Q1.

A student investigated the amount of energy released when four different makes of plain
salted crisps were burned.

Test tube

Thermometer

Buming crisp Needle Wooden handle

— R
Heat resistant mat

The following method was used for each make of plain salted crisp. The pieces of crisp were all
the same size.

. The starting temperature of the water was measured.
. The piece of crisp was burned underneath the test tube.
. The final temperature of the water was measured.

(@) The results of the investigation are shown in the table.

Make 1 Make 2 Make 3 Make 4
Final temper?ture of 26 o5 29 25
the water in °C
Starting temperature
of the water in °C 19 20 20 21
Temperature rise of 7 5 9
the water in °C
(i) Calculate the temperature rise for make 4.
Temperature rfiSe = .......ccccveveeerceeesieee e °C

@)
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(i)  Which make of crisp, 1, 2, 3 or 4, releases the most energy?

@)
(b) The energy needed by a student is about 9000 kJ each day.
(i)  One large bag of crisps states that the energy released by the crisps is 240 kcal.
Calculate the energy of this bag of crisps in kJ.
1 kcal =4.2 kJ
ANSWET = ittt kJ
@)
(i)  Eating too many crisps is thought to be bad for your health.
Use the information above and your knowledge to explain why.
............................................................................................................... "

(Total 7 marks)
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Q2. (@)

The colours of fireworks are produced by chemicals.

© Igor Sokalski/iStock/Thinkstock

Three of these chemicals are lithium sulfate, potassium chloride and sodium nitrate.

() A student wants to carry out flame tests on these three chemicals.
Describe how to carry out a flame test.
............................................................................................................... "
(i) Draw one line from each chemical to the correct flame colour.
The first one has been done for you.
Chemical Flame colour
green
lithium sulfate T
T crimson
potassium chloride
yellow
sodium nitrate
lilac
2
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(iii)  Dilute nitric acid and silver nitrate solution are added to solutions of the three
chemicals.

A white precipitate forms in one of the solutions.

Which chemical produces the white precipitate?

@)
(b) The student tests a fourth chemical, X.
()  The student adds sodium hydroxide solution to a solution of chemical X.
A blue precipitate is formed.

Which metal ion is in chemical X?

@)

(i)  The student adds dilute hydrochloric acid to a solution of chemical X and then adds
barium chloride solution.

A white precipitate is formed.
Which negative ion is in chemical X?
Draw a ring around the correct answer.
chloride nitrate sulfate

)
(Total 7 marks)

Q3. Some cars are powered by hydrogen fuel cells.

Figure 1

© Robert Couse-Baker (CC BY-SA 2.0) via Flickr
(@) What type of energy is released by hydrogen fuel cells?

Draw a ring around the correct answer.

chemical electrical light

@)
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(b) Owners of cars powered by fuel cells buy hydrogen from hydrogen filling stations.

Figure 2 shows how the number of hydrogen filling stations in the UK is expected to

increase up to the year 2030.

Figure 2
1400
1200
1000 -
Expected T
number of 800
hydrogen
filling 600
stations
400
200
0
PP

(i)  The number of hydrogen filling stations will still be very low compared with the

number of petrol filling stations.

Suggest one reason why.
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(c) Hydrogen reacts with oxygen to produce water.
The energy level diagram for this reaction is shown in Figure 3.

Figure 3

2H2+02

Energy
2H;0

Mark clearly with a cross (x) on Figure 3 where bond breaking happens.

@)
(Total 4 marks)

Q4. A company manufactures ethanol (C,H,OH).
The reaction for the process is:
CH,(9) +H0(@ == C,HOH(@g) AH = -45 kJ per mole

The temperature and pressure can be changed to increase the yield of ethanol at equilibrium.

(@) Explain what is meant by equilibrium.

®)
(b) () How would increasing the temperature change the yield of ethanol at equilibrium?

Give a reason for your answer.

)
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(i)  How would increasing the pressure change the yield of ethanol at equilibrium?

Give a reason for your answer.

)
(c) A catalystis added to increase the rate of the reaction.

Explain how adding a catalyst increases the rate of a chemical reaction.

)
(Total 9 marks)
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Q5. In this question you will be assessed on using good English, organising information
clearly and using specialist terms where appropriate.

A group of students had four different colourless solutions in beakers 1, 2, 3 and 4, shown in the
figure below.

L

-
|-

The students knew that the solutions were

. sodium chloride

. sodium iodide

. sodium carbonate

. potassium carbonate

but did not know which solution was in each beaker.

The teacher asked the class to plan a method that could be used to identify each solution.
She gave the students the following reagents to use:

. dilute nitric acid

. silver nitrate solution.

Page 8 of 23



The teacher suggested using a flame test to identify the positive ions.
Outline a method the students could use to identify the four solutions.

