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(@) Ethanol, C;HsOH, is aliguid atroom temperature. Itis beingincreasinghy used as afuel.

(i} Write the eguation that represents the standard molar enthalpy change of formation
(aH;) of ethanol. [1]

() Enthalpy changes of combusion can oiten be rmeasured directly. | he eguaton for the
reaction which represents the enthalpy change of combustion (aH,) of ethanol is as
TolowWs.

C,HsOH[) + 304(0) — = 20045 + 3H,0()

A studentusedthe apparatus belowto determine the enthalpy change of combustion of
ethanol.

calorimeter_ | | water
b

B

r Q@ b ethanol
-

The student obtained the following resuls.

wick

Mass of spirit burner + ethanol at start = T227q
Mass of spirit burner + ethanol after combustion = T146g
Temperature of water at start = 2155
Temperature of water after combustion = ThA"C
Volume of waterin calorimeter = 100om?

The energyreleasedin the experiment can be calculated using the fonmula

energy released = mecaTl

where m = mass of the waterin grams (assume 1cm? has amassof 1q)
c = 4FNgVCT
AT = change intemperature of the water
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(i) Calculate the energy released in the experiment

[1]

Energyreleased = . ... ..o 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™ and correct to 3 significant figures. Include the sign.

[3]

fc)  Anotherstudentdid notcarry out an experimentto find A5, of ethanol. He looked up the
literature value on a respected internet site.

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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(i} ‘Write the equation for the reaction which represents the enthalpy change of
combustion of propanol, CsH-OH. [1]

(i) 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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2.1Inan experiment, Aled titrated 25.00 cm?® of potassium hydroxide solution with hydrochloric acid,
and obtained the following results.

| 2 3 4
Initial burette reading / cm? 0.10 0.25 1.20 21.30
Final burette reading / cm? 20.85 20.45 21.30 41.60

Volume used / cm3

(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.

3.

Ethanol 15 an important industrial chemical and can be made by the direct hydration of ethene
using a phosphoric acid catalyst.

CH, —=CH,(g) + H,0(g) = CH,CH,OH(g) AH=-46 kT mol™
(&} State, giving your reasons, the general conditions of temperature and pressure required

to give a high equilibrium yield of ethanol in this process. [4]
OWwC[1]
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(3 Using the standard enthalpy change for the reaction above and the standard enthalpy
changes of formation [&H?j given in the table below, calculate the standard enthalpy

change of formation of gaseous ethanol K]
Compound .-i-.H'?_.-'k_T mol™
CH, =—CH,(g) 523
H,0(g) 242
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(¢} Another way of calculating the enthalpy change of a reaction is by using average bond
enthalpies. Use the values in the table below to calculate the enthalpy change for the

direct hydration of ethene. [3]
H H H H
| 0 |
C=C + A . H——L—0—H
| H H |
H H H H
Bond Average bond enthalpy / kT mol™
C—C 348
C=C 612
C—H 412
C—0 360
O—H 463

e {i} Give areason why the calculated walue in ¢) 15 different to the actual value,
—46 kT mol™. [1]

(i) Explain whether vour answer to part (1) supports the use of average bond enthalpies
to calculate the energy change for a reaction. [1]
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fe} Phosphoric acid i1s an example of a heterogeneous catalyst.

Explain the term heferogeneous in this context. [1]
(i (i} Sketch on the axes below the energy profile for an exothermic reaction [1]
4
Energy

Y

Extent of reaction

() Omn the same axes, sketch and label the energy profile 1f the same reaction 1s carried
out using a catalyst. [1]

Total [16]
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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.

Mg(s) + 2HCl(ag) —» MgCly(ag) + Hy(g)

The details of each experiment are shown in Table 1 below.

Experiment Mass of R’ulm_pe 031’ HCl Concentration _031’ HCl
magnesium /g cm mol dm
A 0.061 40.0 0.30
B 0.101 40.0 1.00
C 0.101 20.0 2.00
Table 1

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

Time / s Volume of hydrogen / cm’
0 0
20 30
40 75
60 88
80 o7
100 100
120 100

Tahle 2
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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]

L

70

60

50 ]

40

30 ra

Volume of hydrogen / cm?

20 7

104

‘h.

0 -
0 20 40 o0 80 100 120 140 le0D 30

Time / 5

(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]

PhysicsAndMathsTutor.com Edugas Chemistry A-level



(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 cm? of hydrogen. If 0.122 g of magnesium
were used, under the same conditions, then 120 cm?® would be produced. Explain why using 0.610 g
would not produce 600 cm? of hydrogen.

