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Chapter 12

Nitrogen and sulfur

12.1 Nitrogen and sulfur

691. 9701 _m21 qp_12 Q: 18
NO, NO,, CO and unburnt hydrocarbons are present in the exhaust gases of internal combustion
engines. When catalytic converters are used to remove these compounds from the exhaust
gases, redox reactions occur.

What happens to each compound in the catalytic converter?

NO NO. co hydL:'gl:::g:Jns
A oxidised oxidised reduced oxidised
B oxidised oxidised oxidised oxidised
Cc reduced reduced oxidised oxidised
D reduced reduced reduced reduced
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692. 9701 _s21_qp_11 Q: 13

The gaseous products of heating a mixture of Ca(OH), and NH,C1are passed through solid CaO.
A single gaseous product, W, is collected.

A sample of W reacts with Cl3(g) to produce two gases, Xand Y.
Xis an element. Y is acidic.
Y reacts with W to produce Z.

What are X and Z7?

X z
A N> CaCl,
B N, NH,C1
(o] 0, CaCl,
D o} NH.C1

693. 9701 _s21_qp_11 Q: 18

Acid rain is a dilute solution of sulfuric acid.

Which pollutant also contributes to the formation of acid rain?
A carbon monoxide

B carbon dioxide

C nitrogen dioxide
D

hydrocarbons

694. 9701 s21 qp 12 Q: 18

What is an environmental consequence of the uncontrolled use of nitrate fertilisers?
A acid rain

B low oxygen levels in streams

C ozone depletion

D the greenhouse effect

695. 9701 _s21_qp_ 13 Q: 14

Which problem can result if too much NH4NQO; is applied to crops by farmers?

A Not all the NH4NO; is used by plants and the excess makes the soil alkaline.

B Rain washes some of the NH4sNOj into rivers where it forms a precipitate.

C Some of the NH4;NO; dissolves in groundwater which may eventually be used for drinking.
D

Ammonia is produced; this lowers the pH of the sail.
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696. 9701_w21_qp_11 Q: 19

The table describes two possible environmental consequences of adding too much ammonium
hitrate fertiliser to the soil.

Which row is correct?

increased plant photochemical
growth in rivers smog

A X X

B v X

Cc X v

D v v

697. 9701 w21 qgp_12 Q: 11
NO and NO, are both present in the lower atmosphere as pollutants.
The reaction sequence shows the production of ozone from oxygen in the lower atmosphere.

This sequence repeats many times.

NOx(g) — NO(g) + O(g)
NO(g) + 702(g) — NO(g)
Ox(g) + O(9) — 0Os(9)
Which statement about this reaction sequence is correct?
A NOis acting as a catalyst, but NO, is not acting as a catalyst.
B NO;is acting as a catalyst, but NO is not acting as a catalyst.
C Neither NO nor NO; are acting as catalysts.
D Both NO and NO; are acting as catalysts.

698. 9701 w21 qp_ 12 Q: 18
Oxides of nitrogen are present in the environment due to natural and man-made sources.

Which row is correct?

natural source of nitrogen oxides man-made source of nitrogen oxides
A | electrical discharges in the atmosphere internal combustion engines
B electrical discharges in the atmosphere as a by-product of the Haber process
C decomposition of dead plants in rivers internal combustion engines
D decomposition of dead plants in rivers as a by-product of the Haber process
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699. 9701_w21_qp_12 Q: 19

Magnesium hydroxide dissolves in aqueous ammonium chloride, but not in aqueous sodium
chloride.

Which statement explains this observation?

A The ionic radius of the NH," ion is similar to that of Mg®* but not that of Na*.
B NH,4Cidissociates less fully than NaCL

C The Na® and Mg*" ions have the same number of electrons.

D

The NH,4" ion can donate a proton.

700. 9701 w21 gp_ 13 Q: 2
2.0 g of ammonium nitrate, NH,NO,, decomposes to give 0.90g of water and a single gas.
What is the identity of the gas?

A NO B NO; C NO D N

701. 9701 _m20 qgp_ 12 Q: 15

Solid ammonium nitrate is put into a test-tube and solution X is added to it. The resulting mixture
is warmed and the gas given off is tested with damp red litmus paper. The litmus paper changes
colour from red to blue.

What could be the identity of X and its role in the reaction?

identity of X role of X
A NaOH(aq) proton donor
B NaOH(aq) proton acceptor
Cc HCl(aq) proton donor
D HCl(aq) proton acceptor

702. 9701 _m20_qp_12 Q: 19
Which statement about nitrogen or its compounds is correct?

A In the Haber process the temperature is kept high to give a good equilibrium yield of
ammonia.

Nitrogen gas is unreactive because of the strong nitrogen—nitrogen double bond.
Nitrogen monoxide will react with carbon monoxide under suitable conditions.

D The formula of ammonium sulfate is NH;SO,.
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703. 9701_s20_qp_12 Q: 15

Ammonium carbonate is a crystalline solid. On gentle warming a reaction occurs, forming
ammonia as one product.

How are the carbonate ions behaving during this reaction?
A Brgnsted-Lowry acid

B Brgnsted-Lowry base

C oxidising agent
D

reducing agent
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704. 9701_s20_qp_13 Q: 5

Nitrogen reacts with oxygen to form nitrogen monoxide, NO, and nitrogen dioxide, NO,. Nitrogen
dioxide reacts with water and with hydroxide ions.

Na(g) + Ox(g) — 2NO(g)
2NO(g) + Ox(g) — 2NOy(g)
2NO2(g) + H,O(l) —» HNOs(ag) + H*(aq) + NO;(aq)
2NO(g) + 20H(aq) — NOs(aq) + NOs(aq) + H.0O(l)
What can be deduced using only the information from these equations?
A HNO; is a strong acid.
B HNOj;is a weak acid.
C NO;is a neutral gas.
D

NO is a reducing agent.

705. 9701_s20 _qp_13 Q: 12
Compound T is a white crystalline solid.

When a sample of compound T is mixed with aqueous sodium hydroxide and heated, a gas is
produced which turns damp red litmus paper blue.

Further testing of a solution of compound T with aqueous barium chloride produces a dense
white precipitate which does not dissolve when dilute hydrochloric acid is added to the mixture.

What is the identity of compound T7?
A ammonium carbonate

B ammonium sulfate

C sodium carbonate
D

sodium sulfate
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706. 9701_s20_qp_13 Q: 16

Nitrogen oxides are removed from the exhaust gases of internal combustion engines by the
action of a catalyst in a catalytic converter.

Which row is correct?

change in oxidation
: type of catalyst

number of nitrogen
A decrease heterogeneous
B decrease homogeneous
C increase heterogeneous
D increase homogeneous

707. 9701_w20_qp 11 Q: 17

Ammonia can undergo an acid—base reaction with hydrogen chloride to form ammonium chloride.
Which statement is correct?

A The ammonium ion is basic.

B The hydrogen atom from HC/ donates a lone pair of electrons to the nitrogen atom.

C The H-N-H bond angle in ammonia is the same as the H-N-H bond angle in the ammaonium
ion.

D The H-N-H bond angle in the ammonium ion is the same as the H-C-H bond angle in
methane.

708. 9701 _w20_ qp 12 Q: 15
Water and ammonia take part in a reaction that produces the ammonium ion.
Which statement about this reaction is correct?

A The ammonia molecule and the ammonium ion do not have dipole moments.

B The bond angle changes from 109.5° in the ammonia molecule to 107° in the ammonium ion.
C The reaction is a redox reaction.
D

The water is acting as an acid.
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709. 9701 _m19_qp 12 Q: 19
Ammonia, NHs, and hydrazine, NH.NH,, are two compounds of nitrogen, Na.
Which statement is correct?

A The N-N bond in NH;NH; is polar.

B NH; and NH2NH, have lone pairs of electrons but N, does not.
C The oxidation number of each nitrogen in NH,NH, is +2.
D

The reaction of nitrogen with hydrogen has a high activation energy.

710. 9701_s19_qp_11 Q: 19

Which statement is correct?

A Ammonia reacts with alkalis to form the ammonium ion.

B Ammonium chloride contains ionic, covalent and co-ordinate bonds.
C The ammonium ion reacts with acids to produce ammonia.
D

The bond angle in the ammonium ion is approximately 107°.

711. 9701_s19 _qp_ 12 Q: 18
Ammonium sulfate, (NH;).SO,4, and ammonium nitrate, NH;NO;, are used as fertilisers.

These salts have different percentages by mass of nitrogen. They have the same effect as each
other on the pH of wet neutral soil.

Which row is correct?

higher percentage

of nitrogen by mass effect on pH of soil

A ammonium nitrate decrease
B ammonium nitrate increase
Cc ammonium sulfate decrease
D ammonium sulfate increase

712. 9701 _s19 qp 12 Q: 19

Which reaction gives a product that is an atmospheric pollutant causing acid rain?
A 3Mg(s) + SOx(g) — MgS(s) + 2MgO(s)

B (NH4):SO4(s) + Ca(OH)s(s) — 2NH;(g) + CaSO04(s) + 2H,0(l)

C 2MnOs(ag) + 5S0i(g) + 2H,O(l) — 2Mn*(aq) + 4H*(agq) + 5S0,*(aq)
D 2FeS0O4s) — FeyOs(s) + SOz(g) + SOs(g)
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713. 9701 _s19 _qp_ 13 Q: 18

Which statement about the ammonium ion is correct?
A It can act as a Bragnsted-Lowry base.

B It can react with OH™ to give ammonia.

C ltis pyramidal with bond angles of 107°.
D

The nitrogen atom is sp? hybridised.

714. 9701 _s19 _qp 13 Q: 19
In a catalytic converter 5.6 g of carbon monoxide reacts with an excess of nitrogen monoxide.

What is produced in this reaction?
A 24gofCand6.0gof NO,

B 24gofCand9.2gof NO,

C 8.8gof CO;and 1.4gof N;
D 8.8gof CO;and2.8gof N,

715. 9701 w19 qp 11 Q: 18

Which type of reaction occurs when solid ammonium sulfate is heated with an excess of sodium
hydroxide solution?

A acid-base
B precipitation
C redox
D

thermal decomposition

716. 9701 w19 qp_11 Q: 19
Catalytic converters are fitted in the exhaust systems of many cars.
Which gas:

e causes acid rain if it is released into the air

e is removed from car exhaust fumes by a catalytic converter?

carbon dioxide
carbon monoxide

hydrocarbon vapour

o 0 w »

nitrogen dioxide
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717.9701_w19 _qp_ 12 Q: 18

Which emission from an internal combustion engine contributes to the erosion of marble statues?
A carbon monoxide

B nitrogen

C nitrogen dioxide

D

unburnt hydrocarbons

718.9701_wl19 _qp_12 Q: 19

Ammonia, carbon dioxide and water react together to form ammonium carbonate.

Which statement about this reaction is correct?

A ltis a redox reaction.

B Itis an acid-base reaction.

C The H-N-H bond angle decreases as a consequence of this reaction.
D

The three substances react in a 1:1: 1 ratio in this reaction.

719. 9701_s18_qp 11 Q: 17

Oxides of nitrogen are present in the environment due to natural and man-made sources.

Which row is correct?

natural source of nitrogen oxides man-made source of nitrogen oxides
A electrical discharges in the atmosphere internal combustion engines
B electrical discharges in the atmosphere as a by-product of the Haber process
Cc decomposition of dead plants in rivers internal combustion engines
D decomposition of dead plants in rivers as a by-product of the Haber process

720. 9701_s18 qgp_12 Q: 19

Sulfur dioxide can be catalytically oxidised by an oxide of nitrogen in the atmosphere.
Which reaction shows the regeneration of the catalyst?

A N; + 20, = 2NO,

B 4NH; + 50, — 4NO + 6H,0

C N; + O, —» 2NO

D NO + 10, — NO;
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721. 9701_s18_qp_13 Q: 19

The gaseous products of heating a mixture of Ca(OH), and NH4C! are passed through solid CaO.
This absorbs water vapour and a gas, W, is collected.

A sample of W is oxidised by Clx(g) to produce two gases, X and Y.
X is an element. Y is acidic.
Y reacts with W to produce Z.

What are X and Z7?

X z
A N, CaCl»
B [\ NH,C1
C 0, CaCl»
D 0O, NH,C!

722. 9701 w18 qgp_ 11 Q:19

Transition elements and their compounds are widely used as catalysts.

What is the identity and what is the oxidation number of the element present in the catalyst used
in the Contact process?

element oxidation number
A iron 0
B iron +3
C vanadium 0
D vanadium +5

723. 9701 w18 qp_12 Q: 18
The product of the Contact process is Z.

Which reaction or process leads to the formation of a gas that can neutralise an aqueous solution
of Z?

A atmospheric lightning

B combustion of fuel in an internal combustion engine
C the Haber process
D

thermal decomposition of Group 2 nitrates
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724. 9701 _ml17 qp_12 Q: 19
Methylamine, CH3NH,, has very similar chemical properties to ammonia, NH;.

Methylamine reacts with hydrogen chloride to form a white crystalline
methylammonium chloride.

CH3;NH, + HCI — CH3NH3+C1_
A sample of methylammonium chloride is heated with aqueous sodium hydroxide.

What are the products?

A ammonia, sodium chloride and water

B ammonia, sodium hydrogencarbonate and sodium chloride
C methylamine, hydrogen chloride and water
D

methylamine, sodium chloride and water

salt,
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725. 9701 _s17_qp_11 Q: 16

Which statement about nitrogen or its compounds is correct?

A In the Haber process the temperature is kept high to give a good equilibrium yield of

ammonia.
Nitrogen gas is unreactive because of the strong nitrogen-nitrogen double bond.
Nitrogen monoxide will react with carbon monoxide under suitable conditions.

The formula of ammonium sulfate is NH,SO,.

726. 9701_s17_qp_12 Q: 18
The ammonium ion is formed by the following reaction.
NH; + H* — NH,*
Which statement about the species involved in this reaction is correct?
A The ammonia molecule contains a dative covalent bond.
B The ammonium ion is a Brgnsted-Lowry base as it has accepted a proton.
C The H-N—-H bond angle changes from 107° in ammonia to 90° in the ammonium ion.
D

The number of electrons surrounding each nitrogen atom does not change.
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727.9701_s17_qp_13 Q: 18

Ammonia exists as simple covalent molecules, NHs. Ammonia can react with suitable reagents to
form products containing ammonium ions, NH,s*. Ammonia can also react with suitable reagents
to form products containing amide ions, NH,™.

