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Answer ALL questions. Write your answers in the spaces provided.

1 The diagram shows an atom of an element.

I

+

+

(a) (i) What is the name of the particle labelled Y?

D A electron

D B ion

C neutron

D proton

(ii) Give the mass number of this atom.

^
(iii) Name this element.

Use the Periodic Table on page 2 to help you.

L^,«v<(^

(1)

(1)

(1)

(b) There are two isotopes of this element.

Give one way, in terms of sub-atomic particles, that these isotopes are the same
and one way that they are different.

same.. ..^......^w^~....af.,....^.^,..
(2)

different...........Q..^W....O£......t^J?^.'-..
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(Total for Question 1=5 marks)
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2 This question is about gases.

(a) The box gives the names of some gases.

argon carbon dioxide hydrogen nitrogen oxygen

Use gases from the box to answer these questions.

Each gas may be used once, more than once or not at all.

(i) Name the most abundant gas in the Earth's atmosphere.

|\)^\<b-\<^

(ii) Name the gas that is a compound.

)^ AOK^LL

(iii) Name the least reactive of the gases.

\^

(iv) Name the gas formed by the complete combustion of hydrocarbons.

G^^ d^s'da

(1)

(1)

(1)

(1)

(b) Describe the test for hydrogen gas.

..l^^....^.,...l...^l^....}.S...^..CLL<<....^0......°.
\^> pc'sjdjLx.GcJ -

Sc-JVV1" < ft^a 'YS> ^
•"""o""";""""

(1)

^^<-^-^ pcy)

(Total for Question 2=5 marks)
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3 This question is about carboxylic acids.

Solutions ofcarboxylic acids react with magnesium metal to form hydrogen gas.

A student uses this apparatus to investigate the time taken to produce 1 Oem of
hydrogen gas from different carboxylic acids.

1

magnesium 0°0°0

TT '1""1""1""1""1""1""1""1""1""1 a

carboxylic acid solution

This is the student's method.

pour some carboxylic acid solution into a conical flask

add some magnesium powder

quickly connect the gas syringe and start a timer

record the time taken to collect 10 cm of hydrogen gas

The student repeats the method with three other carboxylic acids.

(a) (i) All the carboxylic acids are of the same concentration.

Give two other variables the student should control in his investigation.
(2)

ILJ-^«- 0^.' Ck<^ <^

'}-u^0<ss^ye-

^2>^ cT Y^^\AS^t^A

;.L.l...c^^.,...ff£,.....,^('^'ISJL<>-.0^..-..

(ii) Give a reason why it is important to connect the gas syringe quickly.

}^ ,^\^^ ^ G^oc^b c^: o^.S ^cJt tS<npe-s
(1)
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(b) The table shows the student's results.

i
^
^

•z$

i

Time taken to produce 10cm of hydrogen in s
Carboxylic Formula of .. .„„„.

acid carboxylic acid Experiment Experiment Experiment Experiment | Mean

I
^

1

si

I
I
:B
i
i
I
i

ii
ii
&°^

I
w^
Sl
IRS
il
,i^
Igs?
s§
i
li
if

Methanoic

acid

Ethanoic

acid

j Propanoic
acid

Butanoic

acid

HCOOH

1

48
(

CH3COOH
-i—--------—

CHaCH^COOH

! CH3CH,CH,COOH

61

2

50

63

69 0
83 85

3

47

60

70

82

-t-
i

4

49

61

71

81

-^'

time in s

49

61

I
83

.J_._,. -.__L

(i) Calculate the mean (average) time for propanoic acid to produce 10em of
hydrogen gas.

\^c^ -^
^^ ^0^

(2)

^~)0
^

mean time =
^10

s

(ii) Deduce the relationship between the number of carbon atoms in the
molecule and the time taken to produce 10 cm3 of hydrogen gas.

..^........^^........?^.^...........0£..........^^^.............^^^^
^.........^.^.... ...^^...^.^..........^..........f^^.^ .......^°^
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(c) An ester is formed by adding ethanoic acid to ethanol in the presence of sulfuric acid.

Give the displayed formula of the ester produced when ethanoic acid reacts
with ethanol.

^̂ \\
}

(2)

w;c-^°Tr
; ° ^ ^

•'®
^:
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(Total for Question 3=8 marks)
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j 4 This question is about sodium and potassium.

A trough is filled with water and a few drops of phenolphthalein indicator are added.

(a) A small piece of sodium is dropped into the water. One of the products of the
reaction is an alkali.

(i) Complete the chemical equation for the reaction of sodium with water.

_Na(.......<^..........) + L H,0(l) ^ L NaOH(.....G<[^.....) + N3(9)

(2)

(ii) Identify the ion that causes the solution to become alkaline.

CM' (1)

(iii) Give three observations that would be made when sodium reacts with water.

