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Q28. 
A study of equilibrium is important for understanding chemical reactions. 

(a)     State le Chatelier’s principle. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     Catalysts play an important role in many reactions. 

(i)      State the meaning of the term catalyst. 
Explain, in general terms, how catalysts work. 

Meaning of the term catalyst _______________________________________ 

______________________________________________________________ 

______________________________________________________________ 

How catalysts work ______________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     State the effect, if any, of a catalyst on the time taken to reach equilibrium. 

______________________________________________________________ 

(1) 

(iii)    State the effect, if any, of a catalyst on the position of an equilibrium. 

______________________________________________________________ 

(1) 
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(c)     Consider the following equilibrium reactions. 
  

    
  

  ΔHᶿ / kJ mol−1 

P H2(g) + l2(g)   2Hl(g) −10 

Q CO2(g) + 3H2(g)  CH3OH(g) + H2O(g) −49 

R N2O4(g)  2NO2(g) +58 

S N2(g) + 3H2(g)  2NH3(g) −92 

T C2H4(g) + H2O(g)  CH3CH2OH(g) −42 

In each of parts (c)(i) to (c)(v), you should record in the box one of the letters, P, Q, R, S 
or T, that corresponds to the equilibrium that best fits the information provided. 
You may use each letter once, more than once or not at all. 

(i)      A decrease in temperature at constant pressure shifts the position of this equilibrium 
from right to left. 

  

(1) 

(ii)     This equilibrium uses concentrated phosphoric acid as a catalyst in a hydration 
reaction. 

  

(1) 

(iii)    A decrease in pressure at constant temperature shifts the position of this equilibrium 
from left to right. 

  

(1) 

(iv)    There is no change in the position of this equilibrium when the pressure is increased 
at constant temperature. 

  

(1) 

(v)     An increase in the concentration of steam at constant temperature and constant 
pressure shifts the position of this equilibrium from right to left. 

  

(1) 

(Total 11 marks) 
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Q29. 
Methanol (CH3OH) is an important fuel that can be synthesised from carbon dioxide. 

(a)     The table shows some standard enthalpies of formation. 
  

  CO2(g) H2(g) CH3OH(g) H2O(g) 

∆Hf
Ɵ/kJ mol–1 – 394 0 – 201 – 242 

(i)      Use these standard enthalpies of formation to calculate a value for the standard 
enthalpy change of this synthesis. 

  

CO2(g) + 3H2(g) 
  

CH3OH(g) + H2O(g) 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     State why the standard enthalpy of formation for hydrogen gas is zero. 

______________________________________________________________ 

______________________________________________________________ 

(1) 
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(b)     State and explain what happens to the yield of methanol when the total pressure is 
increased in this synthesis. 

  

CO2(g) + 3H2(g) 
  

CH3OH(g) + H2O(g) 

Effect on yield _______________________________________________________ 

Explanation _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     The hydrogen required for this synthesis is formed from methane and steam in a 
reversible reaction. The equation for this reaction is shown below. 

CH4(g)   +   H2O(g)      C0(g)   +   3H2(g)           ∆H = +206 kJ mol–1 

State and explain what happens to the yield of hydrogen in this reaction when the 
temperature is increased. 

Effect on yield _______________________________________________________ 

Explanation _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(d)     The methanol produced by this synthesis has been described as a carbon-neutral fuel. 

(i)      State the meaning of the term carbon-neutral. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 



 

 

mrcolechemistry.co.uk 

Le Chatelier's Principle 3 

(ii)     Write an equation for the complete combustion of methanol. 

  

______________________________________________________________ 

(1) 

(iii)    The equation for the synthesis of methanol is shown below. 
  

CO2(g) + 3H2(g) 
  

CH3OH(g) + H2O(g) 

Use this equation and your answer to part (d)(ii) to deduce an equation to represent 
the overall chemical change that occurs when methanol behaves as a carbon-
neutral fuel. 

  

  

  

Equation ___________________________________________________ 

(1) 

(e)     A student carried out an experiment to determine the enthalpy change when a sample of 
methanol was burned. 

The student found that the temperature of 140 g of water increased by 7.5 °C when 0.011 
mol of methanol was burned in air and the heat produced was used to warm the water. 

Use the student’s results to calculate a value, in kJ mol–1, for the enthalpy change when 
one mole of methanol was burned. 
(The specific heat capacity of water is 4.18 J K–1 g–1). 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 16 marks) 
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Q30. 
A student investigated the chemistry of the halogens and the halide ions. 

