, as rubbish, of a colton sheet cause fewer anvironmental
nroblems than the disposal of a poly(acrylonitrlie) sheet?
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5 In 1880, a rallway bridge was bullt across the Firth of Forth In Scolland. To prevent the stes!
' bridge from rusting, It has been necessary lo paint It ever since. When a road bridge was built
In 1964, the steel girders were galvanlsed by spraying with molten zinc. This reduced the cost

of malntalning the bridge.

JQV) .

AR
’ 'n\‘ ’“"' ‘

(a) Zinc ores are zInc blende (ZnS), calamine (ZnCO;) and marmalite (ZnFeS). Countrles
that mine these ores Include Peru and Canada.

(I} Which ore has the highest percentage by mass of zinc? Explain your choice.

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

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

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

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

(b) One of the products of this extraction s sulphur dioxlde. This Is used to make sulphuric
acld. Most of the acld Is nautralised to form ammonlum sulphate.

() Whatls the main use of ammonium sulphate?
.................................................................. reresirersessneeseresesserissesasssensssensteesssanensens 1]

(i) Complete the passage:
The neutralisation of an acld Involves the trans{er of protons. Compounds that can

accept protons from aclds are called ...oovvvveieeeiiniivariniieeann. .

To make ammonium sulphate, sulphurlc acld would need o react with the chemical
2]

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

34
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(c) Half of the zinc exlracted is used for galvanising. What is another use of 2inc?
. 1]

(d) When zinc metal s added to aqueous copper chloride, copper metal and zinc chloride
are formed.

(i) Explaln the difference In reactivily between copper and zinc in terms of the tendency
of metallic atoms {o form aqueous lons. -

-

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

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

e etueeieesueastesatseata R ee e e e e €D 48B4 Sh SRR S SESR SRR b RO 4 e Ene e ananasna s e e 13)
(i1) How could the simple cell shown below be used to find oul if zinc is more reactive
than cadmium? -
vollmeter
W
zinc
cadmium electrode
electrode
|~ = = = dilute suiphuric
\—_:—_A-'—-:-—ﬂj acid
[2]

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

{e} The reactivity of a metal influences the chemistry of s compounds, for example how
easily they are decomposed.

Wﬁte word equations o describe the action of heat on

(I} sodium nitrate — = .. i

(i1} zinc nitrate TR
A

(3]

35 -
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1 An extract from a magazine highlights how much energy ¢an be_'saved by recycling:

" ENERGY SAVED BY RECYCLING - o
$ — S

BOTTLE BANK

GREEN GLASS ONLY

\terd ENVIRONMENTAL SERVICES N
malterial energy nesded for original energy savad by
production, in GJ/tonne racycling
: percentage %
aluminium ’ 250 g5
plastics 100 a8
paper 30 35
glass i6 5

1 GJ = 1000 million joules

To produce one tanne of paper from wood pulp requires 30 GJ of energy. To make one tonne
of paper recycling saves 30 x 35/100 = 10.5GJ.

(8) Very large savings of energy can be made by recycling aluminium.

(I} How much energy is needed lo produce one tonne of aluminium by recycling?

............................................................................................................................... (2]
(i} Oescribe how aluminium is ex!racled lrom pure aluminium oxide.
............................................................................................................................... (4]
{1y U_se l‘he answer to (a) (I1) to explain why recycling saves so much energy.
.............................................................................................................................. (1]
- - 38 -
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_-=- and the chemicals react lo form a mixture of metal silicates. This is glg

3

(fv) Most metals need some surface coating (lor exdmpie, paint) to prevent corrosion.

- Explain why aluminium does not need this proteclion.

{b) Glass is made {rom sodium carbonate, calcium carbonate and sand. Energy is supphed

a

{i) What type of reaction takes place when glass is made?
-1
(i) Complele the equation:
CaCO; + Si0; — CaSi0y+ vvennnn... ereerees (1]

(c} Sand is silicon{lV) oxide (silicon dioxide). It has a macromolecular structure, Carbo-n ,
dioxide has a molecular structure. :

() Name a substance that has a similar structure to that of silicon(lV) oxide.

............................................................................................................................... 1
() Give a difference in physical properties between silicon(lV) oxide and carbon

dioxide.

............................................................................................................................... {1]

(i) Show the arrangement of valency electrons in a molecule of carbon dioxide by
completing the diagram.

Use x to reprasant an electron from carbon.
Use O to represent an electron from oxygen.

O C O

(2]

{lv) Inthe structure of silicon(lV) oxide:
how many oxygen aloms are there around each silicon alom; ........cccoooiviiiiiiiniiiiininns
how many silicon atoms are there around each oxygen atom? .......cccoeocvveeenveeneenn. [2]
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2  The diagram shows the nutritional information on a packe‘t of dried aprico!s.

DRIED APRICOTS

é, — NUTRITIONAL INFORMATION -
- In 100 g of product
Protein & oo e—aa-
Carbohydrates
Sugar 4049 -
” Fibre 15¢g
Energy 732 kd
Preservative E 220
Produce of Turkey \J
(a) (I} Which one of the three main constituenis of food is not listed?
............................................................................................................................... i1}
() How much protein is there in 100 g of the dried apricots?
............................................................................................................................... {1}
'f:' (b) Preservative E220 is sulphur dicxide.
ki {l) How does It preserve foed?
............................................................................................................................... {1}
(1) Sulphur dioxlde can be made by burning sulphur In alr.
Name a source of sulphur.
R PSP SIS TPV PRSP PSR PR PROTOs {1]
(11} Why is sulphur dioxide used in the manufacture of wood pulp?
.............................................................................................................................. T
40
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{c} As part ol her project, a pupil was sludying dried-apricots. She found out that sulphur
dioxide would react with water to form sulphurous acid.

SO; + Hy0 - H,50;

. She left the drled apricots in water for several hours to extract the su!bhur dioxide. The
- resulting solution of sulphurous acld was used for the following tests. 2« :

(1) Sulphurous acid is a reducing agent.

what would be observed on adding a few drops of aqusocus potassium manganale(\ill)'
to sulphurous acid?

(1) She added hydrogen peroxide lo the sulphurous acid and then tested for a sulphate..
The test was positive. -

Describe the test for a sulphate,
RBAGANE it e e s e a s a e e ar ey e s e s b an s {1}
ResUlt i s S R SO {2}

(1} The hydrogen peroxide oxidised sulphurous acid, a weak acid, to sulphuric acid, a
strong acid.

Explain each of the foliowing:

= o] L« U SO [2)
=T L O Lo OSSO {1
ot ey e I Vot o OO [

(d) The second part of the project was {o [dentify some of the sugars present in the apricots.

The apricols were ground with a mixture of water and ethanol. The sugars dissolved in
this sclvent,

Describe how you could separats and Identify the sugars, which are colourless.

-----------------------------------------------------------------------------------------------------------------------------------
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3 (8} An all-metal Viking sword was discovared.

metal hilt

iron blade

The hiit was not corroded. The iron blade was badly rusted, especially near the hilt.

{I) Namaea a metallic element that does not corrode.

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

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

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

(lity A modern sword blade would be made out of an alloy of iron that does not corrode.
What is the name of this alloy and what two other alements are In it?

NAMB 0O 0¥ 1iiiieiiiei it r e te s s e e e e e s e e e ae e s v e an i ae e aaenns
NaMES Of OlNBI QlBMIENLS «oeeeeeeeeeeceeeeeservrsrerae e ees e sssmareaersessesnnrsreonrannnsannasensenaes

(b} Metals are malleable and can be bealen Into the shape of a sword. Why are metals
malleable?

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

......................................................................................................................................
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{c} To find out if Iron was more reactive than lin the following experiment was carried out;

The surface of a piece of Iron was cleaned. The iron was added lo aqueous tin{li)
chloride and lelt for a few minutes. If iron is more reaclive than hn lhere v,vou!d be

deposils of tin on the surface of the iron.

This experiment could be repeatsd with different melals. The resulls’of these experiments

_~are given in the table balow, . .

aqueous solution iron tin scandium mercury

iron{ll) chloride X v X

tin(11) chloride v X

scandium chloridae X X '.':;;,; X

mercury(ll) chloride v i, v

v’ = reaction occurred
X =no reaction
(1) Complete the table. (1]

(i1} Whatis the order of reactivity of the four metals?
1 (Most reactiVe) e ereeans
2 e r e e eaen e ans
3 e
4 (Least reactive) .o.vieieeieeeiiiieeceeie e eae s

(I}  Write a symbol equation for the reaction between scandium atoms and tin(ll) ions. A
scandium lon has a charge of 3+.

43
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(d} To analyse an alloy of gold, a small amount of It was added to concentrated nitric acid. All
the metals in the alloy except gold reacted and formed thelr nitrales, The mixture was
diluted and then filtered.

Separale porlions of the liltrale were {ested as follows.

Test 1 Aqueous potassium chloride was added to the filtrate. A white precipitale' férmed.

- - R

Test 2 An excess of aqueous ammonla was gradually added to the lillrate. A blue
precipitate formed at lirst; it re-dissclved o leave a deep blue solution.

{(I) The alloy contains gold and two other matals. What two other metals could be in the
alloy?

(i) What measurements would be needed to calculale the percentage of gold in the
alloy? -

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

Hydrogen and bromine react to form hydrogen bromide.
Hz + Br2 —» 2HBr

(a) When a reaction takes place, chemical bonds are broken and new chemical bonds are
forrmed.

To break a chemical bond, energy has to be supplied; this Is represented by +.
When a chemical bond lorms, energy Is given out; this is represented by —.
{l) insert the missing signs and the missing value in the table below.

Energy to break H-H + 436 kJ
Energy to break Br-Br = ...190kJ
Energy to make H-Br ...366kJ
Energy to make H-Br veers KJ (3]

n

(11} Calculate the overall energy changs for this reaction.

(M) Is the overall reaction exethermic or endothermic?

44
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(b) Bromine reacts with alkanes In @ simllar way lo chidrine. Hydrogen bromide is made in
the substitution reaction between propane and bromine.

PROPANE + BROMINE —» BROMOPROPANE + HYDROGEN BROMIDE

(1) Draw the struclure of propane. 7

(]

(i) Draw the structure of a bromopropans. .
{1]
(Iit) The reaction between propane and bromine Is photochemical.
Suggest what Is meant by photochemical.
(2]

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

(c) A preparation of the insoluble compound lead(l!) bromide is described below.
To 10cm3 of aqueous lead(il) nitrate, 20 cm3 of aqueous polassium bromide was added.
The concenlration of each of these solutions was 1.00 mol/dm3. The mixture was liltared
and the precipitate was washed with waler, Finally, the solid was dried in an oven.
{I) Complete the lonic equation.

(2]

() Explaln why the volume of aqueous potassium bromide used was double that of the
aqueous lead(li) nitrate.

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

....................................................................................................................................
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(d) In the experiment, 0.010mol of lead(ll) nitrate was Used and 2.21g of lead(l!) bromide

were produced. )
Calculale the percentage yield of lead(ll) bromide. J "
-';g ---------- 1 "
...................................................................................................................................... (3]
5 The lable shows some of the elements needed by green plants.
faken up -
elament by plant as use ;
nitrogen NOas—or NH* to make amino aclds
and proteins
magnesium Mg?t part of chlorophyll
molecule
sulphur S04 to make protein
containing sulphur
potassium K+ making enzymes
(a) (1) What element, essentla! for plant growth, is not mentioned in the lable?
............................................................................................................................... (1]
(i) Why is chiorophyll essential for the growth of green plants?
............................................................................................................................... (3]
' (1) What are anzymes?
. (1)
- - 36 -

08 20 Y Wi -



?:‘%J‘: w o

A b B, o otk T

1

{b) When plant material is burnt, an alkaline ash is formed. In Alrica, a useful product was
made by heating a mixture of plant ash, animal fat and water.

(I) What type of reaction occurs between the alkali from the ash and the esler hnkagé in:
the fal?

(c) A shortage of the sulphals ion in plants causes chlorosis, a yellowing of the leaves. In
industrial countrles, this yellowing is not observed due to atmespheric pollution.

Suggest an explanation.

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

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

...................................................................................................................................... (3]
{d) Nitrogen Is needed for the synthesis of amino acids and vegetable proteins.
{I) How can vegetable protein be broken down in to ils constituent amino acids?
............................................................................................................................. 2 [2]
(I1) Whatls the name of the linkage common to both proteins and nylon?
............................................................................................................................... [1]
(1) What difference In structure Is there betwsan protein and nylon?
............................................................................................................................... (2]
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2
Nickel is a transition element In the fourth period of the Periodic Table.

(a) Potassium and nickel are both metals.

. (1) Give one property possassad by both metals.

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

-------

......... (2]

.....

(b) Nickei was first isolated In 1751 in Swaden. Large amounts of nickel are now extracted in
Canada. Nicke! ora Is heated in alr to give nicke! oxide. This Is reduced to Impuramckei by

~ heating with carbon,
() Complete the equation
......... NIO + C = s # ceevneane (1]

(i) Carbon is the reducing agent.
Suggest two other chemicals that could reduce nickel oxide to nickal.

... and (2]

(c) One way of refining nickel !a to react the Impurs metal with carbon monoxide. Only nicke!
reacts with the carbon monoxide and forms a volatile compound, nickel carbonyl. This can

bs decomposed to give pure nickel and carbon monoxide.

(I} Suggest how nickel carbonyl might be decomposed.

......................................... _ {1]
(if) What type is the reaction between nicke! and carbon monoxide?
......................................................... [1}
(i) Whatls meant by volatila?
.......................................................................................................... {1}
(iv) Expiain how this method separates nicke! from the Impurities
.............................................................................. [2)
50
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{d) Like copper, nickel can be refined by eleclrolysis,

Label the gfagram 1o show the purification of nickel in the labaratory.

omE: -

(3}
(e) Nickel carbonyl has a formula of the typa NI(CQO),,.
its relative molecular mass is 171.
Calculate the valus of n.
(2]
51
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The Kinetle Theory Is Important In Sclence. It links properties that can be seen or measured with
the arrangement and movement of particles.

(a) Glass has the proparties of a solid but the structure of a liquid.

1

Think of the usual links between properties and structure and complete the table below.

- P

properiles

arrangemeant and

movement of particles

fixed volume

solid fixed shape and

container

liquid fixed volume and
takes the shape of the

(b) When a solld is heated, it melts.

{4]

{I) Use the ldeas of the Kinstlc Theory to explain why a solid melts when it is heated.

{1

(I} How does the meiting point show If a solid is pure or impure?

...........

52
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(e) I the Victoria and Albert museum In London, 17th century glasses are going opaque
because small cracks are forming in the surface of the glass.

= . ] -3 ‘

P
) small cracks
In glass "\

Glass |s composed of silicon{IV) oxide and alkaline metal oxides, particularly sodium
oxide.

(i} The cracks ara caused by the diffusion of sodium ions to the surface and of hydrogen
lons away from the surface.

What Is dfffusion?

....... (2
(I} Explain why sodium and hydrogen lons do not diffuse at the same rate
..................................................... {2
(ili) Describe a chemical testthat would distinguish between sodium oxide and silicon{1V)
oxide.
- | O OO OGSO
TESUIL ...reicerertecrrneranteissesesesresssssersrsissrsonessrs sestosses sntsaresmsaresonsasessss s assnrnbis sasnsassnsarerasssssstesns [2}

(d) Draw a diagram to show the arrangement of the valency electrons, the charges ontheions
and the formula, for the lonlc compound sodium oxide.

33
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Methanol was made by heating wood in the absencs of alr. The carbon compounds in wood
decompose to form a mixture of simpler compounds, These are collected as a distillate.

[

1 __-cold water

 ___— distillate

The distillate contalns:

sthanolc acld
propanone

elhanal

methanof

and other chemicals

Methanol can be separated from this mixture.

(a) Describa how carbon compounds are mada in plants by photosynthesis,

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

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

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

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

-----

(b) The first step in this separation of methano! is the addition of calclum hydroxide, which is
made from limestone.

(1) Calclum hydroxidels prapar.ed from limestone In two stages. Write a word equation for
each stage.

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

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

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

.............................................................................................................................................
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7
(¢) The ethanoic acld is neutralised by the calcium hydroxide.

Name the salt formed in this neutrailsation.

o B {1}
5 ' _(c_l) Ethana! hé§ a low bolling polnt and can be removed by warming. Its composi#n by rﬁass
| carbon 54.5%;  hydrogen 9.1%;  oxygen 36.4%.
Calculate the emplrical formula of ethanal.
. &)
{e) Another compound In the distlliate has the molecular formula C;H,O. This liquid reacts
with ethanolc acid to form an ester.
(1) Write the name and formula of an ester.
(el
(i) What type of organic compound forms astars with carboxylic acit_ds?
(1
(i} The liquid tums aqueous bromine from brown to colourless.
What functlonal group does this tast show?
.............................................................................................. (1
(iv) Use your answers to parts {e)(il) and (li!) to give a structural formula of a compound
having the molecular formula C,H,O.
?
) _ )
55
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The rate of reaction Batween a metal and bromine can be sludied using the apparalus shown

below.

attached o

stirrer

Q_D——— piece of metal
rolates

<

—

plece of

metal (iron)

soluﬂon of

— bromine

Aplece of matal, for example Iron, was weighed and placed In the solution as shown above. The
metal was removed at regular intervals and each tima it was washed, dried and weighed. it was

than replaced In the solution and the reaction continued.

From the results (mass of retal and time}, the rate of tha reaction can be calculated.

{g) (f) Howwould the rate change If more of the plece of metal was In the solution? Explain

your answer.

.........

-------

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

(i) The experiment was conducted using differant solutions of bromine. The following

rasults were obtained,

concentration of bromins solullon rate
0.05 moVdm? 10 mg/min
0.1 moldm® 20 mg/min

Explain the change in rate.

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

..................
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{b) In a*reac'iIb'n between a solid &nd & solution, the rate may depend on the speed of slirring.

Dascribe",how you could find out if the rate of tha reaction between solld fron and bromine
solution depends on tha speed of stirring. :

b

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

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

(¢) fron has two oxIidation states so it can form two lons: Fe?* and Fe™.

(i) How could you lest a solution to find out which ion is present?

" test ; . Fateuenvssonnsasns

result for Fe?*

TESUI FOr FO™ oot mmrsnnassssesaassssssnsne vetasssamesetsamretsama bR ssan Rre e ERA R e nren {3

(1) Complete the lonic equetion for the reaction that forms Fa?*,

Fe + Br, — N

(2
(d} inthe reaction batween iron and bromins:
Iron atoms change into iron lons;
bromine molecules change Into bromids lons.

() Which of these changss Is a reduction? Explain your cholce.

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

seassae

(if) I jodine was used instead of bromine, predict how the rate of the reaction would
change: increase, decreasa or stay the same. Give a reason for your answer,

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

------

57
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Sulphuric acld is made by the Contact Process. Tha annual production In the U.K. is 3.5 million
tonnes. Tha manufacture of fertilisers Is the largest use for the acld.

In this process, sulphur dioxide is oxidised to sulphur trioxide, which Is converted inlo sulphuric
ac!d _ ,

1

Mosl ‘of the sulphur dioxide Is made from the element sulphur, the rest is a:.u-product of the
extraction of zinc,

(a) (1) What is one source of the element sulphur? '
w[1]

(i) Write a symbol equation for the reversible reaction between sulphur dioxide and oxygen.

..........

(2]

.....

(b) Animportant ora is zinc blende, ZnS.

Describe how zinc is extracted from this ore.

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

---------

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

--------
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- {c) Rock phosphate is mined In North Africa. It Is insoluble in water and must be changed into a

more soluble phosphate for use In fertilisers. Sulphuric acid changes rock pHosphate into
-superphosphate. - o _

Ce,(PO,), + 2H,SO, -+ Ca(H,PO,), + 2CaSO,

(l) Use the above equation to deduce the charge on the phosphate lon,

(i) Why must the chemicals In fertilisers be soluble in water?

{Ii} The phosphate lon is behaving as a base In this reaction,
What is a basg? '

......... . .12]

..... (1]

(d) Sulphuric acid I8 used to make the monomer, H,N(CH,),CO,H from petroleum. This
monomer polymerises to make a nylon. Draw the structure of this monomer,

(2]
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The fo”owing is an extract from an article on zirconium:
Zirconium is a hard silvery metal. It is extracted from the ore zircon, ZrSiQ,. Zirconium is
used to make alloys for nuclear reaclors and for magnelts.
(a) (1) How many elements are there in zircon?
.............................................................................................................................. (1}
(i) Why are alloys often used instead of pure metals? -
.......................... . (1]
(i) Pure metals have a latlice of identical positive ions.
Draw a diagram to show the arrangemen! of ions in an alloy.
. (2l
(b) Zirconium is used in nudear reactors because it does not ‘capture’ neutrons.
(i) Whichrisotope of a different element is used as a fuel in nuclear reactors?
...................................................... — cennif?]
() Nuclear reactors can be used to make radicactive isotopes.
State an industrial use of a radioactive isotope.
........................................................................................... [1}
{c) In the extraction of zirconium, zircon is changed into zirconium(IV) chioride. Th:s is
reduced to impure zirconium by heating with magnesium,
{) Which is the more reactive — zirconium or magnesium?
Explain your choice.
................................................................................... cveeererssnes el 2)
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{ii) The impure zirconium is heated with iodine {o form zirconium(IV) iodide (Zrl,}.
When this'is heated to a higher temperature it splits up to produce pure zirconium
and iodine.
Write a single equation that shows both of these reactions occurring.
.............................................................................................................................. [2]

T {d} ancomum(IV) oxide has macromolecular structure and is a basic oxide. S:hcon(l V)

oxide is also macromolecular, but it is an acidic oxide.
(i} State two physical properties common to both oxides.
.............................................................................................................................. (2]
(EQ Suggest a chemical test that could be used to distinguish between these oxides.
== Lo = | OOV
result with SICONIIYY) OXIE  eveeceeveeevreeeremrentre s e eeseeeseesaerarmeseserassssssrn e e sntassrens
result with Zirconium(IV) OXIGE .ecciirieieecriieresaeriereses reemssormnissseeresrerer s nseemrarassons
......................................................................... -..[3]

The world reserves of natural gas are greater than those of petroleum. Some of the largest

reserves arg in remote areas, such as Sibenia, and the cost of transperting natural gas is

high. Research is being carried out on ways of converting ‘methane info higher
hydrocarbons and methanol, which are more easily transported.