Which of these nitrogen-containing species are present in an aqueous solution of ammonia?
A ammonia molecules and amide ions only

B ammonia molecules and ammonium ions only

C ammonia molecules only
D

ammonium ions only

728. 9701_s17_qp_13 Q: 19

What would be produced when 60g of nitrogen monoxide react with an excess of carbon
monoxide in a catalytic converter?

A 129 of carbon and 92 g of nitrogen dioxide
B 24g of carbon and 92 g of nitrogen dioxide
C 88g of carbon dioxide and 28g of nitrogen
D 88g of carbon dioxide and 56 g of nitrogen

729. 9701 w17 qp_11 Q: 16

Which fertiliser contains the greatest percentage of nitrogen by mass?
A ammonium nitrate, NHsNO;

B ammonium sulfate, (NH;),SO,

C diammonium hydrogen phosphate, (NH;).HPO,

D urea, CO(NH,),

730. 9701 w17 qp 12 Q: 18

The reaction of nitrogen and oxygen to produce oxides of nitrogen happens at high temperatures
in car engines or lightning strikes during thunderstorms.

What is the main reason for these reactions requiring such high temperatures?

A the lack of reactivity of nitrogen, due to the half-filled 2p subshell in the nitrogen atom

B the lack of reactivity of nitrogen, due to the strength of the bond in N,

C the lack of reactivity of oxygen, due to electron-electron repulsion in one of its 2p orbitals
D

the lack of reactivity of oxygen, due to the strength of the bond in O,
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731. 9701 _ml16 qp_ 12 Q:17
Ammonium sulfate, (NH;).SO4, and ammonium nitrate, NHsNO3, are used as fertilisers.

These salts have different percentages by mass of nitrogen. They have the same effect as each
other on the pH of neutral soil.

Which row is correct?

higher percentage

of nitrogen by mass effect on pH of soil

A ammonium nitrate decrease
B ammonium nitrate increase
C ammonium sulfate decrease
D ammonium sulfate increase

732. 9701_s16_qp_ 11 Q: 18

Which statement about the ammonia molecule and/or the ammonium ion is correct?
A Ammonia molecules are basic because they can donate H ions.

B Ammonium ions are basic because they can accept H ions.

C Ifammonium ions are heated with NaOH(aq), ammonia molecules are formed.
D

The bond angle in NH,™ is 2.5° less than the bond angle in NHs.

733. 9701_s16_qp_11 Q: 19

Which reaction does not contribute to the problem of acid rain?

A the combustion of fossil fuels

B the oxidation of sulfur dioxide to sulfur trioxide catalysed by nitrogen dioxide

C the reaction between nitrogen monoxide and carbon monoxide in a catalytic converter
D

the reaction of sulfur trioxide with water



https://stemup.co.uk

262 CHAPTER 12. NITROGEN AND SULFUR

734. 9701_s16_qp_12 Q: 15

Ammonia gas, NH;, and hydrogen sulfide gas, H,S, react together to form the salt ammonium
sulfide, (NH,).S. Ammonium sulfide dissolves in water to produce an orange alkaline solution.

(NH4).S(aq) = NHs(aq) + NH,SH(aq)

The addition of NaOH(aq) to this solution produces a gas, X.
The addition of HCI(aq) to a separate portion of this solution produces a gas, Y.

What are the identities of X and Y?

X Y
A H,.S H,S
B H.S NH3
Cc NH; H.S
D NH; NH3

735. 9701_s16_qp_13 Q: 19

Which statement does not describe an effect of acid rain on the environment?
A Acid rain causes erosion of stone buildings.

B Acid rain causes ozone depletion.

C Acid rain increases the corrosion of some metals.

D

Acid rain increases the leaching away of essential nutrients and minerals from soils.

736. 9701 w16 _qp_ 11 Q: 17

Compound T is a white crystalline solid.

When a sample of T was mixed with aqueous sodium hydroxide and heated, a pungent smelling
gas was produced which turned damp red litmus paper blue. This same gas produced dense
white smoke with hydrogen chloride gas.

Further testing of a solution of T with barium chloride solution produced a dense white precipitate
which did not dissolve when dilute hydrochloric acid was added to the mixture.

What is the identity of compound T?
A ammonium carbonate

B ammonium sulfate

C sodium carbonate
D

sodium sulfate
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737.9701 w16 _qp 12 Q: 19

Water and ammonia take part in a reaction that produces the ammonium ion.

Which statement about this reaction is correct?

A

B
C
D

Neither the ammonia molecule nor the ammonium ion has a dipole moment.
The bond angle changes from 109.5° in the ammonia molecule to 107° in the ammonium ion.
The reaction is a redox reaction.

The water is acting as an acid.

738.9701_s15_qp_11 Q: 18

Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one
of which is Fe?*, and one anion which is SO,*".

The identity of the second cation was determined by heating Mohr’s salt with aqueous sodium
hydroxide. A colourless gas was evolved which readily dissolved in water giving an alkaline
solution.

A green precipitate was also formed.

What are the identities of the gas and the precipitate?

gas precipitate
A NH; Fe(OH),
B NH; Na,SO4
c SO, Fe(OH),
D SO, Na,SO4

739. 9701_s15_qp 12 Q: 17

Which statement about the ammonium ion, NH,", is correct?

A

B
Cc
D

All bond angles are 107°.
Ammonium ions are formed when ammonia behaves as an acid.
Ammonium ions are unreactive when heated with NaOH(aq).

The bonds are all the same length.
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740. 9701_s15_qp_12 Q: 18

Carbon monoxide, CO, nitrogen dioxide, NO2, and sulfur dioxide, SO,, are all atmospheric
pollutants.

Which reaction concerning these compounds occurs in the atmosphere?
A COis spontaneously oxidised to CO,

B NO,is reduced to NO by CO

C NO:is reduced to NO by SO,

D SO0, is oxidised to SO; by CO,
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Paper 1 Multiple Choice Answers: Nitrogen and Sulfur

Question Paper Q. No. Answer
691 9701_m21_qgp_12 18 C
692 9701_s21_gp_1 13 B
693 9701_s21_qgp_TI 18 C
694 9701_s21_qp_12 18 B
695 9701_s21_gp_13 14 C
696 9701_w2I_qgp_T 19 B
697 9701_w2l_qp_12 1 D
698 9701_w21_gp_12 18 A
699 9701_w2l_qp_12 19 D
700 9701_w21_gp_13 2 C
701 9701_m20_qgp_12 15 B
702 9701_m20_qp_12 19 C
703 9701_s20_qgp_12 15 B
704 9701_s20_qgp_13 5 D
705 9701_s20_qgp_13 12 B
706 9701_s20_qgp_13 16 A
707 9701_w20_qp_1 17 D
708 9701_w20_qp_12 15 D
709 9701_mI9_qgp_12 19 D
710 9701_s19_qgp_1 19 B
Ul 9701_s19_qgp_12 18 A
712 9701_s19_qgp_12 19 D
713 9701_s19_qgp_13 18 B
714 9701_s19_qgp_13 19 D
715 9701_w19_qgp_T1 18 A
716 9701_w19_qgp_T 19 D
717 9701_w19_qp_12 18 C
718 9701_wl19_qp_12 19 B
719 9701_s18_qgp_1 17 A
720 9701_s18_qgp_12 19 D
721 9701_s18_qgp_13 19 B
722 9701_w18_qp_T1 19 D
723 9701_wl18_qp_12 18 C
724 9701_ml7_qp_12 19 D
725 9701_s17_qp_1 16 C
726 9701_s17_qgp_12 18 D
727 9701_s17_qp_13 18 B
728 9701_s17_qp_13 19 C
729 9701_wl17_qgp_1 16 D
730 9701_wl17_qp_12 18 B
731 9701_mi16_qgp_12 17 A
732 9701_s16_qgp_1 18 C
733 9701_s16_qgp_1 19 C
734 9701_s16_qgp_12 15 C
735 9701_s16_qp_13 19 B
736 9701_wl16_qgp_1 17 B
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Paper 1 Multiple Choice Answetrs: Nitrogen and Sulfur (continued)

Question Paper Q. No. Answer
737 9701_wl6_qgp_12 19 D
738 9701_s15_qp_11 18 A
739 9701_s15_qgp_12 17 D
740 9701_s15_qp_12 18 C
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12.1 Nitrogen
73.9701_s20_qp_21 Q: 3

Nitric acid, HNO,, can be made by reacting nitrogen dioxide with water.

The enthalpy change for the reaction can be measured indirectly using a Hess’ cycle.

AH,
3NO,(g) + H,O0() —— 2HNO,(I) + NO(g)
(a) Explain what is meant by the term enthalpy change of formation.

(b) Complete the Hess’ cycle using the values given in the table and hence calculate the enthalpy
change, AH,, for this reaction.

Show your working.

substance AH./kJ mol™
NO,(g) 34.0
H,O(l) —286
HNO,(I) =173
NO(g) 91.1

r

H,
3NO,(g) + H,O() A—> 2HNO.(I) + NO(g)
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(c) Nitrogen and oxygen do not react at normal atmospheric temperatures.
Explain why.

Nitrogen oxides can be formed naturally in the Earth’s atmosphere from nitrogen and oxygen in the
air.

(d) State one way that nitrogen oxides are produced naturally.

(e) Nitrogen dioxide, NO,, acts as a homogeneous catalyst in the oxidation of atmospheric
sulfur dioxide.

(i) Explain why NO, is described as a homogeneous catalyst.

(if) Write equations which describe the two reactions occurring when NO, acts as a catalyst in
the formation of sulfur trioxide from sulfur dioxide.

[Total: 13]
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74.9701_s20_qp_21 Q: 4

Calcium nitrate, Ca(NO,),, reacts with ammonia, carbon dioxide and water to form a mixture of
ammonium nitrate and calcium carbonate.

Ca(NO,), + 2NH, + CO, + H,0 — 2NH,NO, + CaCO,

(a) Explain why ammonia is described as a Bransted-Lowry base in this reaction.

.............................................................................................................................................. [1]
The product mixture can then be added to soil.
(b) State two reasons why this mixture of products is added to some soils.
ettt ettt et e e e e ee e e —eeeeteeee e —teeeei——eeeeeeeeeeasteeeeeasteee et tee e atteeaanntaeeeaanteeernateenatneeeeenreeeeannreeeenarees
2 et e e e ettt e eea——eeeeateeeete e eeaateeeeenteaeeaaeee e ateeeaaaneean
[2]
(c) Complete the table to name the shape and give the bond angle of each species.
name of shape bond angle/°
CO,
NH,
H,O
(3]

[Total: 6]
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75.9701_s20_qp_22 Q: 2

Nitric acid can be made in a 3-stage process.

Stage1 Ammonia is oxidised by oxygen from the air, to form nitrogen monoxide and water. This
reaction is carried out at 10—13 atmospheres pressure and 900°C in the presence of a
platinum catalyst.

Stage 2 Nitrogen monoxide reacts with more oxygen to form nitrogen dioxide.

2NO + O, = 2NO, AH =-114kJmol™
Stage 3 Nitrogen dioxide reacts with water to make nitric acid and nitrogen monoxide.

3NO, + H,0 — 2HNO, + NO

(a) Write an equation to show the reaction occurring in stage 1.

.............................................................................................................................................. [1]

(b) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer electrons in a molecule of
ammonia.

[1]

(c) (i) Inthe boxes, give the oxidation numbers of nitrogen in the nitrogen-containing species for
the reaction in stage 3.

3NO, + H,0 > 2HNO, + NO

(2]

(ii) Explain why the reaction in stage 3 is described as a disproportionation reaction.
Include reference to transfer of electrons in your answer.
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(d) The release of nitrogen monoxide into the atmosphere causes atmospheric pollution.

State and explain the effect of nitrogen monoxide gas in contact with moist air.

(e) The nitric acid made in stage 3 can then be reacted with ammonia to form ammonium nitrate.
Stage 3 3NO, + H,O0 — 2HNO, + NO
NH, + HNO, — NH,NO,
Calculate the volume of nitrogen dioxide, measured at room temperature and pressure,
required to make 40 tonnes of ammonium nitrate.

[1 tonne = 1000 kg]

Show your working.

[Total: 12]
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76. 9701 w18 qp 21 Q:2

(a) Nitrogen, N,, is an inert gas that makes up 78% of the Earth’s atmosphere.

(i) Explain why nitrogen is inert.

(ii) Draw a ‘dot-and-cross’ diagram of a nitrogen molecule. Show outer electrons only.

(1]

(b) Nitrogen, N,, and oxygen, O,, react together in the air during lightning strikes to form nitrogen
monoxide, NO.

(i) Explain why the reaction of N, and O, occurs during lightning strikes.

....................................................................................................................................... [1]

(i) Write two equations to suggest how the NO formed reacts further to create nitric acid,
HNO..
OSSR
2
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(c) Nitrate fertilisers are used to provide nitrogen for plant growth. Uncontrolled use of these can
cause a reduction in animal and plant life in natural water supplies.

Explain how uncontrolled use of nitrate fertilisers can cause this problem.

(d) Some scils have compounds such as ammonium nitrate, calcium carbonate and calcium
hydroxide added to them.

(i) Suggest why calcium hydroxide is added to some soils.

(i) When calcium hydroxide reacts with compounds containing the ammonium ion, NH,", a
gas is produced.

State the identity of this gas and explain why the reaction occurs.

(iii) Another fertiliser, calcium ammonium nitrate, is formed when solid calcium carbonate is
added to a mixture of agueous ammonium nitrate and dilute nitric acid.

Suggest what would be observed in this reaction.

(iv) Calcium nitrate decomposes at a higher temperature than calcium ammonium nitrate.

Write an equation for the thermal decomposition of calcium nitrate.

[Total: 15]
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77.9701_s17_qp 22 Q: 2
Nitrogen gas, N,, is very unreactive.

(a) Explain why nitrogen gas is so unreactive.

(b) Despite the low reactivity of N,, oxides of nitrogen occur in the atmosphere through both natural
and man-made processes.

(i) Explain why oxides of nitrogen can be produced by internal combustion engines.

