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Answer ALL questions. Write your answers in the spaces provided.
Some questions must be answered with a cross in a box [X.

If you change your mind about an answer, put a line through the box 2 and then
mark your new answer with a cross X.

1 (a) Figure 1 shows a list of particles.
ethene molecule
nanoparticle

sodium atom
starch molecule

Figure 1

In the spaces below, write the names of these particles in order of increasing
particle size.

) - sodium atom
smallest particle ...

largest particle ._Nanoparticle

(b) Explain a possible risk associated with nanoparticulate materials.

(c) Explain the advantage of using catalysts made of nanoparticles rather than
larger particles.

An explanation linking two from

(Total for Question 1 = 6 marks)
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- sodium atom 

 ethene molecule


  starch molecule 
 nanoparticle  


 
• do not know the risks fully / long term risk not yet known (1)
 
• because they have not been used for a long time / 
are new technology / no long term research (1) 


An explanation linking two from 
 
• catalyst particles have much larger surface area (when made from nanoparticles) (1) 



• leads to increased reaction rate (1)
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2 (a) The concentration of a solution can be calculated using the equation

mass of solid
volume of solution

concentration of solution =

A student dissolved 9.25 g of ammonium chloride in water and made up the
solution to a volume of 200 cm?.

Use the equation to calculate the concentration of this solution in gdm=.
(2)

9.25 =(0.04625) (1)
.................................... e TRRIRER I

concentration = ... TSN gdm=

(b) Dissolving ammonium chloride in water is an endothermic process.
Figure 2 shows part of the reaction profile for this\process.

4 A
heat energy

mmonium chloride solution

ammonium chloride + wate

>
progress of reaction
Figure 2

(i) Explain how Figure 2 shows that dissolving ammonium chloride in water is an
endothermic process.

an explanation linking two of:

* (therefore) heat energy has been {absorbed/taken in} (1)
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9.25   = (0.04625) (1) 
200 
 
0.04625 x 1000 = 46.25 (1)  

46.25

___

an explanation linking two of: 
 
• {ammonium chloride solution/product} has more 
energy than {ammonium chloride solid and water/reactant} / ora (1) 
 
• heat (energy) has increased / energy change is positive (1) 
 • (therefore) heat energy has been {absorbed/taken in} (1) 


. DONOTWRITEINTHIS AREA DO NOT WRITE IN THIS AREA
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(ii) Complete the reaction profile in Figure 2 and label the activation energy.
(2)

(c) A student used the equipment in Figure 3 to investigate whether electricity can
pass through solid ammonium chloride and through ammonium chloride solution.

6V lamp 6V

d.c. d.c.
electrodes
solid ammonium chloride
ammonium chloride solution

Figure 3

If an electrical current flows in the circuit, the lamp will light up.

Figure 4 shows the results of the investigation.

substance lamp
solid ammonium chloride did not light up
ammonium chloride solution lit up brightly
Figure 4

Explain the results of the investigation.
(3)

An.‘..e..xp.|a.nat.i.0n...|.i.nkin‘g ......................................................................................................................................................................................

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

e in solution ions can move / in solid iIQRR.GE YAekibAO VS hdrks)
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An explanation linking 
 
• ammonium chloride solution conducts electricity and solid 

ammonium chloride does not conduct electricity (1) 
 
• ammonium chloride contains ions (1)  
 
• in solution ions can move / in solid ions cannot move (1)  


3 Diesel oil is a mixture of hydrocarbons that can be obtained from crude oil.

(a) State the name of the process used to separate diesel oil from crude oil.

(b) Diesel oil contains alkanes.
These alkanes are part of an homologous series.

Which statement about compounds in this homologous series is true?

[J A they have the same chemical formula

they have the same empirical formula

] B
X C they have the same general formula
] D

they have the same molecular formula

(c) When fuels such as diesel oil are burned, the high temperatures produced can
cause nitrogen and oxygen in the air to form the pollutant nitrogen dioxide.

Complete the balanced equation for the reaction.

N+20, 5> 2NO2 (2)

(d) Explain how the greenhouse effect is caused by the gases produced by the
complete combustion of diesel oil.