1........<^)£K:?^....f/u>^...........(^.........^.....<>l'^a.
S^^- ^^ s^^^/

(3)

.......<J.......

2.......^y;^..(S...C^S.
<^uc^^^ <^i\^ L ^uJ^<> ^c bc^u-

3, &(^.. .W^ £^<:'
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I
(b) Explain why potassium is more reactive than sodium.
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Refer to the electronic configurations of the atoms in your answer.

^cV^ \<^^ d^<^ C^^^A^ ri^ t Lkzr^s ^^^ l^ ^k^
.,^c^.........c^'<^^'^..^......^a^^....,(s.....^

.^.^.^.......^......0.^.....^^^.....^.....^^.^

..^<-......f^&^....n..u<:u(JLS.;.

\{<^, ^ cuu^ ske^/ ejk0ov<^ { p^^L^ is r^< ^^^ ^, ^^^
..^^{J^......^^....[<^^.....^^^

(Total for Question 4=9 marks)
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I 5 This question is about the metal aluminium.

(a) Aluminium is malleable and conducts electricity.

The diagram shows the arrangement of the ions in aluminium metal.

+ + + + + + +

+ + + + + + +

+ + + + + + +

+ + + + + + +

+ ) aluminium ion

(i) Explain why aluminium is malleable.

^.4.......^^........^....^>^....fl^r.........^.6^.....(^1^.
(2)

(ii) Explain why aluminium conducts electricity.

Q ^LuCAjii'^ ci&a^s Gv n^e--
(2)

(b) Aluminium cannot be extracted by heating a mixture of carbon and aluminium oxide.

Give a reason why heating a mixture of aluminium oxide and carbon does not
produce aluminium.

^^>u" 6 M<y< T<A<:^^ ^I\CA C^Tbon-
(1)
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(c) Aluminium is extracted industrially by the electrolysis of molten aluminium oxide

AlA at a temperature of about 950 °C.

Aluminium metal forms at the negative electrode and oxygen gas forms at the
positive electrode. The positive and negative electrodes are made of graphite.

The diagram shows the apparatus used.

^

positive graphite electrode

molten aluminium oxide

molten aluminium metal

negative graphite electrode

(i) Explain how aluminium metal forms at the negative electrode.

1^
(2)

M >^5 ^^ OJ^<»cd ^0 (L ^^^ 16 C^v^U uk/- U^ (?vGiC^
-GLi^w*^ (c<y^ (U(^w^\bjv\.
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(ii) Write an ionic half-equation for the formation of oxygen gas at the
positive electrode.

zo
rL-

(1)

^ ^- 0^̂
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(iii) Suggest why carbon dioxide gas is also produced at the positive electrode.
(2)

{LcClco^^ Ct<- ^<A£ (3^ C&Axy^ C^Ap^-^3 l4v>^ rc^/fc cj^ PX^^-

(d) Aluminium reacts with iron(111) oxide. The reaction is exothermic.

The equation for the reaction is

2AI + FezOs -^ Al^Os + 2Fe

(i) State how the equation shows that iron(111) oxide is reduced.

|<^ tSC\ O^cU L^<^ oy^^^
(1)

i

(ii) Draw an energy level diagram for the reaction between aluminium and iron(111) oxide.
(3)

^

Energy

1A^^°3

Vk lAlz ©3

(Total for Question 5=14 marks)
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6 This question is about the insoluble salt silver chloride (AgCl).

Silver chloride can be made by the reaction between copper(11) chloride and silver nitrate.

'".,

j

•j

(a) Describe how a student could prepare a pure, dry sample of silver chloride starting
with copper(11) chloride solution and silver nitrate solution.

'^i.....^......!^^.M..^(^
~.^./.....^.....S»I.V^.....A.fcc.^....^.......^^
-o^v ti- ^v</ai^cj^ y'j u,^ p^bv^ ^d^-
.'.^........^.....^/...^t&^,,^,,^,^

(4)

...........^J.
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(b) A student investigates the quantity of silver chloride produced when different
volumes of silver nitrate solution are added to copper(11) chloride solution.

This is the student's method.

pour 5.0cm ofcopper(11) chloride solution into a test tube
add 1.0cm of silver nitrate solution to the test tube

allow the silver chloride precipitate to settle

measure the height of the precipitate

The student repeats the method using different volumes of silver nitrate solution.

The table shows the student's results.

s

Volume of silver nitrate
added in cm3

0.0

1.0

2.0

Height of precipitate
in cm

0.0

0.5

r~"

I—
3.0

4.0

5.0

6.0

7.0

I
8.0

1.0

1.2

2.0

2.5

3.0

3.0

3.0

s
I
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(i) Plot the student's results.

(ii) Draw two straight lines of best fit, ignoring the anomalous result.

Height of
precipitate

in cm

4-

3-

2^

1 -I

0>|

- --t- .J....4-4—4' .-..;.-

trr .!-.