(i) State and explain, using a suitable equation, how oxides of nitrogen produced by internal
combustion engines can be prevented from reaching the atmosphere.

(iii) State the role of nitrogen dioxide, NO,, in the formation of acid rain by oxides of sulfur.
Write suitable equations to explain this role.

o 1= SRS
=T D= 11 [o] o e S SOEPPUPRUSTPP
=T [BE= 11 ] o 12 USSP
(3]
(iv) Suggest an equation to show how NO, can contribute directly to acid rain.
....................................................................................................................................... [1]

(c) Explain how the uncontrolled use of nitrate fertilisers on land can lead to a severe reduction in
water quality in rivers.

[Total: 13]
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78. 9701 s16_qp 23 Q: 2

Ammonium nitrate is an important fertiliser made by the acid-base reaction between ammonia and
nitric acid.

(a) Write an equation for the production of ammonium nitrate from ammonia and nitric acid.

The ammonia for this reaction is produced by the Haber process and the nitric acid is produced by
oxidation of ammonia.

(b) The Haber process involves a reaction between nitrogen and hydrogen at a temperature of
450°C and a pressure of 20000kPa. At a higher reaction temperature, the rate of production
of ammonia would be greater.

N,(g) + 3H,(g) = 2NH, AH =-92kJ mol™

The Boltzmann distribution curve shows the distribution of energies in a mixture of nitrogen
and hydrogen at 450°C.

A

number of
molecules

Eﬂ
energy

(i) Sketch a second line onto the axes above to show the distribution of energies in the same
mixture of gases at a higher temperature. [2]

(ii) With reference to the two curves, explain why the rate of production of ammonia would be
greater at a higher temperature.

(iii) Add a suitable label to the horizontal axis above and use it to explain why a catalyst is
used in the Haber process.
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(iv) Explain why a higher temperature is not used despite the fact that it would increase the
rate of production of ammonia.

(c) The first stage in the production of nitric acid involves the reaction of ammonia with oxygen to
form nitrogen monoxide, NO, and water.

Suggest an equation for this reaction and use oxidation numbers to show that it is a redox
reaction.

(d) (i) Draw a dot-and-cross diagram of the ammonium ion. Show the outer electrons only.
Use the following code for your electrons.
¢ electrons from nitrogen
x electrons from hydrogen

(2]
(ii) State the shape of an ammonium ion and give the H-N—H bond angle.

(e) State and explain the problems that arise from the overuse of ammonium nitrate fertiliser when
the excess is washed into rivers.

[Total: 19]

191
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79. 9701 w15 _qp 21 Q:2

(a) (i) Explain the meaning of the term enthalpy change of formation.

(ii) Give the equation for the reaction for which the enthalpy change corresponds to the
standard enthalpy change of formation of liquid sulfur trioxide, SO,. Include state symbols.

(b) Ammonia is manufactured by the Haber process.
N,(g) + 3H,(g) = 2NH;(g)

(i) Use bond energies from the Data Booklet to calculate the enthalpy change of reaction for
the Haber process. Include a sign in your answer.

enthalpy change ...........ccccccooeeeei kdmol' [3]

(ii) State the essential operating conditions for the Haber process.
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(c) One of the major uses of ammonia is in the manufacture of fertilisers such as diammonium
hydrogen phosphate, (NH,),HPO,.

(i) Write an equation for the formation of diammonium hydrogen phosphate by the reaction
between ammonia and phosphoric acid, H,PO,.

(d) The use of nitrate fertilisers can give rise to environmental consequences in terms of effects on
both rivers and the atmosphere.

(i) Explain how the uncontrolled use of nitrate fertilisers can result in a severe reducticn in
water quality in rivers.

(i) Oxides of nitrogen are produced by the action of bacteria on nitrate fertilisers.

Explain the problems associated with the release of oxides of nitrogen into the atmosphere.
Include an equation in your answer.

[Total: 21]

193
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12.2 Sulfur: formation of atmospheric sulfur dioxide, role in acid
rain

80. 9701 w2l qp_ 21 Q: 1

Sulfides are compounds that contain sulfur but not oxygen.
(a) Carbon disulfide, CS,, is a volatile liquid at room temperature and pressure.

(i) State the meaning of volatile.

....................................................................................................................................... 1]
(ii) Draw a ‘dot-and-cross’ diagram of the CS, molecule.
(2]
(iii) Suggest the bond angle in a molecule of CS,.
....................................................................................................................................... [1]

(iv) CS,is a liquid under room conditions, while CO, is a gas.

Explain what causes the difference in the physical properties between CS, and CO.,.
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(b) The enthalpy change of combustion of CS,(I) is represented by the following equation.

AH,
CS,(l) + 30,(g) —— CO,(g) + 2S0,(g)
(i) Define enthalpy change of combustion.

(if) The table shows the enthalpy changes of formation of CS,(1), CO,(g) and SO,(9).

corpous | b et
CS,(1) +89.7
CO,(g) -394
Soz (@) -297

Use the data in the table to calculate the enthalpy change of combustion, AH,, of CS,(1), in
kdmol™.

Show your working.

AH, 0f CS,(I) = oo kJmol-’
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(c) Hydrogen sulfide gas, H,S(g), is slightly soluble in water. It acts as a weak acid in aqueous
solution.

(i) State the meaning of weak acid.

(ii) Give the formula of the conjugate base of H,S.

(iii) H,S(aq) reacts slowly with oxygen dissolved in water. The reaction is represented by the
following equation.

H,S(aq) + 30,(aq) — H,0() + S(s)
Explain, with reference to oxidation numbers, why this reaction is a redox reaction.
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(d) The compound As,S, is a common mineral.
When As,S, is heated strongly in air, it forms a mixture of products, as shown.
2As,5,(s) + 90,(g) — As,04(s) + 6S0,(g)

(i) Asample containing 0.198g As,S, is placed in 0.100dm?® of pure oxygen, an excess, in a
reaction chamber connected to a gas syringe at room temperature.

The reactants are heated until no further change is observed. The products are then
allowed to cool to room temperature.

Calculate the volume, in dm?, of gas present at the end of the experiment.

The molar volume of gas is 24.0dm®mol~' under these conditions. Assume that the
pressure is constant throughout the experiment.

Show your working.

volume of gas remaining = ........ccccceeeeeeeineenn. dm?

(ii) State the environmental consequences of releasing SO,(g) into the atmosphere.

(iii) SO,(g) can be removed from the air by reacting it with NaOH(aq).

Construct an equation for the reaction of SO,(g) with NaOH(aq). Include state symbols.

[Total: 21]
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Phosphorus, sulfur and chlorine can all react with oxygen to form oxides.

(a) Phosphorus reacts with an excess of oxygen to form phosphorus(V) oxide.

(i) Write an equation to show the reaction of phosphorus with excess oxygen.

....................................................................................................................................... [1]
(if) Describe the reaction of phosphorus(V) oxide with water.

....................................................................................................................................... [2]
(iii) State the structure and bonding of solid phosphorus(V) oxide.

....................................................................................................................................... [1]

(b) The two most common oxides of sulfur are SO, and SO.,.

When SO, dissolves in water, a small proportion of it reacts with water to form a weak
Bransted-Lowry acid.

(i) Explain the meaning of the term weak Bransted-Lowry acid.

(ii) Write the equation for the reaction of SO, with water.

(iii) SO, reacts with NO, in the atmosphere to form SO, and NO.
NO is then oxidised in air to form NO.,
SO, + NO, —» SO, + NO
2NO + O, — 2NO,

State the role of NO, in this two-stage process.
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(c) Emissions of SO, from coal-fired power stations can be reduced by mixing the coal with
powdered limestone.

Limestone is heated to form CaO in reaction 1. This then reacts with SO, and O, to form CaSO,
in reaction 2.

reaction 1: CaCQO,(s) —» CaO(s) + CO,(s)
reaction 2: CaO(s) + SO,(g) + %Oz(g) — CaSO,(s)

(i) State the type of reaction occurring in reaction 1.

....................................................................................................................................... [1]
(ii) Use the data to calculate the enthalpy change of reaction 2.
compound AH./kJmol™
CaO(s) —635
SO,(9) -297
CaS0,(s) -1434

enthalpy change of reaction 2= ...............cccoooei. kdmol™ [2]
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(d) Chlorine forms several oxides, including C7,0, C10, and C1,0,.

(i) Draw a ‘dot-and-cross’ diagram of C1,O. Show outer-shell electrons only.

(1]
(i) CIO, can be prepared by reacting NaCl0, with CL,.
Write the oxidation state of chlorine in each species in the boxes provided.
2NaCiO, + Cl, —» 2CIO, + 2NaCl
oxidation state of chlorine: +3
(1]

(iii) CL,04(g) is produced by the reaction of C10,(g) with O,(g).
2C10,(g) + 20,(g) = C1,04(g) + 20,(g9) AH =-216kJ mol™
The reaction takes place at 500K and 100 kPa.
State and explain the effect on the yield of C71,0,(g) when the experiment is carried out:

e at1000K and 100kPa

e at 500K and 500kPa.
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(e) ElementE is a Period 5 element.

E reacts with oxygen to form an insoluble white oxide that has a melting point of 1910°C. The
oxide of E conducts electricity only when liquid.

E also reacts readily with Ci,(g) to form a white solid that reacts exothermically with water. The
resulting solution reacts with aqueous silver nitrate to form a white precipitate that dissolves in
dilute ammonia.

(i) Suggest the type of bonding shown by the oxide of E. Explain your answer.

[Total: 21]
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Release of sulfur dioxide, SO, into the atmosphere causes acid rain.

(a) Explain why high levels of SO, may be found in the atmosphere near power stations that burn
fossil fuels.

(b) The SO, released can be converted in the atmosphere into sulfuric acid, H,SO,, by reaction
with nitrogen dioxide gas, NO,, and water, H,O.

SO, + NO, - NO + SO,
SO, + H,0 - H,S0,

During one year, 1590 tonnes of SO, was released into the atmosphere by a fossil-fuel burning
power station.

(i) Use the equations to calculate how many tonnes of H,SO, were formed in the atmosphere.
Assume that all of the SO, released was converted into H,S0,.

mass of H,S0, = ... tonnes [2]

(ii) Describe how NO, is also produced by these power stations.

....................................................................................................................................... [2]
(ili) State one natural cause of NO, being formed in the atmosphere.

....................................................................................................................................... [1]
(iv) Explain why NO, can be described as a catalyst in the oxidation of atmospheric SO,

....................................................................................................................................... [2]

[Total: 9]
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83.9701_wl19 gp 22 Q:1

In the Periodic Table, the p block contains elements whose outer electrons are found in the
p subshell.

(a) Elements in the p block show a general increase in first ionisation energy as the atomic number
increases.

(i) Draw the shape of a p orbital.

(if) Write an equation to show the first ionisation energy of silicon.

Period 3.
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(iv) Element A is in the p block.

The graph shows the successive ionisation energies for the removal of the first ten
electrons of A.

ionisation
energy

1 2 3 4 5 6 7 8 9 10

number of electrons removed

State and explain the group of the Periodic Table that element A belongs to.
group nUMber .......ccccovvveeeivnenenn,

EXPIANALION ..o e e a e e e

STEMUP.CO.UK
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(b) Silicon is found in many compounds in the Earth’s crust. Silicon has only three naturally
occurring isotopes, 2%Si, 2°Si and *'Si.

(i) The table shows data for *Si, *°Si and *°Si.

ZBSi ZQSi BDSi
relative isotopic mass | 28.0 29.0 30.0

A sample of silicon contains 92.2% ?®Si. The total percentage abundance of *Si and *°Si
in the sample is 7.8%.

The relative atomic mass, A, of silicon in the sample is 28.09.
Calculate the percentage abundance of *Si.

Give your answer to one decimal place.

percentage abundance of *°Si= ... %

(ii) Silicon reacts with nitrogen gas to form Si,N,.

Si;N, is a solid with a melting point of 1900 °C. Itis insoluble in water and does not conduct
electricity when molten.

Suggest the type of bonding in and structure of Si,N,. Explain your answer.
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(c) Sulfur-containing compounds, such as C,H.SH, are found in fossil fuels, and produce SO,
when they are burned.

(i) Write the equation to show the complete combustion of C,H.SH.

(ii) State why the presence of SO, in the atmosphere has environmental consequences.
Describe one of the consequences on the environment.

(d) SO, can react with ozone, O,, to form SO, in two different reactions.
(i) Inone reaction, SO, reacts with O, until a dynamic equilibrium is established.
S0O,(9) + 04(g) = SO4(g) + O,g)

State and explain the effect of an increase in pressure on the composition of the equilibrium
mixture.

....................................................................................................................................... [2]
(if) In the other reaction, a different equilibrium is established at 300K as shown.
3S0,(g) + O,(g) = 3S0,(9) AH = +462.3kJ mol™
Suggest a temperature needed to increase the yield of SO, at equilibrium.
Explain your answer.
....................................................................................................................................... [2]

[Total: 19]
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84.9701 w18 gp 21 Q:1

Iron pyrite, FeS,, has a yellow colour that makes it look like gold metal. The compound contains the
ions Fe* and S,*.

(a) (i) Give the full electronic configuration of Fe?*.

(ii) Calculate the oxidation number of sulfur in the S,> ion.
Assume that each sulfur atom in the ion has the same oxidation number.

oxidation number of sulfurinthe S, ion = ... 1]

(b) Describe the metallic bonding in gold.

(c) Iron pyrite is often called fool’s gold because of its appearance. Impure samples of iron pyrite
often contain a small amount of gold.

The gold can be obtained from impure iron pyrite. The impure iron pyrite is roasted in oxygen,
to produce iron(IlI) oxide and sulfur dioxide. Gold does not react with oxygen.

(i) The sulfur dioxide produced during roasting would cause environmental consequences if
released into the atmosphere.

State and explain one of these environmental consequences.
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(ii) Complete the equation to show the roasting of iron pyrite in oxygen.

(2]

(iii) A sample of impure iron pyrite was roasted in oxygen. The composition of the mixture of
solid products is shown.

solid product | mass/g
Fe,O, 33.18
Au 0.37

Calculate the mass of FeS, present in the sample of impure iron pyrite.
Assume that all the FeS, was converted to Fe,O, during the roasting process.

