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(i) Calculate the energy released in the experiment

[1] 

Energy released = ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​J 

(ii) The enthalpy change of combustion of ethanol is defined as the energy change per mol of
ethanol burned.
Use your answer to (i) to calculate the enthalpy change of combustion of ethanol.

Give your answer in kJ mol​−​¹ and correct to ​3 significant figures​. Include the sign. 

[3] 

How would you expect the numerical values obtained by the two students to differ? Explain your 
answer. 

You may assume that both values were found under the same conditions of temperature and 
pressure. 

[2] 

(d) The students then used the apparatus from (b) to find the enthalpy change of combustion of
higher relative molecular mass alcohols. They found that as the number of carbon atoms increased
the value of the enthalpy change of combustion became more negative.
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(ii) In terms of bond strengths, explain why enthalpy changes of combustion are negative.

[1] 

(iii) Explain why the enthalpy change of combustion of propanol is more negative than that of ethanol

[1] 

(e) Recent research has been carried out to find economic and environmentally friendly uses for
waste straw and wood chippings.
The process of gasification involves the material being partly combusted at a temperature of about
700 °C to give a mixture consisting mainly of hydrogen and carbon monoxide but also some carbon
dioxide.

Another approach has been to use enzyme catalysed reactions to change the waste material into 
glucose and then to ethanol. 

Comment on the economic and environmental factors involved in both of these processes. 

[4] QWC [2]

(Total 17) 
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2.​ In an experiment, Aled titrated 25.00 cm​3​ of potassium hydroxide solution with hydrochloric acid,
and obtained the following results.

(a) Complete the table to show the volume used in each titration.

[1] 

(b) Calculate the mean volume that Aled should use for his further calculations.

[1] 

.............................................................................cm³ 

3.
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4.​ 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. 
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(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] 

(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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5.​ Hydromagnesite is a mixture of magnesium carbonate and soluble impurities. A student crushed
some hydromagnesite and added a sample of mass 0.889 g to excess dilute hydrochloric acid so
that the magnesium carbonate component reacted fully.

(a) Explain why the rock was crushed before being added to the acid.

[1] 

(b) Write the equation for the reaction between magnesium carbonate and dilute hydrochloric acid.

[1] 

(c) The gas formed was collected in a gas syringe and its volume was measured over a period of
time. The volumes and times were plotted. The volume of 1 mol of gas under these conditions is
24.0 dm​3 

Describe what happened to the rate of the reaction over the 30 minute period.Explain why any 
changes in the rate occurred 

[3]
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(d) Other than by using an indicator, how would the student know that hydrochloric acid was in
excess?

[1] 

(ii) Find the mass of magnesium carbonate that reacted and hence the percentage of magnesium
carbonate present in hydromagnesite.

[2] 

Percentage of magnesium carbonate = ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​% 
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(f) A student wanted to carry out this experiment on another sample of hydromagnesite. He did not
have a gas syringe and therefore he decided to collect the carbon dioxide over water in a measuring
cylinder.

Explain what effect this would have on the results of the experiment. You should assume that the 
gas syringe and the measuring cylinder can both be read to the same precision 

[2] 

(g) When magnesium carbonate is heated it decomposes to make magnesium oxide and carbon
dioxide.

Magnesium oxide has a very high melting temperature and so can be used to line furnaces. 

What is the atom economy for the production of magnesium oxide from magnesium carbonate? 

[2]

Atom economy ​ ​=​ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​% 

(Total 14) 
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7.​ Jewels such as diamonds, rubies and emeralds are highly valued but are all closely related to
much less precious materials.

(a) Emeralds are a form of the mineral beryl, with their green colour due to the impurities
present.

(b) The most common form of carbon is graphite, however the element also exists in the form of
diamond.
We can calculate the standard enthalpy change of reaction for making diamond from graphite using
Hess' Law.

(i) State Hess' Law.

[1]
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(iii) Kyran states that because diamond is an element, its enthalpy of formation under standard
conditions must be zero.State whether Kyran is correct and give a reason to support your answer.

[1] 

(iv) Most diamonds used in jewellery come from natural sources, but it is possible to produce
diamonds artificially although these are rarely of gemstone quality.

(I) One proposed use of artificial diamond is to protect medical implants. To cover a particular
implant, a volume of 2.08 cm³ of diamond is needed. Calculate the mass of diamond required

[1] 

[Density of diamond under standard conditions = 3.51 g cm​-³​] 

Mass of diamond ​= ​.................................................................  ​g 
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(II) The process of producing diamond from graphite has a yield of 93 %. Calculate the mass of
graphite needed to make the diamond required.