[1]

(i) Calculate the volume of hydrogen produced using 0.610 g of magnesium.
(1 mole of gas molecules occupies 24 dm? 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?®

200
Vaolume
CO/cm 120
100
50
0
1] 5 10 15 20 25 30

Time/minutes

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]

(=) iy Usethe graphtocalculate how many moles of magnesium carbonate reacted with
the hydrochloric acid. [£]

NumberofmolesMgCOq = e mal

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

(2]

Percentage of magnesium carbonate = . ... ... ...t e %
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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.

carbon
dioxide

water

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.

MgCOsfs) ——  MgO(s) + CO(g)

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]

AfOM €CONOMY = . . o v et e et e s et a et e aa e eaans %

(Total 14)
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6.

(a) Sodiumcarbonate canbe manufacturedin atwo-stage process as shown bythe following
equations.

NaCl + NH; + CO, + H,0 ——= NaHCO; + NH,CI

2NaHCO; . NaCO; + H,0 + CO,

Calculate the maximum mass of sodium carbonate which could be obtained from 900 g
of sodium chloride.

[3]
Maximum mass of sodium carbonate = .. (@
(b) Sodiumcarbonate can form a hydrate, Na,CO5; xH,0.
When 4 64 g of this hydrate was heated, 212 g of anhydrous Na,CO5 remained.
(iy State the mass of waterin 4.64 g of the hydrate. 1

(i) Calculate the number of moles of sodium carbonate and the number of moles of
water in 4.64 g of the original hydrate. Use these values to calculate the value of x

in Na,CO5 xH,0. 2]
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(c) Hannahis given an impure sample of anhydrous sodium carbonate and she carries out
an experiment to determine the percentage of sodium carbonate in the sample. _
She finds that she needs 18.0cm?® of hydrochloric acid of concentration 0.50 mol dm™
fo react completely with 0.55g of the impure sample. The impurty does not react with
hydrochloric acid. The equation for the reaction is given below.

Na,CO; + 2HCI — = 2NaCl + H,0 + CO,

(i) Calculate the number of moles of HCl used in the titration. 1
Numberofmolesof HCl=_____________ mol

(i) Deducethe number of moles of Na,CO, that reacted with the HCI. 1]
(i) Calculate the mass of Na;CO5 inthe sample. 1]
Mass of Na,COzinsample= . .......g@

(iv) Calculate the percentage by mass of Na,CQ; in the sample. 1]
Percentage by mass= ... %

Total [10]
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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.

A sample of beryl contains 10.04 % aluminium_ 53.58 % oxygen and 3135% silicon by
mass, with beryllium making up the remainder. Its molecular formula 1s Al,Be 51,0, ..
Find the percentage by mass of bervllium in the compound and hence calculate the

value of x in this formula.

[3]

(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.

Feaction Standard enthalpy change of reaction /kT mol™
C{diamond) + O,(g) — CO,(g) —305 4
Clgraphite) + O5(g) —» CO,(g) 3035

(i) State Hess' Law.

[1]
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(11) Use Hess’ Law and the data in the table on page 4 to calculate the enthalpy change
of the reaction below. [2]

Cigraphite) —= C({diamond)

Enthalpy change of reaction = ... KT mol™?

(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.

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

[1]

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

1Y XS0 i [ 7= T 4T g Lo L g
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(I 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 Qraphite = ..euueeeeeeeeeeririiiiisssssssssssssssssssssnsnnnsrssrsnseesnees g
(Total 10)

8.

{a) Lithium was discovered in 1817 by the Swedish chemist Johan August Arfwedson.
Its name derives from the Greek word thos, meaning ‘stone’, to reflect its discovery in
a solid mineral, as opposed to potassium, which had been isolated from plant ashes
10 years earlier. Maturally occurring lithium is composed of two stable isotopes —

SLiand "Li.
In a mass spectrometer, a sample oflithium must be ionised before it can be analysed.

(il Describe how vaporised atoms of Li are converted into Li* ions in a mass
spectrometer. 2]

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

[1]

(i) State trle difference, if any, between the chemical properties of the isotopes
SLi and 7Li, giving a reason foryour answer. [2]
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(b)The mass spectrum of a naturally occurring sample of lithium gave the following results.

lsotope % abundance
LT 7.25
Li 92.75

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 = . v v ittt ittt ettt et n s ansnnennsns

(i) State and explainwhich ofthe Li*ions formed fromthe isotopes of Li will be deflected

maore in a mass spectrometer.

1]
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{c}  Lithium hydroxide reacts with ammonium sulfate to form ammonia, lithium sulfate and
water as shown in the equation below.

(NHy),SO, + 2LOH o 2NH; + Li,SO, + 2H,0

A2 06 g sample of ammonium sulfate reacted exactly with 2980 cm?® of alithium hydroxide
solution.