(a) Suggest a reason why higher hydrocarbdns and methano! are easier and cheaper to
transport than methane.
..................................................................................................................................... 1]

(b} Methane can be converted into a waxy, higﬁ boiling point hydrocarbon mixture.

(i) State one use of petroleum waxes. -
.............................................................................................................................. )
(i) Name the process used to break down large hydrocarbon molecules into a
mixiure of simpler hydrocarbons.
feueberse et sR T bR et e SR L YRR SRS SRR AL S e R e s em SRS ]
{i) How is this mixture of hydrocarbons separated into more useful companents?
. 1)

63
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(c) Reactlions between methane and cxygen are particularly important to the chemical
industry. Under different conditions it is possibte to obtain different products, examples

include methanol and ethene by the following equations.

2CH, + 0, — 2CH,OH
2CH, + 0, = C,H, + 2H,0
(i} Draw a diagram to describe the arrangement of the valency electrons in
methangl.

Use o to represent an electron frem carbon
Use x to represent an electron fram hydrogen
Use o to represent an electron from oxygen

(3]

Write the equation for the reaction between msthane and oxygen to form ’

ethane and water.

(it

D et L T L T L T T LT LA LI T T P PR -

(lif) Both ethane and ethens can ba made by a reaction of methane with oxygen, but
maore ethene than ethane is needed for the manufacture of ch_emicafs.

........ i2]
Give the structural formula of two chemicals manufactured from ethene.
]

(2

!
|
|
|
I
|
|
|
;
!1

:
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{d} The rale of the following reaction depends on temperalure.

()

(7

2CH, + O, = C,H, + 2H,0
(i) Explain why the rate of the reaction is faster when a higher lemperature is used.

.............................................................................................................................. {2]
(ii} Stzle two other ways of increasing the rate of this reaction. -
ST ORON ceorrmnaneaes - reeeraens et et n s rans [2]

Methane and air are used as raw materials in the Haber process for the manufacture
of ammonia.

State the essential conditions in this process for the reacticn between nitrogen and
hydrogen.

A subsiznce for feeding animals called ‘pruteen’ is made from methang, ammonia and

air in the presence of micro-organisms.

Prediction:
Pruteen contains protein molecules. Thase molecules co

units held together by an amide lirkage.

t, what type of compound is formed when ‘pruteen’ is

nizin a.number of different

Y%=

T

(I} If the prediction is correc
hycrolysed?
............................................ eree e mermemeee et st eneesrass v eeeseanesennisseansenereenar e[ 1]

(i) Describe how the products of the hydrolysis of 'pruteen’ could be separated and

identified.

............................................................................................................................. (3]
(il Wroh men-mage polymer contains unds he d tagetner by the amice hnkage”?
»
.............................................................................................................................. 11
O
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The land between the rivers Euphrates and Tigris is one of the birthplaces of modern
Chemisiry. A ceramic jar, copper sheet and an iron rod, the remains of a 2000 year-old
electrical cell, have been discovered in this area. In the same village, there was evidence of

sifver plating.

iron rod

ceramic jar

electrolyte

cylinder of
copper plate

Fig. 3.1

Centuries [ater, but in the same area, sulphuric acid was made for the first time.

{a) Itis thought that the elecirolyie in the 2000 year-old ceil was ethaneic acid, which had
been made from the sugars in graps juice.

Yeast was added to the grape juice and the solution gave off a gas. Name the

0

o

two products of this reaction.

weereesennnatnenes (2]

‘2, the mixture was lefl in the open container

(i) When the fermentation was comp!
i acid was formed.

for several weeks. A scltion of et}
Explain how the ethanoic acid formed.

(tii} Draw the structural formula ¢f ethansic ac

[l
1<

fiv) Suggest why suiphunc acis
electrolyte.

— e
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(b) {i) Inthe cell shown in Fig. 3.1, which metal, copper or iron, will lose elecirons and
go into solution as positive ions?

These electrons move {o the other electrode. They combine with ions from the
electrolyte to form a gas.

(fi)

What is the gas formeg?

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

(ill) The voltage of an iron/copper cell is about 0.8 volts.

Predict whether the voltage of a zinc/copper cell would be less, the same or
bigger. Explain your answer.

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

............................................................................................................................ .12]
(c) Tosilver plate an article by electrolys's, the following arangement could be used.
-+
pure silver
article to electrode
be plated L
t aqueous silver
e s % nitrate
Fig. 3.2
(i) What would happen 1o the positive electrode (anode)?
(1]

The formula of a silver ion 1s Ag*. Write an equation for the reaction a! the
negative electrode (cathode).

{in

{d) Electricty from the mains s muc> cheaper than electncity {rom an electncal cell or
battery. Why are baternes used?

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

e
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(e} Eleclrical cells involve the transfer of electrical energy.

(i) Use one of the words ‘exothermic’ and "endothermic’ 1o compiele the following

sentence.
The chemical change in @ Cellis an v v e reaction.
(ii} Explain your choice in {e} (i).

4

Science.

............................................................................................................ S

The ability to predict and to test the prediction by experiment are important parts of

(a) The table shows the melting points and densities of some Group 1 elements.

(i)

(iii)

(iv)

fe/emenr fu[ma{K(Rch:s
[mpﬁc !181 E: } 64 [ f 28
0.53 { 0.97 | 086 | 1.53 [ j

) density in g/cm®

Predict the melting point of rubidium.

Why is it more difficult to predict the density of caesium?

1)

Construct the balanced equation for the reaction between caesium znd cold

waler.
.............................................................................................................................. 2]
Sugges! two cbservations that could be made if caesium is added to water.
.............................................................................................................................. 2]
68
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{b) It has been possible to make accurate predictions abou! the elements since
Mendeleev constructed a Periodic Table.

An element X has five electrons in ils outer shell.

{t} What is the {formula of a chloride of X?

{ii) Would element X react with dilute hydrochloric acid to form a salt and hydrogen?
Give a reason for your answer.

(i} A chloride of X is covalent. Predict two properties of this chloride of X.

o

(L FL VR
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" Originally compounds were given common names. In 1787, Guyton de Morveau introduced
the idea that the name of compound should both describe its composilion and suggest a
method of preparation, '

[ comimon name r modern name l
[ Glauber’ salts I sodium sulphate }
} Vitriol of Venus f copper(ll} suiphate ! -
LGreen vitriot 1 iron{II} sulphate J

(a) Describe a laboratory preparation of crystals of copper(Il) sulphate from sulphuric
acid.

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

{b} Sedium sulphate solution can be prepared from sulphuric acid and sodium hydroxida,

() Name the apparatus used and any additional chemical neaded for this
preparatior.

BPPEIAIUS oo ireetiere et e re e e s e e sree e fhae s e ec e e ae s are s e nreeres s eneres sanstenniaesis
adational CREMICA! ..ot ettt araesae e s e e e st ae et (3]

(i}  Why must a ditferen! experimental methed be used to the one that should be
used lo make copper(ll) suiphate?

Nt
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{(c) Insoluble salts are made by precipitation. An equation for the preparation of barium
suiphate is:
FeS0, + BaCl, -~ BaSO, + FeCl,

This reaction can be used in an experiment to find the value of x in the formula for
hydrated ircn{lI} sulphate crystals:

FeSO, .xH, O _

A known mass of the crysials of hydrated iron(Il} sulphate was dissolved in water.
Excess barium chioride sofution was added. The precipitate of barium sulphate was

filtered, washed and dried. Finally it was weighed.

Mass of hydrated iron(I]) sulphate crystals = 1.390g
Mass of barium sulphate formed =1.185¢

. Complete this calculation to find x.

(i) The mass of one mole of BaSO, is 233g.
How many moles of BaSO, were formed?

(ii) Calculate the mass of one mole of FeSO, . xH, O

{iv) The mass of one mole of FeSQO, is 152 g. Calculate x.

Fa
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The volume of one molo of any gas is 24 dm? at room temparature and pressure {r.t.p.)




=4
i

Candidate Name

Candidate
Centre Number Number

|

International General Certiflcate of Secondary Educatlon
UNIVERSITY OF CAMBRIDGE LOCAL EXAMINATIONS SYNDICATE

CHEMISTRY 0620/3

PAPER 3 _
Thursday 16 MAY 1996 Morning 1 hour 15 minutes

Candidates answer on the queslion paper,

Additional materials:
Mathematical tables

TIME 1 hour 15 minutes

INSTRUCTIONS TO CANDIDATES

rite your name, Centre number and candidate number in the spaces at the top of this page.

Answer all questions.
Write your answers in the spaces provided on the question paper.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets [ ] at the end of each gquestion or part question.

Mathematical tables are available.

You may use a calculator,
A copy of the Periodic Table is printed on page 12.

)

K
ER

|
|3 !

IFOR EXAMINER'S USE

—-4

: 5

TOTAL

This question paper consists of 12 printed pages.



T,

1

(a)

(b)

(c)

2

Thallium is a metal in Group liI of the Periodic Table.

Thallium has valencies of 1 and 3. The electron distribution of a thallium atom is
2,8, 18, 32, 18, 3.

(I} Predict the formulae of thallium(l} carbonate and of thallium(Iil) oxide. The
formula of the carbonate jon is CO42" and the formula of the oxide ien is 02",

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

thallium(I) carbonate

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

thallium(III) oxide

Thallium(11]) tluoride is an ionic compound. Draw a diagram that shows the
arrangement of the valency electrons in this compound.

(i7)

Use x to represent an electron from thalfium.
Use o to represent an electron from fluorine.

[3]

Like silver chioride, thaliium(l) chloride is sensitive to light. Suggest an explanation for
the following observations.

Thallium(l) chioride is a white solid. In dim light it slowly darkens but in bright light
rapidly goes black.

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

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

Thallium(l) hydroxide has similar chemical properties to sodium hydroxide.

() Given 0.1 mol/dm3 solutions of thallium(l} hydroxide and of ammonia, describe
how you could show that thallium(l) hydroxide is the stronger base.
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(i)

(i)

3

Complete the following word equation.

thallium({i) . AMMONIUM | oot .
hydroxide = chloride .
(2]

Suggest how you could prepare in the laboratory a sample of the soluble sait
thallium(i) sulphate from the soluble base thallium(l} hydroxide.

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

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

-----------------------------------------------------------------------------------------------------------------------------
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In 1916 Thomas Midgley discovered that a iead compound wouid improve the combustion

of fuel in petro! engines. This was the beginning of leaded petrol.

(a) Heptane is a constituent of petrol. Write the balanced equation for the compiete

combustion of heptane.
~ +

CHiyg  + O,
(2]

(b) The lead compound is made from chloroethane and an alioy of sodium and lead.
Chlorogthane is one of the chemicals manufactured from ethene.

(i) Ethene is made from the naphtha fraction (C; 1o C,, alkanes) which is cobtained

frorn petroleum.

What is the name of the process used to make ethena?

............................................................................................................................. [1]
What are the reaction Condilions? ... ettt enan
............................................................................................................................. [2]
Complete the following equation for this process B
C,Hys | - 2C,H; F e,
(1

Name the compound that reacts with ethene in an addition reaction to give

chloroethane.

{
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{(iii) Draw the structural formula of chlorcethane.

{1

{(c) Chlorogthane can also be made by a substitution reaction. What are Ih;feagents and
reaction conditions for this reaction?

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

reagents

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

conditions

(d) The lead compound used by Midgley can be represented by the formula Pb(C,H),, It
-contains 64% by mass of lead. 7

(i} Calculate the composition by mass of 100 g of Pb{C,H:), by the foliowing steps.

Mass of lead in 100 g of the compound = 64 g
Mass of (C,H;), in 10Gg of the compéund = g
(i) The number of moles of PG in 1005 of PH{C,Hs), = s
(ilfy The mass of one mole of C,H; = e g
(iv) The number of moles of C,H in 100 g of the compound= .............

(v) Themole ratio Pb: CoHsis o

(viy Thevalueofnis ..o,
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3 (a) Steelalloys can be coated with a thin tayer of artificial diamond. A mixture of hydrogen
and methane is passed over a healed filament. The methane decomposes to carbon

in the form of diamond which is deposited on the alloy.

(I) Describe how iron from the blast furnace is converted into steel.

%
............................................................................................................................. 3]
(i) Name a type of stee! and give one of its uses.
............................................................................................................................. [2]
_ (iii} Suggest an advantage of coating the alloy with diamond.
A 1]

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

(iv) The alloy has to be heated above 800 °C to ensure that all the carbon is
deposited as diamond. What other form of crystailine carbon might be deposited

at lower temperatures?

(v) Hf the mixture of hydrogen and methane diffused cut of a storags cylinder through
a smzll hole, the percentage of methane in the sterage cylinder would increase,

Explzin why.

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

(b) Aluminium alloys are used in spacecraft. They can be reinforced with silicon carbide
(SiC). These reinforced alloys are both strong and resistant to corrosion.

.

e
e
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(1) What property, other than those given, makes an aluminium alloy suitable for use
in spacecraft?

(iif} Silicon carbide has a macromolecular structure. Each atom in the structure is
strongly bonded to four other atoms. Predict three properties of silicon carbide.

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

------------------------------------------------------------------------------------------------
..................................
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Zinc was discovered in India in ancient times. Brass, an alloy of zinc, was used by the
Romans for coinage and ornaments. Another important use of zinc is to protect iron and

steel from rusting.
{a) (i) Name the other metal in brass.

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

(ii) At sea, oil rigs have bars of zinc bolted to their steel legs. Explain™how the zinc
reduces the rate at which the steel legs rust. :

steel oil rig

zinc on steel
legs below water

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

P T T Y T

--------

- {3]

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

......

(o) One method of extracting zinc is by electrolysis. Zinc ore is changed into agueous zinc
sulphate using sulphuric acid.

Complete the following description of the extraction of zinc.

The elecfro!yte is aqueous zinc sulphate and the cathode is made from

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

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

The equation for the reaction at the cathode is

e eeee e oot e et e et r oo e ee e 4]

-{¢) Sulphuric acid is made from sulphur dioxide, air and water.

(1} Write the equation for the reversible reaction thal makes sulphur trioxide from

suiphur dioxide.
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Ex.
(ii) Describe how concentrated sulphuric acid is made from sulphur trioxide.
...... peeeeceeearesseeseetessteniemeeteestteiteratearreateees e e enerteRe e R RS e LA hen e R e be s Ra st e e A e e e e rteraens
............................................................................................................................. (2]
(lif) Give one other large scale use of sulphuric acid.
revetreearnaatee e annenans creeressrensesninie s tesrasaaa e arneanes rrrerteesennsnsebrestnr st S {1}

(d} Both zinc oxide and zinc carbonate are white powders which are used in ointments,
Describe a chemical test that would distinguish between them. [
L{=2] S PR rerseararbusssgerasaraasearine resersnssessarbereenns reresteeriserss s ensbanrapaaaeres
result with zinc oxide ......cmvcerenn. veresvanraseraeretaase et rts e s near e rsares AT et et araes creerraereeaaeeas
result with zinc carbonate....eveeeneeen, et sentatet et et s et san s eearana s b s ran reesTeninne
................................................ feeireeieestesseeesteeseeesesatensitetseR bR as s aresn e ansar s senrbnseaars LD

!
?
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5 (a) In 1662, Robert Boyle wrote an article entitied ‘The Spring of Air'. This article

contained Boyle's Law which siates:

If the pressure of a gas is increased the volume of the gas becomes smaller (provided
the lemperature stays the same).

) . (i) Descnibe the arrangement and movement of the particles in a gas.

H g sy
L T e

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

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

(i) Why can an increase in pressure decrease the volume of a gas but hardly has
. any effect upon the volume of a liquid?

..................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------

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

(b} William Ramsay in 1834 showed that the atmosphere contained about 1% of the
Noble Gases; mainty argon but with traces of the other gases. :

Potassium and chiorine, which are next to argon in the Periodic Table, react violently
together but neither will react with argon.

(1) Explain why potassium and chiorine react together.

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

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

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

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

&2
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(c) In the fast decade, cars exhausts have been fitted with catalytic converlers to reduce

air pollution.
_ from exhaust
" engine of car
4 :
carbon monoxide, =
oxides of nitrogen,
hydrocarbons )
catalytic
converter
: Explain how a converter reduces the emission of pollutants.

L T L L L L L L LT L LT L Ly T T T T L rer Py

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

(d) The following is an extract from a newspaper report.

GLOBAL WARMING JUST A MYTH

The complete combustion of fossil fuels produces both a gas which could cause global
warnning and rinute cry'stals of suiphates. High up in atmosphere these white crystals

reflect sunlight and cause global cooling.

(T} Name the gas that could cause global warming.

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

(i) Suggest how sulphate ions could be formed by the combustion of a fossil fuel,
such as coal.

L X T T T T T R LT T LT T Oy T Pl P
----------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................
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1 Cadmium was first isolated by Stromeyer in Sweden. Recently laws have been passed in
Europe restricting the uses of cadmium and its compounds, because they are very

poisonous. °
Zinc ores usually contain cadmium compounds.

{a) The reduction of the oxides obtained from the ore produces a mixture of the two metals.
This mixture can be separated into the pure metals by fractional distiflation.

Pty

(1} How is the ore, zinc blende, changed into zinc oxide?

.............................................................................................................................. (2]
(i) Write a balanced équation for the reduction of zinc oxide by carbon.
e .. f1]
{ll) Why is fractiona! distillation able to separate zinc from cadmium? -
1

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

(b) A cadmium/aluminium alloy is used to absorb neutrons in nuclear reactors. The isotope
of a different element is used as a fuel in nuclear reactors.

(i) Nams the isotope used as a fuel and give its symbol, including nucleon number,

-[2]

D L T T T PP P R IR PR R

(1) ! one atom of cadmium ’jf;Cd absorbs one neutron, what is the nucleon number
and proton number cf the atom formed?

nuclecn NUMBeriS .oovveccceeeeeeeeeenns

ol ol g I gt ¥ i vt ey g OO OO OOV
(2]

(¢) Cadmium compounds are used as catalysts in the manufacture of the polymer
poly(chloroethene). Draw the structure of this polymer. The structure of the monomer is

given below,

[ SsMILST ¢ . ..
So

5z
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(d) Cadmium hydroxide, a white solid, is basic; zinc hydroxide is. amphoteric. Describe
what would be seen if an excess of aqueous sodium hydroxide is gradually added to:

(i) aqueous cadmium sulphate,

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

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

(e} Cadmium sulphide (CdS) is a brilliant yellow pigment. It is insoluble in water. Destribe

the preparation of cadmium sulphide from the soluble saits, cadmium sulphate and
sodium sulphide. ;

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

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

8-
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For many years domestic rubblsh has been disposed of In landfill sites. These sites produce

a mixture of gases called landfill gas, which contains methane and carbon dioxide. Landfill
gas is formed in three stages.

pipes to

decomposing
rubbish / collect gas

““““

7 Z
Filg. N1

{(a) Inthe first stage, natural macromolecules are broken down by hydrolysis.

{1} Complete the following:

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

Proteins hydrolyse to

Carbohydrates hydrolySe 10 s ss s sensanaas (2]
(I} What type of linkage in fats is broken by hydrolysis? -

.............................................................................................................................. {1
(i} What synthetic macromolecule contains this type of linkage?

.............................................................................................................................. (1]
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{b) In the second stage, the chemicals formed by hydrolysis decompose even further to

(©)

(d)

form a mixture that contains methanoic acid, ethanoic acid, propanoic acid and
alcohols.

(I} Give the structure and name of the next organic acid in the series.
Structure

2]

(it} Methanoic acid is a reducing agent, but ethanoic acid is not. Describe how
acidified potassium manganate(VII) could be used to distinguish between them.

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

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

in the final stage, bacteria decompose these molecules to form carbon dioxide and
methane.

Construct the balanced equation for the decomposition of ethanoic acid to form
methane and carbon dioxide.
2]

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

Suggest two advantages, economic or environmental, of making landfil gas from
rubbish.

.........................................................................................................................................
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Some students wers investigating the rate of the reaction betwaen sodium thiosulphate and f
hydrochloric acid.

Nazszos(aq) + 2HClagq) —— 2NaCl(aq) + SO,(g) + S(s) + H,0(l)
A beaker containing 50cm? of 0.2 mol/dm? sodium thiosulphate solution was placed on fop
of a black cross. Then 5cm?® of 2 mol/dm® hydrochioric acid was added and the clock
started. )

look down at
X on paper

sodium
thiosulphate
and acid

soiution
from clear to

cloudy
T
If ~ X on paper
|
|
!

view looking
down

e e

paper

-——

Fig. N2

Al first the cross could be seen clearly. When the solution became cloudy and the cross
was no longer visible, the clock was stopped and the time recorded. -

(a8) Why did the solution go cloudy?

.....................................................................................................................................
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T

{b) 50cm?3 of 0.2 mol/dm? sodium thiosulphate sofution contains 0.01 moles of Na,S,0;.

5cm? of 2.0 mol/dm?® hydrochloric acid contained 0.01 motes of HCL

{I) Explain how to calculate the number of moles of HCL in 5¢m? of 2.0 mol/dm?
hydrochloric acid.

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

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

{li) Use the equation to work out which reagent, sodium thiosulphate or hydrochloric
acid, is used up completely,

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

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

(ill} What is the maximum volume of sulphur dioxide, measured at room temperature
and pressure, that could be obtained in this experiment?