(M: FeS,, 120.0; Fe,0,, 159.6)

mass of FeS, = ... g [2]

(iv) Use your answer to (iii) to calculate the percentage by mass of gold in this sample of
impure iron pyrite. Assume that gold is the only impurity in this sample of impure iron pyrite.

Give your answer to two significant figures.

(If you were unable to calculate an answer to (iii), use 55.00g as the mass of FeS, in this
calculation. This is not the correct answer.)

percentage by massofgold=.............................. % [1]

[Total: 11]
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85.9701 w18 qgp 22 Q:2

The table gives some data for elements in the third period and some of their compounds.

element Na Mg Al Si P S
type of bonding metallic covalent covalent
formula of oxide PO, SO,

formula of chloride NaCl MgCi, SCl,

(a) Complete the table to show the bonding in the elements, and the formulae of their oxides and
chlorides. [3]
(b) SCi, is formed in the following reaction.
S,Ci,(l) + Cl,(g) == 2SCIl) AH = -40.6kJmol™

(i) Complete the ‘dot-and-cross’ diagram to show the bonding in a molecule of SCi,. Show
outer electrons only.

(1]

(ii) Complete and fully label the reaction pathway diagram for the reaction between S,C1, and
CL,. Include labels for activation energy, E,, and enthalpy change of the forward reaction,
AH.

S,Cly(l) + Clyg)
energy

\

progress of reaction

(2]

STEMUP.CO.UK
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(c) (i) On the axes, sketch the trend in melting point of the elements Na to S.

A

melting point
of element

I I [ I I I

Na Mg Al Si P S
[1]

(i) Give three statements to explain your sketch.
L OSSR
2 e e eeeeteteeeeteaeeeeateeeaseeeaeeeiseeeeaseeeseeeseeeiasteeesteeaieeeiaseeeaseeenneeeaeeeansenn
B e e et ee et ee e eeeeeeeeeteeeeeeeeseeeeeeeeesseeeseeesseeseaseseseeeseeesestsessssesseeeiaseeeaseesneeeaneesensen
[3]
(d) Write an equation for the reaction of P,0O,, with water.

.............................................................................................................................................. [1]

(e) SO, can be released into the atmosphere when fossil fuels containing sulfur are burnt.

State and explain one environmental consequence of the release of SO, into the atmosphere.
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(f) The elements in the third period show a general increase in their first ionisation energies from
left to right.

Identify two pairs of successive elements in the third period that do not agree with this
statement.
For each pair, explain why the change in ionisation energy does not agree with this statement.

Use of the Data Booklet may help you to answer this question.

[Total: 17]
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Sulfuric acid is an important chemical with a variety of uses.

It is manufactured by the Contact process, the first stage of which involves the conversion of sulfur
or a sulfide ore, such as galena, PbS, into sulfur dioxide, SO,.

(a) (i) Write an equation for the reaction between galena and oxygen to form sulfur dioxide and
lead(II) oxide.

(ii) Identify the oxidation humber changes that take place during this reaction.

(b) The second stage of the Contact process involves the production of sulfur trioxide, SO,, from
sulfur dioxide.

250,(g) + 0O,(g) = 2S0,(9) AH =-197 kJmol~’

(i) State the temperature usually chosen for this conversion and explain this in terms of
reaction rates and Le Chatelier’s principle.

LC=T a0 1=T = [

Ly o) =T aE= L (T ] o R

(ii) State and explain the pressure conditions that would give the best rate and best yield of
sulfur trioxide. Explain why these conditions are not actually used.

(c) Inthe third stage of the process the sulfur trioxide is dissolved in 98% sulfuric acid followed by
carefully controlled addition of water.

(i) Explain why the sulfur trioxide is not dissolved directly in water to produce sulfuric acid.
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(ii) Write equations for the reaction of sulfur trioxide with sulfuric acid and for the subsequent
reaction with water.

(e) The sulfur dioxide content of wine is most commonly measured by the Ripper Method which
involves titration with iodine in the presence of starch as an indicator.

SO,(aq) + I(aq) + 2H,0() — 2I-(aq) + SO,*(aq) + 4H'(aq)

A 50.0cm? sample of wine required 12.35cm? of 0.010moldm™ I,(aqg) for complete reaction
with the SO..

(i) How many moles of SO, are present in 50.0 cm? of wine?

moles of SO, in 50.0em’ = ... [1]

(ii) How many moles of SO, are presentin 1dm? of wine?

moles of SO, in 1dm® = ... [1]

(ili) How many milligrams, mg, of SO, are present in 1dm? of wine? Give your answer to three
significant figures. (1g = 1000mg)

mass of SO, in 1dm®= ... mg [1]

[Total: 18]
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The elements in Period 3, Na, Mg, AZ, P and S, all react with oxygen when heated in air.

(a) (i) Give the formula of the oxide formed when each element is heated in air. One has been
completed for you.

(2]

(ii) Describe what you would see when sodium and sulfur are each heated separately in air
and give an equation for each reaction.

(b) The oxides show variations in their behaviour when added to water, acids and alkalis.

(i) Place the symbols of the elements in (a)(i) in the appropriate row of the table to indicate
this behaviour.

acidic
amphoteric
basic
(2]
(ii) State the bonding present in acidic and basic oxides.
= T o oSSR
o= L= [
(2]

(iif) Write equations for the reaction of aluminium oxide with each of hydrochloric acid, HCI,
and sodium hydroxide, NaOH.

WIEN HC T oottt ettt er e e et e s e e e e s e e ae e e e eeenes
A7 T = U
(2]

(c) Explain how the presence of an impurity in carbonaceous fuels can give rise to acid rain.
NAME OF IMPUIITY oo e e e e e s e e ee e e e e bt e s e e e s bnnaee e snssnes
.............................................................................................................................................. [2]

[Total: 14]



https://stemup.co.uk

72.9701_s19_ms_22 Q: 3

501

(a)(i) SiCl4(l) + 2H20() — SiOz(s) + 4HCl(aq/g)
(state symbols required)

(a)(i) | hydrolysis

(@)(iiiy NaC! - ionic

SiClL — covalent

(a)(iv) M1 statement correctly comparing the difference in electronegativity between Siand CI AND Na and C!
OR

Na is less electronegative that Si ORA

M2 NaCltransfer of electrons

M3 SiCl4 shared (pair of) electrons

(b)(®)

Chlorine containing

. Clz | HCI | HOC!
species

Oxidation number of

chlorine I el

Award 2 marks for 3 correct oxidation numbers

Award 1 Mark for 2 correct oxidation numbers

(b)(ii) disproportionation

(b)(iii) kills micro-organisms

(c) 2NaOH + HCI!+ HCIO — NaCl+ NaCIO + 2H,0
M1 Identifies the product NaCIO

M2 Correctly balances the equation

OR

The overall equation may be seen as:
NaOH + HCI — NaCi+H;O AND NaOH +HCIO — NaCIO + HxO

73.9701_s20_ms_21 Q:3

(a) M1 (enthalpy / energy change) when one mole of a compound/substance is formed
M2 from its elements in their standard states

(b) M1 use of correct stoichiometry in calculation

3xAHFNO> 1x-AHfH,O 2xAHFHNO; 1xAH:NO

M2 correct signs associated with the appropriate AHrvalues/terms used for the calculation of AHreaction
M3 AHreaction = —(102 — 286) + (—346 + 91.1) = —70.9 kJ mol~'

(c) M1 nitrogen has a triple bond

M2 EITHER

high energy is needed to break the bond

OR

at normal temperatures there is not enough energy to break the bond / to overcome the activation energy

(d) lightning

(e)(i) M1 define homogeneous

(homogeneous catalyst is) in the same phase / state as the reactants

M2 and M3 Define catalyst

All 3 points scores 2 marks. Any 2 points scores 1 mark

increase the rate

AND

lowers the activation energy

AND

without being chemically altered at the end of the reaction / are regenerated at the end of the reaction

(e)ii) | M1 NOz+S0; > NO+S0;s
M2 NO + % O, > NO,
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74.9701_s20_ms_21 Q: 4

(a) Accepts a proton /H* (ion) 1

(b) Two reasons why product mixture is added fo soil — allow in any order 2
M1 Acts as a fertiliser / adds nutrients (for plants)
M2 Neutralise acid soils / increases the pH of acid soil

(c)

name of shape bond angle /°

CO2 | Linear 180

NH3 | Pyramid(al) 107

H2O | non-linear/V /bent 1045

All 6 correct — 3 marks
4 or 5 correct — 2 marks
2 or 3 correct — 1 mark

75.9701_s20 ms_22 Q: 2

(@) 4NH; + 502 — 4NO + 6H:0 1

(b) )

(c)(®) 3NOz + HO — 2HNO; + NO 2

3 correct oxidation numbers — 2 marks
2 correct oxidation numbers — 1 mark

(c)(ii) relates the term disproportionation to the reaction described
M1 _nitrogen /N (in nitrogen dioxide) is both gaining electrons and losing electrons during the reaction
M2 refer to relevant transfer of electrons when NO; reacts to form HNO3; and NO

NO; to HNOs involves loss of electron(s)
AND
NO; to NO involves gain of electron(s)

(d) M1 state the effect of NO gas on contact with moist air 2
NO reacts with water OR NO reacts with oxygen and water.

M2 consequence of M1 in terms of atmospheric poliution

causing acid rain OR photochemical smog / ground level ozone OR destroy ozone layer

(e) M1 number of mol in sample of NH:NO3 3
40t NHsNQO3 = 500 000 mol ammonium nitrate

M2 ratio of mol NO2: NHsNO3

3/2 mol NO3 :1 mol NHsNO3

M3 volume of no mol NO; at rip using 1 mol = 24dm?®
18 000 000 dm? of NO,

f) fertiliser 1

STEMUP.CO.UK
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76. 9701 w18 ms 21 Q: 2

503

(a)(i) 1 mark for each bullet, max 2 2
+ triple bond
s non-polar/no dipole
s needs a lot of energy to break / strong
(a)(ii) 1
L § x
. NI & N x
1
6 e between atoms AND two electrons on each N atom
(b)()) (lightning) provides the (high) activation energy 1
(b)ii) | M1NO + %0, » NO, 2
M2 2NO; + HyO + % 0, —» 2HNO;
(c) M1 3
fertiliser / nitrates dissolve in (river / ground water)
OR
fertiliser / nitrates are washed / leached out / flows into (river/groundwater)
M2 algal bloom / promote algal growth / explosion of plant growth
AND
sunlight is blocked out (preventing photosynthesis)/ plants can no longer carry out photosynthesis (and die)
AND
bacteria break down or decay dead organisms/ plants / algae
M3 drop in oxygen (concentration)
(d)(i) to increase /raise pH 1
(d)(ii) M1 ammonia/NH; 2
M2 displaces NH3
(d)(iiiy M1 effervescence / fizzing / bubbling 2
M2 solid disappears
(d)(iv) | 2Ca(NOs); — 2Ca0 + 4NO, + O, 1
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77.9701_s17_ms_22 Q: 2
@) strong triple bond 1
non-polar/ no dipole 1
(b)(i) Any 2 points covered correctly scores 2 marks Any 1 point covered correctly scores 1 mark 2
* nitrogen (and oxygen) from the air/ atmosphere (react):
+ high temperature (of internal combustion engine)/ (engine) produces enough OR a lot of heat (energy) :
* (s0) breaks (strong) bond(s) in nitrogen (and oxygen) :
(b)(ii) reduction / decomposition of NO, using a catalyst/ catalytic convertor 1
2NO; +4C0O — 4CO;3 + Ny 1
OR
2NO + 2CO — 2CO; + N,
(b)(iii) (acts as a homogeneous) catalyst OR oxidising agent 1
S0O; + NO; — SO3 + NO 1
NO + %20; — NO; OR SO; + H;0 — H;S50, 1
(b)(iv) | 2NO; + H;0 — HNO; + HNO; 1
-?r\'laoz + 2H,0 + O; — 4HNO;
(c) fertiliser / nitrates dissolve in (river water) 1
i%lr}iliser/ nitrates are washed / leached out / flows into (river water)
algal bloom / promote algal growth / explosion of plant growth 1
AND
EITHER
sunlight is blocked out (preventing photosynthesis) / plants can no longer carry out photosynthesis (and die)
boazteria break down or decay dead organisms/ plants/ algae
drop in oxygen (concentration) 1
Total: 13
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78. 9701 s16_ms 23 Q: 2

505

(a) NH; + HNO; — NH4NO; [1]
(b) (i)| line from origin AND below left-hand end of original with peak to right of and lower than original [11
crosses original once AND above right-hand end of original AND above energy axis [11
(ii) | (curves show) more molecules with E > E, (at higher T) [11
so greater frequency of successful (owtte) collisions/more successful (owtte) collisions per unit time [11
(iii) | catalysed E, shown to left of original on horizontal axis [1
so more molecules with E > E, (in presence of catalyst) [1]
(iv)| production of ammonia is exothermic/(forward) reaction exothermic [1]
position of egqm would move to left/reverse /reduce yield (at higher T) [11
(c) 4NH; + 50, — 4NO + 6H,O [1]
N changes from -3 to +2 (so oxidation) [1]
O changes from 0 to -2 (so reduction) [1]
@ 0O H ¢ [1+1]
H¥N:H
*x
H
(ii) | shape = tetrahedral [1]
angle = 109°-109.5° [1
(e) eutrophication /algal bloom/stimulates growth of algae [1]
(bacteria) use up oxygen when decomposing the plants/algae [1]
block light for plants so less oxygen produced [11
aquatic life/fish die (due to lack of oxygen) [11

79. 9701 _wl15_ms_21 Q: 2

(@ @

The enthalpy change when one mole of a compound
is formed from its element(s)

[1]
(1

(i)

S(s) + 1720,(g) — SO4(l)

(1

(b) (i)

944 + (3 x 436) = 2252
6 x 390 = 2340
2252 — 2340 = -88 (kJmol-")

(1
(1]
(1

(i)

Fe catalyst
200atm
400-500(°)C

[1]
[1]
1

(iii)

High T increases rate AND Low T improves yield owtte

Chosen temp is a compromise

High P favours/increases (both rate and) yield owtte

pressure chosen limited by cost (of compression and ‘thick walls’)

(1]
[1]
[1]
(1

(c) (@)

2NH; + HPO, — (NH,),HPO,

(1

(i)

NH; identified as base AND H3;PO, identified as acid
base accepts protons AND acid donates protons

[1]
(1

(d) )

nitrates/ fertilisers wash into rivers
eutrophication /algal bloom/promote algal growth
bacteria use up oxygen in decay process

(1]
1

(i)

(oxides of nitrogen/NO,/NOs) cause acid rain

2NO; + HoO — HNO: + HNO;

OR

4NO; + 2H;0 + O; — 4HNO3

OR

S0; + NOz — SO3+ NO AND SOz + H;O0 — H;S04

1
(1
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506 APPENDIX A.

