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Answer ALL the questions in this section. You should aim to spend no more than 20 minutes on

1

SECTION A

this section. For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box $¢ and then mark your new answer with
a cross X.

The relative atomic mass of an element is always

[] A the mass of an atom of the element relative to %2 the mass of a
carbon-12 atom.

[J B the mass of an atom of the element relative to the mass of a hydrogen atom.

[J € the weighted mean mass of an atom of the element relative to the mass of a
hydrogen atom.

[] D the weighted mean mass of an atom of the element relative to %2 the mass of
a carbon-12 atom.

(Total for Question 1 = 1 mark)

The value of the Avogadro constant is equal to the number of

[J A grams of carbon in one mole of carbon.
] B atomsin one mole of oxygen gas.
[ € atomsin one mole of helium gas.

[ D ionsin one mole of sodium chloride.

(Total for Question 2 = 1 mark)

The alkane with the same empirical formula as butane is
[0 A ethane.

[0 B propane.

[0 € 2-methylpropane.

[0 D 2,2-dimethylpropane.

(Total for Question 3 = 1 mark)
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4 The percentage by mass of hydrogen in heptane, G;Hg, is

LTA
LIB
Jc
L1D

84.0
69.6
19.0
16.0

(Total for Question 4 = 1 mark)

5 What is the total number of alkenes and cycloalkanes with the molecular formula C,Hg?

LTA
1B
lc
1D

3
4

(Total for Question 5 = 1 mark)

6 How many electrons are in 10.1 g of neon?

[Avogadro constant = 6.0 x 10*mol ]

LTA
1B
lc
1D

6.0 x 10*
3.0 x 10*
6.0 x 10%

3.0 x 107

(Total for Question 6 = 1 mark)

7 Bioethanol can be made by the fermentation of glucose.

CeH,06 — 2C,H;OH + 2CO,

The atom economy by mass for the production of ethanol in this reaction is

LTA
LB
Llc
LID

67%.
51%.
50%.
40%.

(Total for Question 7 = 1 mark)
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8 A typical adult human has 5.0dm’ of blood, which contains a total of 35 cm’ of
white blood cells.

What is the concentration of white blood cells, in parts per million, by volume?
] A 1429

0 B 7000

[ € 7000000

[J D 142900000

(Total for Question 8 = 1 mark)

9 What type of reaction occurs when dilute sulfuric acid reacts with aqueous barium chloride?
[J A Displacement
[J B Neutralisation

[] € Oxidation

[J] D Precipitation

(Total for Question 9 = 1 mark)

10 When 10cm’ of 1.0moldm™ hydrochloric acid is added to 5.0cm’ of
0.50 mol dm™ sodium hydroxide in a polystyrene cup, the temperature rises by 2.3°C.

HCl(aq) + NaOH(ag) — NaCl(aq) + H,O(l)

The temperature rise when 10cm’ of 1.0 moldm™ hydrochloric acid is added to
20cm’ of 0.50 moldm™ sodium hydroxide is

L] A 184°C
] B 9.2°C
[ € 46°C

[l D 23°C

(Total for Question 10 = 1 mark)
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11 Which equation represents the second ionisation energy of magnesium?

A Mg(s) — Mg*(s) + 2e”
0B Mg(g) > Mg*(g) + 2e
L0 C Mg'(s) > Mg*(s) + e

[0 D Mg'(g) > Mg*(g) + e

(Total for Question 11 = 1 mark)

12 From aluminium to silicon, the first ionisation energy increases by about 200kJ mol™.

From silicon to phosphorus, the first ionisation energy
[0 A increases by about 200kJmol™.

[ B does not change.

[0 € decreases by about 200kJmol™".

[0 D increases by about 400kJmol™".

(Total for Question 12 = 1 mark)

13 The melting temperatures, in kelvin, of nine successive elements in the Periodic Table are given.

The numbers are not the atomic numbers of the elements.

Element 1 2 3 4 5 6 7 8 9
T./K 25 371 922 933 1683 863 386 172 84

Which numbered element is in Group 2 of the Periodic Table?
LJA 2
(IB 3
Llc 4
ID 5

(Total for Question 13 = 1 mark)
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14

15

16

Which is correct for the elements going down Group 1?

