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Moles, Mass & Ratios

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

What mass of solid residue can be obtained from the themmal decomposition of 4.10 g of
anhydrous calcium nitrate?

A 0.70g B 1.00g C 1.40g D 225g

s/06/qp1l

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

The combustion of fossil fuels is a major source of increasing atmospheric carbon dioxide, with a
consequential rise in global warming. Ancther significant contribution to carbon dioxide levels
comes from the thermal decomposition of limestone, in the manufacture of cement and of lime for
agricultural purposes.

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is
roasted in kilns to make lime.

What is the total annual mass output of carbon dioxide (in million tonnes) from these two
processes?

A 440 B 527 C 660 D 880

s/08/qp1l

33 Use of the Data Booklet is relevant to this question.
Zinc reacts with hydrochloric acid according to the following equation.
Zn + 2HCI — ZnCl; + H;

Which statements are correct?
[All volumes are measured at room conditions.]

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc
chloride.

2 A 6.54g sample of zinc reacts completely with exactly 100 cm® of 1.00mol dm™ hydrochloric
acid.

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm® of
hydrogen.

s/11/qpl1

Moles, Mass & Ratios Page -4



Fahad H. Ahmad www.megalecture.com Whatsapp: +92 323 509 4443

1 Use of the Data Booklet is relevant to this question.
Titanium(IV) oxide, TiO., is brilliantly white and much of the oxide produced is used in the
manufacture of paint.
What is the maximum amount of TiOz obtainable from 19.0 tonnes of the ore ilmenite, FeTiO3?
A 100tonnes B 12.7 tonnes C 140tonnes D 17.7 tonnes
w/08/qp1l

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

Which mass of solid residue can be obtained from the thermal det;Omposmon of 410 g of
anhydrous calcium nitrate? AN

A 0.70g B 1.00g C 1.40g D 225g

w/10/qp12

14 Use of the Data Booklet is relevant to this quesﬁon‘. :

A significant contribution to atmospheric carbon dioxide levels comes from the thermal
decomposition of limestone, in the manufaclure of cement and of lime for agricultural purposes.

Cement works roast 1000 million tunnes of Ilmestone per year and a further 200 million tonnes is
roasted in kilns to make lime.

What is the total annual mass outpul: of carbon dioxide (in million tonnes) from these two
processes?

A 440 B 527 . C 660 D 880

w/11/gpll

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

Magnesium nitrate, Mg(NO: ). will decompose when heated to give a white solid and a mixture of
gases. One of the gases released is an oxide of nitrogen, X.

7.4gof anhydtous magnesium nitrate is heated until no further reaction takes place.

What mass of X is produced?
A 15g B 23g C 3.0g D 46g

s/13/qpll
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13 Use of the Data Booklet is relevant to this question.

Magnesium nitrate, Mg(NOz )., will decompose when heated to give a white solid and a mixture of
gases. One of the gases released is oxygen.

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place.

What mass of oxygen is produced?
A 3.2g B 6.4g C 128g D 192¢g

s/13/gp12

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

In an experiment, 0.125mol of chlorine gas, Cl,, is reacted with an excess of cold agueous
sodium hydroxide. One of the products is a compound of sodium, oxygen, and chlorine.

Which mass of this product is formed?
A 931g B 133g C 18.6g D 2669

s/14/qp12

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

In an experiment, 0.6 mol of chlorine gas, Cli,, is reacted with an excess of hot aqueous sodium
hydroxide. One of the products is a compound of sodium, oxygen and chlorine.

Which mass of this product is formed?
A 213g B 447g C 639g D 128g

s/14/qp13

12 Use of the Data Booklet is relevant to this guestion.

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant
in some fireworks. The reaction produces the metal oxides and nitrogen.

10Al + 3Ba(MNOz): — 5AI:0; + 3Bal + 3N:

Which mass of barium oxide is produced when 5.40g of aluminium powder reacts with an excess
of anhydrous barium nitrate?

A 18629 B 3.06g C 9.18g D 10.2g

w/13/qp13
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Moles and Gas Volume

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

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate
nitrogen gas, which inflates the bag.

2NaNs; — 3Nz + 2Na
A typical driver’s airbag contains 50g of sodium azide.
Calculate the volume of nitrogen this will produce at room temperature.

A 9.2dm’ B 139dm’ C 27.7dm’ D 72.0dm’

s/04/qpl

31 For complete combustion, 1 mol of an organic compound X was found to require 2.5 mol of
molecular oxygen.

Which compounds could be X?