..e re-radiate heat back.into.the atmosphere (1)

(Total for Question 3 = 7 marks)
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fractional distillation / fractionation (1) 

  2NO2 (2)

An explanation linking  
 
• {carbon dioxide / water} produced (1)  
 
• (the gases) absorb heat radiated from earth (1) 
 
 
• re-radiate heat back into the atmosphere (1) 
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4 This question is about polymers.

(@) (i) State a problem with recycling polymers.

L
X X

55

ST

(i) Describe a problem associated with the disposal of polymers.
(2)
...polymers.persist.in.landfill. L landfill.site fills.up.too.quickly......
 polymers degrade very slowly

GRS % ol

 vauvsHiNialEmioNGa

........... Or {/;

(b) Poly(chloroethene) is a polymer made from chloroethene.
A molecule of chloroethene is shown in Figure 5.

H\ cl ;‘7/
C=C

H H /.;;
Figure 5 A

() On Figure 5, draw a circle around the functional group in this molecule.
(1) G338

(ii) Draw a section of a poly(chloroethene) molecule containing three repeating \\

units, showing all bonds.
(3)
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need to sort polymers into different types 

 polymers persist in landfill / landfill site fills up too quickly 
• polymers degrade very slowly 
 
or 
• combustion produces gases

               -- C - C - C- C -C - C--

H   H   H   H   H   H

 H   Cl   H  Cl   H   Cl


 DOMNOTWRITEINTHISAREA =~ DONOTWRITE INTHIS AREA
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(iii) What type of polymer is poly(chloroethene)?

addition (polymer)

(iv) Calculate the relative formula mass of a poly(chloroethene) molecule made
from 2850 chloroethene molecules, C,H.CL.

(relative atomic masses: H=1.00, C=12.0, Cl = 35.5)
Give your answer to three significant figures.

Show your working.

relative formulamass = ...

(Total for Question 4 = 11 marks)
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addition (polymer)  

relative formula mass C2H3Cl = 62.5 (1) 
 
2850 x 62.5 (1) (=178125) 
 
 
178000 (to 3 sig figs) (1)


5 This question is about potassium and zinc.

(@) Which of the following temperatures is most likely to be the melting point of potassium?

(1
[J A -63°C
[J B 6.3°C
}X C 63°C
[J D 630°C
(b) Explain how the electronic configuration of an atom of potassium is related to its
position in the periodic table.
(2)

An explanation linking

R e

(c) Potassium reacts with oxygen to form potassium oxide.

(i) Describe the test to show that a gas is oxygen.

(2)
A description to include
....................................... e.use of glowing SpINt (1)
* (glowing splint) relights (1)
(ii) Potassium oxide is ionic.
Write the electronic configurations for the ions in potassium oxide, K,O.
(2)
. 288(1)
POASSIUM TON: o
oxide ion: 28(1) .................................................................
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e number of electron shells gives the period number / 4 electron shells so period -
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An explanation linking 
 • number of electrons on outer shell gives the group number / 1
 electron on outer shell so group 1 (1) 

• number of electron shells gives the period number / 4 electron shells so period 4 (1) 

A description to include 
 
• use of glowing splint (1) 
• (glowing splint) relights (1)

2.8.8 (1) 
 
 2.8 (1)


DO NOT WRITE IN THIS AREA
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(d) Figure 6 shows two gas syringes connected by a glass tube.

Inside the glass tube there are some pieces of zinc.
Zinc reacts with oxygen at a temperature of over 225°C.
Not all the oxygen reacts at once, the oxygen reacts only when in contact with

the zinc.
dry air zinc

| |
L. |

I |_- | I

syringe A syringe B
glass tube
Figure 6

Devise a plan to find the volume of oxygen contained in a known volume of air,
using the apparatus shown in Figure 6.

A plan to include

(Total for Question 5 = 11 marks)
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A plan to include 
• heating tube where zinc is (1) 

• pass {gas / air} over (heated) zinc (1) 

• until no further change in volume (1) 

 
• measuring volume of gas after experiment / calculate
 
difference in volume (1) 


6 This question is about the rate of reaction between calcium carbonate and
dilute hydrochloric acid.

The word equation for this reaction is

calcium carbonate + hydrochloric acid — calcium chloride + water + carbon dioxide
(@) Which of the following is the formula for calcium carbonate?