—}—J.—|— 4—-|-~'^—^—}—•J—

::c^;
t±tt±t

Tt.4-4--T-+—1

-^-t-

1.

Ltrn:
_L

-+•+-

,-i-4
-H-

-r-t-t-t-r-
tttr.ttirrttirttttrt

.^.........^...^.-..^._.^........ ..(
+

1-4-1-4-}

Ij-

-f-t-r-.4-4-4~-1-

•t-t-t

4-1..-.. j-....,

^•+--
-^t-i"l:^^<—x

;,i..

I 1T

2 3
T

4
I

5
I

70123456

Volume of silver nitrate added in cm3

7

8

(iii) Suggest a mistake th^ student jnade to^use the anomalous result.

^Tt^ p^^c c^^'^ C^fl ^ SK^ ^ C^^ ^h.
.r...?^...J^.........^.^^......^^^.....W'c;^^.....^.^
-U<^ ^C^ QC Sl^ ^iiW Co^ c^fc^f^-

(iv) Give a reason why the last three heights are the same.

l^..........^^L.t^J.....^.^.dk.......^..........r€<}d^..L.

(2)

(1)

j

(1)

(1)

II I 19
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(c) The equation for the reaction between copper(11) chloride and silver nitrate is

CuCl2(aq) + 2AgN03(aq) -^ 2AgCl(s) + Cu(N03)2(aq)

A student measures 25.0cm of 0.500 mol/dm copper(11) chloride solution and
reacts it with silver nitrate solution.

(i) Name a piece of apparatus suitable for measuring 25.0cm3 of
copper(11) chloride solution.

t

;Q\(j^A;c

(1)

^fee.;.

(3)

(ii) Calculate the maximum mass, in grams, of silver chloride that could be produced.

[M, of AgCl= 143.5]

^CC^c\^^ G^c^
- O^S AZS^-^'

0 .0115 ^so ^J\

n C^CQ ' Z^ <C«Gz^
--Z^ 0-o^S. 0-07^^1

^^C\^:M^x n^O)
^\Lv3.S ^ o-olS

^ ^ ^^sf\
^-^

maximum mass =

(iii) In an experiment using different solutions, the mass of silver chloride
produced is 0.744 g.

1^1.
^^

g

The maximum mass of silver chloride that could be produced is 0.850 g.

Calculate the percentage yield.

_ o.^
/ ^"' ^xu»

-v-^-

5
percentage yield =...............u.....'

(2)

as-
%

(Total for Question 6=15 marksppj)
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7 This question is about octane (CgHig) which is produced in the gasoline fraction during

fractional distillation of crude oil.

(a) The diagram shows a fractionating column.

:;•..

^

m

il

crude oil

-> gasoline

Describe how crude oil is separated into fractions in the fractionating column.
(4)

0^ ^ 1-^U^, Ceius^^ ^^o^ ^cl^c^/^$ fc ^y L/'tkv
^^Cnc^^ Gll^n. if^ G^^ ^ ^\^<-r OUc^ ^^ -^^ Ol{ fcl^ ^.
Vn^to^^> G>'<^AA^e cub U^r hr. I •Y\ pe>wi:s.

,-<

>0

I
ii

I
I?
i
I
u«.;>

I
i

(b) Octane can also be produced by the process of cracking.

Give the conditions for cracking.

GQO -^co c
^liCo< c/ aA^^'^a GilcLUi5fc-

(2)

-c/"

yy.

;•;•
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(c) A car is driven at constant speed for 4.00 km.

The exhaust gases are collected and their volume at room temperature
and pressure (rtp) is 5.02 x 10 cm .

The exhaust gases include carbon dioxide and oxides of nitrogen.

The carbon dioxide is removed from the exhaust gases. The volume of the
remaining gases at rtp is 2.96 x 105cm .

(i) Explain how oxides of nitrogen form in a car engine.

.N^^.....i^..j^. .^ ^c^..(-^
^.....^^........QsC.........^."^^;.

"<J"'
..^

(ii) Give a reason why oxides of nitrogen should not be released into the atmosphere.

s ..^.........^^^........a.^..........^......,...l....^ft.^.(y^..
^

^J
^

(iii) Show that the car produces less than 100 g of carbon dioxide per km.

[molar volume of carbon dioxide at rtp = 24000cm3]

\( (C-0 z) , ^. oz^J Y (^ l-c16 ^)
^

^- ^ -o ^ ^^ G^

^C,0^-.3_^^^^.'-,3P.^
nCCO^ ->^ *^- C^^(-*fc))x<s-s'3

^ ^^
p., C^°z) p^ ^^ ;: ^ -- 0^4.5 ^^o) < ^oo ^')

(5)

(Total for Question 7=14 marks)

TOTAL FOR PAPER = 70 MARKS
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