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1. (a) Planners have to ensure a secure supply of energy in the future. It has been suggested that
the use of fossil fuels should be reduced, the use of renewable energy increased and that energy
efficiency should be greatly improved.

By considering both the benefits and the difficulties involved, discuss whether you think that these
suggestions are realistic.

[4] QWC [1]

(b)  Nitric acid is produced by the Ostwald process.
The first stage involves the oxidation of ammonia over a platinum/rhodium catalyst.
ammonia + oxXygen == nitric oxide + water

The graph below shows how the yield of nitric oxide, NO, depends on the temperature
and pressure used in its production.

Yield of NO

600°C
800°C
1000°C

Y

Pressure
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(i)
|. State the general variations in this yield with temperature and pressure

[1]

Il. Use the graphs to explain whether the reaction is endothermic or exothermic and whether there
are more moles of gaseous products than reactants.

[4] QWC [1]

(i) Normally the process is carried out at a temperature of around 900 °C.

Suggest why this temperature is used.

[2]

(iii) State the type of catalyst used.

[1]

STEMUP.CO.UK


https://stemup.co.uk

(iv) Explain why there has been much research to find a better catalyst.

(2]

(v} The next stage in the Ostwald process is to convert the nitric oxide to nitrogen
dioxide.

2NO{g) + 0Oyg) ——— 2NOy(g} AH = =114 kJ mol™

Sketch on the axes below the energy profile forthis reaction, clearly labelling the
enthalpy change of reaction, AH. 2]

Energy

Extent of reaction

(vi) Wrte an expression that connects the enthalpy change of areaction, AH, with the
activation energies of the forward (E;) and reverse (ES reactions. [1]

Total [19]
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2. The decomposition of dinitrogen(IV) oxide into nitrogen(lV) oxide is a reversible reaction that
establishes a dynamic equilibrium.

N,O4@ = 2NO,(g) AH = +57 kJ mol™
pale yellow dark brown

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

[1]

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

[3]

Temperature increased

Pressure increased

A catalyst was added

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

NoH(l) ———  Na(@) + 2Hs(g)
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(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 dm?

[3]

VOolUME Of QaS = . v it i e ittt e e et et dm?3

(i) 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]
(@) Nitrogen (IV) oxide reacts with water.
H,O0 + 2NO, HNO, + HNO;
Both nitnic(lll) acid, HNO,, and nitric(V) acid, HNO;, are described as being acids.
(i) Definean acid. M
(i) Complete the equation to show nitric(lll) acid behaving as an acid. 1

HNGE & HED'

(iii) When concentrated nitric(\V) acid is mixed with concentrated sulfuric acid the
reaction shown below occurs.

HNO; + H,S0, ——— H,NO;* + HSO,"

Explain this reaction in terms of acid-base behaviour. [2]

Total [14]
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3. (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 cm?.

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

I. measure out 25.0 cm?® of aqueous methanoic acid,

[1]

II. 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 hydroXide = ......ccceveevissseeisssneessssnnenas mol
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(i} 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
L

1'D'D v
Concentration of #
diluted methanoic a
acid /g per 100 cm’ -

0-50 g

D "
0 0-0020 0-0040 0-0060 0-0080

Number of moles of methanoic acid

Concentration = _gper 100 cm?

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

1]
(b)
Methanoic acid reacts with propan-1-ol to give 1-propvl methanoate.

HCOOH + CH;CH,CH,0OH == HCOOCH,CH,CH, + H,O
l-propyl methanoate

(1) This reaction eventually reaches dynamic equilibrium.

State what 1s meant by dynamic equilibrium. [1]
(1) Give the empirical formula of 1-propyl methanoate. [1]
(Total 7)
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4. Weak acids establish a dynamic equilibrium when dissolved in water.

Give brief explanations of what is meant by the following terms.

Acid

Dynamic equilibrium

(Total 2)

5. Halogens and their compounds take part in a wide variety of reactions.

fe!

(&)

Give the chemical name of a chlorine-containing compound of commercial or industrial
importance. State the use made of this compound. I

Hydrogen reacts with iodine in a reversible reaction.
Hy(g) + Ly = 2HI(g)

An equilibrium was established at 300K, in a vessel of volume | dm?, and it was found

that 0.311 mol of hydrogen, 0.311 mol of iodine and 0.011 mol of hydrogen iodide were

present.

(1)  Write the expression for the equilibrium constant in terms of concentration, K.