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

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

(¢) The experiment was repaated with 25 cm® of 0.2 mo/dm? sodium thiosulphate solution
and 25cm?® of water. Then 5cm® of 2 mol/dm® hydrechioric acid was .added and the
time taken for the cross to ‘disappear’ was measured. Typical resulls are given in the

table.

expariment A B
volume of sodium thiosulphate/cm3 50 25
volume of water/cm? 0 25
total volume/cm3 55 58
time/s 28 56

() Inwhich experiment, A or B, was the rate of reaction faster?

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

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

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

Q1

0683 e Turn over



8 For
Examin
Use

(d) The Jdea of collisions between reacting particles is used 10 explain changes in reaction
rate, Use this idea to explain the following reuits.

| volume of sodium thiosulphate/cm? 30 30
volume of water/cm3 20 20
temperature/°C 23 40 -
time/s 55 24

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

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

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

(e} The reaction between scdium thiosulphate and hydrochloric acid produced small
amounts of sulphur dioxide. -

() How is this gas made on a large scale?

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

......

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

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

4 Michael Faraday made important discoveries in both Chemisiry and Physics.

In 1820 he determined the structure of a number of important organic compounds.

(a)
{i) The hydrocarbon benzene has an empirical formula CH and its relative molecular
mass is 78. What is its molecular formula?

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

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

[L e
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He discovered a compound that had the molecular formula C,Hg. It reacted with

0 bromine water. Suggest a name and structural formula for the compound.

1 st s S era e Aot AR R A e eee e ener e
‘ ................................................................................................................ S— (3]
o (i} Faraday prepared compounds called sulphonic acids which are stronger acids

than carboxylic acids. Describe how you could show that they are stronger.

L s [3]
w ) (b) In 1830 he studied reactions between gases that are catalysed by solids. Ammonié is
produced in this way.
{iy Complete the following for the manufacture of ammonia.
TEECHNG JASES ceeerececermmrerisrnraesrsessrernisrs s nssssans ssssrmssaesssssaresssrrssassnarsnessasensssmsenss {2]
EUUBHOM coerseveeeeecceireaeceesnersresasesosssusessacmsoansseanmsesesssas sss b s assssstasessssnnrentnstn [2)
(o= 1= 1 USROS OO UOYNUUUUORSPRUR 1
{ii} State two uses of ammonia.
.............................................................................................................................. {2]
(¢} Faraday studied electrolysis. Electrolysis is used to extract aluminium.
4 (i) Name the main ore of aluminium.
......................................................................................... SRS
(1) The electrolyte used in this extraction contains two aluminium compounds. Name
these two compounds.
.............................................................................................................................. (2]

D)"Y
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Rubidium has similar properties to sodium and potassium. Rubidium is used in photocells.

{a) Rubidium was first isolated by R Bunsen in 1861 by heating rubidium chloride with

calcium. Label on the equation below:

the change which is oxidation
the change which is reduction
the chemical which is the oxidising agent.

Ca + 2Rb — Ca’'

+ 2Rb

(b) Photocells change light energy into electrical energy.

{1} Name a process that changes light energy into chemical energy.

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

(3]

rrssrveraves

B L T L LT T P PR PR

{c) Aqueous rubidium chioride can be electrolysed using carbon electrodes. Name the

products of this electrolysis:

(I} product at negative leCtrOde e s snes

{li) product at positive EIECIIOAE .....cc.ireircrerrcrrirsi ittt ssenaes
. [2]
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(d) The next element to rubidium in the Periodic Table is strontium. Strontium is simiar to

calcium. The rubidium ion is Rb* and the strontium ion is Sr2*. Because these ions
have different charges, ionic compounds of rubidium and strontium behave differently

when heated.

() Explain why rubidium and strontium form ions that have different charges.

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

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

() The hydroxides of rubidium and strontium are heated. If the compound
decomposes, complete the word equation, otherwise write “no reaction.”

rUbIdiUm Ny droXide ——m..ciciie s s e

SLrONHUM NYQrOXidE —— sttt tcssns s s e s renebasn e asan 2}

(1) Construct balanced equations for the decomposition of the nitrates of these two
matals,

QAT e
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A newspaper headline said:

FBl supports poison theory on Napoleon

Napoleon died in 1821 under mysterious circumstances. The articie explained that the
analysis of samples of his hair showed levels of arsenic compounds that were consistent
with arsenic poisoning. The poisoning could have been deliberate or accidental.

——

(a) Hair is a natural protein. As the first step in the analysis, the hair was hydrolysed to
release the arsenic compounds. '

(i) Name a reagent which could have been used to hydrolyse the protein.

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

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

(b) If the poisoning was deliberate, arsenic(Ill) oxide was probably used,

(I} The empirical formula of this oxide is As,O;. Its relative molecular mass is 398.
What is its malecular formula?

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

(fi) One mole of As,O, reacts with one mole of axygen molecules to form cne mole of
a different oxide of arsenic, What is the formula of this oxide?

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

(iii) A 0.1 mol/dm?® solution of arsenic(lll) oxide has a pH of 5. An excess of this
solution was added {o acidified potassium manganate{VI) solution, which

changed from pink to colourless.

Give two deductions about the chemistry of arsenic{Ill) oxide that can be made
from the above information.

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




3
(c) The poisoning could have been accidental. A bright green compound copper(ll)
arsenate(lll) was used to decorate walls. Micro-organisms can act on this pigment to
produce the poisonous gas arsine, AsH,.
(iy The formula of the arsenate(lI) ion is AsO,>. Write the ionic equation for the
reaction:
copper(ll) ions + arsenate(lll) ions — copper(Il) arsenérte.(.l_l-f) B
............................................................................................................................... [2]
(ii) Draw a diagram showing the arrangement of the valency electrons in a molecule of
the covalent compound arsine, AsH,,
Use o to represent an eleclron from arsenic
Use x to represent an electron from hydrogen
[3]
(d) Anocther volatile arsenic compound has the composition by mass:
arsenic 62.5%
carbon 30.0%
hydrogen 7.5%
Calculate the empirical formula of this compound.
...................................................................................................................................... [3]
99
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A cell changes chemical energy into electrical energy and heat energy. Two types of cell are
simple cells and fuel cells.

(a) s the reaction occurring in a cell endothermic or exothermic? Explain your answer,

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

{b) A simple cell contains two metaflic electrodes in an electrolyte. The more reactive metal

loses electrons and goes into solution as ions. The electrons move to the less reactive
metal where a gas is formed.

voltmeter

. zinc
iron slectrode

electrode

dilute sulphuric

- ) acid

(i) Which is the more reactive metal in the cell?

{ii) Name the gas.

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

(itf) Would the voltage of the cell increase, decrease or stay the same if the iron
electrode was replaced by a copper electrode? Explain your answer.

100
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(c) In 1839 the first fuel cell was made by a Welsh lawyer, W. Grove. Hydrogen and oxygen
react in the cell to produce electrical energy and water. The diagram below shows a

modern fuel cell,

fuel hydrogen

~ (Hy)

oxidant
oxygen (O,)

reaction 1 hydrogen molecules change into
hydrogen ions and electrons

reaction 2 oxygen molecules combine with
electrons to form oxide ions

reaction 3. hydrogen ions and oxide fons
form water
2H*+ O 5 H,0

(i) Balance the equation for reaction 2.

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

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

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

OEa) 5597
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(e) The cell also needs hydrogen. This can be made by the catalytic decomposition of
alkanes.

(1) Explain the term alkane. -

(i) Calculate the volume of hydrogen, measured at r.t.p., that could be obtained by
. cracking 5 moles of the hydrocarbon CH,,.

CgH,y = CgHg+ 4H,

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

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

Around 1810, Sir Humphrey Davy was involved in the discovery and naming of eight
elemnents. Four of which were:

potassium,

magnesium,

boron,

chlorine. .

(a) He used- electrolysis to extract reactive metals. Potassium was obtained by the
electrolysis of molten potassium chloride.

(i) Potassium chioride is an ionic salt. Why was molten potassium chloride used
rather than the solid salt?

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

(i) What would have been the products if an aqueous solution of potassium chloride
had been electrolysed?

{b) Reactive metals were used to extract the non-metal boron. Boron oxide was heated
with magnesium to give a mixture of solids.

aMg + B,0, — 2B + 3MgO

This mixture could contain magnesium, boron, boron oxide and magnesium oxide.
Boron oxide is acidic and magnesium oxide is basic,

Q20 597 ] (32
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The first step in separating boron from the mixture was to add excess hydrochloric acid.
(i) What type of chemical reaction is the change from beron oxide to boron?
............................................................................................................................... [1)
(i) Name the two chemicals in the mixture that wouid react with hydrochloric acid.
............................................................................................................................... [2]
(iif) Name the salt formed when the acid was added to the mixture.
............................................................................................................................... (1]
(iv) . How could the unreacted solids be separated from the solution of the salt?
............................................................................................................................... 1]
{c) Boron has a macromolecular structure.
() Name another element that has this type of structure.
............................................................................................................................... f1]
(i) Predict two physical properties of boron.
............................................................................................................................... 2]
(d) Give an explanation, in terms of electronic structures, for each of the f{ollowing
statements.
{f) Potassium and chlorine both have a valency of one.
.............................................................................................................................. [3]
{li) Potassium and rubidium have similar properties.
............................................................................................................................... {2
103
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.4 In Incfia, Oil of Neem is extracted from plant material. This vegetable oil is an imporrtrant f_aiw
material. Soap and other detergents are among the many products that can be made from it.

{a) Planls need energy to make vegetable oils. The sugar, glucose, is made by
photosynthesis and polymerises to form more complex carbohydrates. These are

stored in the plant as a source of energy.
Describe the formation of a complex carbohydrate from a sugar. The sugar can
represented as

HO — —— OH

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

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

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

(b) OQil of Neem contains a number of different organic groups, Including a double bond.

() Describe a test to show that the oil contains a double bond.

sangs P L T T T T P P Y PP PR YT Y

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

(i) The ofl can be hydrolysed to a soap. Name a reagent used for this hydrolysis and
identify an organic group that can be hydrolysed to a soap.

reagent used .......cocceeeerenieeenecacnnenne ereeeesstessesseressestessseseTsreesatianate nesas e s anssrnnnress [

OFQANIC QIOUD ceeeerireeirerieiaissasenesssssasssssssssastsrssantsrassstsessssasaransassensanansmsnsnnasesnssassssens [1}

(i) A different organic group in the oil can easily be oxidised by potassium
dichromate{VI) to a carboxylic acid group.

Name an organic compound that is oxidised by potassium dichromate(VI). Give
the name and structural formula of the carboxylic acid formed.

OFJANIC COMPOUNG ...eeeeiiriicererceaeerensrsssssnansssssssnsssnsasesntavassrsssaras sasarnsasassasssrenansesss 1}
name of the carboxylic acid formed ... viiim et 1]

structural formula of this acid

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

2 597 ll'4
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(c} Sulphuric acid is a strong acid and the carboxylic acid made by the oxidation of Oil of
Neem Is a weak acid. Both acids wiil react with magnesium carbonate.

(I) Describe what you would see when solid magnes:um carbonate is added to an

aqueous solution of-eitheracid.- — -

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

(ii)) Aqueous solutions of the two acids, with the same concentration, react at different
rates with the solid carbonate. Suggest a reason why they react at different rates.

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

10s
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-5 Sodium chiorate(l), NaC!O, decomposes to form sodium chloride and oxygen.

(a) 50cm? of 0.1 moldm? sodium chlorate(l) solution was placed in the flask. A catalyst
was added and the volume of oxygen collected was measured every minute.

20 -- 40 -- 60 80

NN

:‘:‘:‘:‘:‘:‘:‘:":‘:‘.. ' sodium chiorate(I) solution

The results were plotted to give a graph.

volume of
oxygen *

o}

t.me
o2 5353

106
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(i) At the end of the experiment how could you show that the solution in the flask
contained the chloride ion?

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

(ii} The rate of reaction is measured by the slope of the graph. Honlaé?ihé:gte of
reaction change during the experiment?

(iii) Why does the rate of reaction change during the experiment?

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

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

(iv) The experiment was repeated using 50cm?® of 0.2moVdm3 sodium chlorate(I)
solution. All the other variables remained the same. The results from this

experiment gave a different graph. Sketch this graph on the grid above and label it
X. 2]

(b) Sodium chlorate{l} is an oxidising agent. When it is acidified, chlorine is produced.
Describe what would you see when aqueous potassium iodide is oxidised by sodium

chiorate(I).

L L L e L L L]

(c)} To show that sodium chlorate(I) can-oxidise iron(lI) ions to iron(Ill) ions, it is necessary
to identify which of these ions is present.

Fe2* - Fe¥t+e

_(i) Name a reagent that can be used to test for both iron(II) and iron(1lI) ions.

............................................................................................................................... (1]
(i) State the result of the above test on iron(Il) ions.
................................................................................................................................ (2
(ii) State the result of the same test on iron{ill} ions.
............................................................................................................................... 1
1G7
[T
L [
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(d) Under certain conditions, a solution of sodium chlorate(l) will give off a mixture of

oxygen (O,) and chlorine (CL). This mixture of gases can be partially separated by
diffusion using the apparatus illustrated below.

criginal mixture of
oxygen and.chlofine..—__

, this mixture contains
a higher percentage of
oxygen
T ' R

e

porous tube

this mixture contains
a higher percentage of
chiorine

Explain why the percentages have changed.

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

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

----------------------------------------------------------------------------------
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(a) Tin has been used for over three thousand years. Bronze, a copperftin alioy, has been
used for even longer.

({} Name another alloy that contains copper.

oot mantme st e s R ) B
(i) Suggest a reason why bronze might be used instead of pure copper.
.............................................................................................................................. [1]
{b) The position of tin in the reactivity series is:
iron
fin
copper

(I) The main ore of tin is tin{fV) oxide, 'SnOZ. By writing a word equation, suagest how
this ore could be reduced to tin.

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

(i) For each of the following decide if a reaction would occur. If there is a reaction,
complete the equation, otherwise write 'no reaction'.

oooooooooooo

(c) Aqueous tin(II} sulphate is electrolysed using carbon electrodes. This electrolysis is
similar to that of copper(Il) sulphate using carbon electrodes.

() Whatis the product at the negative electrode?

.............................................................................................................................. [1]
(1) Write the equation for the reaction at the positive electrode.

.............................................................................................................................. [2]
(itf) Name the acid which is formed during the electrolysis.

.............................................................................................................................. {11
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(d} The element tin can exist in two different solid forms. Grey tin has a diamond type
structure and white tin has a mstallic structure. '

(I What type of chemical bond, ionic, covalent or metallic, is present in grey tin?

................... e T )|
(Ii) Describe how the carbon atoms are arranged in diamond.
.............................................................................................................................. [2]
(lif) Describe a typical metallic structure.
.............................................................................................................................. [3]
(iv) Which salid form of tin would be the better conductor of electricity?
Explain your answer.
...................................................................................... 2]
11
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2 A reaction in photography is the reduction of silver(I) ions. Film is coated with particles of
silver(I) bromide or iodide.
(a) (i) What effect does light have on the rate of reduction of silver(l) ions?
.............................................................................................................................. [2]
(ii) Write an ionic equation for the reduction of silver(l) ions.
e 2]
(b} The exposed film has to be processed. The first chemical reaction in processing is the
development of the film. 1t is ptaced in a solution of a developer which reacts with the
particles of silver(l) iodide. The following information was supplied with the developer.
temperature time needed
of developer/°C to develop the
film/s
38 200
37 220
36 250
35 - 280
(i) Estimate the time needed to develop a film at 34 °C.
............................................................................................... (11
(ii) Explain why more time is needed to develop the film at lower temperatures.
.............................................................................................................................. [2]
(ili) Would the time needed for development increase, decrease or stay the same if a
more concentrated solution of the developer was used at the same temperature?
Explain your answer.
.............................................................................................................................. 2}
(iv) Explain why a smalier particie size of the silver{l} iodide shortens the time needed
for development.
............................................................................................................................ [2]
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The disposal of plastic waste presents problems. The waste usually contains a number of |
different polymers which are difficult to separate. The best way of disposing of plastic waste
is to make useful products from it by recycling.

113
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(b) Plastic waste could contain a mixture of addition and condensation polymers.

(i) For the: following addition polymer, deduce the structure and the name of the

monomer.
g CH_3...._ —— 7C 3_.—- e —— _ ——— [ S
—C—CH;—C—CH;—
H H
PYEAIMI eeeertcverssssrntnsenaseeesussnsesessanensrinssssssstbeses sesanemansassonnnsenreesronnssssnssnsssssesssteesssssanmnns
structure

[2]

(i) A condensation polymer can be formed from the monomers NH,(CH,),NH, and
HOOC(CH,),CCOH. Draw the structure of this polymer.

(2]
(c) The first stage in recycling is to meft the plastic waste. If the plastic contains chiorine,

hydrogen chloride is formed, which can be oxidised back to chiorine. Chlorine reacts
with methane to give two useful products chloromethane and dichloromethane.

(1) What are the conditions for the reaction between methane and chiorine?

.............................................................................................................................. [1]
(il) Draw the structure of:
chloromethane,
dichloromethane.
[14
(2]
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(d) Inthe second stage, the plastic is heated to a higher temperature and it decomposes to
a mixture that contains ethene, propene and naphtha. Naphtha is a mixture of liquid

alkanes.

M Sugge.:st the name of the technique used to separate mixtures of liquid alkanes.

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

{I) The alkanes in naphtha can be cracked. Construct an equation for the cracking of
decane, C, H,,.

CugHap ™ coorerromsmesmssmmssasesssasssnnsiesssssesasessssssesssssesssssssssssssessecssssssosssenssensssessssssss 21
(e) Alkenes are used to make a range of important organic chemicals.
() Name the product of the reaction between butene and steam.

3

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

(i) Write an equation and name the product of the reaction betweén propene and
bromine,

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

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

1is
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4 The elsment cerium was discovered in Sweden in 1803 by Berzelius. Its symbol is Ce and
its proton numbver is 58. It resembles calcium In terms of reactivity and general chemical
properties. There are also similarities with alumlnlum both have a valency of three and the
same method is used to extract bothmetals. - —

{(a) Complete the following for an atom of cerium, nucleon number is 140,
One atom of cerium contains

58 protons ... neutrons and ... electrons

(2]
{b) Cerium has valencles of 3 and 4 but alumninium just has a valency of 3 in its
compounds.
(1) Give the electronic structure of an atom of aluminium.
Gebbraetldtdidulgpnravncaraschddsoniigrarasrisvracnandbbbnneniontdi ke *eEsaNpannns e asEaErar st eirrtararsrantettiitsarerans [1]
(i) Use your answer to (i) to explaln why aluminium has only one valency in Its
compounds.
........................................................................................ vesersesnnae2]

{c) Aluminium Is extracted from aluminium oxide by electrolysis. An identical method is
used o extract cerium from cerium oxide.

() What material are the electrodes made from in these extractions?
............ retetesusresnsrereass R TR LSLaTtr R e e e e st evarear e rassatvrssnassrmssnstarassonasasnrasassenasersnsrea[ 1]

(I} Atwhich electrode Is moiten cerlum formed?

(d) Cerlum and aluminium are both reactive metals. Cerium burns easlly when it is heated
in air, Explain why aluminium is more difficuit to burn In alir,

..................................................................................................................................... [1]
(e) Cerium is very similar to calcium. Complete the following word equations.
(I) Cerium reacts violently with cold water.
CEHUM + WALBT = ..oieiiicniciriisniriisiniennissssssssesiins F s e
() Cerium nitrate decomposes when heated.
Corium NItrate — ... Forn F evrrereenssarars e
(5]
116
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(f) 4.2g of cerium reacted with oxygen to form 5.16 g of an oxide of cerium. Complete the

following to determine the formula of this oxide.

Number of moles of cerium atoms used

Mass of oxygen that reacted

Number of moles of oxygen atoms in oxide '

Ratio by moles of cerium atoms to oxygen atoms

Formula of this oxide of cerium is

0TS WeT

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

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

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

[4]

17
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The table gives information about the exhaust emissions of cars.

5
petrol car petrol car diesel car diesel car
pollutant no catalytic calalytic no catalytic catalytic

. . converter | converter converter converter
hitrogen oxides (NO,) 300 X XX xx
carbon monoxide 200X XX XX X
hydrocarbons 200¢ xx XX X
particulates XX X X0 XX
carbon dioxide XX e X xx

Key:

highest emissions 2000¢ intermediate XX lowest emissions X

© The Telegraph, pic, London, 1994,

(a) (i) Particulates are very small particles of a black solid. Suggest the name of this
black solid.

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

(i) Explain how the oxides of nitrogen are formed in car engines.

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

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

(i} Why does the catalytic converter increase the emission of carbon dioxide but
decrease the emission of the other pollutants?

L T T e R e R L L e L E L L)

-----------------------------------------------------------------------------------------------------------------------
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(b} The oxides of nitrogen are one cause of acid rain. Acid rain increases the rate of rusting
of steel.

M

{t)

Name and describe the source of the other gas that causes acid rain.

NAME Of GBS .ovveeiiiiiiic ittt b s e et (1]
SOUMCE Of GBS 1oueeiiecet et et e s sre ey et s r e et [2]
Explain why the rate at which steel rusts is lessened by ‘sacrificial protection’,

besabinubribsitlandbaanEn S ESRINESNSIS TSRS ERIRIpaRS '"""".“"""'"."""-""""“""; ----------------------------- [2]

(c) Carbon dioxide is formed by the complete combustion of carbon-containing
compounds. Another reaction that produces carbon dioxide is fermentation.

