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For this papar you must have:
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= @ scientific calculator

= |he penadic table (enclosed),
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Use black ink or biack ball-point pen,

Pendl should only be used lor drawing.

Fill in the boxas at the top of this page,
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the box around each page or on blank pages.

If you need extra space for your answearls), usa the lined pages al the and of
thiz book. Write the guestion number against your answer(s),

Do all rough work in this book. Cross through any work you do not want

to be marked,

In all calculations, show clearly how you work out your answer,

Information

The maximum mark for this paper s 100,

The marks for quastions are shown in brackets.

You are expacted o use a calculator where appropriate.
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This question is about carbon and its compounds,

Fullerenes ara molacules of carbon aloms,

Tha first fullerena to ba discovered was Buckminsterfullerene [Cag).

What shape is a Buckminslerfullerane molecule?
[1 mark]

Spherical

Give one use of g fullerans,
[1 mark]

Dra delngy tasile the boduy

Propanane is a compound of carbon, hydrogen and axygen.

Figure 1 shows the dol and cross diagram for a propanong molecule.

Figura 1

5
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E[ Complete Figure 2 to show a propanone malecule. |-

Use a line to represent each single bond.

Use Figure 1.
[1 mark]
Figure 2
H H
\ !
W=l — t:f — ¥
1
wo
O
[0]1].[4] Determine the molecular formula of propanone.
Use Figure 1.
[1 mark]
Molecular formula = _i-J_HE 0
[011].[5] Propanone is a liquid with a low boiling point.
Why does propanone have a low boiling point?
[1 mark]

Tick (v') one box.

The covalant bonds are strong.

The covalent bonds are weak,

The Intermolecular forces are strong.

The intermolecular forces are weak, Vf

Turn over &
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E] Figure 3 represents tha structure of graphite. —
Figure 3
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Explain why graphite is:
= a good elecirical conductor
s soll and slippeary.

You should answer in terms of structure and bonding.
[6 marks]
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l 0 | 2 | This guastion Is about atomic structure and the periodic table. box

Gallium (Ga) is an element that has two isotopes.

| E| Give the maaning of ‘isolopes’,

You should answer in terms of subatomic particies.
| [2 marks]
[

ON Ssokeoe ®  on aloan  wid) e
Cmip.  Nuahber ::-.\,- poons n s nuclews &y

*EI Table 1 shows the mass numbers and percentage abundances of the
isotopes of gallium.

Table 1

Mass number | Percentage abundance (%)

69 60

7 40

Caleulate the relative atomic mass (A} of gallium,

Give your answer to 1 decimal place.

- &1x60 + 31 x40y e

[ oo
= 4.8

Relative atomic mass (1 decimal place) = E«a! .
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Gallium (Ga) s in Group 3 of the modern periodic table. o
EIEHE] Give the numbers of electrons and neutrons In an atom of the Isotope §1Ga
[2 marks]
Number of electrons :j?'_.l
Mumber of neutrons (éﬂ"m '-_') Y
[072].[4] whatis the most likely formuta of a gallium ion?
| [1 mark]
Tick (') one box,
Ga-l-
Ga-
Ga?
Gat

m@ Gallium was discovered six years after Mendeleev published his perodic table.

Give two reasons why the discovery of gallium helped Mandeleev's pericdic lable lo
become accapled,
[2 marks]

1_1-‘1— II{LLLJ & _Gu{: [eJr+ wn He uble

J%fv’_*e-h Aeleev _
: “Mendeleey  was eble fo w Hhe Rocdw
table 1o hﬂmfn_k;_b frediet Galaums Propeciies g
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Thiz guestion is about the extraction of metals. o

Element R is exiracted from lis oxide by reduction with hydrogen,

The equation for the reaction is:

JdHz + RO —« R + 3H:0

The sum of the relative formula masses (M) of the reactants (3H; + RO3) s 150
Calkculate the relative atomic mass (A of R. [

Relative atomic masses (A) H=1 O=16 |
= [2 marks]

M H,_D = 150 = L+ LIRD

= |50—30UE

= Iso- 5%
= ﬁé.
Relative atomic mass (4,) ol R = C] b

Identify elament R,

You should use:

= your answer lo question 03,1

= |he perodic table,
[1 mark]

Identity of R = Mﬁmm (_.-"1 o)
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i
[013][3] carbon is used to extract tin (Sn) from tin oxide (SnO.).
The equation for the reaction is:

Snd; + G — Sn + COy

Calculate the percentage atom economy for extracting tin in this reaction.

