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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]

(i) 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]
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(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]

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

[2]
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(W} The next stage in the Ostwald process is to convert the nitnic oxide to nitrogen
dioxide.

2NO{g) + 0O;@) ———— 2NOy3) AH =114 kJ mol™

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

Energy

Y

Extent of reaction

(vi) Wrte an expressionthat connects the enthalpy change of areaction, AH, with the
activation energies of the forward (E) and reverse (E,) reactions. 1

Total [19]
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Hydrocarbons play an important role in our life today, both as fuels and as raw materials for
the synthesis of a wide range of materials. Most hydrocarbons are isolated from crude oil,
however there is increasing interest in alternative methods of obtaining these molecules.

(a)

(1)

(i)

(i)

One route to the production of hydrocarbons is the Fischer-Tropsch process, which uses
hydrogen and carbon monoxide as starting materials to produce a range of molecules.
The equation below shows the production of pentane, CsH,, by this route.

11H,(g) + 5CO(g) ——> CsHyp(1) + 5SH,0(1) AH® = 1049 kI mol ™!

The enthalpies of formation of some of these substances are given in the table below.

Sk Standard enth?llgyn?(f) lf_cl)rmation, AI—IE;
Hydrogen, H,(g) 0
Carbon monoxide, CO(g) -111
Water, H,O(1) ~286

State the temperature and pressure used as standard conditions. Give units for
each. [2]

TORIDETIIUIE st PRBESUFE coninosiimasasmimssasi g

State why the standard enthalpy of formation for hydrogen gasis OkJmol-'. []]

Use the values given to calculate the standard enthalpy of formation for pentane,
C;H,,(1), in kI mol . [3]
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(b)  The Fischer-Tropsch process uses a heterogeneous catalyst containing iron.

(i) State what is meant by the term heterogeneous in this context. [1]

(i) Explain how a catalyst increases the rate of a chemical reaction. [2]

(iii) Chemical manufacturers consider catalysts to be a key part of production methods
that have the minimum possible effect on the environment (*Green Chemistry’).
Give one reason why the use of catalysts reduces the effect on the environment.[1]

(iv) Analternative method of increasing the rate of a chemical reaction is to increase the
temperature. Explain why temperature affects the rate of a chemical reaction. [3]
owcl]
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(¢) One method of producing the hydrogen gas required for the Fischer-Tropsch process is
to use the reversible reaction below.

CO(g + HO(g —= COyg) + Hi(g AH = -42kJmol !

(i) State and explain the effect, if any, of increasing pressure on the yield of hydrogen
gas produced at equilibrium. [2]

i tate and explain the effect, if any, of increasing temperature on the yield o
i) S d explain the effect, if fi I he yield of
hydrogen gas produced at equilibrium. [2]

(iii) This reaction uses a catalyst based on iron oxide. State the effect of using a catalyst
on the position of equilibrium. ]

Total [19]

3. (a) The combustion of fossil fuels containing sulfur impurities is known to cause acid rain.
This acid rain can cause the erosion of marble statues as the calcium carbonate in them reacts
with the acid in the rain.

Give one other problem caused by acid rain.

[1]

(b) A chemist is developing coatings for marble that will slow down the rate of their erosion by
acid rain. To compare different coatings he uses small model statues, all of which are the same
size and shape as each other. He proposes to measure the rate of reaction by adding acid and
measuring the volume of gas given off at set time intervals.
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(i) Complete the diagram to show the apparatus that could be used to perform this experiment.

[1]

model statue

(ii) Explain why it is important that the model statues are the same size and shape as each other

[1]

(i) State two other factors he will need to keep constant if he is to collect valid data.

[2]

(c) One gas that causes acid rain is sulfur dioxide. This gas is used to produce sulfur trioxide in
the Contact Process. The reaction occurring is shown in the following equation.

280,(g) + O,(g) = 2804(g)

(i) State and explain the effect of increasing pressure on the equilibrium yield of sulfur trioxide.

[2]
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(i) When the temperature is increased the rate at which equilibrium is reached is increased and
the yield of sulfur trioxide is decreased.

| State whether this reaction is endothermic, exothermic or neither, giving a reason for your
answer.

[2]

Il Explain why increasing the temperature leads to an increase in the rate of reaction.