{{} Complete the following equation for the fermentation of glucose.
CeHi20p = oot YOS [2)
() Give the conditions for this reaction.
............................................................................................... [1]
{d) Ozone is a serious air poliutant. It is formed by the following reaction.
NO, + 0, =0, + NO
() Whattype of reaction is this?
[1]

(9

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

Predict the effect upbn the concentration of ozone of increasing emissions of
nitrogen monoxide, NO.

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

D07 Wt
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The scientific study of ancient bronzes and their corrosion products was started in 1779 by
M. Sage in France and has continued until the present time.

bronze vase

ATTACKED BY. ..

coated with
oxygen, water, corrosion products
carbon dioxide

and salt

Fig. J1

The following table gives information about some of the chemicals formed when bronzes
corrode. '

product formula mass of molelg % of copper
A Cu,0 144 88.9
B CuCO,4.Cu(OH]}, 222 57.7
c Cu{OH),.2CuCO, 346 §5.5
D Cu,(OH),Cl

(a) (i) Complete the table. [2]
(i) Describe how you could show that product B contained carbonate jons.

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

(iif) Product D was dissolved in an excess of dilute nitric acid. How could you show that
the solution formed contained chloride ions?

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

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

D253 50¢
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(b} Each of corrosion products A, B and C can be reduced to copper by heating in
hydrogen.

(i) Name another reagent that could reduce them to copper.

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

(c) The following test can be used to show that an alloy contains copper.

A small sample of the alloy is dissolved in nitric acid. This solution is tested for the
presence of copper(Il}) ions by the addition of aqueous ammonia.

(i) Describe the result of this test.

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

............................................................................................................................... (3]
(iiy Name an alloy, other than bronze, that would give a positive result to this test.
............................................................................................................................... {1)
{d} Copper and its alloys are malleable. Why are metals malleabls?
...................................................................................................................................... {2]
122
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Chlorine and sodium hydroxide are made by the electrolysis of concentrated aqueous
sodium chloride. A recent economic survey predicted the percentage change in demand for
these chemicals during the next ten years.

industry percentage change | percentage change
for sodium hydroxide | for chlorine -
wood pulp +2.2 27
poly(chioroethene) not used +4.0
extraction of aluminium | +1.5 not used
other industries +2.0 +2.4

(a) (i) Name a chemical, other than chloring, that is used to bleach wood pulp.

............................................................................................................................... (1]
(i) Why is chlorine used in the treatment of water?
............................................................................................................................... (1
(i) Sodium hydroxide is used to hydrolyse fats. What useful product is made by this
reaction?
............................................................................................................................... {1]
(iv) Chlorine is used to make chloroethene which has the structure shown below.
" \C =C "
H ~ci
Fig. J2
Draw the structure of the polymer poly(chloroethene).
(2]




5
(b} Concentrated aqueous sodium chloride contains the following ions.
Na*, H' OH", Cr

Itis electrolysed to make chlorine and sodium hydroxides.

For
Examina
Use

(i) Name the product formed at the cathode. - - S N

(if) Write an equation for the formation of chiorine molecules at the anode.

..... ...uo...o--.nu-..uu....."-----.----...---u-.--..-.u.-.-.-..---..--.-....n...--..uoo...-u.......................[2]

(iif} Explain how a solution of sodium hydroxide is formed.

................. eesmaees e saee s ea e e s st sremaneteasts s rerssransassesasnssnsssasssnessaseseesnns] 1]

(c) Bauxite, the major ore of aluminium, is impure aluminium oxide. From this ore, pure
aluminium oxide is obtained. This is electrolysed in molten cryolite and aluminium is

formed at the cathode.

(i) An impurity in bauxite is the basic oxide, Fe,O,. Suggest why the addition of
aqueous sodium hydroxide separates this basic oxide from the amphoteric oxide,

ALO,.

................................................................................................... VRO < |

(i) Name two products formed at the anode during the electrolysis of molten
afuminium oxide.

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

(iify Aluminium is a reactive metal, yet foods that are acidic are safely supplied in
aluminium containers. Explain why the acid in the food does not attack the metal.

food that is acidic

aluminium container

25T E58
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(a) Ethanol can be made by the fermentation of glucose. Yeast is added to an aqueous
solution of glucose. Carbon dioxide is given off and, after a while, the solution becomes

warm because the reaction is exothermic.

CgH,,04(aq) ~— 2C,H,OH(aq) + 2C0,(q)

i
\ rate decreases
rate
of . o
reaction rate increases rapidly

reaction starts slowly

Y

time
Fig. J4

(i} Suggest a method of measuring the rate of this reaction.

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

............................................................................................................................... {2)
fii) Suggest a reason why the reaction rate increases initially.
............................................................................................................................... [1}
(iii) Suggest a reason why the reaction rate eventually decreases.
............................................................................................................................... (2]
12

‘h

Ex




7

(b) Micro-organisms, different to those produced by yeast, changé glucose into lactic acid.
When lactic acid is heated, it decomposes to form acrylic acid and one other product,
The structural formulae of these acids are shown below.

H H
| o H H
PG -Ny — e =1 O U
H—C—C C\ = ~ //0
| | O—H . H c_
H O—H O—H
lactic acid acrylic acid
Fig. J5
(i) Give the empirical formula of lactic acid.
............................................................................................................................... [1]
(i) Complete the word equation
lactic acid— acrylicacid + ....c..ccevveeeeees - 1]
(iii) Describe a test that would distinguish between these two acids.
TEST ittt st et et e ettt s s e e r s e s e s ees e e ea s s e R s areTT e ram TR s aearatree ast sasranssnnnns
=T 7 | O PO O OO RS
..................................................................................................... [3]
(iv) Other than using an indicator, describe a test that would show that both of these
chemicals contain an acid group.
............................................................................................................................... [2]
) Suggest the name of the chemical that reacts with acrylic acid to form the ester
ethyl acrylate.
............................................................................................................................... (1]

126
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(c) Organic chemicals are made from petroleum as well as from natural materials such as

glucose. The following steps are needed to make propanol from petrofeum:
step 1 petroleum is cracked to make the suitable alkene;
step 2  this alkene reacts with steam to form propanol.

(i} Name the ‘suitable alkene’.

............................................................................................................................... [1]
(ii) Give the structural formula of propanol.
(1]
(ill) What type of reaction takes place between the alkens and steam?
............................................................................................................................... [1]

4  Sulphuric acid is arrimportant chemical both industrially and in the laboratory.

(@)

(b)

In the 18th century, sulphuric acid was manufactured by bumning a mixture of sulphur
and potassium nitrate. The mixture of gases formed was reacted with water. The
sulphuric acid produced by this method was impure and expensive.

(i) The impure sulphuric acid contained another acid. Suggest the name of this acid.

in 1831, Philips, an English vinegar maker, invented the Contact Process. It made pure,
concentrated sulphuric acid cheaply. All of the worldwide production of 150 million
tonnes per annum is made by this process.

S + O, — S0,

280, + O = 280,

SO, + H,0 — H,SO,

(i) Why is the .Contact Process preferred to the older method of making sulphuric.

acid?

36201 698 1
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" (i) Sulphur dioxide is made by buming sulphur. Name a source of the element
sulphur.

(iify Name the calalyst used for the reaction between sulphur dioxide and oxygen.

(iv) What would be the effect of decreasing the temperature on the position of
equilibrium in the reversible reaction between sulphur dioxide and oxygen? The

forward reaction is exothermic.

(v) In the older process, sulphur trioxide was reacted directly with water. Describe how
.the sulphur trioxide is changed into sulphuric acid in the Contact Process.

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

............................................................................................................................... [2j
(vi) State two large-scale uses of sulphuric acid.

USE T soritttsisascssinmttsisararcminsasssrasatasesrssnsnssscs sanersstnensansnrassrsssnassatobetsssonabindntassannnnsnnnen

USE 2 oo secearcisasosacsetesamrasasaesasarmtssansnsasetesa et sarata s st r e be S s s em s rat s tea St s e s ntnsn et asers {2}

(c) Copper(ll} sulphate-5-water was prepared by the following reactions.
Cu0 + H,80, -— CuSO, + H,0
CusO, + 5H,0 -—— CuS0,5H0

fn an experiment, 25 cm? of 2.0 mol/dm? sulphuric acid was neutralised with an excess
of copper(ll} oxide. The yield of crystals, CuSO.5H,0, was 7.3g. Complete the

following to calculate the percentage yield.

() Nurnber of moles of H,S0, in 25 cm3 of 2.0 moldm? SOILON «...oevovvevvrerrreniennae,
(i) Maximum number of moles of CuS0O,.5H,0 that could be formed ...

(ili) Maximum mass of crystals, CuS0,.5H,0, that could be formed ... g
[The mass of one mole of CuS0O,.5H,0i5 250 ¢.)

(iv) Percentage Yield ... s

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

o Lue 128
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The non-metals in Group Vil are called the halogens.

(a) The table below gives some information about four of the halogens.

hnames' symbol appearance electron distribution
fluorine R S & IR I~ S SN I
chlorine Cl yellow-greengas §2,8,7
bromine Br brown liquid 2,8,18,7
iodine I black solid bt

(i} Predict the appearance of fluorine at room temperature.

(i} Give one way in which the electron distribution of iodine is the same as that of
bromine and one way in which it is different.

(b) Bromine was first isolated from salt deposits in 1826 by the Frenchman A. J. Balard.
Nowadays, chlorine is bubbled through seawater after its pH has been adjusted to 3.5.
The equation for this redox reaction is given below.

CL + 28r‘ — 2CI™ + Br2

(i) Describe how you could adjust the pH of a small sample of seawater to
approximately 3.5.

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

............................................................................................................................... 1
(i) Explain why the equation above is an example of a redox reaction.
............................................................................................................................... [2]
2207 598 120
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(c) Chlorine reacts with other elements to form chlorides.

chloride | formula of type | melting point!°C | electrical conductivity
of liquid chioride
L XeL 770 high
B YCL 782 moderately high _
ZCl, -23 zero

(M

(ii)

Which of the chiorides A, B or C is covalent? Give an explanation for your answer.

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

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

............................................................................................................................... [3]
Suggest an identity for element Xin chloride A and for element Zin chloride C.

EIEMENE X COUIT DO ....eeeeeeeeeeeceescvatre st raenet st isesssssssssassensnssarssssnsserssnnmans e ssassessaraas .
EIEMENE Z COUIT BE  ooneverereeeeeeeeeeereiereetees et ve s e et veann e sassassesreassansseassssessaessesannnsnns 2]

(d) Give a diagram to show the arrangement of the ‘outer shell’ electrons in one molecule of
the covalent chloride phosphorus trichloride.

Use x to represent an electron from a phosphorus atom.
Use o to represent an electron from a chlorine atom.

(3]

Cepy ngnt Acknowledgements:

Ceshzn 2 © Chemsty 1 Entain {The Royal Society of Chemis!ry, January 1598)
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At present, most car bodies are made from either mild steel or plastic. A large German car
manufacturer is investigating the use of an alternative material made from plant fibres for

this purpose.

(a) Plant fibres contain natural polymers, which are complex carbchydrates. These are

made in green plants from simpler carbohydrates, such as glucose, by a procsss called
condensation polymaerisation.

(i) Describe the formation of glucose by photosynthesis In a green plant.

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

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

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

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

(ill) Give the structure of a synthetic polymer that is made by condensation
polymerisation.

2]

(b) Haematite, iron(III) oxide, is reduced to impure iron in a blast furnace. Two impurities in

the iron are carbon and silicon, The impure iron Is changed into mild steel using oxygen
and powdered calcium carbonate.

() Complete the equation for the reduction of Iron(lll) oxide.

Fe,05 + ...... CO —s e ¥ R i2]

..................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------

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

OEra el

'
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(c) Poly{phenylethene) Is a synthetic polymer, usually called polystyrene. lts structure is

given below.
H H
N
Y
CeHs H /n |

() Deduce the structure of the monomer of poly(phenylethens).

() Name the raw material from which most synthstic polymers are made.

(d) () Suggestan environmental advantage of using the natural fibre material rather than
a synthetic polymer.

() Suggest an advantage of using either the natural or a synthetic polymer rathar
than mild steel for car bodies.

133
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2 (a) Hydrogen usually exists as covalent molecules. Evidence from the spacecraft Galileo
indicates that the atmosphere of the planst Jupiter is a mixture of molecular hydrogen
and hslium but the core of the planet Is ‘metallic hydrogen’. Since this discovery,
scientists in California have produced 'metallic hydrogen’ at very low temperatures and

high pressures.

(I} Describe the structure of a typical metal.

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

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

(i) Suggest a test to show that a sample of hydrogen has a metallic rather than a
molecular structure.

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

(b) Below a temperature of 6K, molecular hydrogen exists as colourless crystals and
above 20K it is a colourless gas.

(I) Predict the appearance of hydrogen at 15K

() Describs the arrangement of the molectles in both solid hydrogen and gaseous
hydrogen in terms of their separation and order. o

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

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

{c) Hydrogen forms covalent molscules with other non-metals. Draw a diagram showing
the arrangement of the valency electrons in one molecule of the hydrocarbon ethene,

C,H,

(3]

Use x to reprasent an electron from carbon.
Use o to represent an electron from hydrogen.

134
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(d) A large scale use of hydrogen is in the Haber Process. Nitrogen and hydrogen react vee
together at 200 atmospheres pressure to form ammonia.
No(@) + 3H,(g) == 2NH;(g)
() What are the other essential conditions for this reaction?
.............................................................................................................................. (2]
() Predict the effect on the position of equilibrium of reducing the pressure.
.............................................................................................................................. (2}
The formula of ethanoic acid is CH,COOH. It can be made from either ethano! or from
petroleum.
(a) Ethanolis slowly oxidised by the oxygen in the alr to ethanoic acid.
(h Name another reagent that can oxidise ethanol to sthanoic acid.
.............................................................................................................................. f1]
() Write a symbo! equation for the following word equation.
ethanol + oxygen -—— ethanolc acid + water
............................................................................................................................. (2]
{b) Hydrocarbons from petroleum are oxidised by oxygen to a mixture of methanoic,
ethanoic and propanoic acids. A typical reaction would be of the following type.
2C,H,, + 50, —= 4CH,COCH + 2H,0
() Nama the hydrocarbon CH,,.
.............................................................................................................................. {1
(i) The three acids are In the same homologous serles. Give two characteristics of a
homologous series.
.............................................................................................................................. [2}
135
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(¢) A piece of magneslum was added to 100 cm?3 of aqueous ethanoic acid. The time taken
for the meta! to react completely was measured. This experiment was repeated with the
same volume of acid and identical pieces of magnesium. The resulls are given in the

table.
axpariment | acid concentration | temperature | time/minute
mol/dm? /°C
1 ethanaic 1.0 20 5
2 ethanoic 1.0 30 3
3 hydrochloric 1.0 20 0.5

(f) Why was the rate in experiment 3 faster than that in experiment 1?

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

(i) The rate of experiment 2 was greater than that of experiment 1 because the
temperature of the acid was higher. Explain why an Increase in temperature

increasss the rate of a reaction.

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

................................................................................. ceevesernsssesinassensessasssesrseseesearesee|2]

(i

Other than Increasing the temperature of the acid, suggest two ways of increasing

the rate of reaction between magnesium and aqueous ethanoic acid.

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

DEITT W

.............................................................................................................................. [2]

(d) Ethanoic acid and ethanol react to form an ester. Give the name and formula of this
aster.

FLEITIO ineeereerevesresssesseeesssneessestassenseesesensassnnsnnsssnsesesastssstessassnnnsesniatstotsstnstanssastessesns nassnsastases

o710 - U O U [2]

136
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Barium is In Group Il of the Periodic Table. The chemistry of this metal and of its compounds
is very similar to that of calcium.

(a)

(b)

(c)

(d)

Barium reacts vigorously with cold water.

() Suggest the name of another metal in the same period that reacts with cold water.

| (i) Complete the word equation.

barlum + Water — ..., L TN 2]

Use the information given below to predict the formula of barium sulphate and of
barium phosphate. '

the formula of the barium ion is Ba?*

the formula of the sulphate lon s SO~ .

the formula of the phosphate ion is PO, %"

the formula of banium SUIPRALIE IS ..........ccerrivrvensirrsiniissinssinsistnissesssssasesasessssssessnnaes [1]

the formula of barium phOSPRALE IS .....ccccviiisininsrsiineeiieasnsess e sssar s srsenessese [1]

Complete the equations for the action of heat on barium carbonate and on barium
nitrate.

BaCO; —* wovvevsrsssesenmrerrens F oeesresesssssoran (1]

Ba(NOG)y — oo ¥ rerereessseeessssisnanes ¥ rrveresssssssssnsssssns . @

Barium Is used to extract the element americlum from the compound americlum(IiI)
fluoride.

3Ba + 2AmF, — 2Am + 3BaF,
(h Complete the following equations by including the electron transfer.
Ba - Bg?t
Am3* —e Am 2]

(1) Which of these equations represents oxidation?

137
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(e} An excess of hydrochloric acid was added o 1.23 g of impure barilum carbonats. The
volume of carbon dioxide collected at r.t.p. was 0.120 dm?3. The Impurities did not react
with the acld. Calculate the percentage purity of the barium carbonate.
BaCO, + 2HCl — BaCl, + CO, + H,0

Molar gas volums at rtp. Is24dmd, - — - R

() The number of moles of CO, collected v {1}

(I} The number of moles of BaCO, reacted ... (1]

(t) Mass of ane mole of BaCO, e s [1]

(iv) Mass of barium carbonate saesessasares e 1)

(v} Pgmentage purity of the barlum carbonate  ................ [1]
138
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Chemistry Is concemed with the transter of electrons and of energy.

(a) During electrolysis, elsctrical energy Is supplied, electrons move in the extemal circuit
and lons move In the electrolyle. The diagram below show the electrolysis of molten

potassium bromide.

power supply \
® ©

extamal circuit

electrode

molten potassium '
bromide .
heat

(I} Draw an arrow on the diagram to show the direction of the electron flow in the

extermnal circult.

(1) ls the following reaction exothermic or endothermic? Give a reason for your

choica.

2KBr — 2K + Br,

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

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

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

£iz

(1]
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(i) Electrons are removed from the external circult. How and where Is this done?

---------------------------------------------------------------------------------------------------------- e _-__-_-L-,-,-"u.-.;ooo“"-[2] 1~

(lv) The resﬁlis of experiments on electrolysis are shown in the following table.
Complete the table; the first line has been completed as an exampla.

(b) The diagram shows a simple cell.

magnesium

elactrode
hacomes
smaller

DEZG Wl

elsctrolyta elactrodes change at change at change to elactrolyte
: cathode anode

molten carbon potassium metal used up -

potassium 4 samasad .- Hormed Lo bromine formed .

bromide . S I

aqueous - ~{ copper st§y§_;;!3‘ie same .

- | copper(my . f o
I sulphate:- - e
carbon hydrogen gas . potassium hydroxide
ovolved chlarine formed formed

iron electrode

bubbles of gas

dilute sulphuric acid

140
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() Nama the gas formed at the lrony electrode.

- Todah ..‘-.-l----l--...qn.-...l(.-.-q..-.q.qlq.‘...“...'.'.t‘.th-.q.‘qQ.-l‘!--!l‘-'14l‘!'!!!l.‘.'l‘-i‘![1]

Write an equation for the reaction at the magneslum electrode.

ateny ehgeRiSeddiigly SRS SPIRESB IS ey lll.d--.-[1]

Exblé!rti:\'rhy‘ attachlng blocks of magnasium to steel plpelines prevents them from
rusting.

samead

XX ZITYE PYY PETY 1)

(i) Aqueous lron{ll) sulphate is a pale green solution. What would you cbserve whan

a piece of magneslum was added to the solution? Would the temperature of the
mixture stay the same, decrease or Increase?

.
ODSOIVEHONS covvevrisssissssnsivesssenitssbisssmmenasrssssenensasssissessassss sarsans ssraasssstssnsssssassnpanssssnsnns

eersreiesmessesevsesNSsesebe sRbaTaSE RO RS se NS AR AN OA TR R SOOI b SRR TR S s RN sr bR TR RER O aRa saterara SN -3

temperatung Wolld .........civevecscveerecases resesbsrestsasarasasnarsssnasrasaaras {1}
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2

1 Lead has been used on roofs since about 5000BC. It is suited to this use because it is both
malleable and resistant to corrosion. Lead rapidly becomes coated with a layer of basic
lead(11) carbonate that protects it from further corrosion.

(a) (1) Describe the structure of a typical metal such as lead.

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

DR Ly R e R T T T P PRy

(b} Suggest an explanation why exposure to atmospheric poliution changes basic lead(II)
carbonate into lead(lI) sulphate. _

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

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

(c) Basic lead(I) carbonate has a formula of the type xPbCO,.yPb(OH),, where x and y
are whole numbers. Basic lead(ll) carbonate was heated in the apparatus shown below.

basic lead
carbonate

sodium hydroxide,
carbon dioxide
reacts here
liquid collects
here

() How coutd you show that the liquid collected contained water?

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

T B L i e
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() How could you show that the carbonate gave off carbon dioxide on heating? Ueo
............................................................................................................................... [2}
(ifi) Explain why sodium hydroxide reacts with the non-metal oxide carbon dioxide.
................................................................................................... \[2]
{d) Use the following information to calculate x and y and to write the formula for the basic
lead(ll) carbonate.
PbCO;, — PbO + CO,
Pb(OH), —=» PbO + H,0
The basic tead(Il) carbonate when heated gave 1.056 g of carbon dioxide and 0.216 g
s of water.
The mass of one mole of CO, ' 2 vttt g [1]
Number of moles of CO, formed = e et e (1]
The mass of one mole of H,O = 18¢g
Number of moles of H,O formed T rrererreeiienesenes cereeseeannsannenaes (1]
Therefore x = ............ and ¥ = ...
The formula for the basic carbonate is = s [1]
144
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In both Europe and the USA, scientists are investigating the use of hydrogen as a fuel for
aeroplanes and cars. It is more efficient and produces less pollution than the existing
petroleum-based fuels.