Relative alomic masses (4): C=12 O=18 Sn=118

 ———

[3 marks]
Toral Me = 1274+ A+ (2 16)
feadonk = A
= p_:‘-_:‘.l_'m = _I___['i_..ﬁugﬂ.
ecoromyy 163 a
= :}‘3_2: N
Percentage atom economy = ?“3 % |

Question 3 continues on the next page

|
Turn over »



[013].[4] Tungsten (W)is a metal.

10

10

Tungslen is extracled from tungsten oxide (\WOs).

All other solid products from the extraction method must be separated from the
fungsten.

Table 2 shows inflormation about three possible methods o extract tungsten from
tungsten oxlde,

Table 2
Method | Reactant | Relative cost of reactant Products
' Tungsten solld
1 Carbon Low Carbon dioxide gas
Tungsten carbide solid
- Tungsten solid
2. | Hydrogen High Water vapour
Tungsten solid
4 ran Lo Iron oxide solid

Evaluate the three possible methods for extracting tungsten from tungsten oxide.
[4 marks]
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| I:l.| 4 | This gquestion ks about Group 1 elements,

lo water.
[2 marks]

1k Sl mene  aound on the Sutlule
o fhe  poakec _
7 Tk w‘tl‘»\ bm.ﬁ'x Lafr.ﬂl L LA".#.L ,!-vLa.mn.

lel Complete the equation for the reaction of potassium with watar.

Y'ou should balance the equation.
[Z2 marks]
ZK + 7 H0 — ko + W,
El Explain why the reactivity of elements changes going down Group 1.
[4 marks]
ek el P ﬁftmuf: 1. Fla o

o dewn ke Geup. Tha mMeuns thak
“fke altuho behteen bha eledmn and
the  audens B eahat cmd o the atewn
will lote G eledeon Mo E@&_JE' Thia
_ﬁu,fms.}u.: -E—uf e  Chcleatel E‘E.{.id'iﬂi‘%kj
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Sodium reacls with oxygen to produce the ionic compound sodium oxida. e

Oxygen is a Group 6 element.

mm Draw a dot and cross diagram o show what happens when atoms of sodium and

oxygen react to produce sodium oxide,
[4 marks]

Diagram

© o ©®
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Why iz oxynen described as baing reduced in the reaction between sadium and
oxygen?

_IL > éﬂ:‘"‘*ﬂ“& hass Elm.{imm.g_

[1 mark]

Explain why sodium oxide has a high melting point.
[3 marks]

Egod_,u.uw ;;:}ﬂcin. I"wa. B ﬂ‘;ml' l».H“fhz_
Shrwdkute  held Eﬁcﬁkﬂ' - vain, Shreng
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Turn over for the next question
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This guestion is about salts. .

Nama the sall produced by the neutralisation of hydrochloric acid with
potassium hydroxide.

[1 mark]
R}%’MM LILLD_'&J_L
Write an lonic equation for the neutralisation of hydrochloric acid with
potassium hydroxide.,
[1 mark]

Mo+ o - M0

oluble salls can be produced by reacting dilule wdrochloric acld with an
insoluble solid,

Copper, copper carbonate and copper oxide are insoluble solids.

Which of thase insoluble solids can be used to make a copper sall by reacting the
solid with dilute hydrochloric ackd?
[1 mark]

Tick () one box.