(1]

{i1) Calculate the value of K_at 300 K. 1

K. =
(11)  What are the units of K_, if any? 1

(ivi  Equilibria of H,, I, and HI were set up at 500 K and 1000 K and it was found that
the numerical values of K_ were 6.25 % 10~ and 18.5% 10~ respectively.

Use these data to deduce the sign of AH for the forward reaction. Explain your
reasoning. [3]

STEMUP.CO.UK


https://stemup.co.uk

(Total 7)

6. (a) Chlorine reacts with aqueous sodium hydroxide in one of two ways, depending on the
temperature used.

(iYWrite the equation for the reaction of chlorine with

I. cold aqueous sodium hydroxide,

[1]

Il. hot aqueous sodium hydroxide.

[1]

(i) Classify this type of redox reaction.

[1]

(b) Aflask containing an initial mixture of 0.100 mol of ethanoic acid and 0.083 mol of methanol
was kept at 25 °C until the following equilibrium had been established.

CH,COOH + GCHsOH = CH,COOCH; + H,0  AH=-3kJmol™

The ethanoic acid present at equilibrium required 32.0cm? of a 1.25 mol dm™ solution of
sodium hydroxide for complete reaction.

(i)  Write an expression for the equilibrium constant, K, giving the units, if any. [2]
(i) Calculate the number of moles of ethanoic acid present at equilibrium. 1]
(i)  Calculate the value of the equilibrium constant, K, for this reaction. 2]

(iv) State, giving a reason, what happens to the value of the equilibrium constant, K,
if the temperature is increased. 1]

(Total 9)
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7. In an experiment, Aled titrated 25.00 cm? of potassium hydroxide solution with hydrochloric acid,

and obtained the following results.

1 2 3 4
Initial burette reading / cm? 0.10 0.25 1.20 21.30
Final burette reading / cm? 20.85 2045 21.30 41.60

Volume used / cm?

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

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

[1]

[1]

8. f(a) Astudentobtained some measurements of the partial pressures of reactants and products
for the reaction between sulfur(IV) oxide and nitrogen(IV) oxide.

S0,(g) + NO,g)

The numerical value of Kp for this reaction is 2_5.

(i) ~ Give the expression for the equilibrium constant in terms of partial pressures, K,

stating its units (if any).

50,(g) + NOig)

{i1) He decided to present his results in the form of the diagram below.

State the two things that are wrong with this diagram, explaining your answer. [4]

STEMUP.CO.UK
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(iii) The enthalpy change for this reaction is —41 kJ mol™. State and explain how the
value of the equilibrium constant would change (if at all) when the reaction is run
at a higher temperature. ]

(k) The acid-base titration curve for the reaction between aqueous solutions of nitric acid,
HNO,. and ammonia, both of concentration 0.100 mol dm™, is shown in the diagram. In
this strong acid-weak base system, aqueous ammonia was added to 20.0 cm? of aquecus
nitric acid.

12

10 -
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(1) Describe and explain the shape of the curve obtained when aqueous ammonia 1s

added to the aqueous nitric acid. [3]
owC ]

(i1} Deduce, using information obtained from the graph, the mole ratio of the two
reactants in this titration. Explain your reasoning. [2]

(i) I Explain why the pH of a solution of ammonium nitrate is not 7. [1
II  Use the graph to state the pH of the ammonium nitrate solution obtained at

the equivalence point. [1

{v) Use your answer to (ii1) to state the colour obtained if a few drops of the acid-base
indicator bromophenol blue are added to the ammonium nitrate solution, giving

the reason for your answer. [1]
pH Colour
=28 yellow
= 47 blue

fe)  Ammonmm nitrate (M, = 80) is used in ‘cold packs’ to give a cooling effect for sports
injuries. The solid crystals are added to water producing an endothermic reaction.

A typical ‘cold pack’ contains 40 g of ammonium nitrate that 1s dissolved 1n water to

make 200 g of the solution. Calculate the molar concentration of the ammonium nitrate
solution and hence the drop in temperature that occurs when this pack is used.

[l mole of ammonium nitrate dissolved in water to make 1 kg of solution produces a
drop mn temperature of 6.2°C] [3]

Total [20]
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9. Hydrated sodium carbonate, Na,CO,xH,0, isacrystalline solid that can be used to prepare
a standard solution for titration.

fiiy  The relative molecular mass of this hydrated sodium carbonate is 286.2. Calculate the
value of x in this formula. ]

(b) Emily wants to prepare 250 cm? of a solution of sodium carbonate of concentration 1.200 moldm
using this hydrated sodium carbonate.