(a) ()

(iH)

Name the fuel obtained from petroleum that is used for jet aircraft.

Name two poliutants formed by the combustion of petroleum fuels and then
explain why the combustion of hydrogen would produce less poliution.

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

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

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

{b) Describe a method of manutacturing hydrogen.
FAW MAIEMA] ...ecvereecieirreecteetesseees et eera s essssssssesteesase s bbe st ba s st sessasenssenssassaresanes
brief description Of ProCESS ..ottt s et
2]

{c) Hydrogen could be transported in heavy cylinders as a gas under pressure or as a
liquid at low temperatures. '

®

{H)

The pressure exerted by a gas is caused by the molecules of the gas coliiding with
the walis of the container. Why would the pressure inside a cylinder increase if the
temperature was increased?

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

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

Explain what happens to the molecules in gaseous hydrogen as it changes into a
liquid at —-253 °C.

Fia




(d)

- The gases are passed over a catalyst at 300 °C.

5

T

An alternative method of ‘transporting’ hydrogen is to change it into methano!l. This
liquid is easily transported and can be decomposed to re-form hydrogen. Methano! can

be made by the following reaction.

CO(g) + 2H,(g) == CH,OH(g) the forward reaction is
) exothermic

On ct.oling, the methanol becomes a liquid.

{i) The reaction is carried out at high pressure. What effect would this have on the
position of equilibrium?

(i} Explain why an increase in pressure would increase the rate of the reaction.

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

(i) What would be the effect of decreasing the temperature on the concentration of
methanol at equilibrium? Give a reasoned explanation for your answer.

...................................................................................................................................
...................................................................................................................................
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3 (a) The alcohols form a homologous series. Their names, formulae and heats of
combustion are given below. The heat of combustion is the quantity of heat energy
given out when one mole of the alcohol is burned in an excess of oxygen.

-

__name formuta mass of one mole/g heatkjf:;mn?;s;ion!
methanol CH,OH 32 -720
ethanol CH,CH,OH 46 -1370
propanol CH,;CH,CH,OH 60 -2020
butanol

() Complete the last line in the table by writing the formula for butanol, calculating the
mass of one mole and by predicting the heat of combustion. {3]

() Itis possible to predict physical properties of the members of a hdmo!ogous series.
Describe two other characteristics of a homologous seres.

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

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

(iil} The alcohot CH?’CH(OH)CH3 is a structural isomer of the propanol in the table.
Explain the term structural isomer.

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

(b) Give a diagram to show the arrangement of the valency electrons in one molecule of
the covalent compound methanol.

Use x to represent an electron from a carbon atom.
Use o to represent an electron from a hydrogen atom.

Use ® to represent an electron from an oxygen atom. (3}

(c) Ethanol can be made from starch. Starch is a complex carbohydrate with a structure of
“the type shown.

oo Fo- o



7

This can be broken down by enzymes to simple sugars with formulae of the type shown.

Ho— }—oH

(i) What other method changes starch into simple sugars?

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

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

(d) Some alcohols are easily oxidised.

mineral wool
soaked in

propanol

copper(ll) oxide

| cold water

chemical formed
by oxidation of
propanol

The chemical formed has a pH of 2. Give the name and structural formuia ot the chemical
formed.

structural formula

(]
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4  Sulphur production in the USA is about ten million tonnes per year. 90% of this sulphur is
used to make sulphuric acid.

(@) Sulphur dioxide is made by buming sulphur in air. Most of it is used in the Contact
Process. Give one other use of this gas.

e ARk 8RR 1 1 AR e R 1]

{(b) Bacteria can oxidise the sulphur in coal to sulphuric acid. Water draining off coal tips
contains sufphate ions and hydrogen ions.

(i) Describe how you could show the presence of sulphate ions in the water.

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

(if} Without using an indicator, how could you show that the water from the coal tips is
acidic?

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

............................................................................................................................... [2}
{c) Inthe Contact Process, sulphur dioxide is made by spraying molten sulphur into air.
() Suggest why the molten sulphur is used in the form of a spray.
............................................................................................................................... f1]
(ii) Describe how sulphur dioxide is changed into sulphur trioxide.
............................................................................................................................... [3]
(ili) Complete the equations for the formation of sulphuric acid from sulphur trioxide.
S0, F e —» H,S5,0,
HyS,0; + o, e H,S0,
2]
08207 599
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{d} Over 50% of the sulphuric acid is used to make fertilisers such as the nitrogen-based v
fertiliser ammonium sulphate.
() Give one other use of sulphuric acid.
.............. O OO UO R UNTOTUOPPUPRRRIN

(ii) Nitrogen is one of the three elements essential for plant growth that is added to soil
in fertilisers. Name the other two. '
...................................................... AN .o e r s eea f )

(iti) The base ammonia is neutralised by sulphuric acid to form ammonium sulphate.
Define the term base.
............................................................................................................................... [2]

150
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You will need to use the Periodic Table of the Elements to answer this question.

- (a} A radioactive isotope of the element iodine, 12°1, is used to treat cancer. How many
electrons and how many neutrons are there in one atom of this isotope of iodine?

(b}

NUMDBET Of GIECIFONS .o e ren e e e ee e e (1}

NUMBEN Of NBUITONS e 1]

Given below are the formulae of the oxides of some of the elements. They are given in
the same order as in the Periodic Table.

(i

(i)

MgC AIZO3 Si0, ona
Ca0
SrQ

Use the electronic structures of the elements to explain why oxides of elements in
the same group have the same type of formula.

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

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

Use the electronic structures of the elements to explain why oxides of elements in
the same period have different formulae.

O820r3 See -

For
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(ifi) Complete the table that shows the reaction, if any, of the oxides with acid and
alkali. Indicate a reaction with “R" and no reaction with “NR”,

oxide . type of oxide reaction with acid reaction with alkali
magnesium oxide basic
aluminium oxide amphoteric
silicon(IV) oxide acidic
(3]
{c) (l) Predictthe formula for:
ARG SHONHUM 0N, +oveveiceesievsseeeraseeseeesessesssssssrsssss s sanessesssssssssesssssassasssstsnssessnsssanesnes
the Phosphide I0N. ..ot sra s s s s ane s
(2]
(if) Write the forrnula for strontium phosphide ..o s (1]
(d) The reactivity of elements in the same group varies in a predictable way.
(i) Name a metal that reacts more“violent!y with cold water than does potassium.
............................................................................................................................... (1]
(it} Complete the word equation.
potassium + water ——m- ... U UTOTUPRRR
....................................... 2]
152
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- 1 Zinc was manufactured in India as early as the 14th century. Zinc oxide was heated with
carbon. Zinc distilled out of the reaction mixture and was collected as the impure metal in

cooled receivers.

{a) (f) A majorore of zinc is zinc blende. Describe how it is changed into zinc oxide.

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

(iif) Zinc can be refined by electrolysis. The method is similar to that used to refine
copper. Complete the following statements about the refining of zinc.

The cathode IS Made frOM .......eceeceriveine ettt s s res e sana e {1}
The anode is Made frOM ....cu.c et s e eeae e f1]
The electrolyte iS BQUEOUS .........crerevirerentesinie e nieree bt e sabe s e {1}

(iv) State two large scale uses of zinc.

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

(b) Aluminium is more reactive than zinc. Both metals are very important in industry.

(I} Explain why aluminium cannot be obtained by heating its oxide with carbon.

{Il) Aluminium is extracted by the electrolysis of its molten oxide. Suggest why
aluminium cannot be obtained by electrolysis of an aqueous solution of an
aluminium salt.

.............................................................................................................................. {1}
{¢) Zinc nitrate and sodium nitrate behave differently when heated.
(I) Write an equation for the action of heat on zinc nitrate.
.............................................................................................................................. 2]
(i} What difference would be observed when sodium nitrate is heated?
(1]




3 For
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2 The diagram below shows the leaf and stem of the rhubarb plant. Use
green leaf
stem
(a) When the leaf is crushed and mixed with the solvent propanons, the coloured pigments
are extracted to give a deep green solution. One of the pigments in this solution is
chiorophyil.
(1) Whatis the role of chlorophyll in a green plant?
.............................................................................................................................. (3]
(i) How could you show that chiorophyl! is not the only pigment in the solution? Name
the technique used and give a brief description.
PBCRNIQUE .ot te s e e e sttt e e et et be it ae s e s e e e e nanneenae (1]
DBSCIIPHON Leeieeiiiiiiieice it et e e ereeae s ri et s s eete e seaae e e rea s s e e eba st asneseeenee sreeasbenensaeasbeaeenns
............................................................................................................................... 2]
155
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{b)

{c)

(d)

4

From the plant, an organic acid can be extracted. This is called oxalic acid and its salts
are called oxalates. What can be deduced about oxalic acid from each of the following
experiments?
Aqueous oxalic qcfd has a pH of 3 whereas hydrochloric acid of the same concentration
has a pH of 1,
GeAUCHION ..ot s e es e (1]
When added to acidified potassium manganate(VIl), the colour changes from purple to
colourless.
Lo (= [N e (1T T OO OSSPSR RS RUSYR (1]
One mbfe of oxalic acid reacts with two moles of sodium hydmxide.
OAUCHON ... eeceemree eieeaeemeeersresscarasmesssessssssessstrensessnseassrssassassssasssbesiassasisnessbessesssessassoses [1]
Outline the preparation of crystals of the soluble salt, sodium oxalate, from a solution of
oxalic acid.
...................................................................................................................................... [4]
The M, of oxalic .acid is 90 and its composition by mass is:
carbon = 26.7% hydrogen = 2.2% oxygen = 71.1 %
(I} Calculate the empirical formula of oxalic acid.

et et es et eavasaeat ettt eteea et s are et e e ares s et e ear e e s eaea enseeA A eEA e Ra e besRerneEe £t nb bt e (3]
(I} What is the molecular formula of the acid?

.............................................................................................................................. [1]
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3 A double-glazed window was developed in Silicon Valley, USA. It has two sheets of glass
. mounted In an aluminium frame and between these sheets there is a polyester film coated
with a very thin layer of silver. This arrangement controls the transmission of both heat and

tight.

polyester film \

\\ 2(
i >

space filled with J__ : !
air !

shests of glass aluminium frame

(a) Glass can be made by reacting a basic oxide, such as calcium oxide, with the acidic
oxide, silicon(IV} oxide.

(I} Calcium oxide is ionic. Draw a diagram that shows the charges on the ions and
gives the arrangement of the valency electrons around the negative ion.

Use x to represent an electron from an oxygen atom.
Use o to represent an electron from a calcium atom. (3]

(1) Silicon(IV) oxide is macromolecular. Describe its structure.

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

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

1
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(b)

(c)

(d)

() Ethyl ethanoate is a simple ester. Name two chemicals which react to form ethyl
ethanoate.

(i) Draw a structure for a polyester such as Terylane.

(2]
An analyst was asked to show that the polyester film had been coated with silver. A
piece of the polyester was dropped into dilute nitric acid; this dissolved the silver.
Suggest how the solution formed could be tested for silver ions.
FEBGBNLUSED ....ioviiiiiiiiciiin et s e s e smne e s e {1]
FESUI O 1SE ... et e et b e [2)
The window was improved in Switzeriand by filling the space between the sheets of

glass with krypton which is one of the noble gases. Krypton is a poorer conductor of
heat than air because it exists as single atoms rather than the diatomic molecules of

oxygen and nitrogen.

() Give another use for a noble gas.

(i) Explain why krypton remains as separate atoms but nitrogen exists as diatomic
molecules. |

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

28207 WIE
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4 Carbon dioxide is formed by the complete combustion of fossil fuels, by the action of heat or Lse
of acids on carbonates, and during fermentation.
(a) In Maly, corks for bottles may be coated with the polymer poly(tetrafiuoroethene). This
coating makes it easier to remove the cork and it prevents the diffusion of gases through
the cork.
air
q f
o cork
carbon dioxide
(1) The structure of tetrafluorosthane is glven below.
F F
N e
C—=C
e AN
F F
Predict the structure of the polymer poly(tetrafiucrosthene).
(2]
(1) Explain why the molecules of oxygen and nitrogen in air would diffuse into the
bottle through an uncoated cork faster than carbon dioxide would diffuse out
through the cork.
.............................................................................................................................. (2]
159



(b)

{c)

8

Carbon dioxide is formed when a carbonate reacts with an acid. In the following
experiments, solid calcium carbonate was added to hydrochloric acid and the rate at
which carbon dioxide was produced was measured. Some of the results are given in the
table below.

"CaCo, + 2HCl— CaCl, + CO, + H,0

experiment | concentration of | size of particies of rate of reaction in
acid in mol/dm?3 | calcium carbonate | g/min of carbon dioxide
A 1.0 lumps . 0.14
B 2.0 lumps 0.28
C 20 powder 0.35
D ' ~ lumps 0.21

(i) Suggesta method of measuring the rate of this reaction.

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

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

.............................................................................................................................. {2}
(i) Predict the concentration of the acid used in experiment D.

.............................................................................................................................. {1}
(iil} Why is the rate in experiment C faster than that in experiment B?

.............................................................................................................................. (2]
The thermal decomposition of calcium carbonate is a reversible reaction.

CaCO,(s) == CaO(s) + CO,(g) AH=+178kJ
(i) Explain why the forward reaction is described as endothermic.
(1]

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

(it) Describe two ways of moving the position of the above equilibrium towards the
right-hand side.

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

..............................................................................................................................
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(d} Exhaust gases from a car include carbon dioxide, carbon monoxide and oxides of
nitrogen. A catalytic converter does not decrease the emission of carbon dioxide but
does decrease the amounts of carbon monoxide and of the oxides of nitrogen.

(1) Explain how oxides of nitrogen are formed.

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

‘
......... OO OO OD OV RO WROORIN £~

(i) How does a catalytic converter decrease the emission of carbon monoxide and of
the oxides of nitrogen?

..................................................................................................................................
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5 Chemistry is concerned with patterns of reactivity and the reasons for differences In
reactivity.

(a8) The reactivity of a metal is & measure of its ability to form positive ions. A piece of zinc
was added to aqueous copper(Il) nitrate. The reaction that occurred can be
represented by the following equation.

Zn + Cu?*— Zn?* 4+ Cu

(i) Describe the observations fol, this reaction.

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

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

.............................................................................................................................. [2]
(b) Some non-metals are placed in order of reactivity in the following series.
CL+2¢e” — 2Cl chlorine is the most reactive
Br, +2¢" —— 2Br-
L +2¢~ —2I7 _
S+2 —S§* sulphur is the least reactive
- {l) Name a non-metal that is more reactive than chiorine.
{1]

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

(1) H the reactivity of a metal is determined by its ability to form positive ions, suggest
what Is a measure of the reactivity of non-metals.

(lil) Which substance(s) in the above series could be oxidised by bromine?

.............................................................................................................................
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11
(¢) Ethane and ethene are both hydrocarbons but with halogens ethene is more reactive
than ethane.
(i) Ethane reacts with chlorine when the reactiod mixture is exposed to bright light.
What type of reaction is this? Name an organic product of this reaction.
type of POBCHON «ovvrreeveereeemmeseeesesssesssessesesseeseeesseneeessensaeseseemsessssseesssemessssesesssesssons [1]
OFGANIC PFOTUCE ....ececviisirintrereeraeeereessarres s aeareesereearassas s s aasere st eananssrsesse s srnasssns [1]
(if} Ethene reacts readily with bromine. Name the product, write an equation and
describe what you would observe,
NAME Of PIOTUCE ...t rrcsseve s sbsss s abr e s searesseessesene e st ssneanseasssrae st srasassersos [1]
EQUALION <.oiitiiieeee i srcreerii s erersreessaresssees s mseaae e s se e anessasbanntssere e tansbe s neearnenssasensans [2]
ODSEIVALIONS ...t et ee e s e st emee e se g s st sassse s s e aabe st s e s eaesanan
.............................................................................................................................. [1]
(lif} The reaction between ethene and bromine is an addition reaction. Name one other
substance that takes part in an addition reaction with ethene.
............................................................................................................................... [1]
163
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Germanium is an etement in Group V. 1t was first isotated in Germany by C Winkler in 1886. vee

(a) It has a similar macromolecular structure to diamond. Predict two physical properties of
germanium. °
...................................................................................................................................... (2]

(b) Explain why graphite, which is also a macromolecular form of carbon, has different
physical properties to diamond and germanium.
...................................................................................................................................... {2

{c}) The electron distribution of a germanium atom is 2.8.18.4.

Draw a diagram to show the arrangement of the valency electrons in the covalent

compound germanium tetrachloride.

Use 0 to represent an electron from germanium,

Use x 1o represent an electron from chiorine. i3]

(d) Germanium forms a series of saturated compounds with hydregen which resembie the
alkanes.

{i} Predict the general molecular formula of these compeuncs of germanium and
hydrogen.
.............................................................................................................................. (1]

(i} Draw the structural formula for one of the above compounds that contains four
germanium atoms per molecule.

(1)
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(e} When aqueous solutions of germanium(ll) chloride and of iron(ill) chloride are mixed,
the following reaction occurs, '
GeCl, + 2FeCl; — 2FeCl, + GeCl,
or Ge? + 2Fe¥ — 2Fe?t + Ge**
(i) Is the germanium(1l} chioride acting as an oxidising agent or reducing agent?
Explain your choice using the idea of electron transfer.
.............................................................................................................................. (2]
(i) Describe a test to show that an iron{lli) salt had been changed into an iron(II) salt.
=] S U S O SUU RPN
result Tor iron(HI)Salt ......oeeeee e st
result for iron(I) SaM .....cocire s
[3]
166
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2 Ammonia is made by the Haber process from nitrogen and hydrogen.
N, + 3H, = 2NH, AH = —92kJ/mole (reaction is exothermic)

(a) Describe how nitrogen can be obtained from the air.

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

(¢) The diagram below shows how the percentage of ammonia in the equilibrium mixture
changes with the conditions.

% %
NH, NH,

pressure temperature

The y axis is the percentage of ammonia at equilibrium.

Fig. 2.1

(i) What is the effect of increasing the temperature on the percentage of ammonia in
the equilibrium mixture?

(il} What is the effect of increasing the pressure upon the pesition of equilibrium. Does
it move 1o the the left, stay the same or move to the right?

(iif) Why does the position of equitibrium move as stated in {it)?

062073 500
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............................................................................................................................... [1]
(d) Large amounts of ammonia are used in the manufacture of ammonium sulphate.
(i} Whatis the main use of this salt?
.............................................................................. R
(it) Describe how crystals of ammonium sulphate can be made in the laboratory from
aqueous ammonia.
............................................................................................................................... (4]
}
168
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(e) Car engines and flue gases from power stations both release oxides of nitrogen into the
air. These oxides are a cause of acid rain.

flue gases are acidic due to NO,

\i T
1
1
T
L

chimney

fumace
oxides of nitrogen form

Fig. 2.2

(i} Explain how these oxides are formed.

(ii)- The emission of the oxides is decreased by mixing the flue gases with ammonia
and passing over a catalyst. Complete the balancing of the equation.
BNO, + ... NH, — 7N, + ... H,O (1]

{iii) Suggest how the pH of the flue gases can show that just the right amount of
ammonia is being used.

08205 S0¢
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Nantucket is an island twenty five miles off the coast of the USA. Some of the different fuels
and sources of energy that have been used on the island over the years are listed below.

wood earliest

whale oil

coal and coal gas

petroleum products at present

electricity by cable from mainland future

(a) Wood was the first carbon-based fuel used. Explain why the cycle of cutting down trees,
burning the wood and the regrowth of the forest does not cause any long term changes
in the amount of carbon dioxide in the atmosphere,

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

{b) Whale oil contains unsaturated esters. As well as being used as a fuel, a number of
valuable products can be made from this oil.

(i) Describe how you could show that whale oil contains compounds that have
carbon-carbon double bonds.
............................................................................................................................... [3]

(ii} How could a soap be made from the oil?
............................................................................................................................... {2]
{iii) Margarine used to be made from the oil by changing the unsaturated hydrocarbon
chains into saturated hydrocarbon chains. Complete the word equation for this
reaction.
unsaturated + ... ——— saturated 7
hydrocarbon hydrocarbon [1]
{c) Coal gas was made on the island by heating coal. It is a mixture of hydrogen, methane,
carbon monoxide, nitrogen etc. Explain how the percentage of hydrogen in the mixture
is increased by diffusion through a porous barrier.
-[3]
170
[Turn over

06200 500



.8

(d} A typical electricity cable would have a copper core surrounded by a polymer as an
outer casing.

cross-section of an
electricity cable

outer case central core
of a polymer of copper
Fig. 3.1

(I) Give two reasons why the core is made from copper.

T )
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(a) Copper is refined by electrolysis.

anode cathode

] i electrolyte

e - — — — 11 aqueous copper(ll) sulphate

= = = =L remains unchanged

copper electrodes
mass changes

Fig. 4.1

Explain with equations why the electrodes change in mass and why the concentration of
aqueous copper(ll) sulphate remains unchanged.

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

(b) An alloy contains contains zinc and copper. A smalf sample of this alloy was dissolved in
acid to give a solution confaining zinc and copper ions. Explain what would happen .
when an excess of each of the foilowing reagents is separately added to this solution.

(i) ironfilings

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

172
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(c) The following diagram shows a simple csll.

voitmeter

N

, magnesium
fron electrode
electrode
B B electrolyte
______ -+— dilute sulphuric
\- - - - == ) acid
Fig. 4.2
() Whatis a cell?
............................................................................................................................... {2}
(i) Mark on the diagram the direction of the electron flow. (1]
N 173
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(d) A sample of impure copper was dissolved in nitric acid. The solution of copper(Il) nitrate e
was filtered to remove solid impurities and evaporated to dryness. The solid nitrate was

heated to constant mass to leave only copper(ll) oxide.