(a)     In the first two tests, the student made the following observations. 
  

Test Observation 

1. Add chlorine water to aqueous 
    potassium iodide solution. 

The colourless solution turned a 
brown colour. 

2. Add silver nitrate solution to aqueous 
    potassium chloride solution. 

The colourless solution produced a 
white precipitate. 

(i)      Identify the species responsible for the brown colour in Test 1. 

Write the simplest ionic equation for the reaction that has taken place in Test 1. 

State the type of reaction that has taken place in Test 1. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     Name the species responsible for the white precipitate in Test 2. 

Write the simplest ionic equation for the reaction that has taken place in Test 2. 

State what would be observed when an excess of dilute ammonia solution is added 
to the white precipitate obtained in Test 2. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 
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(b)     In two further tests, the student made the following observations. 
  

Test Observation 

3. Add concentrated sulfuric acid to 
    solid potassium chloride. 

The white solid produced misty 
white fumes which turned 
blue litmus paper to red. 

4. Add concentrated sulfuric acid to 
    solid potassium iodide. 

The white solid turned black. A gas 
was released that smelled of rotten 
eggs. A yellow solid was formed. 

(i)      Write the simplest ionic equation for the reaction that has taken place in Test 3. 

Identify the species responsible for the misty white fumes produced in Test 3. 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     The student had read in a textbook that the equation for one of the reactions in Test 
4 is as follows. 

  

8H
+ 

+ 8I– + H2SO4 

  
4I2 + H2

S 
+ 4H2

O 

Write the two half-equations for this reaction. 

State the role of the sulfuric acid and identify the yellow solid that is also observed in 
Test 4. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(4) 
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(iii)    The student knew that bromine can be used for killing microorganisms in swimming 
pool water. 
The following equilibrium is established when bromine is added to cold water. 

  

Br2(I) + H2O(I) 
  

HBrO(aq) + H+(aq) + Br–(aq) 

Use Le Chatelier’s principle to explain why this equilibrium moves to the right when 
sodium hydroxide solution is added to a solution containing dissolved bromine. 

Deduce why bromine can be used for killing microorganisms in swimming pool 
water, even though bromine is toxic. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 15 marks) 

Q31. 
Ammonia is manufactured by the Haber process in which the following equilibrium is 
established. 

  

N2(g) + 3H2(g)  2NH3(g) 

(a)     Give two features of a reaction at equilibrium. 

Feature 1 __________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Feature 2 __________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(b)     Explain why a catalyst has no effect on the position of an equilibrium. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     The diagram shows how the equilibrium yield of ammonia varies with changes in pressure 
and temperature. 

  

(i)      Use the diagram to state the effect of an increase in pressure at constant 
temperature on the yield of ammonia. Use Le Chatelier's principle to explain this 
effect. 

Effect on yield __________________________________________________ 

Explanation ____________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 
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(ii)     Use the diagram to state the effect of an increase in temperature at constant 
pressure on the yield of ammonia. Use Le Chatelier's principle to explain this effect. 

Effect on yield __________________________________________________ 

Explanation ____________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(d)     At equilibrium, with a pressure of 35 MPa and a temperature of 600 K, the yield of 
ammonia is 65%. 

(i)      State why industry uses a temperature higher than 600 K. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     State why industry uses a pressure lower than 35 MPa. Do not include references 
to safety. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 12 marks) 

Q32. 
A sample of nitrogen dioxide gas (NO2) was prepared by the reaction of copper with 
concentrated nitric acid. 

(a)     (i)      Balance the equation for the reaction of copper with concentrated nitric acid. 

Cu + ........ HNO3 → Cu(NO3)2 + ........ NO2 + ........ H2O 

(1) 

(ii)     Give the oxidation state of nitrogen in each of the following compounds. 

HNO3 ____________________________ 

NO2 _____________________________ 

(2) 
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(iii)     Deduce the half-equation for the conversion of HNO3 into NO2 in this reaction. 

______________________________________________________________ 

(1) 

(b)     The following equilibrium is established between colourless dinitrogen tetraoxide gas 
(N2O4) and dark brown nitrogen dioxide gas. 

N2O4(g)  2NO2(g)               ΔH = 58 kJ mol–1 

(i)      Give two features of a reaction at equilibrium. 