Copper and copper carbonale only

Copper and copper axide only

Copper carbonate and copper oxide only

Copper, copper carbonate and copper oxide
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A student makes crystals of magnesium sulfate,

This is the method used,

1. Add sulfuric acid to a beaker.

2. Warm (he sulfuric acid.

3. Add a spatula of magnesium oxide o the beaker,

4, Sfir the mixtura,

5. Repeal steps 3 and 4 until there s magnesium oxide remaining in the beaker.
. Filter the mixiura.

7. Evaporate the filirate gently until crystals start (o form,

8. Leave the solution to finish crystallising.

Give one reason for:

= glap 2
v step 5

+ siep B,
[3 marks)

Step 2 to ntease the e O-}* ootion

Steps o ensae e all saex }«ngfifi-_%iu_
lhos  (encked .
sep6 +o  (emove oo miﬁ_ﬂ%m&w_
Sule

How should the fillrate be evaporated gently In step 77
[1 mark]

Tum avar »
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.@ Iron chioride is produced by heating iron in chlorine gas.

i .\.g. 'r.LL
The equation for the reaction is; (e lhoe F_E-

2Fa + 30L —s 2FeClh = b

Calculate the voluma of chloning needad to react with 14 g of iron.

e

You should calculste: A= wrohed
# the number of moles of iron used

s the number of moles of chiorine that react with 14 g of iron

s+ the volume of chiorine neaded,

Relative atomic mass (A): Fe=56

The volume of 1 mole of gas = 24 dm? |
[3 marks]

ASceon = 14 . 5.28 wmole
b6
acfle = }-'.‘:nFE:: S e .15
| iy ﬂ— ?a
= {H.TFS poles

Volune = 0. 375 24
= Q.o d_-.-ﬂ-.l

Volume of chiorine = q .0 dm?® 10
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This question is about metals.,

El Table 3 shows information about four substances.

Table 3
Does it conduct | Doas [t conduct
Substance "'“::Eg“"“ B““i:ﬁg“'“* electricity in the | electricity In the
solid state? liquid state?
A =117 74 Mo Mo
B B01 1413 Mo Yes
c 1635 2750 Yes Yas
(1] 1610 2230 Mo Mo
Which substance could be a metal?
[1 mark]

Tick (+) one box,

] s[] e[ o[

[0]6].[2] Explainwhy alioys are harder than pure metals.

[3 marks] I

Tl alows o} the  Adfereat ddementt ate
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| E@El A student wants to compare the reactivity of an unknown matal, Q, with that of zinc. .

|
Both melals are more reactive than silver,

| The studant is provided with:
[ « silver nitrate solution
« metal Q powder

= Zing powder
+ a thermometer

+ normal laboratory equipment,

No othar chemicals are svallable.
Describe a method the student could use to compare the reactivily of metal Q with
that of zinc.

Your method should give valid resulls.
[4 marks]

TTwo beabers Shoall be Jaled it
;ﬂnal vdwmes o) Sloecnidnle ke o

epnal  Contentplion. 7le ..’hli-o.r_la:«g. tewrpeiiue
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hea rd’ WA

e the
0 This question is about chemical reactions and alactricity. oo
| 0 | T |E| Electrolysis and chemical calls both involve chemical reactions and alectricity.
Explain the difference between the processes in alectrolysis and in a chemical cell,
[2 marks]
- E lE.LJl'F:JA\S,t; (.Y BN {_,le,c.l' i L.:J't_l.n,l -L&. pl‘qh.d_a Ca
{_.‘ ¥
L,Lue.-u)r.nu.'l.. Pecn o -
PH\, eledrce. (lawdical u,Ll wlel  can Ehm
feuddon Yo poduce eledviiiy .
S |
El A teacher demonstrates the electrolysis of molten lsad bromide.
Bromine is produced at the posilive electrode.
Complete the hall equaton for the production of bromine.
vou should balance the hall equation,
(2 marks]
Br — +
| BJ Two aguaous sall solutions are slectrolysed using inert electiodes,
Complete Table 4 to show the product al gach alectrode.
[3 marks]
Table 4
Product at Product at
Salk solution positive electrode negative electrode
Copper nitrale coppar
I_Pnlas.sium indide
|
I
Turn over »
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Some students investigated the electrolysis of copper nitrate solution using
inert alectrodes.

Figure 4 shows the apparalus.