Results
Mass of impure copper =421¢g
Mass of copper axide =4.80g

* 2Cu(NO,),(s) — 2Cu0(s) + 4NO,{g) + O,g)

() Complete the following to determine the percentage purity of the sample of coppé-.

.

The mass of one mole of CuO =80g

number of moles of CuO formed = ... 1]

...................... | [1]

mass of copper in copper(il} oxide
percentage of copper = (1]

(ii) Calculate the total volume of gas formed at r.t.p.

total number of moles of gas formed = ... (2l
volume of gas formed = ....ccocovrenee. dm? ' [1]
174
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0 0 0 0
—g . Q—o— —o“g ) ﬂ—o

Fig. 5.1,
(i) Name the type of linkage in this polymer.

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

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

(b) Anocther synthetic polymer is nylon. Draw the structure of a nylon.

{c) Complex carbohydrates such as starch are natural polymers.

(i) Name the three elements present in carbohydrates.

(it) Draw the structure of a complex carbohydrate.

06203 S0
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(d) Chromatography is used to identify simple carbohydrates, such as sugars, in plant
material.

solvent front

. chromatography
paper '

fructose
@
sucrose

glucose

o )
datum line

_____ \ - — — — —level of solvent

original positions
of samples of sugar

Fig. 5.2

: ]
A leaf is ground with 50% aqueous alcohol to give a colourless solution of the sugars.
This solution is concentrated and a chromatogram is obtained. The paper is sprayed

with resorcinel solution.

{I) A common use of ethanci is in alcoholic drinks. In this experiment it is used as a
solvent. Give one other use. '

(H) Why is the datum line drawn in pencil?

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

(iii) Suggest a reason why it is necessary to spray the chromatogram with resercinol.

(v} Describe how chromatography could be used to show that the hydrolysis of starch
produces only one sugar, glucose.
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DATA SHEET

The Periodic Table of the Elements

GI’OUP
I [ w [ v v vT]w 0
L
1 - 4
H He
Hydrogen " Hallum
1 2
? ] 11 12 14 10’ 19 20
Li Be B8 C N 0] F Ne
Liham R ylum Boson Carbion Nesogen Owypen Fluoring Neon
] 4 5 ] ? 8 9 10
21 Cn 77 28 a 32 s 40
Na Mg Al sl P S cl Ar
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T 12 13 L] 13 16 17 | 18
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Cmegpasm Ko b Lantharem Hatrdrm Tartaham Tungeten Fwriurn Cumiym Firlum Patirnam Gold Mercury Thalum Laadt Pmmuth Poloniam Aglating Rucion
M o 57 .72 73 74 75 78 77 T8 79 1] M B2 -] B4 a5 ]
S SV S A S SN I S L i i
] I 227
Fr Ra @ Ac
Fusew nam Hprtmpm i At Gruyem
B? B8 | 89 t
[RUUE Wt ORI Wit o ~
-58?1 Lanlhanoid Series 140 14 144 150 152 157 159 182 185 167 169 173 175
£90-103 Actinoid series Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Carhm Prasecdymam Naoryrsum Prodrsthium Samatium Ewmphan Gusdolervim Torwum Dysewmshm Holmusm € rbeorn Thiswsm hi T Lutetwsm
prmme ey 58 5% 80 &1 62 &3 &4 &5 66 &7 68 69 70 7
1‘{ » a = reaalive alomic mass - 238
. I i
Key | X | X«otomeeymool Th Pa u Np Pu Am Cm Bk cf Es Fm Md No Lr
| i _ Thorkem Prtactidun Uenrium Heapeuraum. Pusormat Arreercan Curpsm Berkotum Californium Erstmniam Foemium acwiq vvam MNabelun Larmrencium
(b ) beprolonialomicy number | g, # 02 93 0 g5 96 o7 88 " 100 101 102 103

The volume of one mole of any gas is 24 dm? at room temperature and pressure (r.t.p.).
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The element scandium, proton (atomic) number, Z = 21, was discovered by L Nilson in
Sweden in 1879. ’

(a) It forms only one ion which has the formula $3Sc*.
() How many electrons, protons and neutrons are there in this ion?
number 0} EIBCITONS ...ttt ettt et e sn e e e s s ear et s e s areeeeesreeees
number pf PFOTONS oottt et et e e e e et en e e et e eaeea

U DT Of FHBUIIONS ortirtieii it r et e et re s e et b e e s ebetm ee e vt aaase st e e et resessrssnsss

{li) Predict the electron distribution of this ion.

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

{b) The main ore of scandium is thortveitite, Sc,Si,0,. This is converted into scandium
fluoride which reacts with calcium to produce scandium metal.

(i) Balance the ionic equation for the reaction between scandium fluoride and calcium.,

..... Ca + ...S¢* — ..Ca® + ..Sc [}

(iii) An alternative method of extracting scandium is by the electrolysis of a molten
mixture that contains scandium chioride. Write ionic equations for the reactions at
the electrodes.
reaction at CathOTe oo e e ———
FEACHION @t ANOTE ...l s [2}

(c) The density of scandium is 2.99 g/cm? and it has oniy one valency of three. Scandium

compounds are white solids and form colourless solutions. Titanium is a more typical
transition metal, predict how its properties would be different from those of scandium.

179
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(d) A 43g sample of scandium ore, Sc2§i207 produced 12g of scandium. Calculate the .

percentage yield by completing the foliowing calculation.

The mass of one mole of Sc¢,8i,0, is 2589

Number of moles of S¢,8i,0,in43goftheore = ...

One mole of Sc,Si,0, will give ............ moles of Sc

439 of S¢,Si,0, will produce ............moles of Sc

43g of S¢,5i,0, will produce ............. gof Sc

Percentage yield of scandium = ...eviiivviiiieinnns

| = e (5}
180
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The diagram below shows a correctly constructed concrete floor.

sheet of poly(ethene) to concrete mixed with steel reinforcing
prevent water rising poly(propene) fibres rods

(a) (i} What type of reaction is used to make both of the polymers, poly(ethene) and
poly(propene)?

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

(il A diagram of the structure of poly(ethene) is given below.
(i1
[T
\ H H /n

Draw a similar diagram to show the structure of poly(propene).

D626 MowOC ’ 181
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(b) (I) Iron from the blast furnace is irﬁpure. It contains about 5% of carbon and of other
impurities such as silicon and sulphur. Describe how this impure iron is converted
into mild steel.

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

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

(i) The steel reinforcing rods might be galvanised. Explain what is meant by
galvanising and how this will decrease the rate at which the rods corrode.

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

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

(¢) Two of the chemicals used to make concrete are limestone and sand. Limestone is an
jonic compound, containing the ions Ca’*and C032'. Sand is mainly an oxide of silicon
which is macromolecular.

l

]

]

S

rd ’ O ~ Y «
1
(i) Whatis the valency of

]
calcium in CAlCIUM CAIBCAATE, cooeeeeeeeeee oot ee ettt f
silicon in this OXIAET e
i
(Il) Whatis the electron distribution in one atormn of : i
calciurn, e e ]
§
silicon? e e UTU

{iii) Explain why the metal calcium forms icnic bonds but the non-metal silicon forms
covalent bonds. '

T T L R R
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Organic compounds that contain the halogens can have chloro, bromo or iodo in their names.

(a) The following diagram shows the structure of 1-bromobutane.

Br

T
T O
T—O0—2
T—O0—x
T—O——T

(i} Draw the structure of an isomer of this compound.

(i) Draw a possible structure of a dibromobutane.

(iii) Name two chemicals that react together to make only one product —
dibromobutane.

{b) Draw a diagram to show the arrangement of the valency electrons in the covalent
compound chloromethane. '
Use o to represent an electron from carbon
Use x to represent an electron from hydrogen
Use @ to represent an electron from chicrine

062073 NowXC
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(c) Organic halides react with water to form an alcohol and a halide ion.
The halogen- present in an organic compound can be determined by identifying the
halide ion.

CHacHzﬁr + HzO — CH;CH,OH + H* + Br-
bromoethane + water ethanol bromide ion

-

{iy Name the alcohol formed when 1-bromobutane reacts with water.

...................................................................................................................................
- z

(ii) Describe how you could test for the bromide ion.
FEAGENT USEU ....ueoveisetseraseesesess ot eemse s b ee bt aa st ens s s ees e

(L1 01D A o) A (- (OSSR

' (ili) Suggest an explanation for the following observations.
Bromine was bubbled through a solution containing a halide ion. The solution
turned dark brown.

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

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

(d) The rate of reaction between an organic halide and water can be studied in the following
experiment.

A mixture of 10cm?3 of aqueous silver nitrate and 10cm? of ethanol are warmed to
60 °C. Drops of the organic halide are added and the time taken for a precipitate to form

is measured. :

The reaction produces halide ions which react with the silver nitrate to give a precipitate
of a sitver halide. The results are given in the table,

Fexperiment organic ha!ideT number of drops | time/min
A bromobutane ‘ 4 5
B bromobutane I 8 2
C chlorobutane 4 100 5
D iodobutane 4 01

(I} Write the three organic halides in order of reactivity with water.

most reactive

184
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4 The two non'-metals. sulphur and selenium, are in Group VI.

(a) Sulphuric acid is made from sulphur. This acid is used to make detergents called
sulphonates. A hydrocarbon is made to react with oleum (fuming sulphuric acid) to form
sulphoniic acids. These form salts called sulphonates.

(i)

(i)

(ifn)

(iv)

{b) Inscluble and soluble suiphates can each be made from dilute sulphuric acid. Describe
how a pure sample of the insoluble salt, lead({ll} sulphate, can be made.

(c) Predict two chemlical properties of the non-metal selenium.

(d} Selenium is used to make a device that can change light energy into electrical energy.

(M

e sl Mot I it S Han by i SRR 3 TR P O U ATRCSTRICICIY Tl e Fgult’ SEMLIE T I ) IS TV
Aot B i O N N A S e e L R e L

8

Complete.the word equations for some reactions of a sulphonic acid.

magnesium + sulphonic —- magnesium + ...,
acid sulphonate

sodium + sulphonic — ... O + water, .
carbonate acid

Sulphonate ions are of the type RSO,™, where R is an organic group.
What is the formula of magnesium suiphonate?

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

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

Name the process used in green plants to change light energy into chemical energy.
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5 Chemistry is concerned with probiém-solving and answering questions. For each of the
following, describe any experiments that are needed and, when necessary, indicate how the
results should be used to solve the problem.

(a) Nickel sulphate-7-water exists as bright green crystals and anhydrous nickel sulphate

as a yellow powder. How could you show that the action of heat on the hydrated saltis a
reversible reaction?

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

(b} How could you prove that the percentage of water in an aqueous solution of sodium
chloride is 74%7? _

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

(c) A small piece of cement from a wall is dissolved in nitric acid. The resulting mixture is
filtered to give a solution.

(i) What observation shows that the cement contains carbonate ions and what test is
needed to confirm this?

OBSEIVALION oo e

S ST e eeeeeeeeeeeeeetee et e e

TSU e e e e st n e e e e et e e e e
(1) How could you show that the solution contains calcium ions?

FEAGENMT o e

=TT | OO UU ORI

FEAGENT Loooiitiiiit ittt eae vt es s aeses b e 8L SRR e eh e et ben e

(=310 | ST PSP U PO ST PP PP P UPETPTUPURON

{d} The formuta of an acid is either of the type HY or H, Y. How could you find out which one
Is correct by using aqueous solutions of the acid and of sedium hydroxide. Assume that
both sclutions have the same concentration, 0.1mol/dm3.

......................................................................................................................................
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The volume of one mole of any gas is 24 dm? at room lemperature and pressure (r.1.p.).
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1 Fertilisers contain nitrogen. They are usually ammonium salts or nitrates.

(a)

(b)

(c)

Describe a test for the nitrate ion.
L =] T PTOURRORORIR
FOSUIE ittt e et e e et e e et e e e e et b et et ta et esaasa e aeetrerterreraraan s nnrneeen

Urea, CO(NH,),, is a fertiliser. It reacts with water to form a solution of ammonium
carbonate. This reaction is catalysed by the enzyme, urease. :

(I) Describe how you could show that this solution contained carbonate ions.

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

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

(i) The termentation of glucose is also catalysed by enzymes. Write a word equation
for this reaction.

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

Nitrogen-containing fertilisers used to be made by the foilowing reaction.

N, + O, = 2NO forward reaction is endothermic
3000°C and no catalyst

They are now made using the reaction below.

N2 + 3H2 = 2NH3 forward reaction is exothermic

450°C and iron as a catalyst

() Suggest why a high temperature is needed for the first reaction but a lower
temperature for the other.

{) Explain why a catalyst is not needed for the first reaction.

Q8207 Jund)!
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(d) Plants need nitrogen to make protains, which are natural polymers.
(1) Name the linkage present in proteins.

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

(i} Nylons are synthetic polymers which have the sama linkage as proteins. Draw the
structure of the nylon that could be made from the monomers:

H,N(CH,),NH, and HOOG(CH,)gCO,H

(3]
2 (&) The Group ! metals show trends in both their physical and chemical properties.
(I} How does the melting point of lithium compare with that of caesium?
(I} All Group | metals react with cold water to form the metal hydroxide
and hydrogen. What is the trend in their reactivity with water?
(i) Write an equation for the reaction betwaen water and fithium

............................................................................................................................... (4]

190
082003 Jund! _ [Turn over

F
Exam



i at e e KM A g St R !l T A

4

(b) Lithium is extracted by the electrolysis of its molten chloride.

part of circuit Cto D

(M

(i)

(H1)

® O®

part of circuit Ato B

carbon electrodes

moiten lithium
chioride

Y o e ke i

ROl

heat

Lithium chloride is an ionic compound. Explain why it iIs conducts electricity in the
moiten state but not in the solid state.

............................................................................................................................... 2]
How is electricity conducted in the part of the circuit labelled

A0 B o e ettt b e eaes
O o3 1 1 S PP SO P SOU PSP USRS RRPP PPN 2]

What would be the products of the electrolysis of concentrated aqueous lithium
chloride? .

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

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

For
Examiner's

191



5 fo
: Exami
(c) The following is part of the description of the preparation of the soluble salt lithium .
chloride. '
25.0cnr? of a solution of lithium hydroxide, concentration 1,00 mol/dn® was placed
i a beaker. A few drops of the indicator, methyl orangs, were added and the
mixture turned yellow. Hydrochloric acid was added from a burette until the mixture
just turned red. 20.0cr® of the acid was needed to neutralise the atkali.
(i) Describe how the experiment should be completed to obtain pure crystals of the
salt.
............................................................................................................................... [3]
(i) . Calculate the concentration of the hydrochloric acid.
LIOH + HCl — LiCl + H,0
Number of moles of LIOH in 25cm?3 of a 1.00 mol/dm? solution
Therefore number of moles of HCLIn 206mM3 = w.cvvvieiicevcnnnnee
Concentration of HCl= .......cccccveeeevevrcnn
= oeeieereeeeeernnn. MOlAMS {4]
192
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(a) Diamond and graphite are macromolecular forms of carbon. Their physical properties
are different, because they have different structures.

{)] By discussing its structure explain how graphite can change its shape without

breaking.
° small hole
— thin rod
pressure c——————— of graphite
o |
block of graphite

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

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

(1) If the experiment is repeated using a diamond, it cuts into the metal rather than
change shape. Explain by discussing its structure why diamond is so hard.

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

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

(b) Both solids burn to form carbon dioxide. Draw a diagram {o show the arrangement of the
valency electrons in one molecule of this covalent compound.

Use o to represent an slectron from carbon.
Use x to represent an electron from oxygen. 3]
(c) When carbon dioxide is cooled it can change directly from a gas to a molecular solid,

dry ice. Complete the tabie by describing the arrangement and movement of the

molecules in both the solid and gaseous states.

solid gas

arrangement
of molecules

movement of
molecules ' (6]

For
Examine:
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(d) Scientists in the USA have changed the molecular solid, dry ice, into a macromolecular
structure which is similar to that of silicon{IV) oxide. Draw this structure. Your diagram

need not contain more than one carbon atom

(2]
(a) (i} One of the isomeric butenes is but-1-ene which has the formula

CHa—CHz—CH=CH2. Give the name and structural formula of another butene,

formula

(i) But-1-ene can be oxidised to two acids whose formulas are given below.

Name these acids.

(b) But-1-ene can behave as a monomer and undergo addition pelymerisation,

(i) Give the name and the structural formula of the polymer formed from but-1-ene.

structure

(I} Suggest a use for this type of polymer.

For
Examing
Uss
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{c} The equation, given below, represents the formation of one mole of butane from butene.

HHHH

H—?—Tmf-—— —H + H—H —= H— —clz—-cf—- —H
H H H H H H

(I) What is the mass of one mole of butane molecules?

e R R R T T R R I

(ify Complete the table that shows the bonds broken and formed in this reaction.

bond energy change in exothermic or
kJ/mol endothermic

1 mole of C=C o | '
bonds broken +610 endothermic

1 mole of H—H
bonds broken S

1 mole of C—C
bonds formed ~346 ) FE

2 moles of ........ e
bonds formed e

(lil) Use the data in the table to determine if the reaction is exothermic or endothermic.
Give a reason for your choice.

(d) The gases butene and ethene could be separated by fiquefaction followed by fractional
distiltation becauss they have different bailing points.

alkene beiling point/K | molecular mass

ethene 170 28

butene : 226 56

(I) Using the data in the table suggest another technique that would separate these
gases. '




& - Titanium and radioactive iodine are used in a treatment for cancer.

(a) @)

()

(i)

(b) All the isotopes of iodine have the same chemistry.

(1)

(W)

(i)

{iv}

very small neadle

needle implanted of titanium
in cancerous
Lfumour

radioactive

source, 23], inside

Give the symbol and nucleon number of a radioactive isotope that is used as a
source of power.

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

Another radioactive isotope is '3'. How do the atoms of these two iodine isolopes
differ?

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

During radioactive decay, 13'I changes to another element with the proton number
of §4. Identify this element and explain why it is less reactive than todine.

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

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

Name a reagent that can change iodine molecules into fodide ions.

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

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

Predict the formuia of titanium iodide by completing the foliowing.

How many more electrons has a titanium atom than an atom of the nearest noble

- 7. . . . | . RS ) R - e 196 [ p—
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(c) Starchis a complex carbohydrate. Its formula is shown below. Starch reacts with iodine v
to form & deep blue colour. ,
—{_Fo-{ Fo-{ }-o-—
In the experiment illustrated below, samples are removed al intervals and tested with
iodine.
pipette to remove
samples
1 hot water
aqueous starch
and a few drops
of hydrochloric acid
Typical results of this experiment are given in the table.
time/min | colour of tested sample
0 deep biue
5 pale blue
20 colourless
By referring to the chemistry involved, explain these results.
DO PO P PSSPV PO PR (4]
197
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. {d) Titanium is chosen to make the. needles because it does not corrode. Another use
which depends on the same property is shown in the diagram.

steel girder power

which does : e ®
not rust

- - T R === = fitanium
water .~_"_"_"_7_" -_~_—_~. electrode

(I} Define oxidation in terms of electron transfer.

(Il} Explain why the steel girder does not rust.

198
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: 28 zz7
v Fr ! Ra Ac
Frarvnes Radagn Awan :
9 " | '
*58-71 Lanthanoid series 140 141 144 150 12 157 159 1 s 7 109 n s
L ) : H E
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The volume of one mole of any gas is 24 dm?3 at room temperature and pressure (r.L.p.).
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1 (a) The poisonous gas, carbon monoqtide, is émitted by vehicle exhausts.

() How is this gas formed?

+

..... eereera et e s e s R s st st et b sees b saes et st sesranseanesensesenstssssoenessstasensensssassssssence] 2]

(if) Explain how a catalytic converter reduces the emission of this gas.

........................... BSOSO S RSP PROUOVOTRUPRUOYRPURTRRRPOROPRURN 1~
(iif) The following reaction is used to detect carbon monoxide.
CO + Pd®* + HO —>CO, + Pd + 2H*
orange black
. What type of chemical reaction is the change Pd?* to Pd? Give a reason for your

answaer.

enasrste e ee e et s vrerrenbt SN et ceesreens (2}

{iv) * Ethene will also give the above reaction. Describe another chemical test for this gas.

A gaseous compound

Ni(s) + 4CO(g) = Ni(CO),(a) forward reaction is exothermic

(i) What reaction condition will favour the back reaction and reform nicke! metal?
Explain your choice.

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

(I} The main impurity in the nickel is copper. What technique is used to purity copper
after it has been separated from the nickel?

D T T L O P P T T T PP Y T PP TR TR TP P LT R PR T P T PY PR LY sreenneen FYYTTYY TYEETTY [1]
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3 For
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(c) Pure nickel is used to catalyse the reduction of unsaturated oils to saturated fats, e
: ' (-
saturated ¢ ¢ unsaturated
fat ‘ | — oil
o . : nickel gauze ? s
. _ : Hy(g)
under pressure
- (I) What is meant by the terms saturated and unsaturated?
....................... Eteesteeetiiseeesrbestebenarteeatratabera et e s et rrana gt nesereaesns s et seneassesaraaararasnresse] 2]
(i) Name the functional group in fats. - -
temersesesmanbgnenasats benananseas eesreessreraneiesessensansae rresennnannns rtiennreneaaane e N {1}
'(iii) How can a soap be made from a fat?
O VPR ORURRTUOVOPURPN, 14|
I [Turn over
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(a) (i) Describe how oxygen is separated from air.

(b} When a green plant is exposed to bright light it photosynthesises and forms oxygen.
The rate at which oxygen is formed was measured at 25 °C. The intensity of the light is

changed and the new rate measured. The results of experiments of this type are shown
on the graph below.

rate of
forming
oxygen

intensity of light

(i) Write a word equation for the reaction that produces oxygen.
(ii) Name the catalyst for photosynthesis.