80.9701 w21 ms 21 Q:1

ANSWERS

Question | Answer

Marks

(a)(i) easily vaporised / easily evaporates / turns to gas easily

(a)ii — _

M1 bonding pairs

M2 Correct number of remaining outer electrons

(a)ii) | 180°

(a)(iv) M1 CS2 has more electrons

M2 So stronger induced dipole (forces) (between molecules)

(b)(i) M1 (enthalpy/energy change when) 1 mole of a compound

M2 burns/combusts/reacts in excess oxygen/O;
OR
ly burns/ cc

1
P

I
Je

co Iy combusts/completely reacts in oxygen/O»

(b)) | M1 (=394 +2 (~297) — (+89.7)

M2 = —1080 (kJ mol-")

(e)i) weak [acid]
partially dissociates/partially ionises (into H* ions/protons)

(©)ii) |HS

Question | Answer

Marks

(c)(iii) M1 S (increases) oxidation number —2 — 0 so oxidation/or is oxidised

M2 O (decreases) O.N. 0 — -2 so reduction /is reduced

(d)(i) M1 moles of As;S3 =0.198/246.1/8.05x 104
M2 moles SO: (using moles of As>Ss as limiting factor) = 2.41(36) x 10-3 moles (6 /2 x 8.05 x 10)
Volume SO; = 2.41(36) x 102 x 24 = 0.0579 dm?

M3 Moles O;used in reaction = 8.05x 104x9/2=3.62x 103
Volume Oz used in reaction = 3.62 x 10-3x 24 = 0.0869 dm?

M4 Final total volume gas = (0.1 — 0.0869) + 0.0579 =
[0.0131 + 0.0579] = 0.071(0) dm?

M4 ONLY award 4" mark if the final answer rounds to 0.071
Answer to minimum of 2 sig figs

MAX 3 for using ecf from M1 to M2 to M3 and M4

Award all 4 marks if final answer rounds to 0.071

(d)(ii) acid rain

(d)(iii) M1 SO;(g) + 2NaOH(aq) — NaxS0az(aq) + H20(l) AND correct species and balancing

M2 State symbols
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507

(a)() P4+ 502 — P4O1o 1
(a)ii) any two from: 2
¢ reacts vigorously
* solid disappears / colourless solution forms
¢ hydrolysis
* exothermic
¢ acid(ic) (solution)
¢ steamy/ misty fumes
(a)(iii) Simple and covalent OR molecular and covalent 1
(b)(i) M1: proton/H* donor 2
M2: partially dissociates (in solution)
(b)(ii) S0O7 + H,O —» H.S04 1
(b)(iii) (homogeneous) catalyst 1
(c)(i) thermal decomposition 1
(c)ii) M1: AH; = 1434 — (835 + —297) 2
M2: = -502 (kJ mol-")
(d)®) 1
/,-—.-.-\ P ,.'—X'Kxx\ , /-lt\\
L L
Cl x) 0 (x o]
\ ,.9(\ ,)g /
e e ee”
@a) [0 [ =4 -1 ] 1
(d)(iii) | (at 1000 K and 100 kPa) 4
M1: (yield) decreases
M2: reaction is exothermic AND equilibrium moves left
(at 500 K and 500 kPa)
M3: (yield) increases
M4: fewer moles (of gas) on right-hand side AND equilibrium moves right
(e)(i) M1: ionic 2
M2: ions only able / free to move / free to conduct (when liquid / molten)
(e)ii) M1: covalent 2
M2: hydrolysed (by water)
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82.9701_s19_ms_23 Q: 4

APPENDIX A. ANSWERS

(@)

M1 sulfur impurities OR sulfur in fossil fuels

M2 converted into SOz by combustion / burning sulfur
OR
heat sulfur with oxygen (from the air)

(b)(®)

M1 1mol SO; — 1mol H.SO4
64.1g/tonne — 98.1g/tonne

M2 SO; — 98.1/64.1 O 1590 = 2433.369735 tonnes

(b)(ii)

high (enough) temperature / (a lot of) heat (energy) is produced

AND
to break (strong) triple bond in N2/ break N=N

AND
nitrogen (and oxygen) from the air / atmosphere react

Award two marks for three correct points
Award one mark for two correct points

(b)(iii)

lightning

(b)(iv)

M1 nitrogen dioxide increases the rate
OR
lowers the activation energy

M2 (NOy) is regenerated by reaction of NO with O; (in the air)
OR

NO (formed) reacts with O; (in air) to (re)form NO>
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(a)) 1
(a)(ii) | Si(g) — Si*(g)+e” 1
(a)(iii) M1: similar shielding AND increase in proton number/ atomic number / nuclear charge 2
M2: increased nuclear attraction
(@)iv) |M1:3 OR 13 2
M2: large(r) increase between third and fourth ionisation energies OR large(r) increase after third electron removed
(b)(i) M1: 3
[92.2028[0 P*sio2e[ O[ *sin30]
100 028.09
M2: (x=)6.6 OR 28.09=28.078 + x (where x = abundance of Si-29)
M3: 7.8— M2 calculated correctly to one decimal place (or more)
(=)1.2%
(b)(ii) M1 giant (molecule) 3
M2 strong covalent bonds (between atoms / particles)
M3 no mobile charged particles / carriers
©)0) CyHsSH + 4%02—» 2C0O; + 3H0+ SOz 1
(c)(ii) M1: (causes) acid rain OR reacts/dissolves with (rain)water (vapour) to form (sulfuric / sulfurous) acid 2
M2: one point from the following list.
O lowers pH/increases acidity of rivers / lakes / oceans / water supplies / seas / soil / ground water
O kills’/harms/damages fish
O kills/harms /damages plants / damages coral / aquatic life / plants / crops / trees or deforestation
O leaches (toxic) aluminium (ions / salts) from soil (into rivers / lakes)
O leaches away soil nutrients / soil unfit for agriculture
O damages/weathers/erodes / destroys buildings / statues
(d)(i) M1: no effect/none 2
M2: equal mol(es) (of gas) on both sides (of equilibrium / equation) owtte
(d)(ii) M1: (forward reaction is) endothermic 2
M2: Any temperature higher than 300K
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84.9701 w18 ms 21 Q:1
(a)i) 2s?2p® 3s? 3p° 3d° (4s7) 1
(a)(ii) -1 1
(b) M1 attraction/hold 2

M2 positive ions / cations AND delocalised electrons (may be seen in a labelled diagram)

(e)(i) M1 acid rain 2
M2
s destroys/damages/weathers / erodes/buildings / statues
e kills/harms fish/ coral/ plants / crops / trees / deforestation
e leaches salts / ions (aluminium) from soil (into rivers / lakes)
+ leaches away soil nutrients
s breathing difficulties
+ lowers pH/increases acidity of soil / rivers / oceans / seas

(e)(ii) balanced equation with 110, and 850, 2
M1: O, and SO;
M2: 11 and 8

(c)(iii) M1 js for process of calculating number of moles of Fe,O3 2
33.18 = 159.6 (= 0.2079 mol)
M2 for correct use of stoichiometry and 120.0 with candidate’s M1
M2 (0.2079) x 4/2 x 120.0 = 49.89 (g)

(c)(iv) | (0.37/(0.37+49.88)) = 0.74 1
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(a) 3
metallic metallic covalent
NaxO MgO ALO; SiOz
AICh SiCl PCE
[1] for each correct row
(b)(i) 1
(b(i) 2
‘." E
BTy 800+ CL [ \
AH
v (2)5C
reaction pathway
M1 profile for exothermic reaction [1]
M2 identification of AH and E, [1]
(e)(i) graph rises to maximum for Si, then falls 1
(c)(ii) Max. 3 from: 3
* increasing strength of metallic bond; Na < Mg < Al
OR
stronger attraction between delocalised electrons and (positive) ion so melting point of Na < Mg < Al
« Siis giant covalent AND it has the highest melting point due to breaking / presence of strong (covalent) bonds
OR
Si requires the most energy because the covalent bonds in Si are stronger than metallic bonds (in Na/Mg/ Al)
« P and S have weak(er) intermolecular forces / induced dipoles / van der Waals forces (than covalent / metallic bonds)
so have low(er) melting points
* S(g) has stronger/ more intermolecular forces / van der Waals forces / induced dipoles than P(;) so melting point of
S(g) is higher
(d) P4O4g + 6H;0 — 4H;PO, 1
(e) M1 acid rain [1] 2
M2 any of the following [1]
¢ lowers pH/increases acidity of rivers / lakes / oceans / water supplies / seas / soil / ground water
* Kkills/harms / damages fish / coral / aquatic life / plants / crops / trees or deforestation
e leaches (toxic) aluminium (ions / salts) from soil (into rivers/lakes)
* leaches away soil nutrients / soil unfit for agriculture
« damages/weathers/erodes/destroys buildings / statues
e causes breathing difficulties
(f) M1 process of first ionisation energy’ involves the loss/removal of an electron [1] 4
M2 Mg and AIAND S and P (in either order) [1]
M3 For Al 3p (orbital / sub-level / sub-shell) is higher in energy / further from the nucleus / more shielded (than Mg) [1] ora
M4 For S the pair of electrons in the (3)p-orbital repel [1] ora
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86.9701_S15_ms_22 Q: 2

(@) (i) |2PbS+30,> 2PbO + 2S0,

reagents and formulae [11
balancing 11

(i) | S (is oxidised) -2 to (+)4 [1]

O (is reduced) 0to -2 [1]

(b) (i) | T=400-600°C (chosen as a compromise because) [1]
High T increases rate ora (11

High T decreases yield/moves eqm left/ makes less SO; as forward 1]

reaction exothermic ora

(ii) | High pressure increases rate as collision frequency increases ora 11
High pressure moves egm right/favours forward reaction as more moles on [1]
ILlJe:e?:rc‘?nomic to use high pressures/high yield at low pressure [11

(c) (i) | Reaction (too) exothermic/acid spray produced [1]

(i) | SOs3+ HyS0, > H,S,0;7 (1]

H,S,07 + H,O - 2H,S0, 1]

(d) Preservative owtte [1]
antimicrobial/ antioxidant /reducing agent [1]

(e) (i) |12.35x0.01/1000 = 1.235x 107" (1]
(i) |1.235x 107 x 1000/50 = 2.47 x 1072 (1]

(iii) |2.47 x107°x 64.1 =0.158327 g = 158 (3 sf only) (1]
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87.9701_wl5_ms 22 Q: 3

(a) (i) | NaxO or NaxOy; MgO; [11]
P4010 or P4OG 1 SO, [1]
(ii) | Na: Yellow/orange/gold flame/white solid/powder/smoke [1
4Na + O, — 2Nay0 or 2Na + 0, — Na,0, [11
S: Blue flame/(yellow) solid melts /turns red /amber/white fumes [11
S+0;— SO, (1
(b) (i) |acidicPand$S [1]
amphoteric Aland basic Na and Mg [11]
(ii) | acidic: covalent (bonding) [11
basic: ionic (bonding) 11
(iii) | ALO; + BHCI— 2AICL + 3H,0 OR (11
AlLO; + BH' — 2AF" + 3H,0
ALO; + 2NaOH + 7H,0 — 2NaAl (OH)s(H,0); OR [1]
ALO; + 2NaOH + 3H,O — 2NaAl(OH); OR
AlLO3; + 2NaOH — 2NaAlO; + H0 OR
ALO; + 20H + 7H;O — 2[A{OH)4(H;0);]" OR
ALO; + 20H + 3H,O — 2[ALOH),]” OR
ALO; + 20H™ — 2AI0; + H,0
(c) sulfur [1]
forms SO,/ SO; +/mixes H;O — H;SO; or in words [1]
OR
S0, +/mixes H;O (—acid) / or in words
OR

S0, +/mixes H;0 + (1/20;) —H,S0O,/or in words

STEMUP.CO.UK
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1.
Sulphur dioxide is an important food preservative.

What property makes sulphur dioxide useful in this role?

A ltisagas.

B ltis areducing agent.

C It reacts with oxygen to form sulphur trioxide.
D

It reacts with water to form an acidic solution.
[2002 M/J (18)]

The propellant used in the solid rocket booster of a space shuttle is a mixture of aluminium and
compound X. Compound X contains chlorine in an oxidation state of +7.

Which of the following could be compound X?

A NH,CI B NH,CIO, C NH,CIO, D NyHCl

[2002 M/J (15)]

3.

When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

reaction
A 4NH, + 50, — 4NO + 6H,0
B 3NO, + H,0 — 2HNO, + NO
c 2NO + O, — 2NO,
D 4NH, + 6NO — 5N, + 6H,0

[2003 M/J (8)]

4,
Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia?

A aqueous bromine
dilute hydrochloric acid

limewater

o 0 m

acidified potassium dichromate(VI)
[2003 M/J (18)]

5.

Which pollutant is formed in the internal combustion engine and, if not removed by the catalyti
converter, may become involved in the formation of acid rain?

& C B OH c co D NO
[2003 M/J (19)]

6.
Which statements are reasons why sulphur dioxide is used as a food preservative?
1 ltis a reducing agent and therefore an anti-oxidant.
2 |t prevents alcohols forming sour-tasting acids.

3 It does not smell and therefore can be used in more than trace quantities.
[2003 M/J (35)]

In a solution of ammonia in water, what combination of ionic and molecular forms of ammonia arg
present?

A ions only

B ions and simple molecules only

C simple molecules and hydrogen-bonded molecules only
D

simple molecules, hydrogen—bonded molecules and ions
[2003 O/N (18)]

2|Page
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8.
Nitrogen is frequently used as an inert atmosphere because it is an unreactive gas.

Which is the best explanation of this unreactivity?