1 C:HsOH

2 C:H:

3 CHsCHO
s/08/qp1l

9 Which mass of gas would occupy a volume of 3dm® at 25°C and 1 atmosphere pressure?
[1 mol of gas occupies 24dm” at 25°C and 1 atmosphere pressure.]

A 32g0;gas

B 56gMN:gas

C 8.0gSO.gas
D 11.0gCO;qgas

s/10/qpl1
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35 Ina 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 ¥ reacts
with %2 mol of gaseous oxygen.

What can X be?

1 carbon
2 nitrogen

3 sulfur

s/10/qpl1

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

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant
in some fireworks. The metal oxides and nitrogen are the only products.

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of
anhydrous barium nitrate reacts with an excess of aluminium?

A 46.8cm’ B 72.0cm® C 936cm® D 144cm®

s/12/qpll

15 One mole of each of the following compounds is strongly heated and any gas produced is
collected at room temperature and pressure.

From which compound is 24 dm? of gas likely to be collected?
[One mole of any gas occupies 24 dm? at room temperature and pressure.)

A MgCl, B MgCO, C  Mg(NO,), D Mg(OH),

w/03/qp1l

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol,
CH,SH, which burns as follows.

CH3SH + 30, —» CO, + SO, + 2H,0
A sample of 10 cm® of methanethiol was exploded with 60cm?® of oxygen.

What would be the final volume of the resultant mixture of gases when cooled to room
temperature?

A 20cm?® B 30cm? C 50cm® D 70cm’

Moles and Gas Volume Page -9



Fahad H. Ahmad www.megalecture.com Whatsapp: +92 323 509 4443
w/04/qpl

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

What volume of oxygen, measured under room conditions, can be obtained from the thermal
decomposition of 8.2g of calcium nitrate (M, = 164)?

A 150cm® B 300cm® C 600cm® D 1200cm®

w/05/qp1

2 Carbon disulphide vapour burns in oxygen according to the following equation.

CSz(g) + 302(g) — CO:(g) + 2S0:(g)

A sample of 10 cm® of carbon disulphide was bumed in 50 cm® of oxygen. After measuring the
volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide
and the volume of gas measured again. All measurements were made at the same temperature
and pressure, under such conditions that carbon disulphide was gaseous.

What were the measured volumes?

volume of gas volume of gas after
after burning/cm?® adding NaOH(aq)/cm®
A 30 0
B 30 20
Cc 50 20
D 50 40
w/08/qp1l

2 A mixture of 10cm® of methane and 10cm® of ethane was sparked with an excess of oxygen.
After cooling to room temperature, the residual gas was passed through agueous potassium
hydroxide.

All gas volumes were measured at the same temperature and pressure.

What volume of gas was absorbed by the alkali?

A 15cm’ B 20cm’ C 30cm’ D 40cm®

s/13/qpl1
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26 Use of the Data Booklet is relevant to this question.

Which wolume of oxygen measured at room temperature and pressure is needed for complete
combustion of 0.1 mol of propan-1-ol?

A 10.8dm° B 12.0dm’ Cc 21.6dm° D 240dm’

s/13/qp12

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

Which volume of oxygen, at room temperature and pressure, is needed for complete combustion
of 0.1 mol of ethanol?

A 7.2dm° B 84dm’ C 14.4dm’® D 16.8dm’

s/13/qp13

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

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

What mass of ammonia was formed?

A 0.213g B 04259 C 1.42g D 283g

s/14/qpll

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

In an experiment, 12.0dm® of oxygen, measured under room conditions, is used to bumn
compiletely 0.10mol of propan-1-ol.

What is the final volume of gas, measured under room conditions?

A 7.20dm? B 840dm® Cc 16.8dm’ D 18.00dm®

s/14/qp12
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Moles and Percentage

(purity, yield, empirical formula etc)

2  Use of the Data Booklet is relevant to this question.
Oxides of nitrogen are pollutant gases which are emitted from car exhausts.

In urban traffic, when a car fravels one kilometre, it releases 0.23 g of an oxide of nitrogen N,O,,
which occupies 120 cm®.

What are the values of x and y?
(Assume 1 mol of gas molecules occupies 24.0dm’.)

A x=1y=1

B x=1y=2

C x=2,y=1

D x=2y=4
s/07/qp1l

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

In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This
compound contains 29.7 % carbon and 6.19 % hydrogen by mass.