{lif) What can be deduced from this experiment about the relationship between
photosynthesis and light?

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

............................................................................................................................... 2]
(iv) The experiment was repeated at 30 °C. Predict the effect this would have on the
rate of reaction and sketch the new graph on the same axes. 2]

203
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(v) Give another example of a reaction that is influenced by light, Describe one ke
imponant application of this reaction.
T2 Yot (] o U PPOPR TP IR
E=10]0] L= 111+ o TSSO U O USSR SRR NUTSPOURRO (3)
(¢} Potassium chlorate, which has a formula of the type, KCIO,, decomposes to torm
.. oxygen. 2.45g of the chiorate produced 1.49g of potassium chloride and 0.72dm? of
oxygen at r.t.p. Find the value of n.
n
KCIO, — KCI—+ 502
Mass of one mole of KCI = 74.5¢g
Number of moles of KClformed = .....ooviieviinviivincnna,
*T Number of moles of oxygen molecules formed = .....coiieerviercninirnnens
Number of moles of oxygen aloms = .....cvverceenenerrrenns
Mole ratio KCL: Qs nvrviierevicvrccrrvionaens
1 S P
(4]
0201 ' [Turn over



(c) The two ch!oropropanes react with sodiumnydroxide to fommmnmerent alcohols.

&

T

Propane is an alkane. It has the structural form. <.

H k-
H-——-cl:-—r.i:—-:—H
H K+
(a) The equation for the complete combustia- =7 propane is = - ~ven below. [nsert fhe two
missing volumes.
CSHB(Q) + 502(9) — 3C0,(g) + 4H-~. oY)
volume of gas/cm® ... ... 15 2]

(b) Propane reacts with chlorine to form two cnzropropanes witm === the formula C,H,CL

(i) Write an equation for this reaction. .

(i) These alcohols are isomers. Using Mpropanols aanmple explain the term
- isomer.

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

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

an e m 4 A S B L e R e § AR S RN E N e e EE S AR AR R AR TR T b R R e L, .ssdevessecssasrsasnansnnsrrrtassnaana

(i) Fractional distillation can separate tr= two propanols. === . Suggest a reason why this
method is effective. :

(i) Oxygen can oxidise propancl to prpanoic acid. Nam====sm==me another reagent that will
- bring about this reaction.

205
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(iv) Propanol and propanocic acid react to form an ester. Give the name and structura!

formuia of an ester.

structural formula

(d) Propene can be made by heating propane and sulphur.
(i) Outline another method of making alkenes from alkanes.

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

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

D62GVOMA0Y

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

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

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

(3]
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4 (a; Zinc is made by reducing zin¢ oxide. In 1695 Homberg obtained zinc from calamine,
zinc carbonate. At present zinc is extracted from the ore, zinc blende.

(i) Suggest a way of changing calamine into zinc oxide,

------------------------------------------------------------------------------------------------ ;------c--u..-oon...-.-......[1]

(i) Describe how zinc is extracted from zinc blende.

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

(b) Zinc oxide is used to make agqueous zinc chloride. This can be used to preserve wood.
Describe how this solution could be made.

........................................................................................................................... 1
{c) Zincis used to make alloys.
- (i) Name an alloy that contains zinc.
G e — SRS S — e -
(i) What is the other metal in this alloy?
............................................... eeseseeereesresesreseessesesses e sesessssseresesesessosessenmennee] 1]

(d) Another use of zinc is galvanising. When the zinc layer is broken, the steel is exposed.

exposed steel does thin Jayer of
not rust zine

R e Pl s I o et S Y S TP 0

steel
Explain why the exposed steel does not rust.
.................................................................................................................................... (3]




— . i,
Examine
(e) The diagram below represents a simple cell. v
zinc electrode iron electrode
bubbles of gas
dilute sulphuric acid
(i) Write an ionic equation for the reaction that occurs at the zinc electrode.
............................................................................................................. PUSRRR § |
(i) “How could the voitage of the cell be increased?
SOOI SR feeereraneneeeeeanrtesrefesaeeasn R eese e e bans e aretesrreensant st tenn {1]
{f) A different type of cell is drawn beiow.
water
oxygen bubbled
on 1o electrode iron electrodes
iron oxide
rust
() The pH of the solution increases. Give the name of the ion formed.
............................................................................................................................... {1}
(i) Comblete the equation that represents the formation of this ion.
O, + HO + S JEVVROTUOOPPIN : 2]
RTINS [TUT n over
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(a)

(b}

(c)

10
In the USA, sulphur is obtained from underground deposits. it burns to torm sulphur
dioxide. This is used in paper making, to preserve food and in the manufacture of
sulphuric acid.

{I) Why is sulphur dioxide needed in paper making?

(ii} How does sulphur dioxide preserve food?

......................................................................... ORI ¢ )

The diagram shows a possible arrangement of the valency electrons in a molecule of
sulphur dioxide.

O represents an electron from an oxygen atom
X represents an electron from a sulphur atom

Q0 XX 8]0

o
>
Ox Ox
oo

00

bond 2 bond 1

(i) What type of covalent bond is labelled bond 17

Sulphur reacts violently with magnesium to form the ionic compound magnesium
sulphide. Draw a diagram that shows the arrangement of the valency electrons in this
compound.

Use O fo represent an electron from a magnesium atom.
Use X to represent an eiectron from a sulphur atom. 3

209
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(d) Sulphuric acid is a typical strong acid.

(i)

(i)

(iii)

(iv)

Explain the term strong acid.

.

ettt et etreb ettt bbb r et ee bt bbb serennssrassasaessseenteneseene] D

Write a word equation for the reaction between zinc carbonate and sulphuric acid.

- N ~
eavre e, crrren Gerersirertrensserarnirsnasa . deererarirenans S S AP hesseeeraas e

Write an equation for the reaction between sodium hydroxide and suiphuric acid.

Write an ionic equation for the reaction between magnesium and sulphuric acid.,

Lol
vevarrerrratannans arreserreeneerereiiatarns sraversaravsaias creene ermsasrarens reertstsresaarasarnasas .[.:
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p

1 [n 1886, the modem electrolytic process for the extraction of aluminium was discovered in
the USA by C. Hall.

(a) Before this discovery, the only method of extracting the metal was by displacement.

(i} Name a metal that can displace atuminium from aluminium chioride.

: e et e et et e [1]
(ii) Write a word equation for this displacement reaction.
.................................................................................................................................. 1]
(ifi) Complete the equation for the reaction.
AlCL + e e ST F aertinsirnissiissnarnntnsesrenasessane 2]

{B) Aluminium is produced by the electrolysis of an electrolyte that contains aluminium
oxide,

(i) Write an ionic equation for the reduction of the aluminium ion at the cathade.

.................................................................................................................................. 2]
(ii} Name the main ore of aluminium.
............................................................................................................................... ..{1]
(iif) Complete the foltowing.description of the electrolyte by filling the spaces. )
The electrolyte IS a i mixture of aluminium oxide
AN weereereeerrerereeeeeeestessessereaesseaseeons which is maintained at 900 °C. [2]

{iv) Explain why the gas given off at the anode is a mixture of oxygen and carbon
dioxide.

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

{c) One p'roperty of aluminium is that it resists corrosion because it is covered with a layer
of ils oxide. '

(i) Give one use of the metal that depends on this property.

.................................................................................................................................. (]
(i) Give another use of the metal that depends on a different property.
USE . uvvesiiesurverivrrsnsssenesamerssassarrasmaanssesnastnsonesentonsbesssanmss testesssesinatnsossnassinsansesssasansnndsssrests
PEOTIOTLY ettt eceteeaeneaaaeraaeen e rerasntne st smre e be e ae s e srmssa e s e e s n e s snesa s neasrbr s arnsansenssonatns [2]
212
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(d) The graph shows how the rate of the exothermic reaction between aluminium and vee
hydrochioric acid varies with time.
/N
rate of
reaction
.- , 0 .
0 time -
(i) Suggest a reason why the reaction goes slowly at first.
.................................................................................................................................. [1]
{(if) Suggesttwo reason.s_ for the increase in rate.
Eereseeresiisessseseseserieseratteshea e tearan s ssarise e b an g e R e s e R beRe RS Ae RO ara bR e E NS N b Re s SRS rane s bRt npraa s 2]
213
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Fermentation of sugars is one method of making ethanocl. Vines produce glucose by
photosynthesis. The glucose collects in the grapes which grow in clusters on the vine.

(a) Vines are attacked by a fungus that ruins the grapes. In 1882 it was discovered that
spraying the vines with Bordeaux mixture killed the fungus.

The fungicide, Bordeaux mixture, contains water, calcium hydroxide and copper(II)
suiphate..

{i) Name the raw material from which calcium hydroxide is made.

(ii) The mixture contains four ions. Complete the list of ions.
Cu2*, OH™, v Y8 ¢ ISR _ [2]

(iii) A different fungicide can be made by the reaclion between an excess of aqueous
ammonia and a copper(1l} salt. Describe the observations for this reaction.

addition of AQUEOUS AMIMOMIA ....ccererieieicrrreriireeereresecerer s tunsnerrssasasrasseseststnssrerssnnses

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

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

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

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

SR N TN T : n 2 ]
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{c) The grapes are crushed to extract an aqueous solution of glucose. This solution is
fermented to make ethanocl. Explain why each of the following is necessary.

(i) yeast
............................................................................................................................... f1]
_(ii) an absence of oxygen -
............................................................................................................................... 2]
(iii) an optimum temperature of about 35°C
............................................................................................................................... {21

(d) Plants can make esters as well as sugars. The formula of a typical ester is drawn below.

Deduce the names of the organic acid and of the alcohol from which the ester couid
have been made.

AP

organic acid

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

alcohol

For
Examiner’s
Use
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A major food retarier in the UK iz going to distribute sandwiches using hydrogen-powered

vehicles.

(a) A sandwich contains three of the main constituents of food.

bread contains
/ carbohydrate

-/~ butter
contains fat

meat contains
protein

- - These constiluents of food can all be hydrolysed by boiling with acid or alkali.

constituent of food " linkage ' product of hydrolysis

protein

fat

complex
carbohydrate

(i
(i)

(iii)

Complete the table. [5]

What type of synthetic polymer contains the same linkage as

proteins,

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

fats? coerevenenn. eetehetereseseeeesestterersasesetebeseseaesereabeAerratres e R ehateaeese e eer T asae sy Rnsaatasneenrateeae 2

Fats can be unsaturated or saturated. A smail amount of a fat was dissolved in an
organic solvent. Describe how you could find out if this fat was saturated or
unsaturated.

reagent

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

result if satlurated

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

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

062073 12
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(b) One of the reasons for using hydrogen as a fuel is to reduce air poliution. Petroleum- Use
powered vehicles are a major cause of air poliution. This pollution can be decreased by
reactions of the type shown below.
260 + 2NO —— N, + 2C0O,
.. (i) Where in a vehicle does this type of reaction occur? _
.................................................................................................................................. 1]
(i} Explain how carbon monoxide is formed in the engine.
............................................................................................................................... 2]
-~(fii) Give a reason why the hydrogen-powered vehicle produces less pollution.
........................................................................................................................... 1]
(c) Outline how hydrogen is manufactured from water.
..................................................................................................................................... [2]
217
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4 Bromine is one of the halogens in Group VII. Use
{a) (i) Predictwhich halogén has the lightest colour.
............................................................................................................................... [1]
- (it) Predict which halogens are solids at room temperature. :
............................................................................................................................... 1]

(b) Bromine is obtained from the bromide ions in sea water. Sea water is concentrated by
evaporation. Chloring gas is bubbled through the solution. Chlorine oxXidises the
bromide ion to bromine.

(i) Complete the following equation.
CL + ... BIm — reecene e TP . . - [2)
(ii) Explain using the idea of electron transter why the bromide ion-is oxidised by
chiorine.
The bromide ion is oxidised beCause ...c..cveevriereirenienranes rersssen st e reases sesesennse
Chlerine is the oxidising agent BeCaUSE.......cceccvceervirvcrecessrssnssemeens seessorensrersnresrensenis
....................................................................................................... RO - |
(ili) Name a reagent that can be oxidised by bromine molecules.
............................................................................................................................... 1}
{c) Bromine reacts with phosphorus to form phosphorus tribromide.
Draw a diagram showing the arrangement of the valency electrons in one molecule of
this covalent compound. The electron distribution of bromine is:
2+ 8+ 18 + 7. |
'Use x to represent an electron from phosphotus,
Use o to represent an electron from bromine. {3]
218
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(d) Phosphorus tribromide reacts with water to form two acids,
(i) Balance the equation for this reaction.

PBry + .cHO — .. HBr + HiPOy

-

: (if) Describe by giving essential details how you could show that

phosphorous acid, H4POj, is a weaker acid than hydrogen bromide.

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

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

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

te) Hydrogen bromide is an acid. When it is dissolved in water the following
reaction occurs.

HBr + H,0 — H,O* + B~

{i) Name the particie lost by the hydrogen bromide molecule.

L R L L T e L R Y P TR Y PR RN LT

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

G62003 MLUIO2
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(a} The Kinetic Theory explains the properties of solids, liquids and gases in terms of the
movement of particles. '

Liquids and gases both take up the shape of the container but a gas always fills the
container. Explain this, using the ideas of the Kinetic Theory.

_ liquid gas ~-
/ﬁils container
does not fill container
but has shape of bottom
- of container -

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

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

t_
|1H||t|llf1—l\ -
metal foi
f ¥
= - ! 0:‘ gas escapes
/ ! through small
hole in foil
constant gas
pressure gas
applied syringe

(i) What measurements would need to be taken to calculate the rate of diffusion of a

For
Examiner’s
Use

gas?
............................................................................................................................... 2]
(ii) Which gas, carbon dioxide or sulphur dioxide, would diffuse faster?
Explain your choice.
............................................................................................................................... [3]
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(¢} A 20cm?® sample of butyne, C,Hs. is burnt in 150 cm? of oxygen. This is an excess of
oxygen.

2C,Hg(g) + 110,(g) —— 8COL(g) + 6H,0O()

(i) What volume of oxygen reacts?

............................................................................................................................... (1]
(ii) What volume of carbon dioxide is produced?
............................................................................................................................... (1]
(iii} What is the total volume of gases left at the end of the reaction?
t i eeeeieeieeeeseesseeeesesrseseseiieEesEeseesserrssiatesteriresaas et e n et s A rsan st enrenss seesemnaes [1]

(d) Calculate the mass of water formed when 9.0g of butyne is burnt. The mass of one
mole of butyne is 54 g.

from the above equation, 1 mole of butyne forms 3 moles of water
number of moles of butyne reacted ...............
number of moles of water formed

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

~ mass of water formed e.o........... g , i [3]

For
Examiner's
Use
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1 (a) Suiphuric acid is made by the Contact Process.
280,(9) + 0,{g) == 250,4(g) forward reaction is exothermic

(i) What are the reaction conditions for the Contact Process?

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

(ili) Would the yield of sulphur trioxide increase, decrease or stay the same when the
temperature is increased? Explain your answer.

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

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

............................................................................................................................... [2]
(Iif) Describe how sulphur trioxide is changed into concentrated sulphufic acid.
............................................................................................................................... [2]
{b) There are three ways of making salts from sulphuric acid.
o fitration using a burette and indicator
= . . - .- precipitation by mixing the sofutions and filtering
s peutralisation of sulphuric acid using an excess of an insoluble base
Complete the following table of salt preparations.
method reactant 1 reactant 2 salt
titration sulphuric sodium
: acid sulphate
neutralisation sulphuric zinc
acid sulphate
precipitation sulphuric barium
acid suiphate
sulphuric | copper{Il) copper(ll)
acid oxide sulphate [4]

223
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, Exami
(c¢) The results of an investigation into the action of heat on copper(ll) suiphate-5-water, a - o
blue crystalline sclid, are given below.
The formula is CuS0,.5H,0 and the mass of one mole is 2509
A 5.09g sample of the blue crystals is heated to form 3.2g of a white powder. With
further heating this decomposes into a black powdar and sulphur trioxide.
(i) Name the white powder.
........................................................................................................... SE SRR | |
(i) What is observed when water is added to the white powder?
............................................................................................................................... 1
(iii) Name the black powder.
eeeebeReerahasaenesiiksa st EeenntserndAptbeear s bae bebae b sese b bR feesenremesssreesis et sr i sa s s eeeaas {11
(iv) Calculate the mass of the black powder. Show your working. -
............................................................................................................................... (3]
-~ 2 Manganese is a transition element. It has more than one valency and the metal and its
compounds are catalysts. '
(a) (I) Predictthree other properties of manganese that are typical of transition elements.
............................................................................................................................... [3]
(if) Complete the electron distribution of manganese by inserting one number.
2+8 + ... + 2 [11
(b) It has several oxides, three of which ars shown below.
Manganese(ll) oxide, which is basic.
Manganese(lll) oxide, which is amphoteric.,
Manganese(IV} oxide, which is acidic.
() Complete the word equation.
manganese(il) + hydrochloric — ....ccviceeevrceecrcans F  erevoverrreeeeessresnssenerans
oxide acid
............................... [2]
(i) Which, if any, of these oxides will react with sodium hydroxide?
............................................................................................................................... {11
" ceRvaOme2 ‘ o [Turn over
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(c¢) Aqueous hydrogen peroxide decomposes to form water and oxygen.
2H,0,(aq) — 2H,0{) + O,g)
This reaction is catalysed by manganese(IV) oxide
The following experiments were carried out to investigate the rate of this reaction.
= A 0.1g sample of manganese(IV) oxide was added to 20 cmd of 0.2M hydrogen

peroxide solution. The volume of oxygen produced was measured every minute. The
results of this experiment are shown on the graph.

. . volume of

.1°xy?enlcsn3 T | . ' + +

time/min

() How does the rate of reactlon vary with time? Explain why the rate varies.

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

.............................................................................................................................. [3]
(1) The following experiment was carried out at the same temperature.

0.1 g of manganesse(IV) oxide and 26 cmd of 0.4 M hydrogen peroxide

Sketc_h the curve for-this experiment on the same grid. (2]
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¥

(lil} How would the shape of the grapﬁ differ if only half the mass of catalyst had been
~ used In these experiments?
............................................................................................................................... 2]
3 The elements in‘ Period 3 and some of their common oxidation states are shown below.
Element Na Mg Al Si P S Cl Ar
Oxidation i
State +1 +2 +3 +4 -3 -2 -1 0
(a) () Why do the oxidation states increase from sodium to silicon?
et eeremseessesrasresserseeeesseeeeesnatanaeetarateas Rt e st e e s e et st ssmenanenne s br e ndrananaie e [1]
(i} After Group(IV) the oxidation states are negative and decrease across the period.
Explain why. :
.......................................... [2]
. (b) The following compounds contain two slements. Predict their formulas.
aluminium sulphide . | .
silicon phosphide . [2]
(e) Choose a different element from Period 3 that matches each description.
() It has a similar structure to diamond.
............................................................................................................................... {1]
(1) It reacts violently with coid water to form a solution pH = 14.
............................................................................................................................... 1]
(i) it has a gaseous oxide of the type XO, which is acidic.
............................................................................................................................... 1]
(d) The only oxidation state of argon is zero. Why it is used to fill light bulbs?
................................................................................................................ vivessansesansrsnssreaf 1]
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(e} Draw a diagram that shows the arrangement of the valency electrons in the
ionic compound sodium phosphide.

<« Use o to represent an electron from sodium.
Use x to represent an electron from phosphorus. ' 3 -

(f) Sodium reacts with sulphur to form sodium sulphide.
2Na + 8§ — Na,§
An 11.5 g sample of sodium is reacted with 109 of sulphur. All of the sodium reacted but
there was an excess of sulphur.

Calculate the mass of sulphur left unreacted.

(f) Number of moles of sodium atoms reacted = ...ooveeccrnvennn.
[2 moles of Na react with 1 mole of S]

(i) Number of moles of sulphur atoms that reacted = .........ccuevnees
(il}) Mass of sulphur reacted = ......cccirvnn 9

(iv) Mass of sulphur left unreacted = ................. g : , {4]

4  For over 5000 years copper has been obtained by the reduction of its ores. More recently the
metal has been purified by electrolysis.

(a) Copperis used to make alloys.

() Give two other uses of copper.

(il} Alloys have similar structures to pure metals. Give a labelled dlagram that shows
the structure of a typical alloy, such as brass.

(3]
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(b) Copper is refined by the electrolysis of aqueous copper(ll) sulphate using copper
electrodes. Describe the change that occurs at the electrodes.

(I) CcathoTe (PUFE COPPEI) ceorvreicreeirere et reessir e e e eressesmass s saeessaen e s sesvessnsnssnessnnesans

............................................................................................................................... [1}

(i} anode (IMPUre COPPEIY et e rsrse s eassssssasasnnssansass

T ineeensesesseierset eSO SRR e SR SRS LR e R SR a SR OB EC S BE SRR E I PR SRRSO D e esrsensnane [1]
(iif) Write an ionic equation for the reaction at the cathode.

............................................................................................................... reeensasneenne[ 1]

(lv) If carbon electrodes are used, a colourless gas is given off at the anode and the
electrolyte changes from a blue to a colourless solution.

.. The colourless gas iS ..., .
The solution changes iNto ..., . [2}
{c) Electrolysis and cells both involve chemical reactions and electricity.
What is the essential difference between them?
.'I'. lllllllllllllllllllllllll .I-T'.l.l'llil..lll‘l".'lll..l!." ......................................................... ‘-; ''''' ‘IIIIGC[ZI

(d) Copper is an unreactive metal. its compounds are easily reduced to the metal or
decomposed to simpler compounds. Complete the following equations.