[2] 

Mass of graphite ​= ​.................................................................  ​g 

(Total 10) 

8. 

(ii) Suggest why no more than the minimum energy is used to ionise the sample of lithium.

[1] 

________________________________________________________________________________ 
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(b)The mass spectrum of a naturally occurring sample of lithium gave the following results.

These results can be used to determine the relative atomic mass of the lithium sample. 

(i) Calculate the relative atomic mass of the sample

[2] 

Relative atomic mass = ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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9.​ (a) An aqueous solution of methanoic acid can be used to dissolve 'limescale' in kettles. The
concentration of a methanoic acid solution used for this purpose can be found by a titration
using sodium hydroxide solution. For this purpose a 25.0 cm³ sample of aqueous methanoic
acid was diluted to 250 cm³.

(i) State the name of the piece of apparatus used to:

(I) measure out 25.0 cm³ of aqueous methanoic acid,        [1] 

(II) contain exactly 250 cm³ of the diluted solution.        [1] 

(ii) A 25.0 cm³ sample of the diluted methanoic acid was titrated with sodium hydroxide solution of
concentration 0.200 mol dm​-³​. A volume of 32.00 cm³ was needed to react with all the methanoic
acid present.

Calculate the number of moles of sodium hydroxide used. 

[1 

] 

Moles of sodium hydroxide ​= ​.......................................​mol 
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10.​ Berian was asked to find the identity of a Group 1 metal hydroxide by titration.

He was told to use the following method: 

• Fill a burette with hydrochloric acid solution.

• Accurately weigh about 1.14 g of the metal hydroxide.

• Dissolve all the metal hydroxide in water, transfer the solution to a volumetric flask then add more
water to make exactly 250 cm³ of solution.

• Accurately transfer 25.0 cm³ of this solution into a conical flask.

• Add 2-3 drops of a suitable indicator to this solution.

• Carry out a rough titration of this solution with the hydrochloric acid.

• Accurately repeat the titration several times and calculate a mean titre.

Berian's results are shown below: 

Mass of metal hydroxide = 1.14 g 

Concentration of acid solution = 0.730 g HCl in 100 cm³ of water 

Mean titre = 23.80 cm³ 

a) Give a reason why Berian does not simply add 1.14 g of metal hydroxide to 250 cm³ of water.

[1] 

(b) Name a suitable piece of apparatus for transferring 25.0 cm³ of the metal hydroxide solution to a
conical flask.

[1]
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(c) State why he adds an indicator to this solution.

[1] 

(d) Suggest why Berian was told to carry out a rough titration first.

[1] 

(e) Explain why he carried out several titrations and calculated a mean value.

[1] 

(f) The equation for the reaction between the metal hydroxide and hydrochloric acid is given below.
M represents the symbol of the Group 1 metal.

(i) Calculate the concentration, in mol dm-³, of the HCl in the burette.

[2] 

(ii) Calculate the number of moles of HCl used in the titration.

[1]
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(iii) Deduce the number of moles of MOH in 25.0 cm³ of the solution.

[1] 

(iv) Calculate the total number of moles of MOH in the original solution.

[1] 

(v) Calculate the relative molecular mass of MOH.

[1] 

(vi) Deduce the Group 1 metal in the hydroxide.

[1] 

(Total 12) 

11.​ The leaves of the rhubarb plant are rich in ethanedioic acid (oxalic acid) which is a poisonous
compound. A solution containing ethanedioate ions can be formed by boiling rhubarb leaves with
water. It can be separated and samples titrated against acidified potassium manganate(VII) to find
the concentration of the ethanedioate solution.

(a) Suggest how the ethanedioate solution could be separated from the rhubarb leaves.

[1] 

________________________________________________________________________________ 
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________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 

(d) Give a reason why an indicator is not needed in this titration.

[1] 

________________________________________________________________________________ 

________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
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(f) Heating ethanedioic acid in glycerol produces methanoic acid, HCOOH.

________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 

(iii) A mixture of methanoic acid and sodium methanoate can be used as a buffer solution. State
what is meant by a ​buffer solution ​and explain how a mixture of methanoic acid and sodium
methanoate acts as a buffer.

[3] QWC [1]

________________________________________________________________________________ 
________________________________________________________________________________ 

(i) Give the colour change that occurs when acidified potassium dichromate acts as an oxidising
agent.

[1] 

________________________________________________________________________________ 

(ii) When sodium hydroxide is added to a solution of potassium dichromate, a colour change occurs
without a redox reaction occurring. Give the formula of the new chromium-containing ion and the
colour of the solution formed.

[2] 

________________________________________________________________________________ 
________________________________________________________________________________ 

(Total 20) 
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