You should include the results of the tests you describe.

(Total 6 marks)
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Q6.

Methanol (CH,OH) can be made by reacting methane (CH,) and oxygen (O,).
The reaction is exothermic.

The equation for the reaction is:

2CH, + Oy, ——» 2CH,0H

(@) The energy level diagram for this reaction is given below.

'y

ENeTOY|  ocH, + 0,

2CHZ0H

()  How does the diagram show that this reaction is exothermic?

@
(i) A platinum catalyst can be used to increase the rate of this reaction.

What effect does adding a catalyst have on the energy level diagram?

@)

Page 10 of 23



(b) The equation can also be written showing the structural formulae of the reactants and the
product.

H H

2H—C—H + 0=0-— 2 H—C—0—H

H H

(i)  Use the bond energies given in the table to help you to calculate the energy change
for this reaction.

Bond Bond energy in kJ

C—H 435

0=0 497

¢—0 336

O—H 464

Energy change = .......ccccoiiiiiniii e, kJ
3
(i) In terms of the bond energies, why is this an exothermic reaction?

1)

(Total 6 marks)

Q7. In 1909 Fritz Haber invented a process to produce ammonia from nitrogen and hydrogen.

(@8 Complete and balance the chemical equation for the production of ammonia from nitrogen
and hydrogen.

@
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(b)  The figure below shows how the equilibrium yield of ammonia changes with pressure at
different temperatures.

100 ;
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(i)  Use the information in given in the figure to complete the sentence.
The temperature on the graph that gives the highest yield of ammoniaiis .................
C.
(1)

(i) The temperature used in the Haber process for the production of ammonia is 450 °C.

Why is a temperature much lower than 450 °C not used for the Haber process?

@
(iii) Use the information in the figure to answer this question.

Draw a ring around the pressure that gives the highest yield of ammonia.

100 200 300 400
@)

(iv) The pressure used in the Haber process for the production of ammonia is 200
atmospheres.

Why is a pressure lower than 200 atmospheres not used for the Haber process?

@)
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(c) Explain how ammonia is separated from unreacted nitrogen and hydrogen in the Haber
process.

&)
(Total 8 marks)

Q8. Vinegar can be added to food. Vinegar is an aqueous solution of ethanoic acid.

(-

Ethanoic acid is a weak acid.

(@ Which ion is present in aqueous solutions of all acids?

)
(b) What is the difference between the pH of a weak acid compared to the pH of a strong acid
of the same concentration?
Give a reason for your answer.
@)
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(c) The diagram shows the apparatus used to find the concentration of ethanoic acid in
vinegar.

Burette

T—Sodium hydroxide solution

T

Conical flask containing vinegar
and phenolphthalein

(i)  Why should phenolphthalein indicator be used for this titration instead of methyl
orange?

)
(i)  25.00 cm’® of vinegar was neutralised by 30.50 cm® of a solution of sodium hydroxide

with a concentration of 0.50 moles per cubic decimetre.
The equation for this reaction is:

CH,COOH + NaOH(aq) — CH,COONa + H,O(1)

(aq) (aq)
Calculate the concentration of ethanoic acid in this vinegar.
Concentration of ethanoic acid in this vinegar = .................... moles per cubic decimetre

@)
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(d) The concentration of ethanoic acid in a different bottle of vinegar was 0.80 moles per cubic
decimetre.

Calculate the mass in grams of ethanoic acid (CH,COOH) in 250 cm® of this vinegar.
The relative formula mass (Mr) of ethanoic acid = 60.

@)
(Total 8 marks)
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ML (@) () 4

(i)  (Make) 3

biggest temperature rise

(b) () 1008 (kJ)
correct answer with or without working gains 2 marks
if incorrect answer given allow evidence of 240 x 4.2 for 1 mark

(i)  crisps have a high energy content

allow crisps have lots of calories / kilojoules / fat / one ninth of daily
energy intake

so if you take in more energy than you need the excess is stored as fat

accept consequences: obesity; heart disease; high blood pressure;
diabetes; arthritis

or
crisps contain salt (1)

too much salt can cause high blood pressure or heart problems or
kidney problems (1)

(7]
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M2. (@ () method of introducing sample into flame
e.g. wire / splint / spray

clean wire or colourless flame
allow blue / roaring flame

(ii)

(iii)  (potassium) chloride
allow KCl or CI-

(b) (i)  copper

allow Cu*
(i)  sulfate
M3. (@) electrical

(b) () 900
accept any answer between 840 and 960
(i) anyone from:
. little demand

. few hydrogen cars
. changeover from petrol to hydrogen will take time

allow answers in terms of petrol

(c) Xonrising section of line

M4. (@) the forward and backward reactions occur
allow reversible

at (exactly) the same rate

(7]

