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Answer all the questions in the spaces provided.
1 Zinc is an essential trace element which is necessary for the healthy growth of animals

and plants. Zinc deficiency in humans can be easily treated by using zinc salts as dietary
supplements.

(a) One salt which is used as a dietary supplement is a hydrated zinc sulfate, ZnSO,.xH,0,
which is a colourless crystalline solid.

Crystals of zinc sulfate may be prepared in a school or college laboratory by reacting
dilute sulfuric acid with a suitable compound of zinc.

Give the formulae of two simple compounds of zinc that could each react with dilute
sulfuric acid to produce zinc sulfate.

....................................................... ANA e [2]

(b) A simple experiment to determine the value of x in the formula ZnSO,.xH,O is to heat it
carefully to drive off the water.

ZnS0O,.xH,0(s) — ZnSO,(s) + xH,0O(g)
A student placed a sample of the hydrated zinc sulfate in a weighed boiling tube and

reweighed it. He then heated the tube for a short time, cooled it and reweighed it when
cool. This process was repeated four times. The final results are shown below.

mass of mass of tube + mass of tube + salt
empty tube/g hydrated salt/g after fourth heating/g
74.25 77.97 76.34

(i) Why was the boiling tube heated, cooled and reweighed four times?

(ii) Calculate the amount, in moles, of the anhydrous salt produced.

(iii) Calculate the amount, in moles, of water driven off by heating.
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(iv) Use your results to (ii) and (iii) to calculate the value of x in ZnSO,.xH,0. Exa;‘,?;e,,s
Use
[7]
(c) For many people, an intake of approximately 15 mg per day of zinc will be sufficient to
prevent deficiencies.
Zinc ethanoate crystals, (CH,CO,),Zn.2H,0, may be used in this way.
(i) What mass of pure crystalline zinc ethanoate (M, = 219.4) will need to be taken to
obtain a dose of 15mg of zinc?
(ii) If this dose is taken in solution as 5cm?® of aqueous zinc ethanoate, what would be
the concentration of the solution used?
Give your answer in moldm-,.
[4]
[Total: 13]
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2 Each of the Group VIl elements chlorine, bromine and iodine forms a hydride.

(@) (i) Outline how the relative thermal stabilities of these hydrides change from HCIto HI.

Hydrogen iodide can be made by heating together hydrogen gas and iodine vapour. The
reaction is incomplete.

H,(9) + L,(9) = 2HI(g)

(b) Write an expression for K, and state the units.

T e UNIES coeeeee e [2]

(c) For this equilibrium, the numerical value of the equilibrium constant K_ is 140 at 500K and
59 at 650K.

Use this information to state and explain the effect of the following changes on the
equilibrium position.

(i) increasing the pressure applied to the equilibrium
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(d) A mixture of 0.02 mol of hydrogen and 0.02 mol of iodine was placed in a 1dm? flask and Exa;%er’s
allowed to come to equilibrium at 650 K. Use

Calculate the amount, in moles, of each substance present in the equilibrium mixture at
650K.

H,(9) + 1,(9) = 2HI(g)

initial moles  0.02 0.02 0

[4]

[Total: 13]
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3 Ammoniais an important industrial chemical which is manufactured on a large scale by using
the Haber process.

(@) (i) Write a balanced equation, with state symbols, for the reaction occurring in the
Haber process.

[3]
(b) Ammonia may be prepared in a school or college laboratory by using the apparatus
below.
| __ammonia

—

ammonium chloride
and calcium hydroxide

\ ,
CN T
T

heat

drying tower

The reaction involves the displacement of ammonia from one of its compounds.

(i) Give the formulae of the two reactants that are heated together to produce ammonia.

© UCLES 2012 9701/21/0/N/12

For
Examiner’s
Use



7

(iii) Common drying agents include calcium oxide, concentrated sulfuric acid and Exa;%er’s
phosphorus(V) oxide. Use

Which one of these would be used in the drying tower in this experiment? Explain
your answer.

(c) Ammonia is a weak base which forms salts containing the ammonium ion.

Describe, with the aid of an equation, the formation and structure of the ammonium ion.
You should use displayed formulae in your answer.