A Its molecule contains a triple bond.
B The bond energy of the molecule is high (994 kJ mol™).
C The bond in its molecule is very short (0.110 nm).
D The three p orbitals of nitrogen are half-filled.
[2003 O/N (19)]

9.
Which processes involve the conversion of sulphur dioxide into sulphur trioxide?

1  the combustion of sulphur contaminated carbonaceous fuels
2  the Contact process for manufacturing sulphuric acid

3 the catalytic oxidation of sulphur dioxide by oxides of nitrogen
[2003 O/N (36)]

10.

Which of these equations represents the reaction of sulphur dioxide with an excess of agueous
sodium hydroxide?

A SO+ NaOH — NaHSO;
B SO, + 2NaOH — Na,SO; + H,0
C SO+ 2NaOH —» Na,SO; + H,0
D SO+ 2NaOH — Na,;SO, + H,
[2004 M/J (13)]

11.
Nitrogen dioxide and sulphur dioxide have some properties in common.

Which property is shown by one of these compounds, but not by the other?

forms ‘acid-rain’

B is areducing agent
C isinsoluble in water
D is used as a food-preservative
[2004 M/J (19)]
12.

When coal is bumnt, gaseous oxides of carbon and sulphur are formed which pollute theg
atmosphere. One method of preventing such pollution involves adding calcium carbonate to the
burning coal. The temperature of the process causes the decomposition of the calcium carbonate
into calcium oxide.

Which reactions will be important in helping to reduce atmospheric pollution?
1 Calcium oxide reacts with sulphur dioxide to form calcium sulphite.
2 Calcium oxide reacts with sulphur dioxide and more air to form calcium sulphate.

3 Calcium oxide reacts with carbon monoxide to form calcium carbonate.
[2004 M/ (35)]

13.

Which reaction of ammonia does not involve the non-bonding pair of electrons on the nitrogen
atom?

A NHa(g) + CHsl(g) - CH:NH;17(s)

B NHs(g) + HCI(g) - NH.CI(s)

C  2NHa(l) + 2Na(s) - 2NaNHa(s) + Ha(g)
D

2NHa(aq) + Ag'(aq) — [Ag(NH:)2] " (aq)
[2004 O/N (18)]

3|Page
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14.

Ammonia is produced commercially by the Haber process in which nitrogen and hydrogen reac!
as shown.

Na(g) + 3Ha(g)= 2NHs(g) ; AH = —92 kJ mol™

Which statements are true of the commercial process?
1 A temperature of 1000°C is used.

2 A pressure of 100 - 200 atm is used.

3 The yield of ammonia is less than 20 %.
[2004 O/N (32)]

15.

Concentrated sulphuric acid is added to separate solid samples of sodium chloride, sodium
bromide or sodium iodide.

With which sample(s) does sulphuric acid act as an oxidising agent?

A sodium chloride only

B sodium chloride and sodium bromide
C sodium bromide and sodium iocdide
D

sodium iodide only
[2005 M/J (15)]

16.
In an historically famous experiment Woéhler heated “inorganic” ammonium cyanate in the
absence of air. The only product of the reaction was “organic” urea, CO(NH,),. No other products
were formed in the reaction.

What is the formula of the cyanate ion present in ammonium cyanate?

A CNO B CNO’ C ©O D NO
[2005 M/J (18)]

17.
How does ammonia behave when its aqueous solution is used to dissolve silver chloride, AgCI7?

A asabase

B as aligand with the Ag” ion
C as aligand with the Cl ion
D

as areducing agent
[2005 O/N (17)]

18.

Lime, Ca0, is used to reduce the acidity of soil, and ammonium sulphate is a nitrogenous
fertiliser.

Why can they not be used in a mixed form?

A The dry mixture is explosive.

B CaSO,, formed on mixing, causes hard water.
C When dampened, ammonia is given off.
D

Sulphuric acid will form.
[2005 O/N (18)]

19.
Which equations represent stages in the Contact process for manufacturing sulphuric acid?

1 S+ 0= 30
2 H0+ S0; = H:S03

3 H,S0:+ 10, » H,S0,
[2005 O/N (37)]

20.

The emissions from a power station contain about 14 tonnes of SO, per hour from the oxidation
of FeS; contained in the coal.

What is the most practical way of preventing the SO, from being released into the atmosphere?
A Cool the gases and the SO; will liquefy and can be removed.

B Dissolve the ionic FeS; in hexane.

C Pass the emissions through a bed of calcium oxide.

D

Pass the gases through concentrated sulphuric acid to dissolve the SO,.
[2006 M/J (18)]

4|Page
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21.

Ammonia and chlorine react in the gas phase.

8NHs + 3Clz = N2 + BNH4CI

Which statements are correct?

1
2
3

22.

Ammonia behaves as a reducing agent.
Ammonia behaves as a base.

The oxidation number of the hydrogen changes.

Sulphur dioxide is an important food preservative.

Which property makes sulphur dioxide useful in this role?

A

B
Cc
D

23.

Itis a gas.
Itis a reducing agent.
It reacts with oxygen to form sulphur trioxide.

It reacts with water to form an acidic solution.

[2006 M/J (36)]

[2006 O/N (18)]

In the Contact process for the production of sulphuric acid, sulphur dioxide is mixed with air and
passed over a vanadium(V) oxide catalyst at about 450 °C and a pressure slightly above
atmospheric pressure.

280; + Oy = 280 ; AH negative

What affects the choice of conditions for this reaction?

A lower temperature would not raise the concentration of SO; at equilibrium.

At a lower temperature of 300°C the V205 catalyst would not be effective.

At 450 °C nitrogen and oxygen from the air combine to form nitrogen oxides which are

needed as additional catalysts.

The heat generated by the reaction raises the temperature of the catalyst bed to 600 °C at

which temperature the reaction begins to take place.

[2006 O/N (19)]

24,

Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and
algae with the result that fish in the river die?

1 K,S0,
2 NH.NO,
3 NaNO;
[2006 O/N (36)]
25.

A solid nitrate fertiliser reacts with an alkali to produce a gas which turns damp pH paper blue
What is the empirical formula of this fertiliser?
A NO, B NHO, C NH,O D NH.O,

[2007 M/J (18)]

26.

Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious
pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room
temperature.

Which statements help to explain why nitrogen and oxygen do not react at room temperature?

—

The reaction is endothermic.

2 A high activation energy is required.

w

Nitrogen has a high bond energy.
[2007 M/J (37)]
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27. 29.

There are three stages in the Contact process for the production of sulphuric acid. The diagram represents the Haber process for the manufacture of ammonia from nitrogen and
hydrogen.

1 S"'Oz—)-SOg
2 80+ 10, 80;

N, + H,—
NN
3 S0,+H,0-H,S0
i r C catalytic
Which statement about this process is comrect? COmNETEr
L
A In the first stage a large excess of air under high pressure is used to improve the yield.

condenser

heat exchanger

Two of the three stages are equilibria.

B
C Al three stages are exothermic.
D In the final stage SO, is absorbed by water droplets. N1H3
[2007 O/N (17)]
What is the purpose of the heat exchanger?
28.

Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia? W coolihe incoming gasmixte 10 aviid querhsating the Gatalyst

. B to cool the reaction products and separate the NH; from unused Nz and H:
A aqueous bromine
: 2 ; C towarm the incoming gas mixture and shift the equilibrium to give more NH3
B dilute hydrochloric acid
. D towarm the incoming gas mixture and speed up the reaction
C limewater
[2008 M/J (18)]
D acidified potassium dichromate(VI)
[2008 M/J (17)] 30.

Total elimination of the pollutant sulphur dioxide, SO, is difficult, both for economic and technica|
reasons. lts emission can be reduced in fumace chimneys using desulphurisation plants, wherg
the gases are scrubbed (washed) with calcium hydroxide to remove the SO,.

What is the main product formed initially?
A CaO B Ca(OH); C CaS0O; D CaSO,

[2008 M/J (19)]
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31.

Catalysts are used in many reversible reactions in the chemical industry. Vanadium(V) oxide is
used in this way in the Contact process for the formation of SOs.

280,(9) + Ox(g) = 2S04(g)
What effect does vanadium(V) oxide have on this equilibrium?
1 It speeds up the forward reaction.

2 ltincreases the value of K.

3 ltincreases the value of E, for the reverse reaction.
[2008 M/J (32)]

32.

Which salt is produced by adding agqueous ammonia to aqueous sulphur dioxide until just
alkaline?
A NH,SO, B NH,S0, C  (NH4),S0, D (NH.),SO,

[2008 O/N (14)]

33.
When gaseous chemicals are transported by road or by rail they are classified as follows.

flammable non-flammable poisonous
Which gas is poisonous?
A butane
B carbon dioxide
C hydrogen
D

sulphur dioxide
[2008 O/N (18)]

34.
Mohr's salt is a pale green crystalline solid which is soluble in water. It is a "double sulfate’ which
contains two cations, one of which is Fe*".

The identity of the second cation was determined by heating solid Mohr's salt with solid sodium
hydroxide and a colourless gas was evolved. The gas readily dissolved in water giving an alkaline
solution. A grey-green solid residue was also formed which was insoluble in water.

What are the identities of the gas and the solid residue?

gas residue
A Hz FeSO.
B NH- Na,SO,
C NH3 Fe(OH)2
D SO, Fe(OH)2
[2009 M/J (18)]
35.

When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process,
which condition affects the value of the equilibrium constant, K;?

A adjusting the temperature
B adjusting the pressure
C using a catalyst
D removing SO; from the equilibrium mixture
[2009 O/N-11 (17)]

36.

Most modern cars are fitted with three-way catalytic converters in the exhaust system.
Which three gases are removed by such a catalytic converter?

A carbon monoxide, hydrocarbons, nitrogen oxides

B carbon monoxide, carbon dioxide, nitrogen oxides
C carbon monoxide, nitrogen oxides, sulfur dioxide
D

hydrocarbons, nitrogen oxides, sulfur dioxide
[2009 O/N-11 (18)]
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37.

A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A
chemical reaction occurred in the soil.

Which substances were formed in this reaction?
1 sulfuric acid

2 calcium sulfate

3 ammonia
[2009 O/N-11 (35)]

38.

The Haber process for the manufacture of ammonia is represented by the following equation.

Na(g) + 3Ha(g) = 2NHs(g) AH=-92kJmol™

Which statement is correct about this reaction when the temperature is increased?
A Both forward and backward rates increase.

B The backward rate only increases.

C The forward rate only increases.
D

There is no effect on the backward or forward rate.
[2010 M/J-11 (7)]

39.
How does concentrated sulfuric acid behave when it reacts with sodium chloride?

as an acid only

B as an acid and oxidising agent
C as an oxidising agent only
D as areducing agent only

[2010 M/J-11 (13)]

40.

The percentage of ammonia obtainable, if equilibrium were established during the Haber process,
is plotted against the operating pressure for two temperatures, 400°C and 500 °C.

Which diagram correctly represents the two graphs?

% NH, at % NH, at
equilibrium equilibrium
0 10 20 0 10 20
pressure/10°kPa pressure/ 10°kPa
C D

% NH, at
equilibrium

% NH, at
equilibrium

0 10 20 0 10 20
pressure/10°kPa pressure/ 10°kPa

[2010 M/J-11 (15)]
41.
In a car engine, non-metallic element X forms a pollutant oxide Y.

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts
with %2 mol of gaseous oxygen.

What can X be?
1 carbon

2 nitrogen

3 sulfur

[2010 M/J-11 (35)]
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42,
Sulfur dioxide and sulfites are used in food preservation.

Why are they used for this purpose?
1 They are reducing agents so retard the oxidation of food.
2 They inhibit the growth of aerobic bacteria.
3 They react with NOs(g) converting it to NO(g).
[2010 M/J-11 (36)]

43,

Ammonium sulfate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing
sulfuric acid, nitric acid and water.

How many moles of oxygen gas are needed to oxidise completely one mole of ammonium
sulfate?

A1 B 2 ¢ 3 D 4
[2010 O/N-11 (15)]

44.

Sulfur dioxide is used to bleach wood pulp in the production of paper. It is also used as an
additive in the production of jam and marmalade, often in the form of sulfite compounds. When it
is present in quantities greater than 10 mg/ kg it is required to be listed as an ingredient of the
jam.

Why is sulfur dioxide added to jam?

A Itis a bleaching agent and removes the undesirable colours from the fruit used in the jam.

B ltis a preservative that destroys unwanted bacteria and enzymes.

C ltis areducing agent and removes the acids that give the jam a sharp taste.

D ltis an acidic gas and maintains the pH of the jam at a suitable value to give it a sharp taste.

[2010 O/N-11 (18)]

45.

When ammonia, NH,, is produced in a school or college laboratory, it is usually dried before
being collected.

Which drying agents may be used to dry ammonia?
1 calcium oxide, CaO
2 phosphorus(V) oxide, PsO1o
3 concentrated sulfuric acid, H:SO4
[2010 O/N-12 (31)]

46.
In which ways are the main reactions in the Haber and Contact processes similar?

1 A higher yield is favoured by higher pressures.
2 The reaction is a redox process.

3 The forward reaction is exothermic.
[2010 O/N-12 (35)]

47.

A car buming lead-free fuel has a catalytic converter fitted to its exhaust. On analysis its exhaust
gases are shown to contain small quantities of nitrogen oxides.

Which modifications would result in lower exhaust concentrations of nitrogen oxides?
1 anincrease in the surface area of the catalyst in the converter
2 anincrease in the rate of flow of the exhaust gases through the converter

3 amuch higher temperature of combustion in the engine
[2010 O/N-12 (36)]
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48.
Ammonium nitrate, NH:NO3, is manufactured in large quantities for use in fertiliser.

Which statement about ammonium nitrate fertiliser is not correct?
A It can cause environmental problems.

B Itconsists of 35% nitrogen by mass.

C Itisinsoluble in water.
D

Nitric acid is used in its manufacture.

[2011 M/J-11 (17)]

49.

Nitrogen monoxide, NO, is a primary pollutant produced by petrol engines and is found in their
exhaust gases.