A CaCo,
B CaCO,
C Ca(Co),
D Ca(CO,),

(b) Some pieces of calcium carbonate were added to dilute hydrochloric acid in a
conical flask and the volume of carbon dioxide produced was measured.

Complete the diagram in Figure 7 to show the apparatus to collect the gas
produced and measure its volume.

diagram of

* delivery tube with bung in flask
connected to (1)

* gas syringe / gas syringe labelled (1)

conical flask
dilute hydrochloric acid

calcium carbonate ARG

Figure 7

(c) The reaction between calcium carbonate and dilute hydrochloric acid was
investigated at different temperatures.

(i) State what could be used to keep the temperature of the conical flask and its
contents at a temperature of 45 °C throughout the reaction.

conical flask in water bath

p 6 7 0 7 0 A0 1 2 3 2
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diagram of 
• delivery tube with bung in flask connected to (1) 
• gas syringe / gas syringe labelled (1)

conical flask in water bath 
 
[could be shown on diagram] 


DO :NOT WRITE IN-THIS AREA
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(ii) Figure 8 shows a graph of volume of gas collected in this investigation.

volume of 100 -
gas in cm?
90

80

70

60

50

40 -

30

20

10

O ! ! ! ! ! !
0 50 100 150 200 250 300

timeins
Figure 8

Draw a tangent at 100 seconds on Figure 8.
Use this tangent to calculate the rate of reaction at this time.

rate of reaction = ... cm3s!

Using tangent drawn on graph eg vertical difference (100 -52) (1)
horizontal difference 180 (1)
(= 0.267) (cm3 s-1)
calculation will depend on final graph
2 marks for rate being within a range eg 0.250 — 0.290
1 mark for rate being in range 0.230 — 0.249 or 0.291 — 0.310

13

R 00 0 Turn over »
p 6 7 0 7 0 A0 1 3 3 2 urhove


Using tangent drawn on graph eg vertical difference         (100 – 52) (1) 
                                                 horizontal difference               180       (1) 
                                                                             (= 0.267) (cm3 s-1) 
calculation will depend on final graph 
2 marks for rate being within a range eg 0.250 – 0.290 
1 mark for rate being in range 0.230 – 0.249 or 0.291 – 0.310

_______


(iii) The temperature of the acid was kept at 45 °C.

State one other variable that needs to be controlled during this investigation.
(1)

particle size / concentration of acid / volume of acid /

(iv) Explain, in terms of particles, how decreasing the temperature affects the rate
of this reaction.

An explanation linking

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

EIRLGY. (L)
* (because) the particles move slower (1)
«’(80) rate of reaction decreases (1) mm——"—"

(Total for Question 6 = 10 marks)
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particle size / concentration of acid / volume of acid / 
mass of calcium carbonate

An explanation linking 
 
• fewer successful collisions (between acid and calcium carbonate particles) / fewer collisions with activation energy (1) 
 
and any two from 
• (because) decreasing temperature (of the acid) particles have lower energy (1) 
• (because) the particles move slower (1) 
• (so) rate of reaction decreases (1) 
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7 (a) Atechnician was asked to find the concentration of potassium ions in a dilute
solution using a flame photometer.

(i) The technician first produced a calibration curve using solutions with known
concentrations of potassium ions.
Figure 9 contains the data for the calibration curve.

concentration of potassium ions . .
display reading

in mol dm™3
0.025 180
0.050 280
0.100 440
0.200 580
0.500 900

Figure 9

Use the information in Figure 9 to plot the calibration curve on the grid below.

display reading

. . concentration of potassium ions
suitable scale on axes using more in mol dm-3

than half axis in both directions (1)
correctly plotted points (1)
best fit curve (1)

15
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suitable scale on axes using more 
than half axis in both directions (1) 
 correctly plotted points (1) 
 best fit curve (1) 


(i) The technician then obtained a reading of 360 for a dilute solution containing
potassium ions.

Use the calibration curve to find the concentration of the potassium ions in
this solution.

reading of concentration from graph (1) (1)
(about 0.070 - 0.080 mol dm-3)
concentration = ... mol dm™3

In the test for chloride ions, silver nitrate solution is added to a solution containing
chloride ions.
A white precipitate forms.

Write the ionic equation for this reaction.

A student was given a container of ammonium iron(ll) sulfate, (NH,),Fe(S0O,)..
The student was also given a dilute solution of sodium hydroxide and access to
other laboratory reagents.

