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Answer ALL questions.

1 The diagram shows a kettle of boiling water.

water vapour
water droplets /
<

kettle

As the water vapour cools it turns into droplets of liquid water.

(@) The change of state when water vapour changes into liquid water is described as
(1)
1 A boiling

El B condensation

[] € evaporation

[J D sublimation

(b) Describe what happens when water vapour cools to form liquid water.

Your answer should include the change in the energy, arrangement and
movement of the particles.

changeinenergy ... LoSe e >

2

. ' ser qethe r
change in arrangement ........... Move Closer - e~ @
vi A MDD € v 11,
change in movement HL . pRre il {_"J\ ..............................................................................
i S : (Total for Question 1 = 4 marks)
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2.1

I 2 Airis a mixture of gases.
| The two main gases present are the elements nitrogen and oxygen.
|

(a) Another element that is present in air is

v3uy ‘S'iH.L N 3LIM 1ON-OdQ

|
(1)
| X A argon
!
[0 B carbon dioxide
[0 € hydrogen
0 D sulfur dioxide
(b) Give the formula of a compound that is found in unpolluted air.
(1)
C 0g (H,O
(c) This apparatus in the diagram is used to find the percentage of oxygen in air.
large pile of small pile of
copper powder copper powder
R == V=
/ [ ]
gas syringe containing HEAT gas syringe
50 cm?® of air
The large pile of copper powder is heated, and the air in the syringe is passed
several times from one gas syringe to the other.
The large pile of copper powder turns black. The remaining gas is allowed to cool
and its volume is measured.
(i) Explain why the large pile of copper turns black.
(2)
SRRSO BN W e e S
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(i) Why is the gas allowed to cool before its volume is measured?
(1)
Volume_ o QqoS  chmgel with fempratuwe
................... i <)
(iii) The small pile of copper powder is then heated and the remaining gas is
passed several times over the hot copper. The copper does not turn black.
Suggest why the small pile of copper does not turn black.
(1)
Al Hae OAY o 'N hins reack d
(d) In another experiment, the total volume of air in the apparatus before heating is
150 cm?. At the end of the experiment the volume of gas remaining is 125 cm?3,
Use this information to calculate the percentage of oxygen in this sample of air.
: (2)
Vo = (150-128)
R S - X ) 00
1§O
Z [6.F%0
percentage of oxygen = 67 %
S - - (Total for Question 2 = 8 marks)
L R J
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3 Astudent wants to find out if the green colouring in grass is a mixture of dyes.
He uses a solvent to dissolve the green colouring from some grass.
He then separates the solution of the green colouring from the remaining grass.

(a) Which of these methods is used to separate the solution of the green colouring
from the remaining grass?

[0 A boiling
[0 B condensation
[ € evaporation
K D filtration

(b) The student uses a dropping pipette to place a drop of the green solution onto a
piece of chromatography paper and produces a chromatogram.

The diagram shows his results. . )
v chroma H__/jf“:ufmj i i

% 2
&
ong M 0
osSihoen N ®
P N
o | baseline
\ |4
Vg S olveat

(i) Add three more labels to the diagram to show
e the solvent
¢ the chromatography paper

¢ the original position of the spot of the green solution
(3)

(i) Explain how many different dyes are present in the green colouring.

Sy SECH. e . 4 SptY

___ (Total for Question 3 = 5 marks)
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4 The diagram shows the electronic configurations of six different atoms.
A B C D E F
(@) You may use the Periodic Table on page 2 to help you answer this question.
Answer each part by writing one of the letters A, B, C, D, E or F in the box

provided.
You may use each letter once, more than once or not at all.

Give the letter that represents an atom

(6)
(i) of a noble gas E
(ii) that contains three protons 0
(iii) of phosphorus ~
(iv) of an element in Group 4 of the Periodic Table C.
(v) of an element in Period 3 of the Periodic Table -
(vi) with a full outer shell of electrons E
(b) Atoms of A and D combine to form a compound containing covalent bonds.
(i) Complete the sentence to describe a covalent bond.
(2)

and the o NAdel  of two atoms.

(i) Suggest, with reference to electronic configurations, the most likely formula of
the compound formed between atoms of A and D.