What is the value of x in the empirical formula PbCsHx?

A 5 B 6 C 16 D 20

s/09/qp1
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10 Tanzanite is used as a gemstone for jewellery. It is a hydrated calcium aluminium silicate mineral
with a chemical formula Ca;Al,Si,0,5(0OH).672H,0. Tanzanite has M, of 571.5.

Its chemical composition is 14.04 % calcium, 14.17 % aluminium, 14.75 % silicon, 54.59% oxygen
and 2.45% hydrogen.

(Arvalues: H=1.0,0=16.0, Al= 27.0, Si= 28.1, Ca = 40.1)

What are the values of x and y?

X y

A 1 1

B 2 3

(o 3 3

D 6 1
s/11/qp12

38 A number of alcohols with the formula C;H:O are separately oxidised. Using 70g of the alcohols
a 62 % yield of organic product is achieved.

What mass of product could be obtained?

1 422 g of butanone
2 51.6g of butanoic acid
3 51.6 g of 2-methyl propanoic acid

s/12/qpll

2  Use of the Data Booklet is relevant to this question.
A garden fertiliser is said to have a phosphorus content of 30.0% ‘P,O soluble in water’.
What is the percentage by mass of phosphorus in the fertiliser?

A 6.55% B 131% C 262% D 30.0%

w/03/qp1
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12 Camphor is a white solid which was used to make the early plastic celluloid. Camphor contains
the same percentage by mass of hydrogen and oxygen.

What is the molecular formula of camphor?

A CygHsOg B CypHO C CyH4O0 D CiHyg0z

w/10/qpl11l

39 Use of the Data Booklet is relevant for this question.
In an organic synthesis, a 62 % yield of product is achieved.
Which of these conversions are consistent with this information?

1 74.00g of butan-2-ol — 44.64 g of butanone
2 74.00g of butan-1-ol — 54.56 g of butanoic acid
3 74.00g of 2-methylpropan-1-ol — 54.56 g of 2-methylpropancic acid

w/10/qp12

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

2.76 g of ethanol were mixed with an excess of aqueous acidified potassium dichromate(VI). The
reaction mixture was then boiled under reflux for one hour. The organic product was then
collected by distillation.

The yield of product was 75.0%.

What mass of product was collected?

A 198g B 2.07g C 270g D 480g

w/11/gpll

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

2.30 g of ethanol were mixed with agueous acidified potassium dichromate(VI). The desired
product was collected by immediate distillation under gentle waming.

The vyield of product was 70.0 %.

What mass of product was collected?

A 154g B 161g c 210g D 3.14g

w/11/qp12
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25 Use of the Data Booklet is relevant to this question.

2.30 g of ethanol were mixed with aqueous acidified potassium dichromate(V1) and the desired
organic product was collected by immediate distillation under gentle warming. The vyield of

product was 70.0 %.
What mass of product was collected?

A 154g B 161g C 2.10g D 220g

w/12/qp13

26 Use of the Data Booklet is relevant to this question.
2.30g of ethanol were mixed with an excess of aqueous acidified potassium dichromate(V1). The
reaction mixture was then boiled under reflux for one hour. The desired organic product was then
collected by distillation. The yield of product was 60.0 %.

What mass of product was collected?

A 1.32g B 1.38g C 1.80g D 3.20g

s/13/qpi1l

40 Use of the Dafa Booklet is relevant to this guestion.
In an organic synthesis, a 62% yield of product is achieved.
Which conversions are consistent with this information?

1 T4.00g of butan-2-0l — 44.64g of butanone
2 T74.00g of butan-1-ol — 54.56g of butanoic acid
3 74.00g of 2-methylpropan-1-0l — 54.56g of 2-methylpropanocic acid

s/14/gp11

10 Use of the Data Booklet is relevant to this question.
Which sodium compound contains 74.2% by mass of sodium?

A sodium carbonate
B sodium chioride

C sodium hydroxide

Moles and Percentage Page - 15
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w/13/qpl1l

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

In some countries, anhydrous calcium chloride is used as a drying agent to reduce dampness in
houses. The anhydrous salt absorbs enough water to form the dihydrate CaCl;.2H;0.

What is the percentage increase in mass?

A 14% B 24% C 32% D 36%

w/14/qp13

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

The approximate percentage composition of the atmosphere on four different planets is given in
the table below.