[3]

IIl To increase the rate of a reaction, a catalyst can be used. Give a different catalysed reaction
and name the catalyst for this reaction.

[1]
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(d) Ethanoic acid, CH,COOH, is one of the most familiar compounds used as a flavouring
and preservative for food. Originally ethanoic acid was produced by oxidation of ethanol
by bacteria in the presence of air (route A below). Today there are many other possible
routes and three of these are shown as routes B, C and D below.

Carbon- At
Route containing Conditions Overall equation o
starting materials ceononmy
A ethanol C,H,OH + O, —+ CH,COOH + H,0 | 76.9%
methanol, 5 s
B | cusboirsmonoxide | 122 Cro0 BT CH,0H + CO = CH,COOH W0l%
g butane 150°C, 55 atm | 2C,H,, + 50, — 4CH;COOH + 2H,0 | 87.0%
D sugars Ce¢H ;O — 3CH;COOH

(i) State the atom economy of route D for production of ethanoic acid.

[1]

(i) Route B is the route most commonly used for producing ethanoic acid today for both
financial and Green Chemistry reasons. Apply the principles of Green Chemistry to the
information above to give two reasons why route B is favoured over route C.

[2]

(iii) Route B uses a homogeneous catalyst. State what effect the catalyst will have on the
position of this equilibrium.

[1]

(Total 17)
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4. (a) The vast majority of motor vehicles worldwide are powered by petrol or diesel which
come from crude oil. Give two reasons why we cannot rely indefinitely on oil as a source of
transport fuel.

[2]

(b) Many vehicle manufacturers around the world have made the development of alternative
fuels a priority. One such fuel being studied is hydrogen.

Its main advantage is that the only waste product is water, however hydrogen does not occur
naturally on Earth. It is produced by passing an electric current through water.

(i) A leading car manufacturer said:
“Cars powered by hydrogen will be pollution-free”
Give two reasons why this is not necessarily true.

[2] QWC [1]

(ii)) A spokesperson for a safety group said,
“Hydrogen can burn explosively. It must not be used in cars unless it is 100 % safe”.

State, giving a reason, whether you agree with this.

[1]
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(c) The first line in the visible atomic emission spectrum for hydrogen has a wavelength of 656
nm, while that for helium has a wavelength of 707 nm.
State, giving a reason, which line has:

(i) the higher frequency,

[1]

(i) the higher energy.

[1]

(d) The first ionisation energy of helium is 2370 kJ mol™ while that of neon is 2080 kJ mol™.
Explain why neon has a lower first ionisation energy than helium.

[2]

(e) Another noble gas is radon. Its more stable isotope *2Rn has a half-life of 3.8 days, decays
by a-emission and is responsible for the majority of the public exposure to ionising radiation.

(i) Give the symbol and mass number of the atom formed by the loss of one a-particle from an
atom of ?#2Rn.

[1]

(i) Explain why doctors are concerned that an over-exposure to radon may cause lung cancer.

[1]

(Total 12)
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@0 Nitrogen(I) oxide s 2 colourless gas that reacts with hydrogen to give nitrogen and water.
N,O(E + Hig) — No(g) + H,00) AH= -368 kI mol™!

(i) State why the standard enthalpy of foemation of both hydregen znd nitrogen gases
1s Ok mol-L. ]

(i) Calculate the stendard enthalpy of formation of nitrogen(I) oxide i kJ mell.
{(You should assume that the stendard enthalpy of formation of water s

~286kJ mol™1) [2]

Standard enthalpy of formation = kI mol™!

(B) A new method for producmg phenol, CgH;OH, i1z by reacting benzene CgHg, with
nitrogen(l) oxide at 400 °C in the presence of 2 suitsble catalyst.

C;H; + N;0 — C;H:0H + N, AFL= 286 kI mol!
(1) Sketch the ensrgv profiles for the catalysed and uncatzlysed reactions usmg the
ames shown below

Lahel wour profiles as cafafzed and wmcatahsed A

&

L

Extsnt of reaction
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(i) A pilot-scale plant used 156kg of benzene (M{=73)to produce phenol (M=204).
1 Caleulate the number of molss of benzene uszad. [1]

Moiles of benzene = i Mol

I Thevield of phenel was 93 %. Using vour snswer to [ and the equation below
(or another suiteble method), calculate the mass of phenol cbtzimed. Show
vour workme. E}|

C.ﬁHﬁ + H:U — CEH_;DH + Ng

Miss of phenol = o KB

(i) Study the short account below, which gives more detal shout this process.