Melting temperature  First ionisation energy

Ll A decreases decreases
[l B decreases increases
[0 C increases decreases

D increases increases

(Total for Question 14 = 1 mark)

Two microscope slides covered in damp filter paper are connected to wires by
crocodile clips.

+ —

A crystal of copper(ll) sulfate is placed in the centre of the left-hand slide and a crystal
of potassium manganate(VIl) is placed in the centre of the right-hand slide.

A DC electrical supply is connected to make the left-hand side positive as shown.

The directions in which the blue colour and the purple colour move are

Blue colour Purple colour
L] A left right
B left left
] C right left
0 D right right

(Total for Question 15 = 1 mark)

Which molecule has the same total number of electrons as a molecule of carbon dioxide?
0 A N)O

[0 B NO,

0 € COS

0 D CS,

(Total for Question 16 = 1 mark)
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Positive ions only

Electrons only

17 Which species move when a potential difference is applied to a solid metal?

Positive and negative ions

Positive ions and electrons

sigma (o)
four
four
five

five

(Total for Question 17 = 1 mark)

18 The numbers of sigma (o) and pi (1) bonds in ethene are

pi (m)
two
one
two

one

(Total for Question 18 = 1 mark)

19 Crude oil is separated by fractional distillation in a fractionating column.
The fractions obtained have different boiling temperature ranges and mean molar masses.

How does the boiling temperature range and the mean molar mass of the fractions
change, moving down the fractionating column?

Boiling temperature Mean molar mass
increases increases
decreases increases
increases decreases
decreases decreases

(Total for Question 19 = 1 mark)
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20 What is the systematic name for the chlorofluorocarbon compound shown?

[J A E-1,2-dichloro-2-fluoroethene
[J] B Z-1,2-dichloro-2-fluoroethene
[J] € E-1,2-dichloro-1-fluoroethene
[0 D Z-1,2-dichloro-1-fluoroethene

cl
=l

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTIONB
Answer ALL the questions. Write your answers in the spaces provided.

21 This question is about mass spectrometry, and the elements gold and copper.

A diagram of a mass spectrometer is shown.

+

electron source L

to vacuum pump

detector

(@) (i) Identify the three parts of the mass spectrometer, E, F and G.

*(ii) Suggest how the ions travelling along paths X and Y differ in mass or charge
from the ions reaching the detector.

10

P 5 6 1.0 8 A0 1 0 2 4

RERRRIS

SRR

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RLRRRRRLRLILLLKLS,
4 P SN MK % 4 4 4 NS 000 4

NEIUDEUMIONOG . Y3UYSIHLN wWioNnoa =
920 000004 000000 002020700204 0000020202070 % 000020202020 % 2000204

X \//)/\ \K//\/\

Y SIHL

SO0
St RS

oo
AR



~\
o =
&
T O Q
&) = i)
S o S
Y— Um -
o ) ()
3 <5 =
e ° c
S o
N [
O ] ()
2 9
.m b %) T
s 3 . € £
m 0O v O =
O < 4 o 5 NS
— = e > c
0 z S oy
Q +
v = S ) =
O o9 ..nnu._
c ©
~ C >
> o (on
cC ¥ o
%) tm %
% g n o
c o " o
—_ =
pp _nl-.n (@]
£ E¢ o 2 =
2 S5 £ 9 £
g £ 2 g
o Y— +—
s B¢ [F® .
= o e
O 0T vl
2 Oc Es)
“— ©
L 0 o
g 25 £
o o c
I = m S
P~ (]
o O o [=
W wn m
= = € = m |
< c v © et
e v n <
< 80O pa v
— o Mm Wm —
L o = S
p_.rp [Vp)
nU —_ o
v = =
o)
J