[3]

[Total: 13]

© UCLES 2012 9701/21/0/N/12 [Turn over



8

4 Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and
esters, contain oxygen.

(@) The table below lists some oxygen-containing organic compounds and some common
laboratory reagents.

(i) Complete the table as fully as you can.
If you think no reaction occurs, write ‘no reaction’ in the box for the structural

formula(e).
reaction organic reagent structural formula(e) of
compound 9 organic product(s)

Cr,0,%/H*

A (CH,),COH heat under reflux

B CH,CH,CHO Fehllnvgvasrrrsagent
NaOH(a

C HCO,CH(CH,), Warr(n a)

D CH,=CHCHO NaBH,

E (CH,),COH NaBH,
MnO,~/H*

F CH,CH,COCH, heat under reflux
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(ii) During some of the reactions in (i) a colour change occurs. Exa;%er’s
Complete the table below for any such reactions, stating the letter of the reaction Use
and what the colour change is.

. colour at the beginning colour at the end

reaction ; .
of the reaction of the reaction
[10]
(b) Some oxygen-containing compounds react with 2,4-dinitrophenylhydrazine.
O,N
H,NNH
2,4-dinitrophenylhydrazine
(i) Draw the structural formula of the organic compound formed when HOCH,CH,CHO
reacts with 2,4-dinitrophenylhydrazine reagent.

(ii) Suggest the colour of the organic product.

[2]
[Total: 12]
© UCLES 2012 9701/21/0/N/12 [Turn over
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5 Compound X has the molecular formula C,H,0,. N

Use
(@) (i) Treatment of X with sodium metal produces a colourless flammable gas.

What does this result tell you about the functional groups that could be present in X?

(ii) There is no reaction when X is treated with sodium hydrogencarbonate, NaHCO,,.
What does this result tell you about the functional groups that could be present in X?

(iii) When X is shaken with aqueous bromine the orange colour disappears.
What does this result tell you about the functional groups that could be present in X?

© UCLES 2012 9701/21/0/N/12
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(b) The molecule of X has the following features. Exa;%er’s

Use
e The carbon chain is unbranched and the molecule is not cyclic.

e No oxygen atom is attached to any carbon atom which is involved in = bonding.
e No carbon atom has more than one oxygen atom joined to it.

There are five possible isomers of X which fit these data. Four of these isomers exist as
two pairs of stereoisomers.

(i) Draw displayed formulae of each of these two pairs.

pair 1

pair 2

(ii) These four isomers of X show two types of stereoisomerism.

State which type of isomerism each pair shows.

[6]

[Total: 9]
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Answer all the questions in the spaces provided.
1 Zinc is an essential trace element which is necessary for the healthy growth of animals

and plants. Zinc deficiency in humans can be easily treated by using zinc salts as dietary
supplements.

(a) One salt which is used as a dietary supplement is a hydrated zinc sulfate, ZnSO,.xH,0,
which is a colourless crystalline solid.

Crystals of zinc sulfate may be prepared in a school or college laboratory by reacting
dilute sulfuric acid with a suitable compound of zinc.

Give the formulae of two simple compounds of zinc that could each react with dilute
sulfuric acid to produce zinc sulfate.

....................................................... ANA e [2]

(b) A simple experiment to determine the value of x in the formula ZnSO,.xH,O is to heat it
carefully to drive off the water.

ZnS0O,.xH,0(s) — ZnSO,(s) + xH,0O(g)
A student placed a sample of the hydrated zinc sulfate in a weighed boiling tube and

reweighed it. He then heated the tube for a short time, cooled it and reweighed it when
cool. This process was repeated four times. The final results are shown below.

mass of mass of tube + mass of tube + salt
empty tube/g hydrated salt/g after fourth heating/g
74.25 77.97 76.34

(i) Why was the boiling tube heated, cooled and reweighed four times?

(ii) Calculate the amount, in moles, of the anhydrous salt produced.