(i) Calculate the mass of hydrated sodium carbonate needed to prepare this solution.

(2]

Mass of hydrated sOdium CarbONAEe = ......ccceeerrrmreemreisisiissssssssssssssssssssnnnnnns g

(i) Emily proposes to make the solution by the following method.

Weigh the required mass of hydrated sodium carbonate.

Place the hydrated sodium carbonate in a beaker and add 250 cm? of distilled water.
Stir the mixture until all the sodium carbonate dissolves.

Transfer the solution to the volumetric flask and shake.

Her teacher said that the method was not correct. Suggest two changes that Emily should make to
her method.

[2]
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(¢) Emily then prepared 250cm’ of sodium carbonate solution of concentration
0.200 mol dm~ using a correct method. She took 25.0 cm® samples of the sodium
carbonate solution and fitrated these using a solution of sulfuric acid, H,50,, of
unknown concentration. The acid was placed in the burette.

(i) Describe how Emily should perform one titration to find the volume of sulfuric acid needed for
complete reaction.

[4] QWC [1]

(Total 10)

10. (a) Write an expression for the ionic product of water, K,,,, giving its units, if any. [2]
K” =

Units

(b) (i} The value for K, at 298K is 1.0 x 107" Explain why the pH of pure water at this
temperature has a value of 7. [2]

(i) Calculate the pH of the final solution if 10 cm?® of 0.10 mol dm™ hydrochloric acid is
added to 990cm® of pure water. 2l
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(c) Calculate the pH of a solution whichis 0.010 mol dm™ with respectto ethanoic acid and
0.020 mol dm™ with respect to sodium ethanoate at 298 K. [3]
[K, for ethanoic acid = 1.78 x 10° mol dm™ at 298 K]

(d) If 10cm® of 0.10 mol dm™ hydrochloric acid is added to 990 cm?® of the solution described
in (c) the change in pH is only 0.06. Explain why this change in pH is much smaller than
that in (b)(ii). [3]

Total [12]
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11.

Read the passage below and then answer the questions in the spaces provided
Acids Through The Ages

The ancient Greeks started to classify materials as salt-tasting, sweet-tasting, sour-tasting and
bitter-tasting. In this classification acids were those considered to be sour-tasting — the name
comes from the Latin acere.

Taste continued to be an important consideration — even today many people would think of
5 the sour faste of a lemon as being typical of an acid. However it was found that, as well as

taste, these compounds had other properties in common. The dye litmus had been extracted
from lichens and it was found that acids changed the colour of this to red. They also corroded
metals.

Many acids were identified — citric acid could be extracted from citrus fruit and methanoic
10 acid could be extracted, by distillation, from red ants. Methanoic acid used to be called formic
acid since the biological term for an ant is formica.

The modern classification of acids 1s based on the theory suggested by Lowry and Brensted
although more recent classifications, based on electron pair donation, have been suggested by
Lewis.

15 Using the Lowry-Brensted classification both citric acid and methanoic acid are described as
being weak. For methanoic acid, HCOOH, the value of the acid dissociation constant, K is
1.75 » 10~* mol dm™3.

Acids have a wide variety of uses in modern chemistry. They can, for example, be used as
catalysts in hydrolysis reactions and work 1s currently being done to investigate the possibility
20 of obtaining biofuels by the hydrolysis of farm waste such as straw. In some situations however
acids can destrov catalytic effects. The tertiary structure and therefore the shape of the active
sites of some enzvme catalysts can be maintained by ionic attractions. This could arise, for
example, when the enzyme involves the amino acids lysine and aspartic acid. The NH, on the
lvsine can be protonated to give a positive 1on, whilst the COOH can be deprotonated to give
25 a negative ion. Attraction between oppositely charged ions holds the shape but if the pH is
altered and one of the charges is lost the shape can change and the enzyme becomes denatured.

@] o

OH OH

NH, OH NH,

lysine aspartic acid
The possible alteration of the shapes of molecules in biological systems means that it is
important that the pH of, for example shampoos, is maintained within a small range. For best
30 results shampoo should stay at a pH just below 7.

- End of passage -
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(a) State what is meant by a Lowry-Brgnsted acid. (line 12)

[1]

(b) Define pH

[1]

(c) David and Peter were discussing acids and bases. David said that you could decide whether an
acid was strong or weak by measuring the pH of the acid solution. He said that the strong acid would
have a lower pH. Peter said that he felt that the strength of the acid was not the only factor that
affected pH.

