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(a) Outline a suitable method, including essential apparatus, for carrying out an experiment to obtain 
these results. You may include a diagram if you consider it helpful. 

[4] 
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(b) State, giving a reason, which oxide is the more efficient catalyst. 

[1] 

 

 

(c) In the experiment with oxide ​A​, calculate the volume of oxygen evolved 

(i) during the first minute, 

[1] 

 

(ii) during the third minute.  

[1] 

 

 

(d) Explain the difference between the answers in (c)(i) and (c)(ii). 

[2] 

 

 

(e) Give a reason why the total volume of oxygen obtained in the two experiments is the same. 

[1] 

 

 

(f) If Trystan repeated the experiment using 5 cm³ of the original hydrogen peroxide solution diluted 
with 95 cm³ of water, state the final volume of oxygen that would be evolved 

[1] 
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(g) If he carried out the experiments at 45 °C instead of 35 °C, state what effect this would have on 
the time required to obtain the final volume of oxygen. Use collision theory to explain your answer. 

[3] QWC [1] 

 

(Total 15) 

2. 
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3.​ Judith carried out three experiments to study the reaction between powdered magnesium and 
hydrochloric acid. 

She used a gas syringe to measure the volume of hydrogen evolved, at room temperature and 
pressure, at set intervals. In each case, the amount of acid used was sufficient to react with all the 
magnesium. 

 

The results obtained in experiment ​C ​are shown in Table 2 below. 

 

(a) The results for experiments ​A ​and ​B ​have already been plotted on the grid below.On the same 
grid, plot the results for experiment ​C ​and draw a line of best fit. 

[3] 
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(b)(i) State in which experiment the reaction begins most rapidly and ​use the graph ​to explain your 
choice.  

[2] 

 

(ii) By referring to Table 1 give an explanation of your answer in part (i).  

[1] 

 

(c) State the volume of hydrogen evolved after 30 seconds in experiment ​B​.  

[1] 
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(d) Using ​only ​the values in Table 1, show that the acid is in excess in experiment ​C​.  

[2] 

 

(e)(i) In experiment ​A​, 0.061 g of magnesium produces 60 cm³ of hydrogen. If 0.122 g of magnesium 
were used, under the same conditions, then 120 cm³ would be produced. Explain why using 0.610 g 
would not produce 600 cm³ of hydrogen.  

[1] 

 

(ii) Calculate the volume of hydrogen produced using 0.610 g of magnesium.  

(1 mole of gas molecules occupies 24 dm³ at 25 °C) 

[2] 

 

 

(f) State one method of slowing down the reaction in experiment ​C ​and use collision theory to 
explain your choice. Assume that the quantities of magnesium and hydrochloric acid are the same 
as those in Table 1.  

[3] QWC ​ ​[1] 

 

(Total 16) 
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4. 
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5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Total 2) 
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6.​ Dolomite, MgCO​3​.CaCO​3​, is a mineral containing magnesium carbonate and calcium carbonate. 

(a) Some students were asked to react samples of dolomite, each of mass 0.50 g, with an excess of 
dilute hydrochloric acid and to follow the rate of the reaction by measuring the volume of carbon 
dioxide evolved at suitable time intervals. 

(i) Line ​A​ on the graph shows Natalie's results. Her teacher said that this was correct. David's line is 
labelled ​B ​. Although his line represents his results, the teacher said that he must have done 
something wrong during the experiment to obtain these results. 
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(ii) Explain why, in Natalie's experiment, 0.25 g of the dolomite has reacted in 1.5 minutes but the 
remaining 0.25 g has taken a further 3.5 minutes to react.  

[2] 

 

(iii) Emma asked what the volume of carbon dioxide collected from the samples would be if the 
temperature rose from 298 K to 323 K. 

The teacher explained that, if the pressure remained the same, volume V (in cm ​3​) and temperature T 
(in Kelvin) were linked by the equation: 

V = k × T (where k is constant) 

The volume of carbon dioxide evolved at 298 K is 130 cm​3​. By finding the value of k, or by other 
means, calculate the volume of this carbon dioxide when its temperature is raised to 323 K.  

[2] 

 

 

 

 

 

 

Volume of carbon dioxide ​= ​........................................  ​cm​3 

(b) In another experiment 0.623 g of dolomite reacted with an excess of dilute hydrochloric acid. The 
total volume of carbon dioxide evolved was 162 cm​3​. 

(i) Calculate the total volume of carbon dioxide that would be evolved if a sample of dolomite of 
mass 1.00 g was used under the same conditions.  

[1] 

 

 

Volume of carbon dioxide ​= ​............................  ​cm​3 
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(ii) Use the graph below to find the mass of magnesium carbonate present in this 1.00 g sample of 
dolomite.  

[1] 
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(d) Briefly outline a different method of following the rate of the reaction between dolomite and 
hydrochloric acid.  

[2] 

(Total 14) 
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7.​ Many industrial processes use catalysts. 

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

[2] 

 
(Total 2) 

 
8. 
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(i) State how the equilibrium yield of methanol is affected by an increase in temperature and in 
pressure. 

[1] 

 

(ii) Explain your answer to part (i). 

[2] 

 

(e) Many catalysts are very expensive but their use does allow the chemical industry to operate 
more profitably. Explain why the use of catalysts provides economic and environmental benefits. 

[3] QWC [1] 

 

(Total 18)  

9. 
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(d) Solid potassium iodide reacts with concentrated sulfuric acid in the same way as sodium iodide. 

Describe the observations made during this reaction and identify the products formed. 

[3] 
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10.​ The decomposition of dinitrogen(IV) oxide into nitrogen(IV) oxide is a reversible reaction that 
establishes a dynamic equilibrium. 

 

 

(a) State the meaning of the term ​dynamic equilibrium ​. 

[1] 

 

 

(b) The conditions applied to an equilibrium mixture of dinitrogen(IV) oxide and nitrogen(IV) oxide 
were changed. For each of the following, state what was ​seen ​and explain any change that 
occurred. 

[5] 

Temperature increased 

 

 

Pressure increased 

 

 

A catalyst was added 
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(c) Hydrazine, N2H4, is an unstable liquid that decomposes according to the following equation. 

 

(i) Calculate the volume of gas that could be obtained from 14 kg of hydrazine.  

Assume that the volume of 1 mol of gas is 24.0 dm³ 

[3] 

 

 

Volume of gas ​= ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​dm³ 

 

(ii) Use of hydrazine is as a fuel in rockets. Apart from any energy changes, state ​one ​feature of this 
reaction that suggests it would be useful in rocket propulsion. 

[1] 

 

(Total 10) 
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2.
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3. 
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4. 
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(iii) Look for at least four relevant positive points [4] 
 

e.g. 

● the process uses a (heterogeneous) catalyst, which can easily be separated from the 
gaseous products (thus saving energy) 

● the only other product of the reaction is gaseous nitrogen, which is non-toxic / safe / not a 
harmful product 

● the process uses nitrogen(I) oxide which is used up, rather than being released into the 
atmosphere from the other process (and causing global warming) 

● the process is exothermic and the heat produced can be used elsewhere 
● a relatively moderate operating temperature reduces overall costs 
● high atom economy 

 

Legibility of text; accuracy of spelling, punctuation and grammar; 

clarity of meaning QWC [1] 

Total [14] 

 

5. 
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6. 
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7. 

8.
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9.
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