The density of a gas may be defined as the mass of 1 dm® of the gas measured at s.t.p.

Which mixture of gases has the greatest density?

planet % by nT:'fIg;? :fs;sc;;ecules
A Jupiter H;89.8. He10.2
B MNeptune H,80.0, He19.0, CH,1.0
C Saturn H:96.3., He3.25, CH,0.45
D Uranus H.82.5, He15.2, CH42.3
w/13/qpll
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Moles, Titration & Solutions

9 Which substance, in 1 mol dm™® aqueous solution, would have the same hydrogen ion
concentration as 1moldm* of hydrochloric acid?

ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid
s/04/qpl

1 N0, is a poisonous gas. It can be disposed of safely by reaction with éodium hydroxide.
Nz04(g) + 2NaOH(aq) — NaNOs(aq) + NaNOzfaq) + HxO(l)
What is the minimum volume of 0.5moldm™ NaOH(aq) needed to dispose of 0.02mol of N20,?
A 8cm’ B 125cm®  C 40cm’ D 8cm’

s/06/gp1

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

A typical solid fertiliser for use with household plants and shrubs contains the elements N, P, and
K in the ratio of 15g:30g:15g per 100 g of fertiliser. The recommended usage of fertiliser is 14g
of fertiliser per 5dm® of water.

What is the concentration of nitrogen atoms in this solution?
A 0.03moldm™
B  0.05moldm™
C 0.42moldm™
D 0.75 moldm‘é'

s/08/qp1l
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2 A household bleach contains sodium chlorate(l), NaClO, as its active ingredient. The
concentration of NaCIO in the bleach can be determined by reacting a known amount with
aqueous hydrogen peroxide, H;O;.

NaClO(aq) + H,0(aq) — NaCl(aq) + O(g) + HzO(l)

When 25.0cm® of bleach is treated with an excess of aqueous H,0,, 0.0350 mol of oxygen gas is
given off.

What is the concentration of NaClO in the bleach?
A 8.75x 10 *moldm™
0.700 moldm™

B
C 0.875moldm™
D 1.40moldm™

s/09/qp1

13 0.02 mol of aluminium is bumed in oxygen and the product is reacted with 2.00 mol dm™
hydrochloric acid.

What minimum volume of acid will be required for complete reaction?

A 15cm® B 20cm® C 30cm® D 60cm?

s/11/qpll
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1 The amount of calcium ions in a sample of natural water can be determined by using an ion-
exchange column as shown in the diagram.

-

—— water sample

e
seele
ES LGS0,

ion-exchange resin

L)
(]

i

A

e

A 50 cm® sample of water containing dissolved calcium sulphate was passed through the ion-
exchange resin. Each calcium ion in the sample was exchanged for two hydrogen ions. The
resulting acidic solution collected in the flask required 25 cm® of 1.0 x 10 mol dm™ potassium
hydroxide for complete neutralisation.

What was the concentration of the calcium sulphate in the original sample?

A 25x 10 moldm™
B 1.0x10%moldm™
C 2.0x10%moldm™
D 4.0x10%moldm™

w/06/qpl

10 Use of the Data Booklet is relevant fo this question.

A washing powder contains sodium hydrogencarbonate, NaHCO,, as one of the ingredients. In a
titration, a solution containing 1.00g of washing powder requires 7.15cm® of 0.100 moldm™
sulfuric acid for complete reaction. The sodium hydrogencarbonate is the only ingredient that

reacts with the acid.

What is the percentage by mass of sodium hydrogencarbonate in the washing powder?

A 3.0 B 6.0

cC 120 D 240

Moles, Titration & Solutions Page - 19
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s/13/qp13

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

Ferrochrome is an alloy of iron and chromium. Ferrochrome can be dissolved in dilute sulfuric
acid to produce a mixture of FeSO,; and Cry(SO.):.. The FeS0O. reacts with K;Cr;O; in acid

solution according to the following equation.
14H" + 6Fe® + CryO7 — 2Cr" + 6Fe™ + TH0

When 1.00g of ferrochrome is dissolved in dilute sulfuric acid, and the resulting solution fitrated,
13.1cm?® of 0.100 moldm™ K,Cr,0; is required for complete reaction.

What is the percentage by mass of Fe in the sample of ferrochrome?