Which reaction occurs in a catalytic converter and decreases the emission of nitrogen monoxide?
A NO(g) +CO(g) — NOy(g) + C(s)

B NO(g) + CO2(g) — NO2(g) + CO(g)

C  2NO(g) + 2CO(g) - Na(g) + 2COx(g)
D

2NO(g) + CO,(g) — ZNO,(g) + C(s)
[2011 M/J-11 (18)]

50.
Which descriptions of the ammonium ion 2re correct?
1 ltcontains ten electrons.
2 Ithasahord angle of 109.5.

3 lthas only three bonding pairs of electrons.
[2011 M/J-11 (37)]

51.
Ammonia is manufactured on a large scale by the Haber process.

In a particular plant, conditions of 400 °C and 250 atm in the presence of an iron catalyst are
used.

Na(g) + 3H2(g) = 2NHa(g) AHF =92 kJmol™
What could contribute most to increasing the equilibrium yield of ammonia?
A adding more catalyst

B increasing the pressure to 400 atm

C increasing the temperature to 1000 °C
D

using air rather than nitrogen
[2011 M/J-12 (5)]

52.
Concentrated sulfuric acid can behave both as a strong acid and as an oxidising agent.

With which compound does concentrated sulfuric acid react in this way?

A ethanol

B magnesium carbonate
C propanenitrile
D

sodium bromide
[2011 M/J-12 (17)]

53.
In the Contact process, what is the nature of the gaseous product and what is the identity of the
catalyst?

gasggltJusrir%fd uct cataiyst
A acidic Fe
B acidic V205
Cc basic Fe
D basic V205

[2011 M/J-12 (18)]
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54.
In a car engine pollutant oxide Y, which contains non-metallic element X, is formed.

Further oxidation of ¥ to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts
with 0.5mol of gaseous oxygen.

X could be either nitrogen or sulfur.
Which statements about X, Y and Z can be correct?
1 The oxidation number of X increases by two from Y to Z.

2 Y may have an unpaired electron in its molecule.

3 Y is a polar molecule.
[2011 M/J-12 (36)]

55.

In the last century the Haber process was sometimes run at pressures of 1000 atm and higher.
Now it is commonly run at pressures below 100atm.

What is the reason for this change?

A Aniron catalyst is used.

B Maintaining the higher pressures is more expensive.

€ The equilibrium yield of ammonia is increased at lower pressures.

D The rate of the reaction is increased at lower pressures.
[2011 M/J-13 (5)]

56.

Total removal of the pollutant sulfur dioxide, SO-, is difficult, both for economic and technical
reasons. The quantities emitted from fumace chimneys can be lowered by using desulfurisation
plants. The gases are scrubbed (washed) with calcium hydroxide to remove the SO,.

What is the main product formed initially?

A  Ca(HSOs): B Cas C CaS0O; D CaSOq

[2011 O/N-11 (18)]

57.
A farmer spreads lime on land which has already been treated with an ammonium nitratg
fertiliser.

Which reactions will occur in the treated soil?
1 Ca(OH), + 2NH,*(aq) —» Ca®*(aq) + 2NH, + 2H,0
2 Ca(OH), + 2H"(aqg) -» Ca*"(aq) + 2H,0
3 Ca(OH) +C0; - CaCO; + HO
[2011 O/N-11 (34)]

58.
In a car engine, non-metallic element X forms a pollutant oxide Y.

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation
1 mol of Y reacts with 0.5 mol of gaseous oxygen.

Which statements about X, Y and Z are cormrect?

1 X forms a basic hydride.

2 Y is a diatomic molecule.

w

Z is a polar molecule.
[2011 O/N-11 (36)]

59.

In the Haber process for the manufacture of ammonia, why is the heterogeneous catalyst iron ir
a finely divided state?

A toincrease its surface area

B to produce the maximum reduction in the activation energy
C toreduce its loss during the reaction

D toreduce its surface area

[2011 O/N-12 (1)]
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60.

Methyl mercaptan, CHaSH, has a foul smell and is often used to impart a smell to natural gas.

What will be formed when CH,SH is bumed in an excess of air?

A CO H,O 80O,
B CO, H),O H.S

1
C CO; H:O 380z
D CO; H:O 8Oz

[2011 O/N-12 (13)]

61.
Nitrogenous fertilisers are used extensively in modern farming. If rainwater washes excess 63.

fertiliser into a nearby lake, a process called eutrophication may occur.

Three of the stages of eutrophication are described below.

P Water plants growing on the lake bed die due to lack of sunlight.

Q An excessive growth of algae occurs.

R Excessive bacterial activity causes a reduction in oxygen levels.

In which order do these three stages occur?

A P5>Q-R

B P>R->Q
C Q-P-R
D Q->R->P

[2011 O/N-12 (14)]

62.
In a car engine, non-metallic element X forms a pollutant oxide Y.

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation,

1 mol of ¥ reacts with 0.5 mol of gaseous oxygen.

Which statements about X, Y and Z are correct?

The oxidation number of X increases by 2 from Yto Z.

2 The molecule of ¥ has no unpaired electrons.

3 The molecule of Z contains three oxygen atoms.

Ammonia is manufactured by the Haber Process, in an exothermic reaction.

Assuming that the amount of catalyst remains constant, which change will not bring about an

[2011 O/N-12 (36)]

increase in the rate of the forward reaction?

A

B
C
D

64.

decreasing the size of the catalyst pieces
increasing the pressure
increasing the temperature

removing the ammonia as it is formed

[2012 M/J-11 (12)]

Ammonia and chlorine react in the gas phase.

8NHs + 3Clz = Na + 6NH.CI

Which statements are correct?

1

Ammonia behaves as a reducing agent.

2 Ammonia behaves as a base.

3 The oxidation number of the hydrogen changes

[2012 M/J-11 (34)]
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65.

In the manufacture of sulfuric acid the reaction 250,(g) + Os(g) = 2504(g) usually takes place
at 400 °C and 1 atm pressure. In one industrial plant, it is decided to change the pressure to
20 atm.

What will be the consequences of this change?
1 increased running costs
2 anincreased percentage of sulfur trioxide in the equilibrium mixture

3 the rate of the backward reaction increases

[2012 M/J-11 (36)]

66.
In which substance does nitrogen exhibit the highest oxidation state?
A NO B N,O C N)O, D NaNO,
[2012 M/J-12 (11)]
67.

Which gas is present in the exhaust fumes of a car engine in a much greater amount than any
other gas?

A carbon dioxide
B carbon monoxide
C nitrogen

D water vapour

[2012 M/J-12 (13)]

68.
Use of the Data Booklet is relevant to this question.

Sodium and sulfur react together to form sodium sulfide, Na,S.

How do the atomic radius and ionic radius of sodium compare with those of sulfur?

atomic radius ionic radius

sodium > sulfur sodium > sulfur

sodium > sulfur sodium < sulfur

sodium < sulfur sodium > sulfur

o o m P

sodium < sulfur sodium < sulfur

[2012 M/J-12 (18)]

69.
Which substance does not produce a poisonous gas, when burnt in a limited amount of air?
A hydrogen
B methane
C propene
D sulfur
[2012 M/J-12 (19)]
70.

Which statements are true about the Haber process for the manufacture of ammonia?
1 Athigher temperatures, the yield goes down but the rate of production of ammonia is faster
2 At higher pressures, the yield goes down but the rate of production of ammonia is faster.

3 Inthe presence of a catalyst, the yield goes down but the rate of production of ammonia is
faster.

[2012 M/J-12 (36)]
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71.

In a car engine, non-metallic element X forms a pollutant oxide Y. Y can be further oxidised to Z.
Two students made the following statements.
Student P The molecule of Y contains lone pairs of electrons.

Student Q The oxidation number of X increases by 1 from Y to Z.
X could be carbon or nitrogen or sulfur.
Which student could be correct if X were any of these elements?

A Ponly

B Qonly

C bothPandQ
D

neither P nor Q
[2012 O/N-11 (16)]

72.
How may nitrogen exist in compounds?
1 bonded by a friple covalent bond
2 as partof a cation

3 having lost 3 electrons to form an anion
[2012 O/N-11 (31)]

73.
Which equations represent stages in the Contact process for manufacturing sulfuric acid?

1 S0,+ +0, >80,
2 SO+ H:0O = HaS04
3 H.SO0;+ 20; > HS0;

[2012 O/N-11 (35)]

74.

Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one
of which is Fe®* and one anion which is SO.*".

The identity of the second cation was determined by heating solid Mohr’s salt with solid sodium
hydroxide and a colourless gas was evolved. The gas readily dissolved in water giving an alkaline
solution.

A grey-green solid residue was also formed which was insoluble in water.

What are the identities of the gas and the solid residue?

gas residue
A NH. Fe(OH):
B NH: Na;S0;
Cc SO, Fe(OH):
D SOz NapS0,
[2012 O/N-13 (13)]
75.

In the Haber process, the reaction between the two gaseous reactants requires the use of ¢
catalyst that contains a transition element.

What is the metal and in what mole ratio do the gases react?

metal mole ratio
A Fe 1i2
B Fe 1:3
c \ 1:2
D ) 1:3

[2012 O/N-13 (17)]
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76.

Deposits of ammonium sulfate have been discovered in areas of high atmospheric pollution.

They are believed to arise from the following reaction.
S03 + Hz0 + 2NHa = (NH:)280;
What does not occur in this reaction?

acid/base neutralisation

B dative bond formation
C ionic bond formation
D oxidation/reduction
[2012 O/N-13 (19)]
77.

How may nitrogen exist in compounds?
1 bonded by a triple covalent bond
2 as part of a cation

3 in an oxidation state of +5
[2012 O/N-13 (31)]

78.

Sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process.

Which condition affects the value of the equilibrium constant, K.?

adjusting the temperature

B increasing the pressure
C removing SOz from the equilibrium mixture
D using a catalyst

[2013 M/J-11 (18)]

79.
Which reagent, when mixed and heated with ammonium sulfate, liberates ammonia?

A

B
c
D

80.
Which state ment about ammonia is completely correct?

A

81.

Sulfur dioxide is an atmospheric pollutant that causes acid rain. One of the reactions in this
process is the oxidation of sulfur dioxide to sulfur trioxide.

This oxidation takes place by a two stage reaction involving oxygen and nitrogen monoxide, NO.

Which statements are correct?

1
2
3

aqueous bromine
dilute hydrochloric acid
limewater

potassium dichromate(VI) in acidic solution
[2013 M/J-11 (19)]

Ammonia acts as a nucleophile by accepting a pair of electrons when it reacts with
bromoethane.

Ammonia can form a co-ordinate bond with a hydrogen ion to form an ammonium ion.
Ammonia is a base and accepts hydroxide ions.

The shape of the ammonia molecule is pyramidal with bond angles of 109.5°.
[2013 M/J-12 (17)]

NO + %02 =5 N02

NO; + S0, — SOz + NO

Nitrogen monoxide is acting as a catalyst for the oxidation.
Nitrogen atoms are oxidised in the second stage.
Oxygen atoms are first reduced and are then oxidised.

[2013 M/J-12 (36)]
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82.

Graphs can be drawn to show the percentage of ammonia at equilibrium when nitrogen and
hydrogen are mixed at different temperatures and pressures.

Which diagram correctly represents these two graphs?

% NH3 at
equilibrium

% MNH, at
equilibrium

0 10 20 0 10 20
pressure/10°kPa pressure/10°kPa
c D

% NH, at
equilibrium

% NH3 at
equilibrium

0 10 =20 0 10 20
pressure/10° kPa pressure/10°kPa

[2013 M/J-13 (17)]

83.

In a famous experiment, Wohler heated ‘inorganic’ ammonium cyanate in the absence of air. The
only product of the reaction was ‘organic’ urea, CO(NH,).. No other products were formed in the
reaction.

What is the formula of the cyanate ion present in ammonium cyanate?

A CNO B CNO> c cO D NO
[2013 M/J-13 (18)]

84.
Transition elements and their compounds are important as catalysts.

In which process is & transition element compound used, rather than the element its=lf?
A catatic converters
B Contact process
C Haber process
D hydrogenztion of oils
[2013 M/J-13 (19)]

85.
Element J is a solid. It occurs as a contaminant of fossil fuels.
Its oxide K is formed in car engines.
In the atmosphere, K can be further oxidised to L.
Which statements about J, K and L are cormrect?

1 Atoms of J have paired p electrons.
2 The atmospheric oxidation of Kto L is a catalysed reaction.

3 With water, L forms a strong acid.
[2013 M/J-13 (36)]

86.
Transition metals and their compounds are used as catalysts.

Which row is correct?

transition metal present | transition metal present
in the catalyst used in in the catalyst used in
the Contact process the Haber process
A iron iron
B iron vanadium
C vanadium iron
D vanadium vanadium

[2013 O/N-11 (18)]
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87.
Sulfur dinxide and sulfites are used in food preservation

Why are they used for this purpose?
1 They are reducing agents which slow down the oxidation of food.
2 They inhibit the growth of acrobic bacteria.

3 They react with NO(g) converting it to NC(g)
[2013 O/N-11 (36)]

88.

Ammonia exists as simple covalent molecules, NH;. Ammonia can react with suitable reagents to
form products containing ammonium ions, NH,". Ammonia can also react with suitable reagents
to form products containing amide ions, NHz".

Which of these nitrogen-containing species are present in an aqueous solution of ammonia?

A ammonia molecules, ammonium ions and amide ions
B ammonia molecules and ammonium ions only

€ ammonia molecules only
D

ammonium ions only
[2013 O/N-13 (15)]

89.
Carbon, nitrogen and sulfur are non-metals.

Which statement about their oxides, XO,, is correct? (Where X represents carbon, nitrogen or
sulfur.)

A Al of the XO: molecules are linear.

B In XO;, each element has its highest oxidation number.
C Al XOz molecules dissolve in water to form dibasic acids.
D

All XOz molecules are formed as a result of buming petrol in a car engine.
[2013 O/N-13 (16)]

90.

The Contact process is used in the manufacture of sulfuric acid. The equation for the main
reaction is shown below.

250,(g) + O4(g) = 2S0.(g) AH = —196kJImol™
Which statement about this reaction is incorrect?

A Increased pressure gives a higher yield of SOs.

B Increased temperature gives a higher yield of SO,.
C Inthe forward reaction the oxidation state of sulfur changes from +4 to +6.
D Vanadium(V) oxide is used as a catalyst.
[2014 M/J-11 (7)]
91.

Use of the Data Booklet is relevant to this question.