Describe the tests the student should carry out to identify the ions in the
ammonium iron(ll) sulfate, including appropriate equations for the reactions
involved.
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reading of concentration from graph (1) 
(about 0.070 - 0.080 mol dm-3)

Ag+ + Cl-     ---->   AgCl (2) 

ions present – NH4+, Fe2+, SO42- 


• dissolve solid in (distilled / deionised) water 
• add drops of sodium hydroxide solution
 
• green / grey-green / dirty green 
• precipitate shows Fe2+ ion 

• precipitate is iron(II) hydroxide 
• Fe2+  +  2OH-  ---->  Fe(OH)2 

• warm mixture of salt solution and sodium hydroxide solution 
• hold damp (red litmus / universal / pH indicator) paper above

 mixture


= | —Indicator paper urns (IUE L PUIRIC) . . e
=

N
%

| - test shows ammonia gas formed.
E e« ammonia gas comes from NH4+ ions present

| ettt sastat ARS8 04 4 RRRRS8444444RRR R4 RS 1114040444 R R 140004 RE 1110404140 R R
x

= *NH4+ + OH- -----> NH3 + H20
S

o [
(o)

» add drops of barium chloride solution (or lead nitrate solution)
............. .Wh|te
* precipitate forms

& X
RRRKL
S X
X
Dogo .
/~/ il )
S
0029
S R
X
hose Vo 950
pote e
Poteln
O e
//f', S 0a%0%
%= S
&3 §5
AR
Yo ,/
RIS
. 2
Dot rse el
RREREL
KXpaX A
PIoS @ 2024
Poste ol
& 06
PSS ed
o
X %08
SRR
&
Pot0tote
: l\».\‘ S
&

(Total for Question 7 = 12 marks)
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indicator paper turns (blue / purple) 


• test shows ammonia gas formed 
• ammonia gas comes from NH4+ ions present 

• NH4+  +  OH-  ----->  NH3  +  H2O 


• to second portion of salt solution add drops of dilute hydrochloric acid 
• add drops of barium chloride solution (or lead nitrate solution) 
• white 
• precipitate forms 


• precipitate is barium sulfate (or lead sulfate) 


• Ba2+(or Pb2+)  +  SO42-  ----->   Ba(or Pb)SO4


BLANK PAGE
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8 This question is about some of the elements in group 7 of the periodic table.

(@) Which row in the table correctly shows the colours and physical states of the
elements at room temperature?

[J A |iodine: purple gas bromine: yellow liquid
[J B |chlorine: pale green gas iodine: brown solid

[J € |bromine: red-brown liquid | chlorine: yellow liquid

R D | iodine: dark grey solid bromine: red-brown liquid

(b) The compound phosphorus oxychloride has the formula POCL..
Calculate the percentage by mass of chlorine in phosphorus oxychloride.

(relative atomic masses: O = 16.0, P = 31.0, Cl = 35.5)

Formula mass POCI3 = (31+16+3x35.5) (1)
.......................................................................................................... e T

percentage by mass of chlorine = S o 15 IV S

() When iron reacts with chlorine, iron chloride is formed.
Two possible equations for this reaction are
A Fe + Cl, — FeCl,
B 2Fe + 3Cl, — 2FeCl,
In an experiment, 8.40 g iron reacts with chlorine to form 19.05 g iron chloride.
Show, using a calculation, which reaction, A or B, is taking place.
You must show your working.

(relative atomic masses: Cl = 35.5, Fe = 56.0)

mass of chlorine = 19.05 — 8.40 (1) (= 10.65 Q)

EITHER

mOiESlron:8.40andmOIGSChlorlne: ...... 10.65(1) ...........................................................................

...................................................... % ... 35x2
(= 0.15) (= 0.15)

19
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Formula mass POCl3 = (31+16+3x35.5) (1) 
                             (= 153.5) 
 
% Cl = 3x35.5       x  100 (1) (= 69.4%) 
            153.5 

69.4

_______

mass of chlorine = 19.05 – 8.40 (1) (= 10.65 g)  
EITHER 
moles iron = 8.40  and moles chlorine =  10.65 (1) 
                    56                                       35.5 x 2 
               (= 0.15)                           (= 0.15) 

 
ratio 1:1 so equation A represents reaction (1)

____

____


*(d) Group 1 metals react with the elements from group 7 to form salts.