(iii) Calculate the amount, in moles, of water driven off by heating.
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(iv) Use your results to (ii) and (iii) to calculate the value of x in ZnSO,.xH,0. Exa;‘,?;e,,s
Use
[7]
(c) For many people, an intake of approximately 15 mg per day of zinc will be sufficient to
prevent deficiencies.
Zinc ethanoate crystals, (CH,CO,),Zn.2H,0, may be used in this way.
(i) What mass of pure crystalline zinc ethanoate (M, = 219.4) will need to be taken to
obtain a dose of 15mg of zinc?
(ii) If this dose is taken in solution as 5cm?® of aqueous zinc ethanoate, what would be
the concentration of the solution used?
Give your answer in moldm-,.
[4]
[Total: 13]
© UCLES 2012 9701/22/0/N/12 [Turn over
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2 Each of the Group VIl elements chlorine, bromine and iodine forms a hydride.

(@) (i) Outline how the relative thermal stabilities of these hydrides change from HCIto HI.

Hydrogen iodide can be made by heating together hydrogen gas and iodine vapour. The
reaction is incomplete.

H,(9) + L,(9) = 2HI(g)

(b) Write an expression for K, and state the units.

T e UNIES coeeeee e [2]

(c) For this equilibrium, the numerical value of the equilibrium constant K_ is 140 at 500K and
59 at 650K.

Use this information to state and explain the effect of the following changes on the
equilibrium position.

(i) increasing the pressure applied to the equilibrium
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(d) A mixture of 0.02 mol of hydrogen and 0.02 mol of iodine was placed in a 1dm? flask and Exa;%er’s
allowed to come to equilibrium at 650 K. Use

Calculate the amount, in moles, of each substance present in the equilibrium mixture at
650K.

H,(9) + 1,(9) = 2HI(g)

initial moles  0.02 0.02 0

[4]

[Total: 13]
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3 Ammoniais an important industrial chemical which is manufactured on a large scale by using
the Haber process.

(@) (i) Write a balanced equation, with state symbols, for the reaction occurring in the
Haber process.

[3]
(b) Ammonia may be prepared in a school or college laboratory by using the apparatus
below.
| __ammonia

—

ammonium chloride
and calcium hydroxide

\ ,
CN T
T

heat

drying tower

The reaction involves the displacement of ammonia from one of its compounds.

(i) Give the formulae of the two reactants that are heated together to produce ammonia.
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(iii) Common drying agents include calcium oxide, concentrated sulfuric acid and Exa;%er’s
phosphorus(V) oxide. Use

Which one of these would be used in the drying tower in this experiment? Explain
your answer.

(c) Ammonia is a weak base which forms salts containing the ammonium ion.

Describe, with the aid of an equation, the formation and structure of the ammonium ion.
You should use displayed formulae in your answer.

[3]

[Total: 13]
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4 Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and
esters, contain oxygen.

(@) The table below lists some oxygen-containing organic compounds and some common
laboratory reagents.

(i) Complete the table as fully as you can.
If you think no reaction occurs, write ‘no reaction’ in the box for the structural

formula(e).
reaction organic reagent structural formula(e) of
compound 9 organic product(s)

Cr,0,%/H*

A (CH,),COH heat under reflux

B CH,CH,CHO Fehllnvgvasrrrsagent
NaOH(a

C HCO,CH(CH,), Warr(n a)

D CH,=CHCHO NaBH,

E (CH,),COH NaBH,
MnO,~/H*

F CH,CH,COCH, heat under reflux
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(ii) During some of the reactions in (i) a colour change occurs. Exa;%er’s
Complete the table below for any such reactions, stating the letter of the reaction Use
and what the colour change is.

. colour at the beginning colour at the end

reaction ; .
of the reaction of the reaction
[10]
(b) Some oxygen-containing compounds react with 2,4-dinitrophenylhydrazine.
O,N
H,NNH
2,4-dinitrophenylhydrazine
(i) Draw the structural formula of the organic compound formed when HOCH,CH,CHO
reacts with 2,4-dinitrophenylhydrazine reagent.

(ii) Suggest the colour of the organic product.

[2]
[Total: 12]
© UCLES 2012 9701/22/0/N/12 [Turn over
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5 Compound X has the molecular formula C,H,0,. N

Use
(@) (i) Treatment of X with sodium metal produces a colourless flammable gas.

What does this result tell you about the functional groups that could be present in X?

(ii) There is no reaction when X is treated with sodium hydrogencarbonate, NaHCO,,.
What does this result tell you about the functional groups that could be present in X?