The process to maks phenel 15 carried out in the gas phase and uses azolid zeolite
catzlyst. The operating temperature 13 around 400 *C.

CHy + N0 — CHO0H + N, AH= -286 kJ mol-!
The reactants are the hydrocarboen benzene and nirogen(l) oxide, which 5 a
potent gpresnhousze gas. The nitrogen(l) oxide iz obtzined from another process,

where it iz produced 23 an undeswrzble side product

Usze the account and the sguation to comment on the environmental and Green
Chemiziry advantzges of thizs process. A reference to the vield iz not required.  [4]
owc 1]

Totzal [14]
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6.

(@  Potassium hydroxide contains potassium ions, K'.
Give the electron configuration of a potassium atom and use this to explain why most
potassium compounds contain the potassium ion. [2

(b) Michael was asked to make 250 cm® of a solution of potassium hydroxide and to record
the maximum rise in temperature that occurred as it dissolved.
He measured 250cm’® of water in a glass beaker and then added 7.01 g (0.125 mol) of solid
potassium hydroxide to this, with stirring.
He noticed that the temperature rose from 20.2 °C to a maximum of 25.0 °C.

(i) Calculate the molar enthalpy change of solution of potassium hydroxide by use of

the formula
AH = — mcAT
n

where m = mass of the solvent in grams (assume 1cm® has a mass of 1 g)

¢ = 43)slo¢7)

AT = change in temperature of the solution

n = number of moles of the solute

AH = molar enthalpy change of solution
You should show the umits in your answer. [3]
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(i) Michael's measurements produced a value for the enthalpy of solution of potassium
hydroxide that was different to the literature value.

Use the information given to suggest and explain two factors that might produce a different

result.

fc) Solid potassium hydroxide can be used in analysis to find the percentage of carbon
dioxide present in a mixture of gases. The equation for the reaction that occurs is given
below.

EKDH LK CO: [ KECOE- T H:D

2.0m” of a gas mixture was passed through potassium hydroxide. Analysis showed that
150 mol of potassium carbonate had been formed.

(1)

(iii)

State the number of moles of carbon dioxide necessarv to produce 0.050mol of
potassium carbonate. 1]

Calculate the volume of carbon dioxide that produced 0.050mol of potassium
carbonate. [1]

[1 mol of carbon dioxide has a volume of 24.0 dm” under these conditions]

Volume of carbon dioxide = ______________ dm-~

Calculate the percentage of carbon dioxide in the gas mixture, in terms of
volume. [2]

[1dm? = 0.001m?]


https://stemup.co.uk

(d) Scientists have commented that 'an increase in the amount of carbon dioxide dissolved in
seawater will cause problems for animals whose shells are composed of calcium carbonate'.

CO,(aq) + H,O(I) + CaCO4(s) == Cal’(aq) + 2HCO; ~(aq)

Use the equation above to help you discuss the problem that is caused for these animals by this
increase in carbon dioxide concentration.

[3] QWC [1]
(Total 15)
7.
(a) State what is meant by the term standard molar enthalpy change of formation. 2]
(b) (iy Write an equation to represent the standard molar enthalpy change of formation,
AHT, of H,0(q). [1]

(i)  The standard molar enthalpy change of formation, AH¥F, of H,0(g) is —242 kJ mol™".
Using this value and the average bond enthalpies given in the table below, calculate

the average bond enthalpy of the O —H bond in H,O. [2]
Bond Average bond enthalpy/kJ mol™
H—H 436
0O=—0 496
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{c) Hydrogen has been proposed as a possible alternative to petrol as a fuel for cars. One
suggestion is to store the hydrogen in the car as solid magnesium hydride, MgH,, and
generate it as required by heating.

(i) | Give one advantage of using hydrogen in place of petrol as a fuel for cars.

(1]

Il Give one advantage of storing the fuel in the car in the form of magnesium
hydride rather than hydrogen gas. 1

(i) One possible disadvantage of using magnesium hydride arises from its reaction
with water.