Feature 1 ______________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Feature 2 ______________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Use Le Chatelier’s principle to explain why the mixture of gases becomes darker in 
colour when the mixture is heated at constant pressure. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(iii)     Use Le Chatelier’s principle to explain why the amount of NO2 decreases when the 
pressure is increased at constant temperature. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 10 marks) 
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Q33. 
Oxygen and ozone (O3) both occur as gases in the upper atmosphere. 
Chlorine atoms catalyse the decomposition of ozone and contribute to the formation of a hole in 
the ozone layer. 
These chlorine atoms are formed from chlorofluorocarbons (CFCs) such as CF3Cl 

(a)     (i)      Give the IUPAC name of CF3Cl 

______________________________________________________________ 

(1) 

(ii)     Complete the following equation that shows the formation of a chlorine atom from a 
molecule of CF3Cl 

  

(1) 

(iii)     State what the • represents in Cl• 

______________________________________________________________ 

(1) 

(b)     Write two equations that show how chlorine atoms catalyse the decomposition of ozone 
into oxygen. 

Equation 1 __________________________________________________________ 

Equation 2 __________________________________________________________ 

(2) 

(c)     An equilibrium is established between oxygen and ozone molecules as shown below. 

3O2(g)  2O3(g)                ΔH = +284 kJ mol–1 

(i)      State Le Chatelier’s principle. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 
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(ii)     Use Le Chatelier’s principle to explain how an increase in temperature causes an 
increase in the equilibrium yield of ozone. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(d)     Chemists supported the legislation to ban the use of CFCs. Modern refrigerators use 
pentane rather than CFCs as refrigerants. 
With reference to its formula, state why pentane is a more environmentally acceptable 
refrigerant. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 9 marks) 
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Mark Scheme 

Q28. 
(a)    (If any factor is changed which affects an equilibrium), the (position of) equilibrium will shift 

/ move so as to oppose / counteract the change. 

Must refer to equilibrium 

Ignore reference to “system” alone 

A variety of wording will be seen here and the key part is the last 
phrase 

OR 

(When a system / reaction in equilibrium is disturbed), the (position of) equilibrium 
shifts / moves in a direction which tends to reduce the disturbance 

An alternative to shift / move would be the idea of changing / 
altering the position of equilibrium 

1 

(b)    (i)      M1  
A substance that speeds up the reaction / alters the rate but is chemically 
unchanged at the end / not used up 

Both ideas needed for M1 

Credit can score for M1, M2  and M3 from anywhere within the 
answer 

M2  
Catalysts provide an alternative route / alternative pathway / different 
mechanism 

M3  
that has a lower activation energy / Ea 

OR 
lowers the activation energy / Ea 

3 

(ii)     (Time is) less / shorter / decreases / reduces 

Credit “faster”, “speeds up”, “quicker” or words to this effect 
1 

(iii)    None 
1 

(c)     (i)      R 
1 

(ii)     T 
1 

(iii)    R 
1 

(iv)    P 
1 
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(v)     Q 
1 

[11] 

Q29. 
(a)      (i)     M1   (could be scored by a correct mathematical expression which must have 

        all ∆Hsymbols and the ∑ or SUM) 

M1      ΔHr = ΣΔHf (products) - ΣΔHf (reactants) 

OR     a correct cycle of balanced equations with 1C, 3H2 and 1O2 

M2     ΔHr = – 201 + (– 242) – (– 394) 
ΔHr = – 201 – 242 + 394 
ΔHr = – 443 + 394 
(This also scores M1) 

M3    = – 49 (kJ mol–1) 
(Award 1 mark ONLY for + 49) 

Correct answer gains full marks 

Credit 1 mark ONLY for + 49 (kJ mol–1) 

For other incorrect or incomplete answers, proceed as follows 

•        check for an arithmetic error (AE), which is either 
         a transposition error or an incorrect multiplication; 
         this would score 2 marks (M1 and M2) 

•        If no AE, check for a correct method; this requires either 
         correct cycle of balanced equations with 1C, 3H2 and 1O2 

         OR a clear statement of M1 which could be in words and 
         scores only M1 

3 

(ii)     It is an element / elemental 

Ignore reference to “standard state” 

OR 

By definition 
1 

(b)     M1 (The yield) increases / goes up / gets more 

If M1 is given as “decreases” / “no effect” / “no change” then CE= 
0 for clip, but mark on only M2 and M3 from a blank M1 

M2   There are more moles / molecules (of gas) on the left / of reactants 
OR  fewer moles / molecules (of gas) on the right 
/ products  
OR  there are 4 moles /molecules (of gas) on the left and 2 moles / molecules on the 
right. 
OR  (equilibrium) shifts / moves to the side with less moles / molecules 