(4]
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in a closed system

allow therefore the concentrations / amounts of the reactants and
products remain the same

(b) (i) increasing the temperature would lower the yield of ethanol or the (position of)
equilibrium moves to the left

if student has stated that increasing the temperature increases the
yield then award 0 marks

since the backwards reaction is endothermic or the forward reaction is
exothermic

(ii) increasing the pressure would increase the yield of ethanol or the (position of)
equilibrium moves to the right

if student has stated that increasing the pressure decreases the
yield then award 0 marks

because the position (of equilibrium) moves in the direction of the lower
number of moles (of gas)

2 (moles / molecules / volumes / particles) on Ihs / 1 (mole /
molecule / volume / particle) on rhs

(c) (acatalyst) provides an alternative pathway

with lower activation energy

or

(a catalyst) lowers the activation energy (1)

so less energy is needed to react or more particles react (1)

(9]
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M5.

M6.

Marks awarded for this answer will be determined by the Quality of Communication (QC) as
well as the standard of the scientific response. Examiners should also apply a ‘best-fit' approach
to the marking.

0 marks
No relevant content

Level 1 (1 —2 marks)
Any description of a method used and / or a result given

Level 2 (3 —4 marks)
Description of workable methods used, with results to identify positive or negative ions

Level 3 (5 -6 marks)
Description of methods used to identify both positive and negative ions, with relevant
results

examples of the points made in the response
extra information

Test: add (platinum / nichrome) wire (for the flame test)

accept any method of introducing the solution into the flame, eg a
splint soaked in the solution or sprayed from a bottle

Result: the sodium compounds result in a yellow / orange / gold flame or the potassium
compound results in a lilac / purple / mauve flame

student could state that potassium carbonate gives a different
colour to the three sodium compounds as long as it is clear that the

flame test colour comes from Na* or K*

Test: add dilute nitric acid to all four solutions
allow any acid

Result: sodium carbonate and potassium carbonate will effervesce or sodium chloride
and sodium iodide will not effervesce

Test: add dilute nitric acid followed by silver nitrate

Result: sodium chloride and sodium iodide produce a precipitate or sodium chloride
produces a white precipitate and sodium iodide produces a yellow precipitate

accept sodium carbonate and potassium carbonate do not produce
a precipitate
[6]

(@ () energy/heat of products less than energy of reactants
allow converse
allow products are lower than reactants
allow more energy / heat given out than taken in
allow methanol is lower
allow energy / heat is given out / lost
allow AH is negative
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(ii)

(b) @)

(ii)

lowers / less activation energy

allow lowers energy needed for reaction
or it lowers the peak/ maximum

do not allow just ‘lowers the energy'

(8 x 435) + 497 = 3977
accept: bonds broken: (2 x 435) + 497 = 1367

(6 x 435) + (2 x 336) + (2 x 464) = 4210
bonds made: (2 x 336) + (2 x 464) = 1600

3977 - 4210 = (-) 233
energy change:
1367 — 1600 = (-) 233
ignore sign
allow ecf
correct answer (233) = 3 marks with or without working

energy released forming (new) bonds is greater than energy needed to break
(existing) bonds

allow converse

do not accept energy needed to form (new) bonds greater than
energy needed to break (existing) bonds

(6]
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M7. (@) 2NH,
allow NH, with incorrect or missing balancing for 1 mark

allow multiples
(b) () 200

(i) rate of reaction (too) slow
allow converse
ignore references to yield / cost

(i) 400

(iv) lower yield
allow converse
accept shifts equilibrium to left
allow favours the backward reaction
allow favours side with more (gaseous) molecules
allow lower rate

(c) (gases) cooled
it = ammonia

ammonia liquefied
accept ammonia condensed
accept ammonia cooled below boiling point for 2 marks

(8]

M8. (@) Hydrogen/H*
ignore state symbols
ignore proton / H

(b) it = weak acid

pH of weak acid is higher than the pH of a strong acid
allow converse for strong acids
allow correct numerical comparison
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(©)

(d)

any one from:

(i)

(ii)

allow converse for strong acids

only partially dissociated (to form ions)

allow ionises less

not as many hydrogen ions (in the solution)

allow fewer H* released

(titration of) weak acid and strong base

0.61

correct answer with or without working gains 2 marks

if the answer is incorrect:

moles of sodium hydroxide = (30.5 x 0.5)/1000 = 0.01525 moles
or

(0.5 x 30.5/25) gains 1 mark

correct answer with or without working gains 2 marks or even with
incorrect working.

if the answer is incorrect:

0.8 x 60 =48¢g

or

evidence of dividing 48g (or ecf) by 4
or

0.8x250 0.8 _

1000 4 0.8x0.25=0.2mol
or
evidence of multiplying 0.2mol (or ecf) by 60
would gain 1 mark

(8]
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