(iii) When X is shaken with aqueous bromine the orange colour disappears.
What does this result tell you about the functional groups that could be present in X?

© UCLES 2012 9701/22/0/N/12
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(b) The molecule of X has the following features. Exa;%er’s

Use
e The carbon chain is unbranched and the molecule is not cyclic.

e No oxygen atom is attached to any carbon atom which is involved in = bonding.
e No carbon atom has more than one oxygen atom joined to it.

There are five possible isomers of X which fit these data. Four of these isomers exist as
two pairs of stereoisomers.

(i) Draw displayed formulae of each of these two pairs.

pair 1

pair 2

(ii) These four isomers of X show two types of stereoisomerism.

State which type of isomerism each pair shows.

[6]

[Total: 9]
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Answer all the questions in the spaces provided.
1 Carbon dioxide, CO,, makes up about 0.040 % of the Earth’s atmosphere. It is produced by
animal respiration and by the combustion of fossil fuels.

In animal respiration, oxygen reacts with a carbohydrate such as glucose to give water,
carbon dioxide and energy.

The typical daily food requirement of a human can be considered to be the equivalent of
1.20kg of glucose, C,H,,O.

You should express all of your numerical answers in this question to three significant
figures.

(@) (i) Construct a balanced equation for the complete oxidation of glucose.

(ii) Use your equation to calculate the amount, in moles, of CO, produced by one person
in one day from 1.20kg of glucose.

(iii) On the day on which this question was written, the World population was estimated
to be 6.82 x 10°.

Calculate the total mass of CO, produced by this number of people in one day. Give
your answer in tonnes. [1 tonne = 1.00 x106g]

[5]

© UCLES 2012 9701/23/0/N/12
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(b) When fossil fuels are burned in order to give energy, carbon dioxide and water are also
produced.

The hydrocarbon octane, C;H,;, can be used to represent the fuel burned in motor cars.
A typical fuel-efficient motor car uses about 4.00 dm? of fuel to travel 100 km.

(i) Construct a balanced equation for the complete combustion of octane.
(i) The density of octane is 0.700gcm3.

Calculate the amount, in moles, of octane present in 4.00dm? of octane.

(iii) Calculate the mass of CO, produced when the fuel-efficient car is driven for a
distance of 100 km.

[5]

(c) Calculate how many kilometres the same fuel-efficient car would have to travel in order
to produce as much CO, as is produced by the respiration of 6.82 x 10° people during
one day. Use your answer to (a)(iii).

[2]

(d) Carbon dioxide is one of a number of gases that are responsible for global warming.
When fossil fuels such as octane are burned in a car engine, other atmospheric pollutants
are also produced.

Give the formula of one atmospheric pollutant that may be produced in a car engine,
other than CO,, and state how this pollutant damages the environment.

pollutant ..........cccceviieneene.
damage CAUSEM .......ccovveiiiiiiei e e e e [2]

[Total: 14]
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2 Concentrated sulfuric acid may be used in a school or college laboratory to produce hydrogen
chloride by reaction with solid chlorides such as sodium chloride.

(@) (i) What will be seen when concentrated sulfuric acid is carefully added to solid sodium
chloride?

(ii) Write a balanced equation for this reaction.

(iii) Solutions of both H,SO, and HC! are strong acids.
What is meant by the term strong acid?

(b) If the same reaction is carried out with solid sodium iodide and concentrated sulfuric
acid, hydrogen iodide is not produced.

(i) State one observation you would make when carrying out this reaction with solid
sodium iodide.

(c) Aqueous silver nitrate and aqueous ammonia are used to test for the presence of halide
ions.

(i) Aqueous silver nitrate is slowly added to aqueous sodium chloride and the resulting
mixture is then shaken with an excess of aqueous ammonia.

Describe what you would observe at each stage of this process.

© UCLES 2012 9701/23/0/N/12
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(ii) Write balanced equations, with state symbols, for all reactions that occur in this Exa;%er’s
process. Use

(iii) The same process of adding aqueous silver nitrate followed by an excess of aqueous
ammonia is repeated using aqueous sodium iodide instead of aqueous sodium
chloride.