___(Total for Question 4 =9 marks)
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| 5 Astudent uses this apparatus to investigate the temperature changes that take place

when certain metals are added to dilute sulfuric acid.

metal

dilute sulfuric acid

This is the student's method:
* use the five metals aluminium, copper, iron, magnesium and zinc
e add the same amount of each metal separately to 25cm? of acid
* ineach case the acid is in excess
¢ stir the mixture and record the highest temperature reached

(a) Use the diagrams of the thermometer in the table to record the highest temperature
reached in each experiment.

Record all temperatures to the nearest 0.5 °C.

A

(3)
Metal
aluminium l copper iron magnesium zinc
-' —30 | ~535 | —50 | L g
? ! i i i _ | -
| ' 1 1 | - ]
' Thermometer | — 25 | —30 — 45 — 30
| | —20 | 25 | — a0 — 25
:_ I:hgh_est e e mas _ I________ L | . - — __ e
(temperature | 47 .0 | 3.0 | 290 ] e .S 1 31.3
lin°C | S |
- . -
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(b) (i) In each experiment the initial temperature of the acid is 25 °C.

Which metal produces the largest temperature rise?
(1)

(ii) Explain the result obtained with copper.

Coppe doeS aof recnct

(c) The same amount of magnesium is added to 50 cm?of dilute sulfuric acid.

Explain the effect this would have on the temperature change observed.

» AT powld be @SS

s Loujc\e,f\ volume. to be heotedd or Saome &\&f\i,,j
! LRI . i SO O e 6 1L W

hShebied. b o loger pno. o  parhileS
' v

~ (Total for Question 5 = 7 marks)
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6 This question is about hydrogen (H,) and water.
(a) Hydrogen is a gas at room temperature. It exists as simple molecules.

(i) Draw a dot and cross diagram to show the arrangement of the electrons in a
hydrogen molecule.
(1)

H & H

(i) Explain why hydrogen has a very low boiling point.
(2)

» Weok  upkemolecuas  forces  require  (iHe WCU .........................

(b) The symbols for the three isotopes of hydrogen are
H 2H ’H

(i) State what is meant by the term isotopes.

LAtomS  of the Same . plemert  with  didfeent  mpsse €

(i) Complete the table to show the number of protons, neutrons and electrons in
each of the three isotopes of hydrogen.
(3)

SR NN i AR T
|

number of protons | { [ ﬁ |

- | e i_ .

number of neutrons 0 ‘ | 3

‘number of electrons ( ! | ’ [

P 4 5 7 2 8 A 0 1 0 2 8
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(c) When hydrogen burns in oxygen, heat energy is transferred to the surroundings.
(i) State the name given to a reaction in which heat energy is transferred to the
surroundings.
(1)
Exo thermi
(i) Write a chemical equation to represent the reaction that takes place when
hydrogen burns in oxygen.
(2)
LHy ¥ 00 =2 MO
(iii) Describe a chemical test to show that the product is water.
(2)
.......................... Add  onkadrouS  coppe (1) Sudfare
TwmnsS biue
(iv) Describe a physical test to show that the product is pure water.
(2)
» MepSwre_  boiling  point * MeaSue dens;hy
Vi) ) y
. J OL’ C Peasanes o, T 4 U, Q.-E ..... arann 2 I! C-, ’ C’“;)
oK Lo -
A S R g P e
> OC.
(Total for Question 6 = 15 marks)
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| 7 This question is about the reactions of calcium and some calcium compounds.
I (a) Calcium reacts with cold water. The equation for the reaction is
Ca(s) + 2H,0(l) — Ca(OH),(ag) + H,(9)
(i) State two observations that are made when calcium reacts with water.
| ¢ Calgium moves (2}
LAS |y «Disappewss Y e ———
R - fjerveScence_
, " White Jolid  gormg
> Jakes _je,tj o
| (i) Explain a possible value for the pH of the solution formed
(2)
o | e iy O P Nt
2 N 3 ' ll .
__________________ ANY  value  above F
(b) The diagram shows some reactions involving calcium compounds.
Identify solid X, solution Y and solid Z.
heat
CaCO, | —* | solidX | + Co,
lHIO(I)
dilute ;
Ca(OH),(aq)] ———— | solutionY | + H,O
HCl(aq)
wl o
2.3
solid Z
(3)
1 ol T 6 A— T
i solution Y O ey T
E solid Z .. CaCOq
| o ~ (Total for Question 7 =7 marks)
- o e e
12
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8 The apparatus in the diagram is used to heat a sample of hydrated copper(ll) sulfate
crystals, CuSO,.5H,0
<
- The equation for the reaction that takes place is
<
‘Ié_” CuSO,.5H,0(s) — CuSO,(s) + 5H,0()
& hydrated
i
— copper(ll) sulfate
=
=
= ==l
= £ oS — open tube
o [ |
o ®
5
9o
- s
K % water
O
2y
w (a) Draw an arrow on the diagram to show where heat is applied.
N
2 )
2\ (b) What is the purpose of the ice?
2 (1)
b ) —
B condense.  the pates vapow
] i T
S (c) Calculate the maximum mass of water that could be collected when a sample of
Ne)
= hydrated copper(ll) sulfate of mass 2.50 g is heated.
223 M. of CuSO,.5H,0 is 250]
S _— L g Aass H,0= 0.05 xI¥ (3)
A ((‘ el 2 b) il EU ) 8 WO
S - 0,0 M
NH0)= 0.0l x5
= = 0.05 Mol
e
N
: ,3_: mass of water=__ ° ' 10 g
2
L - (Total for Question 8 =5 marks)
&
=
=
Q
&
O
k_"—_.._ . _. B R - u-_-_‘__‘—-’)