A chemist took 2.00 dm® of nitrogen gas, measured under room conditions, and reacted it with a
large volume of hydrogen gas, in order to produce ammonia. Only 15.0% of the nitrogen gas
reacted to produce ammonia.

What mass of ammonia was formed?

A 0213g B 0.425g C 142g D 283g

[2014 M/J-11 (18)]
92.
Pollutant oxide Y, which contains non-metallic element X, is formed in a car engine.

Further oxidation of ¥ to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts
with 0.5mol of gaseous oxygen molecules.

X could be either nitrogen or sulfur.
Which statements about X, Y and Z can be correct?
1 The oxidation number of X increases by two fromY to Z.

2 Y has an unpaired electron in its molecule.

3 Yis a polar molecule.
[2014 M/J-11 (35)]
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93.

Ammonium sulfate in the soil is slowly oxidised by air, producing sulfuric acid, nitric acid and
water as the only products.

How many moles of oxygen gas are needed for the complete oxidation of one mole of ammonium
sulfate?

A 1 B 2 c i3 D 4
[2014 M/J-12 (14)]

94.

A car has a catalytic converter fitted to its exhaust. On analysis its exhaust gases are shown to
contain small quantities of nitrogen oxides.

Which modifications would result in lower exhaust concentrations of nitrogen oxides?
1 anincrease in the surface area of the catalyst in the converter
2 anincrease in the rate of flow of the exhaust gases through the converter
3 amuch higher temperature of combustion in the engine
[2014 M/J-12 (36)]
95.
Which statements explain why sulfur dioxide is used as a food preservative?
1  Itis a reducing agent and therefore an anti-oxidant.
2 Itprevents alcohols in foods forming sour-tasting acids.
3 ltdoes not smell and therefore can be used in large quantities.

[2014 M/J-13 (35)]

96.

Total removal of the pollutant sulfur dioxide, SQ,, is difficult. The quantities emitted from furnace
chimneys can be lowered by using desulfurisation plants. The gases are reacted with calcium
hydroxide to remove the SO..

What is the main product formed initially?

A CaHSO:, B CaS C CaSO; D CaSOs
[2014 O/N-11 (18)]

97.
Element X is a solid. It is found in some fuels.

Its oxide Y is formed in car engines. Y is acidic.
Further oxidation of Y to Z can occur in the atmosphere.

Which stalements about Y and Z are correct?

1 Molecule Y has lone pairs of electrons.

2 The atmospheric oxidation of Y to Z is a catalysed reaction.

3 Yisacolourless gas.

[2014 O/N-13 (36)]
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Nitrogen and sulfur — 2021 AS

1. Nov/2021/Paper_12/No.34
When the liquid NoF; is heated, it decomposes into a single product, X.

Which statements are correct?

1 N-F bonds are broken during this decompaosition.
2 The enthalpy change when N5F, decomposes into X is approximately +160kJmol™.

3 Molecules of X are non-linear.

2. Nov/2021/Paper_13/No.19

The table describes two possible environmental consequences of adding too much ammonium
nitrate fertiliser to the soil.

Which row is correct?

increased plant photochemical
growth in rivers smog

A X X

B v X

c X Ve

D v v

3. Nov/2021/Paper_13/No.34
Which molecules contain at least one unpaired electron?

1 NO
2 NO;
3 NH;
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4. Nov/2021/Paper _21/No.1
Sulfides are compounds that contain sulfur but not oxygen.

(a) Carbon disulfide, CS,, is a volatile liquid at room temperature and pressure.

(i) State the meaning of volatile.

....................................................................................................................................... [1]

(ii) Draw a ‘dot-and-cross’ diagram of the CS, molecule.
(2]

(iii) Suggest the bond angle in a molecule of CS..

....................................................................................................................................... [1]
(iv) CS,is a liquid under room conditions, while CO, is a gas.

Explain what causes the difference in the physical properties between CS, and CO.,.

....................................................................................................................................... [2]

2
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(b) The enthalpy change of combustion of CS,(l) is represented by the following equation.

AH,
CS,(l) + 30,(g) — CO,(g) + 250,(g)
(i) Define enthalpy change of combustion.

....................................................................................................................................... 2]
(i) The table shows the enthalpy changes of formation of CS,(l), CO,(g) and SO,(g).
enthalpy change of
compound formation, AH,/kJmol™

CS,(I) +89.7

CO,(g) -394

S0O,(9) -297
Use the data in the table to calculate the enthalpy change of combustion, AH,, of CS,(]), in
kJ mol".
Show your working.

AH, 0f CS,(1) = oo, kJ mol-!

3
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(c) Hydrogen sulfide gas, H,S(g), is slightly soluble in water. It acts as a weak acid in aqueous
solution.

(i) State the meaning of weak acid.

(if) Give the formula of the conjugate base of H,S.

(iif) H,S(aq) reacts slowly with oxygen dissolved in water. The reaction is represented by the
following equation.

H,S(aq) + 30,(aq) - H,O() + S(s)
Explain, with reference to oxidation numbers, why this reaction is a redox reaction.

4
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(d) The compound As,S, is a common mineral.
When As,S, is heated strongly in air, it forms a mixture of products, as shown.
2As,S,(s) + 90,(g) — As,O(s) + 650,(g)

(i) A sample containing 0.198g As.S, is placed in 0.100dm? of pure oxygen, an excess, in a
reaction chamber connected to a gas syringe at room temperature.

The reactants are heated until no further change is observed. The products are then
allowed to cool to room temperature.

Calculate the volume, in dm?, of gas present at the end of the experiment.

The molar volume of gas is 24.0dm*mol~' under these conditions. Assume that the
pressure is constant throughout the experiment.

Show your working.

volume of gas remaining = .......ccccoorieveereennn. dm?

(if) State the environmental consequences of releasing SO_(g) into the atmosphere.

(iii) SO,(g) can be removed from the air by reacting it with NaOH(aq).

Construct an equation for the reaction of SO,(g) with NaOH(aq). Include state symbols.

[Total: 21]
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5.

Nov/2021/Paper_23/No.1
Sulfides are compounds that contain sulfur but not oxygen.

(a) Carbon disulfide, CS,, is a volatile liquid at room temperature and pressure.

(i) State the meaning of volatile.

....................................................................................................................................... 1]

(ii) Draw a ‘dot-and-cross’ diagram of the CS, molecule.
[2]

(iii) Suggest the bond angle in a molecule of CS.,.

....................................................................................................................................... 1]
(iv) CS,is a liquid under room conditions, while CO, is a gas.

Explain what causes the difference in the physical properties between CS, and CO..

....................................................................................................................................... [2]

6
STEMUP.CO.UK


https://stemup.co.uk

(b) The enthalpy change of combustion of CS,(l) is represented by the following equation.

AH,
CS,(I) + 30,(g) — CO,(g) + 2S0,(g)
(i) Define enthalpy change of combustion.

(if) The table shows the enthalpy changes of formation of CS,(l), CO,(g) and SO,(g).

enthalpy change of
compound formation, AH,/kJmol™

CS,(I) +89.7

CO,(g) -394

S50,(g) -297
Use the data in the table to calculate the enthalpy change of combustion, AH,, of CS,(]), in
kJ mol-'.
Show your working.

AH, f CSo(l) = v kJ mol"

7
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(c) Hydrogen sulfide gas, H,S(g), is slightly soluble in water. It acts as a weak acid in aqueous
solution.

(i) State the meaning of weak acid.

(ii) Give the formula of the conjugate base of H,S.

(ili) H,S(aq) reacts slowly with oxygen dissolved in water. The reaction is represented by the
following equation.

H,S(aq) + 70,(aq) - H,O() + S(s)
Explain, with reference to oxidation numbers, why this reaction is a redox reaction.

8
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(d) The compound As,S, is a common mineral.
When As,S, is heated strongly in air, it forms a mixture of products, as shown.
2As,S,(s) + 90,(g) — As,Ols) + 650,(g)

(i) Asample containing 0.198g As.S, is placed in 0.100dm? of pure oxygen, an excess, in a
reaction chamber connected to a gas syringe at room temperature.

The reactants are heated until no further change is observed. The products are then
allowed to cool to room temperature.

Calculate the volume, in dm?, of gas present at the end of the experiment.

The molar volume of gas is 24.0dm*mol" under these conditions. Assume that the
pressure is constant throughout the experiment.

Show your working.

volume of gas remaining = ..........cccceeeeeeeeeen. dm?

(ii) State the environmental consequences of releasing SO,(g) into the atmosphere.

....................................................................................................................................... [1]
(iif) SO,(g) can be removed from the air by reacting it with NaOH(aq).
Construct an equation for the reaction of SO,(g) with NaOH(aq). Include state symbols.
....................................................................................................................................... [2]
[Total: 21]
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6.

7.

March/2021/Paper_12/No.18

NO, NO,, CO and unburnt hydrocarbons are present in the exhaust gases of internal combustion
engines. When catalytic converters are used to remove these compounds from the exhaust
gases, redox reactions ocecur.

What happens to each compound in the catalytic converter?

NO NO; co hydurgzgiggns
A oxidised oxidised reduced oxidised
B oxidised oxidised oxidised oxidised
c reduced reduced oxidised oxidised
D reduced reduced reduced reduced

March/2021/Paper_12/N0.36
Nitrogen dioxide gas is produced when petrol is burned in car engines.

Which acids are made in the atmosphere as a result of this release of nitrogen dioxide into the
air?

1 H.S0;
2 HxSO4
3  HNOs;

June/2021/Paper_11/No.18
Acid rain is a dilute solution of sulfuric acid.

Which pollutant also contributes to the formation of acid rain?
A carbon monoxide

B carbon dioxide

C nitrogen dioxide
D

hydrocarbons

June/2021/Paper_12/No.18
What is an environmental consequence of the uncontrolled use of nitrate fertilisers?

A acid rain

B low oxygen levels in streams
C ozone depletion
D

the greenhouse effect

10
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10. June/2021/Paper_12/No0.19

11.

12.

Ammonia gas, NHs, and hydrogen sulfide gas, H.S, react together to form the salt ammonium
sulfide, (NH4).S. Ammonium sulfide dissolves in water to produce an orange alkaline solution.

(NHs):S(aq) == NHs(aq) + NH;SH(aq)

The addition of NaOH(aq) to this solution produces a gas, X.
The addition of HCI(aq) to a separate portion of this solution produces a gas, Y.

X and Y could represent different gases or identical gases.

What are the identities of X and Y?

X Y
A H.S HoS
B H2S NH;
c NH; H.S
D NH; NH;

June/2021/Paper_13/No.13

Ammonia exists as simple covalent molecules, NH;. Ammonia can react with suitable reagents to
form products containing ammonium ions, NH,". Ammonia can also react with suitable reagents
to form products containing amide ions, NH5™.

Which of these nitrogen-containing species are present in an aqueous solution of ammonia?
A ammonia molecules and amide ions

B ammonia molecules and ammonium ions

C ammonia molecules only
D

ammonium ions only

June/2021/Paper_13/No.14

Which problem can result if too much NH4NOs is applied to crops by farmers?

A Not all the NHsNOs is used by plants and the excess makes the soil alkaline.

B Rain washes some of the NH;NO; into rivers where it forms a precipitate.

C Some of the NHsNOs dissolves in groundwater which may eventually be used for drinking.
D

Ammonia is produced; this lowers the pH of the soil.

11
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Nitrogen and sulfur compounds — 2022 June AS Chemistry 9701

1. June/2022/Paper_11/No.24
In a catalytic converter, 5.6 g of carbon monoxide react with an excess of nitrogen monoxide.

What is produced in this reaction?

A 24gofCand6.0g of NO;
B 24gofCand9.2gof NO;
C 88gofCOyand1.4gof N,
D 88gofCO;and2.8gof N,

2. June/2022/Paper_11/No.25
Which reaction mixture produces an acidic gas?

A aqueous ammonium nitrate and solid calcium oxide
B calcium and aqueous hydrochloric acid
C potassium chloride and concentrated sulfuric acid

D sodium oxide and water

3. June/2022/Paper_11/No.29

Carbon monoxide, CO, nitrogen dioxide, NO-, and sulfur dioxide, SO-, are all atmospheric
pollutants.

Which reaction occurs in the atmosphere?
A COis spontaneously oxidised to CO-.
B NO;is reduced to NO by SO..

C NOsis reduced to NO by CO.

D SO0,is oxidised to SO; by CO,.

4. June/2022/Paper_12/No.24
A catalytic converter reduces the amount of pollutants in the fumes from a car exhaust.

Which row identifies a pollutant and shows how it is removed by the action of the catalyst?

pollutant chemical removal
A carbon dioxide reduced to carbon
B carbon monoxide oxidised to carbon dioxide
c oxides of nitrogen oxidised to nitric acid
D unburnt hydrocarbons oxidised to carbon dioxide and hydrogen
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5. June/2022/Paper_13/No.25

Solid R is added to a solution of ammonium nitrate and the mixture is heated. A gas is given off
which turns red litmus to blue.

What could be R?

A aluminium chloride

B magnesium chloride
C sodium oxide
D

phosphorus oxide

6. June/2022/Paper_13/No.24
A catalytic converter reduces the amount of pollutants in the fumes from a car exhaust.

Which row identifies a pollutant and shows how it is removed by the action of the catalyst?

pollutant chemical removal
A carbon dioxide reduced to carbon
B carbon monoxide oxidised to carbon dioxide
c oxides of nitrogen oxidised to nitric acid
D unburnt hydrocarbons oxidised to carbon dioxide and hydrogen



https://stemup.co.uk

7.

June/2022/Paper_21/No.2(a_c)
Nitrogen molecules, N,(g), contain two atoms attracted to each other by a triple covalent bond.

(a) Describe how the triple covalent bond forms in a N,(g) molecule. Refer to orbital overlap and
hybridisation in your answer.

(b) Nitrogen oxides, NO, and NO, are produced in internal combustion engines. Release of these
gases into the atmosphere leads to the formation of photochemical smog.

(i) Outline how nitrogen oxides are involved in the formation of photochemical smog.

(ii) Construct an equation to demonstrate how a catalytic converter reduces the amount of
nitrogen oxide gases released into the atmosphere.

(c) N,(g) is very unreactive. It is difficult to make ammonia, NH,(g), directly from its elements but
it can be made from NH,CI(s).

Identify a reagent and the conditions required to make NH,(g) from NH,CI(s).

3
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