Ignore “volumes”, “particles” “atoms” and “species” for M2 

M3: Can only score M3 if M2 is correct 



 

 

mrcolechemistry.co.uk 

Le Chatelier's Principle 3 

The (position of) equilibrium shifts / moves (from left to right) to oppose the increase 
in pressure 

For M3, not simply “to oppose the change” 

For M3 credit the equilibrium shifts / moves (to right) to lower / 
decrease the pressure 

(There must be a specific reference to the change that is opposed) 
3 

(c)     M1  Yield increases goes up 

M2   The (forward) reaction / to the right is endothermic OR takes in/ absorbs 
heat 

OR 

The reverse reaction / to the left is exothermic OR gives out / releases heat 

If M1 is given as “decrease” / “no effect” / “no change” then CE= 0 
for clip, but mark on only M2 and M3 from a blank M1 

Can only score M3 if M2 is correct 

M3 The (position of) equilibrium shifts / moves (from left to right) to oppose the increase 
in temperature (QoL) 

For M3, not simply “to oppose the change” 

For M3, credit the (position of) equilibrium shifts / moves (QoL) 

to absorb the heat OR 

to cool the reaction OR 

to lower the temperature 

(There must be a specific reference to the change that is opposed) 
3 

(d)     (i)     An activity which has no net / overall (annual) carbon emissions to the 
atmosphere 
OR 
An activity which has no net / overall (annual) greenhouse gas emissions 
to the atmosphere. 
OR 
There is no change in the total amount / level of carbon dioxide /CO2 carbon 
/greenhouse gas present in the atmosphere. 

The idea that the carbon /CO2 given out equals the carbon /CO2 
that was taken in from the atmosphere 

1 

(ii)     CH3OH    +    1½    O2        CO2     +     2H2O 

Ignore state symbols 

Accept multiples 
1 

(iii)     3H2    +     1½    O2          3H2O 

Ignore state symbols 

OR 

Accept multiples 
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2H2     +     O2         2H2O 

Extra species must be crossed through 
1 

(e)     M1    q = m c ∆T 

Award full marks for correct answer 

Ignore the case for each letter 

OR    q = 140 × 4.18 × 7.5 

M2    = 4389 (J) OR 4.389 (kJ) OR 4.39 (kJ) OR 4.4 (kJ)(also scores M1) 

M3    Using 0.0110 mol 
therefore ∆H = – 399 (kJmol–1 ) 
OR – 400 

Penalise M3 ONLY if correct numerical answer but sign is 
incorrect; +399 gains 2 marks 

Penalise M2 for arithmetic error and mark on 

In M1, do not penalise incorrect cases in the formula 

If ∆T = 280.5; score q = m c ∆T only 

If c = 4.81 (leads to 5050.5) penalise M2 ONLY and mark on for 
M3 = – 459 

+399 or +400 gains 2 marks 

Ignore incorrect units 
3 

[16] 

Q30. 
(a)      (i)     M1    iodine OR I2 OR I3

– 

Ignore state symbols 

Credit M1 for “iodine solution” 

M2    Cl2 + 2I –  2Cl – + I2 

OR 
½ Cl2 + I –  Cl – + ½ I2 

Penalise multiples in M2 except those shown 

M2 accept correct use of I3
– 

M3    redox or reduction-oxidation or displacement 
3 

(ii)     M1    (the white precipitate is) silver chloride 

M1 must be named and for this mark ignore incorrect formula 

M2    Ag+ + Cl –  AgCl 

For M2 ignore state symbols 

Penalise multiples 

M3    (white) precipitate / it dissolves 
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OR    colourless solution 

Ignore references to “clear” alone 
3 

(b)     (i)      M1    H2SO4 + 2Cl –  2HCl + SO4
2– 

For M1 ignore state symbols 

OR    H2SO4 + Cl–  HCl + HSO4
– 

Penalise multiples for equations and apply the list principle 

OR    H+ + Cl–  HCl 

M2    hydrogen chloride OR HCl OR hydrochloric acid 
2 

(ii)     M1 and M2 in either order 

For M1 and M2, ignore state symbols and credit multiples 

M1    2I –  I2 + 2e – 

OR 

         8I –  4I2 + 8e – 

Do not penalise absence of charge on the electron 

Credit electrons shown correctly on the other side of each 
equation 

M2    H2SO4 + 8H+ + 8e –  H2S + 4H2O 

OR 

SO4
2– + 10H+ + 8e –  H2S + 4H2O 

Additional equations should not contradict 

M3    oxidising agent / oxidises the iodide (ions) 