13
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9 Astudent investigates the reaction of aqueous sodium hydroxide with two different
aqueous solutions of hydrochloric acid, solution X and solution Y.

She carries out two experiments.

Experiment 1

e Using a measuring cylinder, she pours 20 cm?® of aqueous sodium hydroxide
into a conical flask and records its temperature.

¢ Using a burette, she adds 5 cm? of solution X to the conical flask.

¢ She stirs the mixture with the thermometer and records the temperature.

e She adds further 5 cm? volumes of solution X and stirs with the thermometer.
e She records the temperature after each addition of solution X.

e She stops when a total of 40 cm? of solution X has been added.

Experiment 2

¢ She empties the burette and rinses it first with water and then with solution Y.
She then fills the burette with solution Y.

¢ She repeats the experiment using solution Y.

The table shows the results she obtains in Experiment 1.
Experiment 1 - Solution X
Volume in cm? of

solution X added Temperature in °C

0 23.0
5 N 27.0
10 I 310
15 | 392
0 306
25 | 289
30 | 273
35 B 256
| 40 240

P 4 5 7 2 8 A 0 1 4 2 8
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(a) Plot the results for Experiment 1 on the grid.
Draw a straight line of best fit through the first three points and a second straight
line of best fit through the last six points.
Make sure that the two straight lines cross.
1;4]
35 ] K'. 7
33 RN
, o
Temperature ieiassaEan ihe l PR R .
i O { ¥ _ | X
B R AR l N EE HH 'f\ EEEE
25 R ' SENMNEuR .
¥ ' S | | TN
273 "/ - e
H-H H  Emw, I
20 T & ¥+ 1 ] |
0 10 '¢-9 20 30 40
Volume of solution X added in cm?
(b) (i) Use the graph to determine the volume of solution X that will produce the
maximum temperature rise when added to 20 cm?® of the aqueous sodium hydroxide.
(1) !
3.08
: 125 3
volume of solution X = ... 0.0 s cm
(i) Use the graph to determine the maximum temperature rise.
(1)
e 3.08
maximum temperature rise = ... i3
I —— E— S _J

IR = 15 S
O OO 0 R Tarm over »

5
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() Why did the student rinse the burette first with water, and then with solution Y,
before performing Experiment 2?

water Remov e S’Uw‘boq‘&

solution Y Kemove. the veker [ ayoid ohmh;J solwhon V

(d) The maximum temperature rise in Experiment 2 was less than that in Experiment 1.
Suggest a reason why.
(1)
« Solubon ¥V (e85 coaceatrakech

OR |
nSolubion (in expeamedd 2y (esS  Cencenbrafeol

(Total for Question 9 =9 marks)

16
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This question is about hydrochloric acid.
(a) Dilute hydrochloric acid, HCl(aq), reacts with many metals.

A student observes the reaction of dilute hydrochloric acid with four metals, P, Q, R and S.
She uses the same amount of metal in each case.

The table shows her observations.

[ Me;a_lln - Obsérv_ailons _ i ]I
| P | \;er_y few bubb!es produced_ver; s_lb:vl_y | _ L
El | many bubbles produced very qmck[y |
| E_ _'t r;aby b_u_bbles produced qwckly
o S | gfew bubbles prbd;lcbd slowly -

(i) Use the information in the table to place the four metals in order of reactivity.