MgHy(s) + 2H0() ————  Mg(OH)y(s) + 2H(g)

Suggest why magnesium hydride’s reaction with water could be a problem. [1]
(i) The fuel tank of one type of hydrogen-powered car holds 70kg of magnesium
hydride.

Calculate the volume of hydrogen gas, measured at room temperature and pressure,
which would be produced if this amount of magnesium hydride reacted with water.

[3]

[1 mol of gas molecules occupies 24dm? at room temperature and pressure]

Volume of hydrogen gas = ............dm3

(d)  Methanol can be produced industrially by passing carbon monoxide and hydrogen over a
catalyst at high temperatures and pressures.

CO(g) + 2H,(@@ = CHyOH(g) AH=-91kJmol™

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

[1]

(i) 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)
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@

(ii)
(i}

(b)y (i)
(i)

(it}

(iv)

€} ()

(i)

it}

Temperature: 298k 1 25°C (1) Pressure: 1 atm/ 101.325 kPa or 100 kPa
(1) 2]

Hydrogen gas is an element in its standard state [1]
AH = AH: (CHyz) + 5 AH: (Ho0) — 5 AHy (CO)— 11AHy (Hz) (1)

AHr (CsHiz) = -1049-5(-286) +5(-111) (1)

AHr (CsHyz) = -174 kJ mol™ (1) [3]
Catalyst in different state to reactants [1]

Catalysts provide an altermative route (1) with a lower activation energy
(1) [2]

Lower temperature or less time so less energy needed / Can make
altemative production method possible with sustainable starting matenals
ar less waste products [1]
At higher temperatures particles have more energy (1)

More collisions have energy above activation energy (1)

(Can obtain these two marks from correctly labelied Boltzmann energy
distribution plot with two femperature lines (1) and Activalion energy

(1)
Successful collisions occur more frequently (1) —3 max [3]

QWC: selection of a form and style of writing appropriate to purpose

and fo complexify of subject matfer [1]
No effect (1)
Same number of (gas) molecules on both sides of reaction (1) [2]

Lower yield of hydrogen (1)

Reaction shifts in endothermic direction to (try to counteract increase

in temperature) (1) [2]
Mo effect [1]
Total [19]
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(a)

(b)

(c)

kiling marine life / kiling trees 1
(i) either gas syringe or inverted burette attached to sealed vessel [1
(i) different surface area would affect rate of reaction [1]

(i)

(i)

concentration / volume [ nature of acid (1)

temperature (1) [2]

increasing pressure will shift the reaction to side with fewer gas molecules (1)
increasing yield of S0; (1) — reason must be given [2]
I increasing temperature shifts equilibrium in endothermic direction (1)

as 50, yield is decreased forward reaction must be exothermic (1) [2]
Il increasing temperature increases energy of particles (1)

more collisions have energy above activation energy (1)

successful collisions occur more frequently (1)

can gain first two points from labelled Boltzmann distribution curve [3]

[ e.g. iron in production of ammonia or any valid example [1

atom economy = 100% [1
any two points from:

lower pressure used in B (1)

methanol is a renewable starting material (1)

higher atom economy in B or less waste in B (1)

[ignore reference to cost]

2 max [2]
no effect on position of equilibrium [1
Total [17]
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(a)

(b)

(d)

(e)

Qil i1s non-renewable [ will run out (1)
Contribution of CO, to global warming (1)

Qil has other important uses (1) [2]
(Maximum 2 marks)

{1) Power stations / fossil fuels used to generate the
electricity needed to make H, (1)

Resulting in CO,, formation (global warming) / acid rain (1)

Manufacture of car produces pollution (1) [2]
(Maximum 2 marks)

QWC Legibility of text; accuracy of spelling, punctuation
and grammar, clarity of meaning [1

(i) Disagree, no fuel is 100% safe /
petrol can burn explosively
(Accept agree if valid reason given e.g. in terms of lives
being lost) [1]

(1) Hydrogen since frequency is inversely proportional to
wavelength [ smaller wavelength [1]

(i)  Hydrogen since energy is proportional to frequency /
greater frequency / E = hf [1]

In Ne greater shielding of outer electron (1) outweighs larger
nuclear charge (1) / He has greater effective nuclear charge (1) /
He outer electron closer to nucleus (1)