OR 

electron acceptor 

M4    sulfur OR S OR S2 OR S8 OR sulphur 
4 

(iii)     M1    The NaOH / OH– / (sodium) hydroxide reacts with / neutralises the 
H+ / acid / HBr (lowering its concentration) 

  OR  a correct neutralisation equation for H+ or HBr with NaOH or with 
hydroxide ion 

Ignore reference to NaOH reacting with bromide ions 

Ignore reference to NaOH reacting with HBrO alone 

M2    Requires a correct statement for M1 

The (position of) equilibrium moves / shifts(from L to R) 
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•        to replace the H+ / acid / HBr that has been removed / lost 

•        OR  to increase the H+ / acid / HBr concentration 

•        OR to make more H+ / acid / HBr / product(s) 

•        OR to oppose the loss of H+ / loss of product(s) 

•        OR to oppose the decrease in concentration of product(s) 

In M2, answers must refer to the (position of) equilibrium shifts / 
moves and is not enough to state simply that it / the system / the 
reaction shifts to oppose the change. 

M3    The (health) benefit outweighs the risk or wtte 

OR 

a clear statement that once it has done its job, little of it remains 

OR 

used in (very) dilute concentrations / small amounts / low doses 
3 

[15] 

Q31. 
(a)     In either order 

For M1 accept [ ] for concentration 

M1 Concentrations (of reactants and products) remain or stay constant / the same 

NOT “equal concentrations” and NOT “concentration(s) is / are the 
same” 

M2 Forward rate = Reverse / backward rate 

NOT “amount” 

Ignore “dynamic” and ignore “speed” 

Ignore “closed system” 

It is possible to score both marks under the heading of a single 
feature 

2 

(b)     M1 Catalysts increase rate of / speed up both forward and reverse / backward 
reactions 

If M1 is given as “no effect” / “no change” then CE= 0 for clip 

M2 increase in rate / affect on rate / speed is equal / the same 

Ignore references to “decrease in rate” 
2 

(c)     (i)     M1 (The yield) increases / goes up / gets more 

If M1 is given as “decreases” / “no effect” / “no change” then CE= 
0 for clip, but mark on from a blank. 
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M2    There are more moles / molecules (of gas) on the left / of reactants 

Ignore “volumes”, “articles” “atoms” and “species” for M2 

         OR fewer moles / molecules (of gas) on the right / products 

         OR there are 4 moles / molecules (of gas) on the left and 2 moles / 
      molecules on the right. 

         OR (equilibrium) shifts / moves to the side with less moles / molecules 

M3 Can only score M3 if M2 is correct 

         The equilibrium shifts / moves (from left to right) to oppose the increase 
in pressure 

For M3, not simply “to oppose the change” 

For M3 credit the equilibrium shifts / moves to lower / decrease the 
pressure 

(There must be a specific reference to the change that is opposed) 
3 

(ii)     M1     The yield decreases / goes down / gets less 

If M1 is given as “increase” / “no effect” / “no change” then CE= 0 
for clip, but mark on from a blank. 

M2     (Forward) reaction is exothermic OR gives out / releases heat 

         OR 

         reverse reaction is endothermic OR takes in / absorbs heat 

Can only score M3 if M2 is correct 

The equilibrium shifts / moves (from right to left) to oppose the increase in 
temperature 

For M3, not simply “to oppose the change” 

For M3 credit the equilibrium shifts / moves 

to absorb the heat OR 

to cool the reaction OR 

to lower the temperature 

(There must be a specific reference to the change that is opposed) 
3 

(d)     (i)     Must be comparative 

Credit correct reference to rate being too (s)low / (s)lower at 
temperatures less than 600 K 

Higher rate of reaction 

OR increase / speed up the rate (of reaction) 

Ignore statements about the “yield of ammonia” 

OR Gets to equilibrium faster/ quicker 

OR faster or quicker rate / speed of attainment of equilibrium 
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1 

(ii)     Less electrical pumping cost 

Not just “less expensive” alone 

OR 

Not just “less energy or saves energy” alone 

Use lower pressure equipment / valves / gaskets / piping etc. 

Credit correct qualified references to higher pressures 

OR 

Uses less expensive equipment 

Ignore references to safety 
1 

[12] 

Q32. 