Place the most reactive first.

(2)
most reactive least reactive
4 ) -
(i) Give the names of the two products formed when magnesium reacts with
dilute hydrochloric acid.
(2)
Product 1. f%‘)f\‘i’s‘mmm‘k— ___________
Product 2 H 4 AT 1 s SN
(b) Describe a test to show that dilute hydrochloric acid contains chloride ions
(2)

_(Total for Question 10 = 6 marks)

, .

17
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11 The table shows the displayed formulae of four hydrocarbons, W, X, Y and Z.

T T
Bt T W
| I
H H H H HHH

o - o
H
|
H—C—H e, A
H C
H H % £ %
| | i H
HelCastH VN
| ] H H
H H H

(a) Give the name of hydrocarbon W.

(1)
f“r‘cp(-\ %
(b) Give the molecular formula for hydrocarbon X
(1)
CyHip

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

(d) Give the empirical formula of hydrocarbon Z.

unsaturated .....CONt@wNS o  doubje boad

{ 1)
......... .
(e) Zis an unsaturated hydrocarbon.
Explain what is meant by the term unsaturated hydrocarbon.
(3)

hydrocarbon ... SO0 TS [/\\'-'l oaen  and  carbon  only

||I||II|| | I|I|| ||||||II|I ||I|| |I|I|||I|| II|I| ||II| I ||II| |I|| .
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(f) (i) The substitution reaction between W and bromine is similar to the reaction
between methane and bromine.

Suggest the displayed formula for a possible product of the reaction between
W and bromine.

(1)

UV

~ (Total for Question 11=9marks)

J

R 0 O Tum over »
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12 Titanium is a metal that can be extracted from its ore in a three-stage process.
stage 1  titanium ore is converted into titanium dioxide, TiO,
stage 2 titanium dioxide is then converted into titanium chloride, TiCl,
stage 3  titanium chloride is converted into titanium, Ti
(a) A titanium ore contains the composition by mass
Fe =36.8% Ti = 31.6% 0=31.6%

Show by calculation that the empirical formula of this ore is FeTiO,

e Ti O
68 4.4 306
56 48 iG
048 0% 18 FeT:O.
0 .66 0.6 e 3
O 66
I e i IR

(b) The equation for the conversion of titanium dioxide into titanium chloride is
o, +.2CL & € = T, 40,

Explain which element has been oxidised in this reaction.

N

20

P 4 5 7 2 8 A 0 2 0 2 8
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(c) Instage 3

e titanium chloride vapour is passed through molten magnesium in an atmosphere
of argon

e the products are allowed to cool to form a solid mixture of titanium and
magnesium chloride

e this mixture is crushed into a powder and then added to water to dissolve the
magnesium chloride

() Write a chemical equation for the reaction between titanium chloride and
magnesium.

(ii) Suggest why this reaction cannot be successfully carried out in an atmosphere
of air.

Either Either (1)

» TilMgq ccads ith orygen /niogen
o) o

(iii) Suggest why the mixture is crushed into a powder before it is added to water.

(1)
N\o:c(\e,ﬁ, /¥4 chloade will diSSoive Mmore g chly
............. 3 . <)
(d) (i) Describe the bonding in titanium metal.
(2)

FoS/khve 10ng anch delocadd el elelNong _ cHtradt

~_ (Total for Question 12 = 12 marks)

2.1
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13 lodine reacts with chlorine to form iodine monochloride, ICI

(a) Write a chemical equation for this reaction.

(1)
o 2. CL
m—— O Y
(b) lodine monochloride reacts reversibly with chlorine to form iodine trichloride.
Il + C, = I,
dark yellow
brown
The reaction mixture is allowed to reach a state of dynamic equilibrium.
(i) One feature of a reaction that is in dynamic equilibrium is that both the
forward reaction and the backward reaction occur simultaneously.
Give two other features of a reaction that is in dynamic equilibrium.
(2)

1 Rove  of Jonvod  reachon & Rek

of bachvonrd — reo chen

2 CONCNWVBAOAL  Of  retent S andk  preduchS — conStent

(i) When the equilibrium mixture is heated, it becomes darker brown in colour.

Explain whether the backward reaction is exothermic or endothermic.