- max 1 if no reference to outer electron [2]

{(Maximum 2 marks)

i e [1]
(i) Since radon is a gas / inhaled, a particles will be given off
in the lungs (which may cause cancer) [1]

Total [12]
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(a)

(b)

{i)
ity

0]

(i)

They are both elements in their standard states. [1]

AH E AH;products - T AH,; reactants (1)

(-286 +0) - (-368 + 0)
-286 + 368 = (+)82 (kJ mol™) (1) [2]

or by a cycle where comect cycle drawn (1) correct answer (1)

__— uncatalysed
-é_'_'-'_
Enzsgs
Extent of reacin
exothermic profile drawn (1)
uncatalysed / catalysed line labelled (1) [2]
| number of moles of benzene = 2000 [1]
Il moleratiois 1:1 (1)

. moles of phenol produced = 2000=95 = 1900 (1)
100

mass = M; = number of moles = 94 = 1900 = 1786/ 179 kg (1)
afternatively

T8 (g / kg) of benzene gives 94 (g / kg) of phenol (1)

- 11(g/ kq) of benzene gives 9473 (g [ kg) of phenaol

- 1586 (kg) of benzene gives 94 = 156/78 (kq) of phenal = 188 (kg) (1)

but95% yield - 188 = 95 = 1786/179(kg) (1) 3]
100

STEMUP.CO.UK
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(iii) Look for at least four relevant positive points [4] e.g.

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

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

e the process uses nitrogen(l) 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]

6. (@) K — 1s%25%2p°3s?3p%s' (1)
There is one outer electron and the loss of this electron gives a stable
potassium ion with a full outer shellf ion more stable than the atom (1) [2]

by M AT = 48°C (1)

aH -250x42x48 = -40320Jmol” / -403 kimol” (2) [3]

0125

+ for negative sign
v comect value with relevant units

(ii} e.g. The volume usaed was not precise in measurement as the
readings on a beaker are only approximate (1)
The expenment was performed in a beaker and this was not insulated
and heat was lost to the surroundings (1) [2]

there may be other acceptable answers here, for example based on
slow dissolving

€ () 0050 [1]
(i) (0.050%240) = 1.20(dm’) [1]
(i) %wiv = 120x0001=100 (1) = 0.06 (1) 2]

2

(d) An increase in the concentration of (aqueous) carbon dioxide causes the
position of equilibrium to move to the right. {1)
This causes calcium carbonate to become aqueous calcium {(and
hydrogencarbonate) ions [ dissolve (1)
weakening shells / causing difficulty in formation of shells (1) [3]

Organisafion of information clearly and coherently; using specialist vocabuwlary
where aporopriate QWG [1]

Total [15]
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(a)

()

(d)

(e)

(1)
(it

Enthalpy change when one mole of a compound is formed from
its (constituent) elements (1)
in their standard states / under standard conditions (1)

H: + 0. — HO

—242 = 436 + 248 — 2(0—H) (1)
2(0—H) =926
O—H =463 kJ mol” (1)

I. Bumning hydrogen will not produce CO; (or S0z} as pollutants

Il. Hydrogen is very flammable, storing as MgH:zis safer/ MgH:
is solid therefore volume occupied by given amount of
hydrogen is less

If the MgH: is not kept dry, hydrogen will be formed and there
could be a potential explosion

Moles MgH: = 70000 = 2659.6 (2660) (1)
2632

Moles Hz = 5319.2 (5320) (1)

Volume Hz = 1.28 = 105 dm?® (1)

An increase in temperature would decrease the yield and an
increase in pressure would increase the yield

Forward reaction is exothermic so equilibrium shifts to the left as
temperature is increased (1)

More gaseous moles on the |.h.s. so equilibrium shifts to the

right as pressure is increased (1)

Lower temperatures can be used (1)

Energy costs saved (1)

More product can be made in a given time (so more can be sold)
(1)

Enable reactions to take place that would be impossible

otherwise (1)

Less fossil fuels bumed to provide energy (so less CO; formed)
{any 3 of above)

QWC Legibility of text, accuracy of spelling, punctuation and
grammar, clanty of meaning

[2]
[1]

[1]

[1]

[1]

[3]

[2]

[3]

[1]

Total [18]
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