Discuss the factors that affect pH.

[4] QWC [1]

(e Methanoic acid is a weak acid.

(1) Write the expression for the acid dissociation constant, X, of methanoic acid. [1]

(i) Using the information in [ines /6 and 7 of the article, calculate the pH of
0.10 mol dm~ methanoic acid. [3]
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(e) The article (line 29) states that it is important to maintain the pH of shampoo within a small range.

(i) What name is given to a system designed to maintain pH within a small range?

[1]

(ii) The pH of a shampoo is maintained within a small range by using a weak acid, RCOOH, and its
sodium salt, RCOONa

Explain how this mixture maintains pH within a small range.

[3]

(Total 15)
12. Vinegar is a dilute solution of a weak acid.
(a) State what is meant by an acid.
(1]
(b) Suggest a pH value for vinegar.
[1]
(Total 2)
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(a)

(b)

(c)

(d)

(a reaction in which)the rate of the forward reaction is equal to the rate
of the backward reaction [1]
goes darker / more brown (1)
because the (forward) reaction has a +ve AH / is endothermic (1)
goes paler/ less brown (1)
because there are more moles / molecules on RHS (1)
no change (because catalysts do not affect the position of an equilibrium) (1)
[2]
{i) moles Nz2Hs = 14000/32.04 = 4370 (1)
this produces 437.0 = 3=1311 moles of gas (1)

volume = 1311 = 24 =315 = 10¢dm2 (1) [minimum 2 sf] [3]
(i) (large volume of) gas produced [1]
{i) an acid is a proton / H* donor [1]
(i) — NOz= + HsO+ [1]

(i) sulfuric acid is behaving as the acid / nitric acid is behaving as a
base (1)

as it donates a proton / as it accepts a proton (1) [2]

Total [14]
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(M

(ii)

(i}
(iv)

M

(i)

| burette / (graduated) pipette [1]
Il volumetric / graduated / standard flask [1]
0.0064 [l
1.20 g / 100 cm® solution [1]
120g /100 e solution [1]

The rate of the forward reaction is egual to the rate of the backward
reaction. [1]
CoH,0 [1]

Acid: Proton donor (1)

Dynamic equilibrium: Reversible reaction where the rate of forward and reverse
reactions is equal (1)

(a)

(b)

Name of any commercially/ industrially impaortant chlorine containing compound e.g.

[2]

(sodium) chlorate(l) as bleach/ (sodium) chlorate(\V) as weedkKiller/ aluminium chloride as

catalyst in halogenation
- do not accept CFCs

(i) K.= [HIJ? must be square brackets
[Ha][l2]
(i) K.=0.112 = 1.25x 103 follow through error (ft)
3417
(iii} K. has no units ft

(iv) when temperature increases K, increases (1)

this means equilibrium has moved to RHS
{ increasing temperature favours endothermic reaction (1)

therefore AH for forward reaction is +ve (1)
{(mark only awarded if marking point 2 given)

STEMUP.CO.UK
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(@) (1 Cold Clz + 2NaOH ® NaCl + NaCl0 + Hz0

Warm 3Clz + 6NaOH * 5NaCl

(1)

+ NaClO; + 3H:0 (1)

[2]
{11) Dysproportionation [1]
(b) ()  Kc=[CH:COOCH;][H:0] (1)
[CH:COOH][CH;OH]
Mo units (1) 2]
(i) moles=125=320=00H0) [1]
1000
(i) [CHs;COOH] = 0.04, therefore 0.06 used in reaction and
[CH;COOCHs] = 0.06, [H20] = 0.06 and
[CH;0H] =0.083 — 0.06 =0.023 (1)
E.=006 =008 =391 (L [21
0.04 = 0.023
(1v)  Value of K: decreases since the equilibrium shifts to the left /
the forward reaction is exothermic [1]
7.
(a)
1 2 3 4
Volume used / cm® 20 .73 20.20 20.10 20.30

(b) 20.20 cm®

(1]
(1]
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8.