A 122 B 439 C 122 D 439

w/14/qp13

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

A sample of potassium oxide, K20, is dissolved in 250cm® of distilled water. 25.0cm® of this
solution is titrated against sulfuric acid of concentration 2.00moldm™. 15.0cm® of this sulfuric

acid is needed for complete neutralisation.
Which mass of potassium oxide was originally dissolved in 250 cm® of distilled water?

A 2839 B 28.3g C 47.1g D 56.6g

w/14/qpl1l
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Moles and Number of Particles

1  The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 ecm? of oxygen under room conditions?

A 125x10%2

B 1.34x 102

C 3.0x10%

D 3.0x10%
s/03/gpl

1  Which of these samples of gas contains the same number of atoms as 1g of hydrogen
(M : H,2)?

A 229 of carbon dioxide (M; : CO;, 44)
B 8gof methane (M. : CH,, 16)

C 20g of neon (M, : Ne, 20)

D 8gofozone (M,: O, 48)

s/04/qp1

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

Analytical chemists can detect very small amounts of amino acids, down to 3 x 1021 mol.
How many molecules of an amino acid (M, = 200) would this be?

A 9 B 200 C 1800 D 360000

w/03/qp1l
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1  Use of the Data Booklet is relevant to this question.

When a sports medal with a total surface area of 150 cm” was evenly coated with silver, using
electrolysis, its mass increased by 0.216g.

How many atoms of silver were deposited per cm® on the surface of the medal?

A 8.0x10"
B 1.8x10"
C 1.2x10"
D 4.1x10%
w/07/qp1l

31 A monomer undergoes addition polymerisation. A 1 mol sample of the monomer is completely
polymerised.

How many moles of polymer might, theoretically, be formed?

1 1

2 10°
1
6.02x10%

w/09/qp1l

5 Use of the Data Booklet is relevant to this question.
Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0g.
How many nickel atoms are in the coin?

A 2.05x10% B 4.30x10% C 1.03x10% D 1.20 x 10*

w/10/qp11l
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Moles & Balancing Equations

2 Self-igniting flares contain Mgs:P;. With water this produces diphosphane, P:Hi, which is
spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

MgsP> + 6H,0 — 3Mg(OH), + PH,

B Mggpz + 6H20 —> 3MQ(DH)2 + P2H4 + Hz

C 2MgsP: + 12H,0 — 8Mg(OH); + P2Hs + 2PH5

D 2MgsP: + 12H;0 — 6Mg(OH)z + 3P2H4
s/04/gp1l

18 In an historically 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

s/05/qpl

36 The number of moles of chlorine that react with 1 mol of X is twice the number of moles of
chlorine that react with 1 mol of Y.

Which of these pairs could be X and Y7

X Y
1 Ma(s) Na(s)
2 Hz KBr(aq)
3 cold NaOH(aq) hot NaOH(aq)

s/05/qp1

1 In the Basic Oxygen steel-making process the P,O,, impurity is removed by reacting it with
calcium oxide. The only product of this reaction is the salt calcium phosphate, Ca;(PO.),.

In this reaction, how many moles of calcium oxide react with one mole of P,0;,?

A 1 B 15 cC 3 D 6

s/08/qp1l
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19 Ammonium sulphate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing
sulphuric acid, nitric acid and water.

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

A 1 B 2 c 3 D 4

w/04/qpl

1 The petrol additive tetraethyl-lead(IV), Pb(C;Hs)s, is now banned in many countries. When it is
completely burned in air, lead(I1) oxide, CO: and H;O are formed.

How many moles of oxygen are required to burn one mole of Pb(C;Hs),?

A 95 B 11 C 135 D 27

w/05/qp1l

19 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* Cc CO D NO

w/09/qpl1l

15 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?

A 1 B 2 c 3 D 4

w/10/qpl11
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2 The following equations the letters W, X, ¥ and Z all represent whole numbers.

When correctly balanced, which equation requires one of letters W, X, Y or Zto be 57

A WC;H;COOH + X0z —» YCO; + ZH;0
B WCsH:z + XO; - YCO: + ZH,0
C WH;PO, + XNaOH — YNa;HPO, + ZH,;0
D WNH3 + XOQ —» YNZ + ZHzo
w/11/qp12

9 During steel-making the impurity P40, is removed by reactlng it with -::almum oxide. The only
product of this reaction is the salt calcium phosphate, Ca;(PQ,).. :

In this reaction, how many moles of calcium oxide react with one mole of P,04,?