Figure 4
dc power _ Ammeter
-~ lo measure

eleciric currant

Posilive
eleciiode - Negative
_—" elacirode
Beaker __— Copper
= nitrate
solution

The students investigated how the mass of copper produced at the nagative electrode
variad with:

« fime

s current,

This is tha method used.

1. Weigh the negalive aleclroda,

2. Sel up the apparatus shown in Figure 4.

3. Adjust the power supply until the ammeter shows a current of 0.3 A
4_Swilch off the power supply after 5 minutas.

5. Rinsa the negative electroda with water and allow to dry,

6. Rewsigh the negative electrode.

7. Repeat steps 1 to 6 for different times.

8. Repoat steps 1 o T at diferent currents,

Chr ol iy
etk iy
Gow
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‘ [0]7].[4] Some of the copper produced did not stick to the negstive electrode but fell to the o

battom of the beaker,
|

Suggest how the students could find tha total mass of copper produced. .
[4 marks] |

Tle mixbwe Could he hltesed Yo
oo the Sohd Coppet . Flazz o~
Yeen e wealhe)  amd  diied. Ownee
Mo Hre CoppeC G~ be  wefghed. TJlia
m&f‘r Sesuld b added Yo W ol

bbe & U (P ale DA AL &J&__ﬂg{mi@..
Tl ol t}w.lll Hee tobed  wne -:f!.

Loppec prodanced. .

Question 7 continues on the next page

Turn over »
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The students plottad thair rasults on a graph,

Figure 5§ shows the graph.

Figure 5
I ' I
I
0.6 5
s Current =089 A
Total
mass of 04 ; |
COpper =
produced ' Current = 0.6 A
ing |
O TG onee
=02 Current =03 A
0 | .
0 10 20 30

Tirme in minwtes

A student correctly concluded that the fotal mass of copper produced is directly
proportional both o the time and o the curment.

How do the results in Figure 5 support the conclusion that the total mass of copper
produced is directly proportional to the tima?

Al #e lones asxe S’rrofﬁk% Lonet
Vﬁhi'ﬂ!*&.hk_:b!s_ﬂ SUTEN

[1 mark]

How do the results in Flgure 5 support the conclusion that the total mass of copper
produced is directly proportional o the current?

Use data from Figure 5 in your answaer.
[1 mark]

_E:a}mz,a.n 10 and 70 waonealg N
hAeag ﬁ -[n!}!:rm' o 0.3A doubla {{m .06 o 0.1

o rail woretiy
sl iy



[0]7]]7] copper nitrate salution is blue.

Suggest why the blue colour of the copper nitrate solution fades during the
alecirolysis.
(1 mark]

B ('_q?pu’ Tons efe s dn n.f'ﬂ.n_d. :)Ifm
ee  Scolulen

Determing the number of aloms of copper produced when copper nitrate solution is
electrolysed for 20 minutes at a current of 0.6 A

Give your answer to 3 significant figures.
Llse Figure 5,
Relative atomic mass (A); Cu =635

The Avogadro constant = 6.02 = 10* per mole [ a3,y

g fa = 0 - 24 ¢ n= M = O
=)

[3 marks]

M= X I"Jﬂ_
= (.38 % (b -02)5)
= 2 1Rt akenny

Number of atoms (3 significant figures} = & . CBx /o

EF
gad
o

Turn over for the next question

Turn over &
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This guastion |s aboul the reaction batween hydrogen sulfide (H:S) and oxygen.
The equation for the reaction is:
2H:5(g) + 30:g)— 2H:0(g) + 250:{g)

Whal does H;O(g) represant?
[1 mark]

Luk el U pound

Calculate the volume of axygen required lo react with 50 cm? of hydrogen sulfide.

Pt [1 mark]
tubio Nl H = 71X
U0 = 2 x50 = F5 e

Volume = .:f'"f; cm?*

Figure 6 shows part of the reaction profile for the reaction,
The reaction is exothermic,

Complete Figura 6.

You should:

« complete the profile line

» label the activation enargy

« label the overall energy change.