Some examples of these reactions are shown in Figure 10.

reaction word equation
w lithium + chlorine — lithium chloride
X potassium + fluorine — potassium fluoride
Y rubidium + iodine — rubidium iodide
y4 potassium + bromine — potassium bromide

Figure 10
You will find the position of these elements in their groups on the periodic table.

Explain, in terms of their electronic configurations and the relative reactivity of
these elements, which of the reactions shown in Figure 10 would be the most
violent.

* outer electron lost
o further-down-the-group-outer-electron-more-easily 1ogt ..

« due to electron shell further from nucleus OR greater electron shieldin

* so lower nuclear attraction

o..g.r.o.u.p....]._....met.a.l...beeom.es...more...r.e.aet.ive ..........................................................................................................................
« order of reactivity Li < K < RDb

-group7elementsformnegat|ve|ons ................................................................................................................................
o...g.a.i.n.s.e.|ec.t.rg.n...tg.ggm.pl.e.te..Q.u.te..r....she..” ............................................................................................................................

« further down the group electron is less easily gained

0. Order.Of FEACHMILY. F. 2 BE.2 L s
* most reactive pair likely to be potassium + fluorine with suitable

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

the tOP OF GEOUP. 7). oo

_ vauvsHINIILMMIONOG
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Peds:

« allow rubidium +iodine with justification (Rb lower in group 1 than K and:
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group 1 metals form positive ions 
• outer electron lost 
• further down the group outer electron more easily lost 
• due to electron shell further from nucleus OR greater electron shielding 
• so lower nuclear attraction 
• group 1 metal becomes more reactive 
• order of reactivity Li < K < Rb 
• group 7 elements form negative ions 
• gains electron to complete outer shell 
• further down the group electron is less easily gained 
• due to outer electron shell further from nucleus OR greater electron shielding 
• so lower nuclear attraction 
• group 7 element becomes less reactive 
• order of reactivity F > Br > I 
• most reactive pair likely to be potassium + fluorine with suitable justification (K low in group 1 and F is at 
the top of group 7) 
• allow rubidium +iodine with justification (Rb lower in group 1 than K and so more reactive) 


DO:NOT WRITE IN THIS AREA

(Total for Question 8 = 12 marks)
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9 Pentadecane, C H_, is a hydrocarbon and is used as a fuel.

(@) The incomplete combustion of pentadecane produces carbon monoxide.
Carbon monoxide is a toxic gas.

(i) Explain why the incomplete combustion of pentadecane can produce
carbon monoxide as one of the products.

(2)
An explanation linking
.......................o....ins.u.f.f.i.ci.e.n.t..‘o.xyg.e.n...(.1.) ..................................................................................................................................................................
* to oxidise all carbon to carbon dioxide (1)
(i) Explain how carbon monoxide behaves as a toxic gas.
An explanation linking (2)

b.l.o.o.d..,c.e‘l.ls}....(.l) ............................................................................................................................................................................................................................

. stops oxygen being carried by {haemoglobin / blood / red blood cells} / =

(b) 1 mole of pentadecane can be cracked to form 1 mole of octane, CH,;,and 1 mole of

propene, C.H,, and 2 moles of another product.

187

Complete the balanced equation for this reaction by adding the formula of the
missing product.

(1)

15003y 77 gy T L T £ ML LT

C,H, = CH, + CH, + 2.C2H4

22
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An explanation linking 
 
• insufficient oxygen (1)  
• to oxidise all carbon to carbon dioxide (1) 

An explanation linking 
 
• carbon monoxide reacts with {haemoglobin (in blood) / blood / red blood cells} (1) 
• stops oxygen being carried by {haemoglobin / blood / red blood cells} / so less oxygen reaches brain (1) 

C2H4
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(c) Figure 11 shows the reaction of propene, C.H,, with water.

H

H H |
N7 H O H

C=C H + |
/SN S JON T | |

H C H H H—C—C—C—H
/N 1
H H H H H
Figure 11

Figure 12 shows some bond energies.

bond bond energy in kJ mol™’
c—C 347
c—oO 358
C—H 413
O—H 464
C=C 612
Figure 12

Use the bond energies in Figure 12 to calculate the energy change of the reaction
in Figure 11.