20202050 020020 %% %%
X IRRRKRXRKIKRKKX,
0202070202070 %0 %0 %% % %%

VXXXXAAO@vVXXXXXAA@VVVYXXXAAO@VVXXXXKAACVVYXXXXAAOQVVYXXXAAAOVVVXWM 02020202020 502:26%: % X%, X

V3UY SIHL NI ILIMM LON Od

0302026762020 %0%676%6 %% % % %%
SHLHRIILILAILLRLRLIRILS

R IEEIEIIEIIRRRRRRR &4&”
SHERKILRHKRHKIRHKIRRHKILLRHIAKLHHKILLHKERRHKLIKIHKHKKRHLIRHKIRHKHZIRRHK KR IKLHKHKILRHKLRHKSKLHKSZLRHKRHKRKKKKKS

02000502 % - ”

AR
Y

ks b€ BN 5 VY i

.&WW

11

Turn over »

5 6 1. 0 8 A0 1 1 2 4

P



(c) Gold and copper are used to make alloys.
The composition of gold-copper alloys may be found using mass spectrometry.

The mass number and percentage abundance of each isotope in an alloy are
given in the table.

Mass number :E:;?g;i%g
63 36
65 15
197 49

(i) Calculate the relative atomic mass of copper to one decimal place using the
data for the two copper isotopes only.

You must show your working.
(3)

(i) Calculate the percentage by mass of copper and of gold in this alloy.
Give your answer to two significant figures.
(2)

12
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(1)

(Total for Question 21 = 14 marks)

(iii) The purity of gold by mass is often expressed in carats, where pure gold is 24 carat.
Calculate the purity of this gold alloy in carats.
Give your answer to two significant figures

.
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22 This question is about some reactions of acids.

(@) Copper(ll) oxide reacts with sulfuric acid to form copper(ll) sulfate.

O

(]
(i) State what you would see on adding a small amount of copper(ll) oxide to S2
excess dilute sulfuric acid, and warming the mixture. G

=

=

—l

m

(i) Write the ionic equation, including state symbols, for this reaction.

RERRRIS

(b) Magnesium reacts with hydrochloric acid to form magnesium chloride and
hydrogen gas.

SRR

Mg(s) + 2HCl(aq) —> MgCl,(aq) + H.(g)

X \//)/\ \K//\/\

Calculate the volume of hydrogen formed at room temperature and pressure (r.t.p.)
when excess magnesium reacts with 25.0cm’ of 0.500 moldm™ hydrochloric acid.
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[Molar volume of a gas at r.t.p. is 24.0dm’>mol™']
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23 This question is about the lattice energy of lithium sulfide, Li,S.

(a) Complete the electronic configuration for the element sulfur.

(b) Draw a dot-and-cross diagram for lithium sulfide.
Show outer shell electrons only.

LXK

(c) An energy cycle used to determine the experimental lattice energy, U, of
lithium sulfide is shown.

XK

U
2Li'(g) + S*(9) —>  Li,S(s)

W

SRR

X \//)/\ \K//\/\

SHLNaDuMIoNoa

<
—
X
>
RG0S
VAW

2Lis) S(s) i

(i) Complete the list by identifying the enthalpy or energy changes represented >\
by W, X, Y and Z. S
Include any appropriate multiples. S

38
<

2HK
X
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SRR Yoo
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i LN

V 2 x enthalpy change of atomisation of Li
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(i) Complete the equation for the lattice energy, U, in terms of V, W, X, Y, and Z.
(1)

(d) Lattice energies can be obtained experimentally from the Born-Haber cycle or
from theoretical calculation.

*(i) The theoretical lattice energies of four compounds are shown.

Compound | Lattice energy / kJmol™

LiF —1031

LiCl —845

Li,O —2799

Li,S —-2376

Explain, using the data, the factors that affect the magnitude of the lattice energy
of these compounds.
(3)

17
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*(ii) The value of the experimental lattice energy of lithium sulfide is —2499kJ mol™.
Whereas the theoretical value is 2376 kJmol ™.

Explain the difference between the experimental and theoretical values for
the lattice energy of lithium sulfide.

(iii) Draw a diagram to show the shapes of the electron clouds around the lithium
and sulfide ions.