State two differences that would be observed with aqueous sodium iodide.

[Total: 14]
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3 Hydrogen is the most abundant element in the Universe, although on Earth only very small Exa;‘?;er,s
quantities of molecular hydrogen have been found to occur naturally. Use

Hydrogen is manufactured on a large scale for use in the chemical industry and is also
regarded as a possible fuel to replace fossil fuels in internal combustion engines.

(a) State one large scale use of hydrogen in the chemical industry.

One common way of producing hydrogen on a large scale for use in the chemical industry

is by the steam ‘reforming’ of methane (natural gas), in which steam and methane are

passed over a catalyst at 1000—-1400 K to produce carbon monoxide and hydrogen.
CH,(g) + H,O(g) = CO(g) + 3H,9) AH = +206 kJ mol’

(b) Use the information above to state and explain the effect on the equilibrium position of
the following changes.

(i) increasing the pressure applied to the equilibrium

(c) What will be the effect on the rate of the reaction of increasing the pressure at which it is
carried out? Explain your answer.

© UCLES 2012 9701/23/0/N/12
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H ‘ ey . . . F
(d) Further hydrogen can be obtained by the ‘water-gas shift’ reaction in which the carbon Exam?';er’s
monoxide produced is reacted with steam. Use
CO(g) + H,0(g) = CO,(g) + H,(g) K. = 6.40 x 10" at 1100K
A mixture containing 0.40 mol of CO, 0.40 mol of H,0O, 0.20mol of CO, and 0.20 mol of H,
was placed in a 1dm? flask and allowed to come to equilibrium at 1100 K
(i) Give an expression for K_ for this reaction.
(ii) Calculate the amount, in moles, of each substance present in the equilibrium mixture
at 1100 K.
CO(g) + HO(g == CO ) + H,(9)
initial moles 0.40 0.40 0.20 0.20
[3]
[Total: 12]
[Turn over
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4 Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and
esters, contain oxygen.

(@) The table below lists some oxygen-containing organic compounds and some common
laboratory reagents.

(i) Complete the table as fully as you can.
If you think no reaction occurs, write ‘no reaction’ in the box for the structural

formula(e).
reaction organic reaqent structural formula(e) of
compound 9 organic product(s)
A CH,CH(OH)CH, NaBH,
B CH,COCH, ToIIer\m;a:;agent
KOH(a
C | CH,CO,CH(CH,), oH(aq)
Cr,0,7/H*
D (CH,),COH heat under reflux
E CH,COCH, NaBH,
F (CH,),COH PClL,
_ MnO,~/H*
G CH,CH=CHCH,OH | | .at under reflux

© UCLES 2012 9701/23/0/N/12
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(ii) During some of the reactions in (i) a colour change occurs. Exall;%er’s
Complete the table below for any such reactions, stating the letter of the reaction Use
and what the colour change is.

. colour at the beginning colour at the end

reaction h .
of the reaction of the reaction
[12]
[Total: 12]
© UCLES 2012 9701/23/0/N/12 [Turn over
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5 The molecular formula C,H,O can represent a number of compounds which have different Exa;‘?;er,s
functional groups and which show different types of isomerism. Use

Compounds H, J and K each have the molecular formula C,H,O.
In each of the molecules of H, J and K,

e the carbon chain is unbranched and the molecule is not cyclic,
e no oxygen atom is attached to any carbon atom which is involved in = bonding.
When compound H is reacted with sodium metal, a colourless flammable gas is produced.

Both J and K give an orange-red precipitate when reacted with 2,4-dinitrophenylhydrazine
reagent but only K reacts with Fehling’s solution.

(@) (i) Suggest possible structural formulae for H, J and K.
Three structural formulae are possible for H but only one for J and one for K.

H J K

© UCLES 2012 9701/23/0/N/12
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In addition to being structural isomers of each other, some of the possible structures for Exa;%er’s
H, J or K show cis-trans isomerism or are chiral. Use

(ii) Draw the displayed formulae of those isomers which show cis-trans isomerism.

(iii) Draw the displayed formulae of those isomers which are chiral, indicating in each
case the chiral carbon atom with an asterisk (*).

[8]

[Total: 8]
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