(4)
bonds broken = C=C + O-H
....................................................................... S L (L)
(= 1076 (kJ mol-1))

............................ energy.change.of reaction.=.1076.=. 1118 (1)
=-(1) (42 (kJ mol-1))
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bonds broken = C=C + O-H 
                     = 612  + 464 (1) 
                   (= 1076 (kJ mol-1)) 
 
bonds formed = C-C  +  C-O  +  C-H 
                     = 347  +  358  +  413 (1) 
                    (= 1118 (kJ mol-1)) 
 
energy change of reaction = 1076 – 1118 (1)  
                                      = - (1) (42 (kJ mol-1)) 


(d) Methane gas, CH,, was burned using the apparatus shown in Figure 13.

burning
methane

cold water

methane gas —
water droplets

Figure 13

Explain why water droplets form on the bottom of the beaker of cold water.

..................... o water . vapour. forms. during. combuston (1) e

..................... «.(water.vapour).condenses.on.cold.SUrface (L) ...

(Total for Question 9 = 11 marks)
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An explanation to include
 
• water vapour forms during combustion (1) 

• (water vapour) condenses on cold surface (1) 
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10 (a) Propanol, C,H,OH, can undergo reactions to form compounds Y and Z shown in
Figure 14.

CH.OH
C3H6 C3H602
compound Y compound Z
Figure 14

(i) What happens to propanol when it forms compound Y?

[J A propanol undergoes an addition reaction
% B propanol is dehydrated
[J € propanolis hydrated
[0 D propanolis oxidised
(i) Compound Y can also be formed in the following reaction
C,H, CH
compound X - compz)uénd Y + H,
Explain how bromine water can be used to distinguish between compound X
and compound Y.
bromine water is yellow (1)
i SOTBGURE X VellGH GoIGUR ARG TG SRARGE B SlGtr (1"
.2 with. compound Y, bromine water turns colourless (1) ...
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bromine water is yellow (1) 


• with compound X, yellow colour remains / no change of colour (1) 


• with compound Y, bromine water turns colourless (1)
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(iii) Compound Z is a carboxylic acid.

Which of the following shows the functional group of a carboxylic acid?

(1)

0
7

[0 A —C
N
O_
/o

[0 B —C
N
0
Vi

y cC —C
N
O—H
Y

[0 D —C
N
O—H

(iv) Compound Z is an acid and turns litmus and universal indicator papers red.
Compound Z also shows other acidic properties.

Devise an experiment that would show another acidic property of compound Z.
(2)

Any suitable reaction and result such as

-.2.add.a.piece.of magnNeSIUMLLIRRON(L) et
* bubbles of gas form (1)
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Any suitable reaction and result such as  
 
• add a piece of magnesium ribbon (1) 
• bubbles of gas form (1) 
 
• add a (metal) carbonate (1)  
• bubbles of gas form (1) 


(b) The balanced equation for the production of ethanol from the carbohydrate
sucrose is

C,H,0, + HO — 4CHOH + 4CO,

12 227n
sucrose

Calculate the minimum mass of sucrose needed to produce 26.9 g of ethanol.

(relative formula masses: CH.OH=46,C H, O, =342)

1222271

moles of sucrose = moles of ethanol (1) (= 26.9 =0.146)

mass of sucrose = moles of ethanol x 342 (1) (= 26.9 x 342 = 49.999 ()
......................................................................................... 44)(46

minimum mass of sucrose = ....50. ..o g

(c) Calculate the total number of atoms in 10.0 g of sucrose, C,,H,.0,,.

(relative formula mass: C,,H,,0,, =342; Avogadro constant = 6.02 x 10%)

(2)
moles sucrose = 10.0 (1) (=0.029)

number of atoms = ...

(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS
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moles of sucrose = moles of ethanol (1) (=     26.9   = 0.146) 
                                      4                              4 x 46 
 
mass of sucrose = moles of ethanol x 342 (1) (= 26.9 x 342 = 49.999 g) 
                                      4                                         4 x 46

50

_____

________

______________

____________

moles sucrose = 10.0  (1) (=0.029) 
                            342 
number of atoms = 10.0 x 45 x 6.02 x 10  (1)

___
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