(1)

Li* S*

(Total for Question 23 = 15 marks)
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e w
P90, 9204
SRR XX
LR85 . .
| 24 This question is about butane, C,H,o, and but-2-ene, C;Hs.
19056200 %
fﬁé\é (@) (i) Write equations for the complete combustion of butane and but-2-ene in oxygen.
2%2 State symbols are not required.
3%8 (2)
SIS Butane equation
o e
SIS
e
1 .
sl But-2-ene equation
&
S (i) 0.1 mol of butane is burned in 0.8 mol (an excess) of oxygen gas.
RO AP0
i 0.1 mol of but-2-ene is also burned in 0.8 mol (an excess) of oxygen gas.
SRARRRKL
ggggg Calculate the final total number of moles of gas at the end of these reactions
55508 at room temperature.
(2)
S5
S
8
e

E INTHIS
RKRXKXK

i

Moles of gas from butane ...

.
N

o

X

12058
DY

3 7
$200% et

9 'S (4&1’;
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XXAX

X

X
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X
X

Moles of gas from but-2-ene ...,

X

X
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-
(b) Butane and but-2-ene react differently with bromine.
(i) Give the condition needed for the reaction of bromine with butane.
(1)
(i) Give the initiation step for the reaction of bromine with butane.
Show the movement of electrons with curly half-arrows.
(2)
(iii) Give two propagation steps for the reaction of bromine with butane to form C,H,Br.
Curly half arrows are not required.
(2)
(iv) Give one termination step for the reaction of bromine with butane, forming
an organic compound.
Curly half arrows are not required.
(1)
. J

20
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r

(v) Give the mechanism for the reaction of bromine with but-2-ene.

Include curly arrows, and relevant dipoles and lone pairs.

(4)

(c) But-2-ene reacts with hydrogen bromide. Give the skeletal formula for the product.

(1)

(d) But-2-ene reacts with acidified potassium manganate(VII).

Give the structural formula and name of the product.

(2)

N @ITYE oo et e e et ettt ettt

J
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(e) But-2-ene can be polymerised.

Write the balanced equation, using displayed formulae, for the polymerisation of
but-2-ene.

(2)
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(3)
(1

23 marks)
60 MARKS
80 MARKS

TOTAL FOR PAPER

+218
+717
+347
+612
+413
(Total for Question 24

Energy/ kJmol™
TOTAL FOR SECTION B

Q)
4C(s) + 4H,(g) = C4Hs(9)

Quantity
E(C—CO)
E(C—H)

AHat,298[1/2H2(g)]
E(C

AH,20[C(s, graphite)]

the value in a data book.

AH;, of but-2-ene.
(i) Suggest why your answer to (f)(i) is unlikely to be exactly in agreement with

(f) (i) Use the data to calculate the enthalpy change of formation,

J

R IR IR R R IR R R RIS

V3HY SIHL NI ILIMM LON

0202070202070 %0 %0 %% % %%

SRR KARRKK,
R RRRREILIILLIIK
IO e o000 0003000 20502020 20202020504
KRR R RLLRRRIRRIKIRRLAIEIIKLS
ORRRRIIKHARIRARERRRHRHRRIHRARERRRRRHHHARRARRRRHHKARHIRRIRRRIRHRHHKARIRIRRRRHHKHRIHIRIRRRRRIKHKHARARARIRRRRRNK