. Ecémbbnbkm Shdked fo fhe, (ﬂ.df-

Adothermic  dur€o hoa

(2)

P 4 5 7 2 8 A 0 2 2 2 8

___(Total for Question 13 =5marks)
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14 Potassium hydrogencarbonate (KHCO,) decomposes on heating.
Three possible equations for the decomposition are

equation 1 2KHCO,(s) — K,0(s) + 2CO,(g) + H,O(g)
equation 2 KHCO,(s) — KOH(s) + CO,(g)
equation3  2KHCO,(s) — K,CO,(s) + CO,(g) + H,0(q)

When 8.00 g of potassium hydrogencarbonate is heated until it is fully decomposed,
5.52 g of solid is formed.

(a) Complete the table by calculating the amount, in moles, of each solid.

(2)
Solid M of solid Mass of solid Amofmt of solid 1
i A B P AL ing inmol
i f <
| KHCO, ; 100 | 8.00 O.080
i. —— e e e e = B ——————e et = -
| | I -
I K,0 I 94 l 5.52 0.059 .
e e [ LW S
KOH | 56 5.52 0.0491 |
e e ___.i___ — __:
i K,CO, 138 } 5.52 | 0. 04D ,
(b) Use the information in the table to explain which equation, 1, 2 or 3, represents
the decomposition of potassium hydrogencarbonate.
(2)

B,.reko o kHCOy to kpCO3 (S 2]

(Total for Question 14 = 4 marks)

e ——————
23

A 0 300 R0 numover »
P 4 5 7 2 8 A 0 2 3 2 8

(.28

.28



15 Butane (C,H. ) is a gas at room temperature and pressure.

4 10

The equation for the complete combustion of butane is
CH, (@ + 6%20,(g) — 4C0O,(g) + 5H,0()

Butane is used in an experiment to determine its AH of combustion.

thermometer
beaker
— water
flame
butane
+
oxygen
(a) State what the symbol AH represents.
(1)
(b) The table shows the results of the experiment.
| mass of water heated 12009
mass of butane burned 0.725g .
|initial temperature of water [20.2°C
final temperature of water |43.7 °C

Use this equation to calculate the heat produced when 0.725 g of butane is
burned in this experiment.

heat produced = mass of water x 4.2 x temperature rise of water
(inJ) (ing) (in °Q)

E= 200%k.2x (43-7 -20.2)

E = 200007

heat produced = .. 200C G
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(c) A student uses the value from part (b) to calculate AH for the combustion of butane.
He calculates it as —1580 kJ/mol. He has not made a mistake in his calculation.
A data book value is —2887 kJ/mol.
(i) What is the significance of the negative sign for AH?
(1)
s {Qw Chon S C)(’C, Hre_emr
(i) The student notices that at the end of the experiment the bottom of the
beaker is covered in black soot (carbon).
Suggest how this soot is formed.
(1)
Tncomp Je_te_ combikShon
(iii) Explain how the formation of the soot may account for the difference
between the value of AH from the experiment and the value of AH in the data
book.
(1)
LesS en{'/gju) pﬁDL‘L&LEL‘L OR .f’“_r:c"bucut Rvwp/ihve. S
(iv) Suggest one other reason why the two AH values are different.
(1)
..... Meek LSt te Swrowmdings  OR  Weltr  evaporake (.
o o (Total for Question 15 =8 marks)
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| 16 The diagram shows the apparatus used to investigate the rate of reaction between
calcium carbonate and an excess of dilute hydrochloric acid.

l
cotton wool

i'
1
|
, dilute
| lumps of hydrochloric acid
} calcium carbonate
|
\ balance

The mass of the flask and contents is measured at regular time intervals.
!
| The graph shows the results obtained.
i A
} Mass of flask

and contents
|
0 Time
| (@) What is the purpose of the cotton wool in the neck of the flask?
(1)
Avoid (085S of lgwd OR oaly qasS con eScape
< & S v, O e B AR o e R

TSR —
! (b) Explain why the mass of the flask and contents decreases with time.
! | . (1)
g « Coarhen fi‘-UNd@, ESCapes
. AN
ﬂ
i
|
i
|
|
E
| i i I
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(c) (i) The experiment is repeated using

e the same mass of identical calcium carbonate lumps

e the same volume of hydrochloric acid but of a higher concentration

Sketch on the graph the curve that would be produced.
(2)

(i) Explain, using the particle collision theory, how the rate of reaction changes
with an increase in concentration of hydrochloric acid.

(Total for Question 16 = 7 marks)

TOTAL FOR PAPER = 120 MARKS
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