(1} Calculate the amount, in moles, of (NHg),50, in 2.06g ot ammonium sultate.
Give your answer to three significant fiqures. [

Number of moles = . mol

(i) Calculate the concentration, in mol dm™, of the lithium hydroxide solution used.
2]

Concentrafion = .......__________ moldm™

(i} Calculate the percentage atom economy for the production of ammonia in the

reaction between ammonium sulfate and lithium hydroxide. [2]
Atom economy = e Y0
Total [14]
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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 cm?® 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 cm? of aqueous methanoic acid, [1

(1) contain exactly 250 cm? of the diluted solution. [1]

(i) A 25.0 cm?® sample of the diluted methanoic acid was titrated with sodium hydroxide solution of
concentration 0.200 mol dm-2. A volume of 32.00 cm?® was needed to react with all the methanoic
acid present.

Calculate the number of moles of sodium hydroxide used.

[1

Moles of sodium hydroxXide = ......ccccveeeeereerreninnnssnsennnns mol
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(i1} Methanoic acid and sodium hvdroxide react together in a 1:1 molar ratio.
Use the graph below and vour result from (ii) to find the concentration of methanoic

acid present in the diluted solution in g per 100 cm?® of solution. 1]
1-50
v

1'D'D 7
Concentration of »
diluted methanoic “
acid /g per 100 cm? ”

0-50 5

ﬂ "
0 00020 0-0040 00060 0-0080

Number of moles of methaneic acid

Concentration = .gper 100 cm’

(iv) State the concentration of the original methanoic acid in g per 100 cm? solution.

[1]

Original concentration = gper 100 cm?
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&) Methanoic acid, HCOOOH, can be reduced to methanol, CH,OH, in a gas phase reaction,
bv using hyvdrogen in the presence of a solid ruthenium metal catalyst.

(i) Ruthenium is acting as a heterogeneous catalyst.
State the meaning of the word heterogeneous. [1]

(1) The equation for the reduction of methanoic acid 1s shown below.

o v H H
& B
H—C £ H_H —» HOC_O_H =+ 0
o _H H

Use the table of bond enthalpies to find the enthalpy change for this reaction. [3]

+
Bond Average bond enthalpy / kT mol™!
C—H 412
C—0 360
C=0 743
H—H 436
0—H 453
Enthalpy change = ¥Kmol?
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fc) The relative molecular mass of methanoic acid 1s 46.02.

State why this quantity does not have units. [1]

{ed) Methanoic acid reacts with propan-1-ol to give 1-propvl methanoate.

HCOOH + CH,CH,CH,O0H == HCOOCH,CH,CH, + H,O
1-propyl methanoate

{1) This reaction eventually reaches dynamic equilibrium.
State what is meant by dynamic equilibrium. 1]

(i) Give the empirical formula of 1-propyl methanoate. [1]

Empirical formula ..o oo oo

Total[12]
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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 cm? of solution.

* Accurately transfer 25.0 cm? 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 HCI in 100 cm? of water

Mean titre = 23.80 cm?

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

[1]

(b) Name a suitable piece of apparatus for transferring 25.0 cm? 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.

MOH + HCl

MCl + H,0

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

[2]

(i) Calculate the number of moles of HCI used in the titration.

[1]
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(iii) Deduce the number of moles of MOH in 25.0 cm? 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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(b)  Write an ion-electron half-equation for the reduction of acidified manganate(VIl) ions,
MnO,~. (1
(c) The ion-electron half-equation for the oxidation of ethanedioate ions is given below.
C,0. (ag) ——= 2CO,(g) + 2e~
(i) Give the oxidation states for carbon at the start and end of this reaction. M

(i) Write an equation for the reaction of acidified manganate(VIl) ions with ethanedioate
ions. M

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

[1]

(e) Four samples of 25.00 cm? of the ethanedioate solution were titrated against acidified
potassium manganate(VIl) solution of concentration 0.0200 moldm™. The volumes of
potassium manganate(VIl) solution required for complete reaction are listed below.

1 2 3 4

Volume of KMnO,(aq)/cm? 28 .80 27.95 28.00 27.80

Use the information given to calculate the concentration of the ethanedioate solution. [4]
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(f) Heating ethanedioic acid in glycerol produces methanoic acid, HCOOH.

(i) Write the expression for the acid dissociation constant, K, for methanoic acid. [1]

(i) The value of K for methanoic acid is 1.8 x 107 mol dm™3.
Calculate the pH of a solution of methanoic acid of concentration 0.2 mol dm™. [3]

(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]

(@) Acidified potassium dichromate, K,Cr;05, is also an oxidising agent.

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

[1]

(il) 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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