(a)     (i)      Cu + 4HNO3 → Cu(NO3)2 + 2NO2 + 2H2O 

Or multiples 

Ignore state symbols 
1 

(ii)     M1     HNO3 (+) 5 

M2     NO2 (+) 4 

Ignore working out 

M1 Credit (V) 

M2 Credit (IV) 
2 

(iii)     HNO3 + H+ + e– →  NO2 + H2O 

OR 

NO3
– + 2H+ + e– →  NO2 + H2O 

Or multiples 

Ignore state symbols 

Ignore charge on the electron unless incorrect and accept loss of 
electron on the RHS 

1 

(b)     (i)      In either order 

M1 Concentration(s) (of reactants and products) 
remain(s) constant / stay(s) the same / remain(s) 
the same / do(es) not change 

M2 Forward rate = Reverse / backward rate 

For M1 accept [ ] for concentration 
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NOT “equal concentrations” and NOT “concentration(s) is/are the 
same” 

NOT “amount” 

Ignore “dynamic” and ignore “speed” 

Ignore “closed system” 

It is possible to score both marks under the heading of a single 
feature 

2 

(ii)     M1 

The (forward) reaction / to the right is endothermic 
or takes in / absorbs heat 

OR 

The reverse reaction / to the left is exothermic or gives 
out / releases heat 

M2 depends on correct M1 and must refer to temperature/heat 

The equilibrium shifts / moves left to right to oppose the increase in temperature 

M2 depends on a correct statement for M1 

For M2, the equilibrium shifts/moves 

to absorb the heat OR 

to lower the temperature OR 

to cool the reaction 
2 

(iii)     M1 refers to number of moles 

There are fewer moles (of gas) on the left OR more 
moles (of gas) on the right. 
OR there is one mole (of gas) on the left and 2 moles 
on the right. 

M2 depends on correct M1 and must refer to pressure 
The equilibrium shifts / moves right to left to oppose the 
increase in pressure 

M2 depends on a correct statement for M1 

For M2, the equilibrium shifts/moves to lower the pressure. 
2 
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Q33. 
(a)     (i)      chlorotrifluoromethane 

Spelling must be correct but do not penalise “flouro” 

Ignore use of 1– 
1 

(ii)     CF3• 

May be drawn out with dot on C 
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OR if as shown dot may be anywhere 
1 

(iii)     An unpaired/non-bonded/unbonded/free/a single/one/lone 
electron 

NOT “bonded electron” and NOT “paired electron” 

NOT “pair of electrons” 

NOT “electrons” 

Ignore “(free) radical” 
1 

(b)     M1   Cl• + O3 → ClO• + O2 

M2    ClO• + O3 → 2O2 + Cl• 

Mark independently 

Equations could gain credit in either position 

The dot can be anywhere on either radical 

Penalise the absence of a dot on the first occasion that it is seen 
and then mark on. Do not make the same penalty in the next 
equation, but penalise the absence of a dot on the other radical. 

Apply the list principle for additional equations 
2 

(c)     (i)      (If any factor is changed which affects an equilibrium), 
the (position of) equilibrium will shift/move so as to oppose 
the change. 

OR 

(When a system/reaction in equilibrium is disturbed), 
the equilibrium shifts/moves in a direction which tends to 
reduce the disturbance 

Must refer to equilibrium 

Ignore reference to “system” alone 

A variety of wording will be seen here and the key part is the last 
phrase. 

An alternative to shift/move would be the idea of changing/altering 
the position of equilibrium 

1 

(ii)     M1    The (forward) reaction/to the right is endothermic or 
takes in heat 

OR    The reverse reaction/to the left is exothermic or gives out heat 

M2    The equilibrium moves/shifts to oppose the increase in 
temperature 

M2 depends on a correct statement for M1 

For M2 accept 

The equilibrium moves/shifts 

•    to take in heat/lower the temperature 

•    to promote the endothermic reaction and take in heat/   lower 
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the temperature 

•    to oppose the change and take in heat/lower 
the             temperature 

(leading to the formation of more ozone) 
2 

(d)     Any one of 

•        Pentane does not contain chlorine OR C–Cl (bond) 

•        Pentane is chlorine-free 

•        Pentane does not release chlorine (atoms/radicals) 

Ignore reference to F OR C–F OR halogen 

Ignore “Pentane is not a CFC” 

Ignore “Pentane is a hydrocarbon” 

Ignore “Pentane only contains C and H” 

Ignore “Pentane is C5H12” 
1 
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