M ..CuD + .. = LOU + e,
(i) Copper(ll} hydroxide — ....cccccvcviviivecinens OO
eat)
il Cu(NO R TR v + e Vesstssssanernarersarer
(i (NG, (heat}

228
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8

Alkenes are unsaturated hydrocarbons. They show structural isomerism. Alkenes take part
in addition reactions and form polymers,

(a) Structural isomers have the same molecular formula but different structural formulae.
Give an example of structural isomerism,

molecular formula

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

two structural formulae

(3]
(b) Ethene reacts with each of the following. Give the name and structural formula of each
product, .
T @ steam i
name of Product .......ccccviceriniiimrn
structure of product
2
- {il) hydrogen )
Name of product ..o irricirrcss st eresaranse
structure of product
(2

229




9 | For~
. Examiner's
(c) Alkenes polymerise by addition. ves
(I} Explain the term polymarise.
............................................................................................................................... [2]
(i) What is the difference between addition polymerisation and condensation
polymerisation? -
............................................................................................................................... 2]

(til) Poly(dichloroethene) is used extensively to package food. Draw its structure The
structural formula of dichloroethene is drawn below.

2]

(d) Steel may be coated with another metai eg zinc or chromium, or with a poiymer. eg
poly(chloroethene), to prevent rusting,

(1) Suggest a property of poly(chloroethene) that makes it sultable for this purpose.

(i) Explain why the steel will rust when the protective coating of chromium or polymer
is broken.

(I  When the protective layer of zinc is broken, the steel still does not rust.
Suggest an explanation. :

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

-----------------------------------------------------------------------------------------------------------------------------------
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s
No one knows where iron was first isolated. It appeared in China, the Middle *

East and in Africa. It was oblained by reducing iron ore with charcoal.
{(a) Complete the following equation.,

.. Fe,0, + C 2o S F i
ironore  charcoal

(2]

(b} In 1705 Abraham Darby showed that iron ore could be reduced using coke in a blast
furnace. i

waste gases

- ——— raw materials

firebrick lining -

slag—" | N E_ -
— = ]

molten iron —

(i} The temperature in the furnace rises to 2000°C. Write an equation for the
exothermic reaction that causes this high temperature.

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

() The formation of slag removes an impurity in the ore. Writc a word equation for the
formation of the slag. '

VL ERLLADY
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(d) Stainless sleel is an alloy of iron. it contains iron, other metals and about 0.5% of

carbon.
(i) State a use of stainless steel.
(it) Name a metal, other than iron, in stainless steel.

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

{iii) The iron from the blast furnace is impure. It contains about 5% of carbon and other
impurities, such as silicon and phosphorus. Describe how the percentage of
carbon is reduced and the other impurities are removed.

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

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

{e) One of the methods used to prevent iron or steet from rusting is to electroplate it with
another metal, such as tin. Complete the following.

The anode is MAE Of .......covevverreerserseressssressssesssrnes ;
The cathode is Made of .....cvvvreerceevccrrere e .
The electrolyte is:a sOIUtION Of ..uucvvvivicriinnieieceeeeeen, .
(3]

!

i

af

ILIPREAT RS X R AT R Y . {TLII'I\ Ovef



4 Fur

R Exdnuniar’s
. . . Us,

2 Calcium and other minerals are essential for healthy teeth and bones. Tablets can be laken =

to provide these minerals.

Healthy Bones

Each tablet contains

calcium
magnesium
i zinc -
copper
boron

(a) Boron is & non-metal with a macromolecular structure.
(i) What is the valency of boron?
(ii) Predict two physical properties of boron.

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

(iif) Name another element and a compound that have macromolecular structures.
element ...............
compound ........coiceeniinannn.,

(iv) Sketch the structure of one of the above macromolecular substances.

[7]
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(b) Describe the reactions, if any, of zinc and copper(ll) ions with an excess of aqueous
sodium hydroxide.

()

(if)

zinc ions

addition of aquequs SOIUm hydroxXide e e e
G S IO
Copper(mlo ns ............................................................................................................
addition of aqueous sodium hydroxXide ..ot e s
85 50 A e

(c) Each tablet contains the same number of moles of CaCO, and MgCO,. One tablet
reacted with excess hydrochloric acid to produce 0.24 dm? of carbon dioxide at r.t.p.

(i)

(i)

CaCO, + 2HCl — CaCl, + CO, + H,0
MgCO, + 2HCl — MgCl, + CO, + H,0

Calculate how many moles of CaCO, there are in one tablet.

number of moles 002 =

number of moles of CaCO, and MgCO,

number of moies of CaCGa = e
(3]

Caleulate the volume of hydrochloric acid, 1.0mol/dm?, needed to rea‘é! with one
tablet.

number of moles of CaCO, and MgCQO, inone tablet = ...
Use your answer to (c){i).

number of moles of HC! needed to react with one tablet = ...

volume of hydrochloric acid, 1.0 mol/dm?, needed to
react with one tablet = cepennieeena

For
Examiner’s
Usa
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Alkenes are unsaturated hydrocarbons. They undergo addition reactions.

(a) Two of the methods of making atkenes are cracking and the thermal decomposition of
chlorpalkanes.

(i) Complete an equation for the cracking of the aikane, decane.

CmH22 e T O o U
decane

(ii) Propene can be made by the thermal decomposition of chloropropane.
Describe how chloropropane can be made from propane.

reagents propane and .........cccceeeeerveeenns
B CONAIIONS  vvoeeeeeeeeeseemseseeeeeeese e sesseeesnenens (4}
(b) The following alkenes are isomers.

CHg—CH,~CH=CH, CHsuz=CH2

(i) Explain why they are isomers.

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

(ii} Give the name and structural formula of another hydrocarbon that is isomeric with
the above.

structural formula

{4]

tor
Examners
UUse
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hydrogen ..,
< DIOMINE weveveeenneosseeeesereseeessessesssesseeeneseens : [3]
{d) Alkenes can polymerise.

(i) Deduce the name and structural formula of the monomer from the structure of the

polymer.
H H
I I
tT C C -
I I
CH, H n

NAME OF MONOIMIBE oo iirreseccsini e tvtevsrereremensrosssnsseses

structural formuta

(ii) Draw the structure of the polymer formed from the foliowing monomer. -

o
He =C/0“C"CH3
H- SH

For
Examinar's
Use
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(iit) Describe the pollytion problems caused by the disposal of polymers in landfill sites e
and by burning.
AN SIIES wevieeeiiie et st e e s e s e s
s s (2]
BUITIING 1ot re e e e e e e a e e e et e e bbb e e eeennsasreee s inree s
............................................................................................................................... 1]

4 Nitrogen dioxide, NO,, is a dark brown gas.

(a) Most metal nitrates decompose when heated to form the metal oxide, nitrogen dioxide
and oxygen.

(i) Write a symbol equation for the decomposition of lead(l1) nitrate.
Pb(NO,}, — v S R F e ee e 2]

(if} Potassium nitrate does not form nitrogen dioxide on heating. Write the word
equation for its decomposition.

{b) When nitrogen dioxide is cooled, it forms a yellow liquid and then pale yellow crystals.
These crystals are heated and the temperature is measured every minute. The
following graph can be drawn. :

4 D
temperature
B yellow liquid
C
A pale yellow crystals

time

(i} Describe the arrangement and movement of the molecules in the region A-B.

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

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

CE2/0AMI00
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(if) Name the change that occurs in the region B-C ’
e e e an e tteeeee bt erre e erenaaas verrenas rrerrnenas rreveenians e (4]
(c} Nitrogen dioxide and other oxides of nitrogen are formed in car engines.
(i} Explain how these oxides are formed.

Fasddnrnresendirannn FeEsdariracdtaniarenatidaterrrant Whdrdareanaa erreraras bt deraansisiinnapetandanins devesaasans P P,

(iiy How are they removed from the exhaust gases?

(d) Nitrogen dioxide, oxygen and water react to form dilute nitric acid.
Describe how lead(ll) nitrate crystals could be prepared from dilute nitric acid and

id

lead(ll} oxide.

serseriens B OO UR TIPS SO veeeenraeresaas TSN P veereenas
.....
ievrersarvesnisenseraens verreasanan B OO PFRPPTRR [3]
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The first three elements in Period 6 of the Periodic Table of the Elements are caesium,
barium and lanthanum.

(a) How many more protons, electrons and neutrons are there in one atom of lanthanum

than in one atom of caesium. Use your copy of the Periodic Table of the Elements to
helpyou. - -

number of protons ettt e,
number of electrons e e aaaaeares

nUMber of NEUIONS s [3]

(b) All three metals can be obtained by the electrolysis of a molten halide. The electrolysis
of the aqueous halides does not produce the metal.

(i) Complete the equation for the reduction of lanthanum ions at the negative
electrode (cathode).

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

(c) All three metals react with cold water. Complete the word equation for these reactions.
metal + water = e F v, (2]
(d) Barium chloride is an ionic compound. Draw a diagram that shows the formula of the
compound, the charges on the ions and gives the arrangement of the valency electrons
around the negative ion. ‘
The electron distribution of a barium atom is 2.8.18.18.8.2

Use x to represent an electron from a barium atom.
Use o to represent an electron from a chlorine atom.

[2
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_— U
(e) Describe, by means of,a simple diagram, the lattice structure of an ionic compound, ¥

such as caesium chloride.

{2}
. () The reactions of these metals wilh oxygen are exothermic.
| 2Ba(s) + O,{g) — 2BaO(sk)_“
(i) Give an example of bond forming in this reaction.

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

(i) Explain using the idea of bond breaking and forming why this reaction is
exothermic.. . :

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

OGIOMOL
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b The volume of one mole of any gas is 24 dm? al room temperature and pressure (r.t.p.).
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2

Four of the reactions that form carbon dioxide are shown below.

COMBUSTION RESPIRATION
The complete combustion This process occurs in
‘of carbon-containing fuels _ plants and animals. -
produces the gas .«nd energy.

CARBON DIOXIDE

cO,
L. ' CARBONATE CARBONATE
React with acids to form a . | Most carbonates decompose when
salt, carbon dioxide and waler, : | heated to form carbon dloxide and
the metal oxide.

(a) (i) Name two liquid fuels that are obtained from petroleum.

(i) - Give the name of the different gas formed by the incomplete combustion of a
carbon-containing fuel.

................................................................................................................................... (1
(il Explain the term respliration.
................................................................................................................................... (2]
(b) Magnesium carbonate reacts with hydrochloric acid to form a salt.
(i) Name this salt.
................. et amss s st ssersasssncneetss 1)
(ii) Name another chemical which will react with hydrochloric acid to form the same
salt. :
................................................................................................................................... (1]
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(c) Calcium oxide (lime) is made by heating calcium carbonate. =
(i) Give another use of calcium carbonate,
44448 AR AR ettt ssr s sissanassensanssssansars b 1)
{ii) Explain why lime is used by farmers.
144 e LR ARt spant s srsssiassan L]
1

245
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4

Oxygen is the reactive gas it the atmosphere and a lot of Chemistry is centred around
oxygen and its reactions. The major gases in the atmosphere are oxygen (Q;), nitragen {N,)
and argon (Ar).

(a) (i) Whatis the approximate percentage of oxygen in the air?

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

(iit} A technique used to separate mixtures of gases is diffusion. Which one of the
above gases would diffuse the fastest? Give a reason for your choice,

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

(1}

(v) About three billion years ago, the Earth’s atmosphere contained a high percentage
of carbon dioxide and very little oxygen. Explain why the presence of chlorophyll-
containing bacteria caused the composition of the atmosphere to change.

................................................................................................................................... [3]
{b) The major source of the poliutant, nitrogen oxide, is motor vehicles.
(i) Under what condition is this oxide formed?
................................................................................................................................... (1]
() Name the ‘'device that reduces the amount of this po[.iutant emitted by vehicle
exhausts, ~
................................................................................................................................... (1]
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(c)

(d)

Use x to represent an electron from an oxygen atom.

5

Potassium and oxygen react to form the ienic compound, potassium oxide. Draw a
diagram that shows the arrangement of the valency electrons around the negative ion
and the charges on both ions.

Use o to represent an electron from a potassium atom,

(3]

Oxygen in the presence of waier caus;és iron and steel to rust. Describe two methods
of reducing the rate of rusting.

LT LT PP T PP LY T Y PYY Y e hEseasTecsaqerrrIsegeetassagrivanasdvanse I LY L LYY R L L S T T L Ty PR LT TR Y T

(2]

L] L] (X T R L I e e e L LY L e R Y P R T LR R ey LYY R EL T
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3 Redox reactions involve the ‘transfer of electrons. Oxidation is the loss of electrons and *e

reduction is the gain,

(a) (i) Describe the colour change observed when acidified potassium manganate(VII) is

reduced.

........... CereerseatE R s st R et as e rA AR R TR RO p e ae bt raenseanebassmernnaseres L2)
{if} Suggest a suitable reducing agent for this reaction. -

eetmsenaes RS Fbe s e R R anera e e nenees easeereasesens R— —

{b) Chromium(III) chloride is changed into potassium chromate(VI). ls this change

* " oxidation or reduction? Give a reason for your choice. -
resnareesserenas S . emessssssessesssssssssasasssnseseees 2]

{c) A piece of paper is coated with a layer of silver(l) chloride. It is used in the following
experiment. :

paper coated with a

papsr layer of silver(I) chloride

exposed

to light —- thick cardboard cross

exposed to light
turned grey

- cross removed
under cross still white

(I} Explain why the silver(I) chloride that was not exposed to the light remained white
but that which was exposed turned grey.

YT rTT sevreae L T L TPy Y P T T PP T T PP I TP T PP TY PET P TP T TP PP PYY 4essaselartasrsassetintangegstiteccapesinianacanseats

(2]

iBdseisnttnsssasanakonaserane senessasassLaen L TEY YT L LT sasansesresaenangrrane ELTTT Pt L T e Y LY LY T e T ] LET]
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(if) Write an equation for the reduction of the silver(I) ion. %
.................................................................................................................................. , 1]
{iil) What difference would uslng a brighter light make?
T et s E s seRs e EA S es a4 eSS be s s or ettt ra rerreereraen (1]
(iv) Whatis an important application of this reaction? ]
................................................................................................................................... (1
(d) The diagrams show an exampie of electrolysis and of a cell.
Cell Efectrolysis
|y
l |
voltmeter
f\‘,\//
v/
) . | D= carbon
zinc electrode - lead electrode ~  electrodes
diiute
sulphuric 5 |52 .
acld bubbles E T L':_gl::'ig ;ead
of gas
{I} One of the above reactions is exothermic. State, giving a reason, which reaction is
exothermic. - ‘
........................................... eeveenns e s essssassresseessassesasessenasestresseeesmaiosesessessessssonmesssss L1}
{it) How could you tell from the cell experiment which is the more reactive, zinc or lead?
................................................................................................................................... (1]
(HI) Name the products of the electrolysis of moiien lead bromide.
product at negative electrode | | | . ..., (]
product at positive electrede [1]
| 249
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{e) To compare the reactivity of lead, manganese, silver and iron, each metal was added
to a solution containing the positive ion of a different metal. The results of this

B

experiment are given in the table below.

- Pb? Mn2* Ag Fe®:.
b no reaction reaction no reaction
Mn reaction reaction reaction
Ag no reaction no reaction no reaction
Fe reaction no reaction reaction
{I) Write the four metals in order of reactivity. -

. dduse - Bpgssapuagsagasryasnessnpt Nl mos‘ reaCtiMe
IR E NN PR R L DN AL DL R R R L L R R L L L ey e P e N P R LT TR R LR L leaSt reaCtive
{ii) Which metal most readily forms positive ions?
{lil) Which ion is the best oxidising agent?

0620/Q3/0/N/03
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4 One use of the polymer, pelyacrylonitrile, is to make carbon fibres.

The monomer,
acrylonitrile, is made by the following reaction.

2CH3~—CH=CH; + 2NH, + 30; - 2CH;=CH~CN + 6H,0

(a) Propene is made by the thermal cracking of the naphtha fraction of petroleum. This is a
“ - mixture of alkanes, C,4 to Cyq.

-

() Name the technique used to obtain naphtha from petroleum.

................................................................................................................................... (1]
(ii) Predict the formula for the Cyg alkane.
CI0 e crsssnsessrssemsssenssaseserens (1]
- - {iil) Write a symbol equation for the cracking of hexane {CsH14) to form propqné
....................... S )

(b) Ammonia is manufactured by the Haber Process.
Nz(g) + 3Hx(g) == 2NHa(g) forward reaction is exothermic.
450°C

200 atmospheres pressure

(I} Explain why a high pressure increases the percentage of ammonia in the
equilibrium mixture.

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

.................................................................................................................. SOOI 4
(i) At 300 °C, the yield of ammonia would be greater, Why is this lower temperature
not used?
................................................................................. (1]
251
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(c) The repeat unit of the polymer, polyacrylonitrile, is drawn below. Add two more units to vse
this diagram.
H CN
- C C o
H H
(2]
(d) Carbon fibres have a simliar structure to graphite. Describe the bondihg in this
macromolecule. A labelled sketch is acceptable.
2]
252
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5 Heating a compound so that it splits up to form two or more simpler substances is calied
thermal decomposition.
(a) Complete the equations for the thermal decomposition of the following compounds.
(i} Magnesiumhydroxide — o, P ! T eeeresens
....................................... {1]
(i) potassium nitrate e S, R B et
........................................ (2]
(i) ... CulNOs)z > ....errrrirrrarns T rermreraasssnrsaenes ¥ eeeeereeeees Pesseaeeeseesen 2}
(b) The equation and a diagram for the reversible decomposition of ammonium chioride
are given befow. ‘
NH.CXs) === NHy(g) + HCl(g)
' white - both gases colourless
A white powder appears '
remains clear - on cooler part Of tube
and colourless
. piece of solid becomes smaller
x # and eventually disappears
s heat
Suggest an explanétion for the above observations.
.......................................................................................................................................... (2]
253
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{c} In an experiment, 6.08g of iron(ll} sulphate was heated untili the decomposition was
complete. .

Calculate the mass of iron(Ill) oxide formed and the total volume of gas produced,
measured at r.t.p. '

2FeS0, (s) = FexO4(s) + SO;(g) + SOi(g)
The mass of one mole of FeS0O, is 1524.
The mass of cne mole of Fex0; is 160¢g.

(i) Calcuiate the number of meles of FeSO, used.

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

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

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

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

dm®  [6)
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6 The following three compounds are alcohols t
CH3-CHz-CH;-CH2-OH HO-CH»-CH,-OH
butan-1+0| ethane-1,2-diol

HO-CH2-CH({OH}-CH;-OH
glycerol

(a} (i) Alcohols ‘can' be broken down into alkenes and water. Give the name and
structural formuta of an alkene that could be made from butan-1-ol.

name

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

- structurat formula

{2
(i) Give the structural formula of an alcohol that is isomeric with butan-1-ol.
{1}
(iti) Butan-1-ol can be oxidised to an organic acid. Give its name and structural formula.
name .....
sfructurai formula

(2]

0620/03/0/N/03 255
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(iv} Name an oxidising agent that can change an alcchol into an organic acid. vs

................................................................................................................................. ().
(b) Glycerol is formed by the hydrolysis of naturally occurring esters.
t {i) Give an example of a natural ester that can be hydrolysed to glyceroi.
................................................................................................................................... (1
(i) Name the reagent used to hydrolyse this type of ester.
................................................................................................................................... (1]
{ili}y What other useful product is formed by this hydrolysis?
................................................................................................................... S £
(c) Ethane-1,2-diolis used to make condensation polymers, such as polyesters,
() Draw the structure of a typical polyester.
(3]

(if} Suggest an explanation why butan-1-ol cannot form long polymer molecules but
ethane-1,2-diol can.

--------------------------------------------------------------------------------------------------------------------------------------------
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. DATA SHEET
. The Periodic Table of __tpg.Ele_;nents

COMIGHBZI0

85T

N Wi v v v o
| ’ 4
“H. He
Hydrogen Hedurt
[ 2 .
7 n, -2 TS % 19 n
Li B C | N 0 F “Ne
. N E: - e A 5 9 10
n Fid B | 32 355 ]
Na AL -8 P s cl . Ar
oy . Alurinkem - | Sficon Prosprons | Sugpiee [~ Avgon
" 1 " B 3 11 1%
» TLI 82, s s Cw g3l s 7 & i
K Sc | ‘T Cr | Mn | Fe Ga | Ge As Se Br Kr
Pousakey ScarvScsh Chgmium Manganmss Fon | ceom Gerravkun [ Amenk Selorium Bromine Keyyeons
1 7 u 3 ‘ 131 2 i m » 38 %
s 89 % L 10t 115 o |z 128 127 1
Rb Y Mo Te Ru In |- 8n | Sb Te 1 Xe
o Yickan Mot Tochned Ptk el Th Ardreay Tolirharn iodowm Haren,
) 2. a2 a ' 50 51 52 5 54
m 139 " SOt -..‘"'m o . w7 29
Cs La’ w Re |'-Qs | LT Pb I Bi Po At Rn
Comslon Larthyntes Tungswn Rhvorkam Cambim © Thefkm - Lead Bemuth Polorum Astatre Radon
5 5 H s " 2 ® » &5 3
Lar
Fr Ac
Funcian Acliniva
o a5
*58-71 Lanthanoid series - g W 162 I R 169 1 175
o . : Pr Nd -Pm D Ho Er Tm Yb Lu
90-103 Actinoid series Ereseodken | Huotymiom | Proaed bwz,_ ik | o | e s st
5 80 ) ] 67 68 -] a1 70 "
& = relative stomic mass ma ] ' ’
Key X = slomic ymbol Pa U Np Cf | Es Fm Md No br
b b= proton (ataccdc) umber 5 e » I P s 102 e

The volume of one mole of any gas is 24 dm? al room temperature and pressure (r.Lp.).
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