(a) (1) E; = pSOig) x pNO(g) (1) there are no units (1) [2
p30:(g) * pNO:(g)

(if) The line for SOs / NO at equilibrium should be above the SO / NO: line (1)
as K;has a value of 2.5, the partial pressures of 50; and NO at equilibrmum will
be greater than the partial pressures of SO; and NO2. (1)
- accept answer in terms of
alternative calculated K; value

The line for equilibrium should start at @ hours. (1)
as at equilibrium the concentrations is unchanged as time progresses. (1)

[4]
There may be other acceptable forms of explanation to be discussed at the conference

(11) If the temperature rises then the position of equilibrium will move to the left.
(reducing the quantities of SO; and NO). (1)
This will make the value of Ky smaller. (1) [2]

(b} (1) Nitric acid 1s a strong acid and its pH is low /<2 /1.0 (1)
As aqueous ammoma is added the pH slowly nises (1) unfil a pH of ~3 is reached,
when it rises rapidly (1)
AtapH of 8-9, 1t tails off slowly as ammomia is a weak base. (1)
Accept any 3 from 4 ; [3]

Selection of a form and style of writing which is appropriate to purpose and to
complexity of subject matter [1]

(11) The equivalence point is reached when 20.0 cm’ of ammonia solution has been added
as this 1s at the nud pomnt of the more vertical section. (1)

Since both reagents have the same concentration and the volumes used are both 20 cnt’
the same, the number of moles of each are the same (1)

OF.  the number of moles of both nifric acid and aqueous ammonia are calculated (0.0020)

and shown to be the same (1)
-~ Mole ratiomustbe 1:1 (1) [2]
(1) I Ammonmm mtrate is the salt of a strong acid and weak base / there 15 a buffenng effect
in operation. [1]
il ~64 [1]
(iv) Blue, as bromophenol blue is blue at a pH of 4.7 and above [1]
(©) Number of moles of ammonmm nitrate = 40 = 0350 (1)

80
- error carnied forward
Concentration of ammonium nitrate solution = 0.5 % 1000 = 2.5mol dm™ (1)
200

Temperauredrop = 25 X 62 = 155°C (1) [3]
Total [20]
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(c)

x=10 [1]

(i) number of moles = 250 x 0.200 = 1000 = 0.05 mol (1) —ft

mass of sodium carbonate = 0.05 x M{Na,CO;) =0.05 x 2862
=1431g(1) [2]

(ii) any two points from:

weigh by difference (1)

add less water initially (1)

wash out beaker / glass rod / funnel and put water into volumetric flask (1)

add water up to mark in volumetric flask (1)

- 2 max [£]

add few drops of indicator (1) do not accept ‘universal indicator’
take inttial and final reading on burette (1)

swirl the conical flask (1)

add acid until the indicator changes colour (1) [4]

QWGC: organisation of information clearly and coherently; use of specialist vocabulary

where appropnate. QWC[1]
Total [10]
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10.

()

(b)

(c)

(d)

K — [H-J[OF] 1)
Units =mol? dm-*® (1) [2]

(i) Inpure water [H'] = [OH ] or [H]=v1.0 x 1074 (1)
pH=-log 107 =7 (1) [2]

(ii)  Final volume of solutionis 1000 cm? so acid has been dilutedbya
factor of 100 so final concentration of acid is 0.001

or molesacid=0.1x 10=0.001 (1)
1000

pH=-log 0.001=13 (1) 2]

1.78 x 107 = [H'] x 0.02 (1)
0.01

[H7] = 8.90% 105 (1)
pH = 5.05 allow 5 or 5.1 (1) [3]
The solutionis a buffer (1)

Solution contains a large amount of CH;COOH and CH3COO~ ions

(Accept correct equations) (1)

When an acid is added, the CH3;COO- ions react with the H™ ions, removing
them from solution and keeping the pH constant (1) [3]

Total [12]
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11.

(a)
(b)
(c

(d)

(e)

12.

(b)

an acid is a proton / H" donor

pH = -log[H"] / negative log of hydrogen ion concentration

a low pH corresponds to a high concentration of H™ (1)

a strang acid is totally dissociated whilst a weak acid is partially dissociated (1)

need to consider concentration (of acid solution) as well as strength of the acid (1)

[1]
[1]

a concentrated solution of a weak acid could have a lower pH than a dilute solution of a
strong acid (1)

QWC Accuracy of spelling, punctuation and granimar

(1

(i)

(i)

K, = [HCOOTH']
[HCOOH]

175%10% = ¥* (1)
0.1

x =4.183 x 107 (1)

pH = 2.38 (1)

buffer

RCOOH = RCOO™ +H* and RCOONa = RCOO™ + Na® (1)
added H' removed by salt anion/ A+ H™ = HA (1)

added OH removed by acid OH + HA = A + H,O (1)

(dissociates to) release H” ions

2560
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(4]
QWC 1]

[1]

[3]

[1]

[3]

Total [15]

[1]
[1]
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