xs
0

23

5 6 1 0 8 A 0 2 3 2 4

P




25 K RIKAKKL QREAELA QAR 0000900 ; S ILIILRIRRILLLEKL RLRRRES
o DO NOT WRITE INTHIS AREA: oo
€0l 701 1] 00l 66 86 16 9 G6 6 €6 6 L6 06
LWINDUSIME] | LWLNLSGOU | WNASRPUSLW | WNIWISY | LWUNIUISISULS [LWUNIWoyes| wnysysq wnuro wnpuswe |wnwoimd (wnwnidau| wmuein  (wiogoeiosd| wngoyy
47 ON PW w4 s3 D ngd w) wy nd dN n ed ylL
[£67] | [vszl | [9szl | [esadd | [bsad | Lisal | [svdd | [evel | [evdl | [evel | [5£2) 8€z [1e7] [4X4
[V 0L 69 89 19 99 59 9 £9 79 19 09 65 8¢
wna [wniquanA | wonnyy | wnigrs | wniwioy |wnisoudsAp| wnigiey |wniunopes | wnidoina | wnuewes |wrigiawosd|wniwApoau [wniuiposseid|  wineo $8LISS IPIULIY
n1 aA wl 13 OH Aa qL PO n3 ws wd PN Ad 9) SaL3s aplURYIUET ,
G/l €41 691 191 691 £91 651 i} Ay 061 [z¥1] 24! Wl oF1
LLL oLl 601 801 101 901 =] #01 68 88 8
palesnjuayine Ay jou Ing WNIUBFIUS0I | WNNpetsuLEep | WNUSu)dW | winissey | wnuyoq (wnifiogeas| wniugnp |whipiopsyini  Wwniuiloe | wnped | wnpuedy
palodas usaq aAeY 9| L-Z | | SI8QLINU DIWOJE UM SJUaLLS)] mw._ sd w SH yg mm qa 3 e )1 4. 44
[zzdd | Lizdd | [892) | [z£2] | w9zl | [99z] | [z97) | Dwozd  [zzz] | [9zz]l | [szal
98 8 ¥8 £8 78 18 08 6L 8z 1L 9/ G/ vl 194 U LS 95 o
uopeJ aujeise | wmwuojod | yinwsiq pea) wnieyy | Anassw plo8 wnuield | wnipul wniwso | wnuays | usjsBuny | wnejue) | wnijey wnueyjue)| wnieq wnisaed
uy w od g qd 11 8H ny d 41 SO =) | M el H *21 eq )
[zzzl | [ovz]l | [60Z] | 0607 | 7207 | ++0Z | 97007 | O°Z6L | L'S6L | ZZ6L | TO6L | T98L | 8°€8L | 6°08L | S8/l 6'8EL | €LEL | 6°ZEL
s €6 4 1S 0s 6F 114 Y24 9 g 24 £ ¥ I (14 6€ 8¢ L€
uouax aulpol wnunysy | Auowjue u wniput | wniwpes JoAlls | wnipened | wnipoyd [wnusying | wniauyss) jwnuapgfiow| wnigow | wnwooaz | wnuiA [ wniuosis | wnipigna
9X I a9l qs us ul PD 8y Pd U ny 31 oW qN 1z A 1S QN
€LEL | 69zZL | 9zzL | 8LZL | £°8LL | 8FLL | ¥TLL | 67201 | #°90L | 6°T0L | L°LOL [86] 6'G6 6'76 16 6'88 9'/8 668
9¢ Ge ¥E £g r43 13 0€ 62 214 s 97 6z 4 €7 44 Lz 0z 61
uoldAly | aulwouq | wnW)as | Jwasie |wnewsad| wnies ouz Jaddoo [EXRIU] 1eqod uoli asaueBuew | wniwolyd | wnipeuea | wnwejy | wnipueds | wnpes | wnisseyod]
R 19 s sy 99 en uz no IN 0D o4 uw 4D A LL 3S e) A
8'¢8 676 0'6L 6'vL 9L 169 7’69 G'€9 186 686 8°65 6'¥S 0'Zs 6°05 6LV 0°S¥ Lo 1'6€
8l Ll 91 Gl 43 €l (zi) (1t) (o1) (6) (g) (2) (9) () (r) (g) 4 L
uoBie 3auuojya anjns  |snioydsoyd| uodlis  |wniulwne wnisauBew | wnpos
Iy 1D S d IS v 8w | eN
6°6€ G'GE (R4 0°1€ 1'87 0°4T £'vT 0°€t
] 6 8 L 9 S Jaqunu (uojoud) diwoje ¥ €
uoau auLionyy uabAxo | uaBonu | uoqied uoJtog aweu wnpAiag | wnyin
SN E| (0] N D g JoquiAs diwole ag 17
70T 0°6l 091 ovl 071 8'0l SSBW Jjwoje SAle|al 06 6'9
[ (£1) (91) (51) (1) (£1) Aoy (2) (1)
wntiay com_u_..__uhc
)
H H
0t o'l
(gr)
(8) 0 L 9 S 4 £ 4 !

S$JUaWa)3 JO 3)ge JIpoLIad 3yl

0 8 A 0 2 4 2 4

1

P 5 6

24