[3 marks]
Figure &
Prckivakion
£ nely
En&rgy 3
2H8M0)+3 00000/  _ -
p.hifl!,n
LnelBs 2 Mz0uws + A% ey
LAt - Y. -

Progress of reaction
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(v ol ke
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This question is aboul acids. £
Hydrogen chlorda and ethanoic acid both dissolve in watber.
All hydrogen chioride molacules ionisa in waler.

Approximataly 1% of athanoic acid molecules ionisa in water,

A solution is made by dissolving 1 g of hydrogen chioride in 1 dm? of water.

Which is the cormect descriplion of this solution?
[1 mark]
Tick [+ } one box.

A concentrated solution of a strong acid

A concentrated solution of a wealk acid

A dilute solution of a strong acid /

A dilute solulion of a weak acid

Which solutfon would have the loweast pH?
[1 mark]

Tick (+') one box.

0.1 molidm? ethanoic acid sslution

0.1 moldm® hydrogen chloride selution

1.0 moldm? ethanoic acid solution

1.0 molidm? hydrogen chioride solution
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A student invastigatad the concentration of a solution of sodium hydroxide by titration

with a 0.0480 molidm® ethanedicic acid solution.
—-_-—.-.-.-.-_._

This i= tha method used.

1. Measure 25.0 cm? of the sodium hydroxide sofution inlo & conical flask using a
25.0 cm® pipatia.

2. Add two drops of indicator 1o the sodium hydroxide solution.

3. Fill a burette with tha 0.0480 malfdm? athanediole acid solulion 1o the
0.00 cm? mark,

4, Add the ethanedioic acid solution to the sodium hydroxide solution until the
indicator changes colour,

5. Read the burette Lo find the volume of the ethanedicic acid solution used.,

Sugoest two improvements to the method thatl would increase the accuracy of the

result.
[2 marks]

i e Malﬁlq_miuﬁh_#ub_ |

2 DAL the eBanedion cad drop e

N S e e ol W i e e e e B

Question 9 continuas on the next page
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[0]8].[4] Figure 7 shows the displayed formula equation for the reaction of hydrogen sulfide
wilth oxygen.
Figure 7
ZH—5—H + 30=0 — 2H—0—H + 20=5=0
Table 5 shows some of the bond energies.
Table 5
Bond H—8 0=0 H—0 §=0
Energy in kJ/mol 364 498 AG4 X

In the reaction the energy released forming new bonds is 1024 kJimaol greater than
the energy nesded to break existing bonds.

Calculate the bond energy X for the S = 0 bond,

[§ marks]

—
——

U3 + T (H98)
2ase ky Mot

Rends Rroken

Rondy -J-cme = s + 4 (9EY = 2as5et e

Use Figure 7 and Table 5. |

e = 3984 —G(aeu
= 3N - IBL &

L ol wriles
cuise e
Do

e = 2.8
= 218 = 53 hymdt
C.-‘-—
x- T5X2 kdimol
Turn over »
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Ethanediol: acid is a solid at room tempearature.
Caleulate the mass of ethanediolc acid (HyCy04) needed to make 250 cmof a
solufien with concentration 00480 mol/dm?
Ralative formula mass (M) HzC204= 80
[2 marks]
o |
Lon® = 10x ©.0420 = %—.MM-M—
?_5 o
Wwhkbl = (-F.-E:-?. o = LD&E}.
The student found that 25.0 cm? of the sodium hydroxide solution was neulralised by
15.00 cm? of the 0.0480 molldm?® ethanedioic acid solution.
The equation for the reaction is:
HaCsO4 + 2MalH — NaoCoOy + 2H0
Calculate the concantration of the sodium hydroxide solution in maolfdm?
| 5 L [3 marks]
W jut -3
. OHASD
AN Gy = Tec0 © © = 0.00032 pmdes
ANAOW = A U G0y %2 = O-00 1949 wasde s
. BoIEY :
Cond: = -—-rf%i KILC = 6.05F76 md/ded
Cancentration = ﬂﬁ}.ﬁ- +& malidm? |
END OF QUESTIONS
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