A

1 B 15 c 3 D 6

w/12/qp13

18 In a famous experiment, Wohler heated lnufgamC 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* € CO D NO

s/13/qp13

14 Ammonium sulfate in_the soil is slowly oxidised by air, producing sulfuric acid, nitric acid and
water as the only products:

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

A

1 B 2 c 3 D 4

s/14/qp12
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6 Aluminium carbide, Al.C,. reacts readily with agueous sodium hydroxide. The two products of the
reaction are NaAlO; and a hydrocarbon. Water molecules are also involved as reactants.

What is the formula of the hydrocarbon?

A CH. B CiHs C CsHs D GCsHp

w/14/qpll

Moles & Balancing Equations Page - 26



Fahad H. Ahmad www.megalecture.com Whatsapp: +92 323 509 4443

Moles and Ratios

28 In its reaction with sodium, 1 mol of a compound X gives 1 mol of H,(g).

Which compound might X be?
A CHSCHQCHECHzOH

B (CH,),COH

C CH,CH,CH,CO,H

D CH,CH(OH)CO,H

s/03/qp1

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

In the commercial electrolysis of brine, the products are chlorine, hydrogen and sodium
hydroxide.

What is the maximum yield of each of these products when 58.5kg of sodium chloride are
electrolysed as brine?

yield of yield of yield of
chlorine / kg hydrogen / kg sodium hydroxide / kg
A 35.5 1 40
B 35.5 2 40
c 71 1 40
D 71 2 80
s/04/qpl

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen.
The nitrogen is formed according to the following equations.
2NaN3; — 2Na + 3N>
10Na + 2KNO; — K;0 + 5Na;O + N2

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN;?

A 15 B 16 Cc 3.2 D 40

s/05/qp1l
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8 Use of the Data Booklet is relevant to this question.

2.920 g of a Group Il metal, X, reacts with an excess of chlorine to form 5.287 g of a compound
with formula XCL.

What is metal X?
A barium
B calcium
C magnesium

D strontium

s/10/qp11

11 0.144 g of an aluminium compound X react with an excess of water, to produce a gas. This gas
burns completely in O, to form H,0 and 72 cm® of CO, only. The volume of CO, was measured at
room temperature and pressure.

What could be the formula of X?
[C = 12.0, Al= 27.0; 1 mole of any gas occupies 24 dm® at room temperature and pressure]

A ALC; B AIC, C ALG; D AIC;

s/11/qp12

23 The products obtained by cracking an alkane, X, are methane, ethene and propene.
The mole fraction of ethene in the products is 0.5.
What is the identity of X?

A CeHis B CsHis C  CoHzo D CiiHz

s/11/qp12
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3 A sample of the hydrocarbon CgH,, is completely burned in dry oxygen and the product gases are
collected as shown.
[A:H1;C,12;0,16]

H,O + CO, + excess of O, excess of O,
— — —
P —-Q

A

sodalime

anhydrous calcium =2 (to absorb CO,)

chloride L
(to absorb H,0) -

LN
R

The increases in mass of the collecting vessels P and Q of the apparatus are M, and M,
respectively.

What is the ratio Mp / M7
A 0.41 B 082 c 12 D 24

w/03/qp1l

22 On strong heating a hydrocarbon produces ethene, propane and but-1-ene in the mole ratio
5:1:1.

What is the molecular formula of the hydrocarbon?

A C,H,, B C,H C C,H D C

17" 36 19" 38 19

w/03/qp1l
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14 A 5.00g sample of an anhydrous Group |l metal nitrate loses 3.29g in mass on strong heating.

Which metal is present?
A magnesium

B calcium
C strontium
D

barium

w/06/qp1l

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

A 5.00 g sample of an anhydrous Group |l metal nitrate loses 3.29 g in mass when heated
strongly.

Which metal is present?

A magnesium
B calcium
C strontium

D barium

w/11/qp1l

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

560 kg of nitrogen and 120 kg of hydrogen are pressurised, heated and passed over an iron
catalyst. When the mixture of gases reaches equilibrium, it contains 96 kg of hydrogen.

Which mass of ammonia does it contain?

A 24kg B 68kg C 136kg D 680kg

w/11/qp12
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15 Use of the Data Booklet is relevant to this question.

The nitrates of beryllium, calcium, magnesium, and strontium all decompose in the same way
when heated. When 2.00 g of one of these anhydrous nitrates is decomposed, 1.32 g of gas is
produced.

What is the nitrate?

A beryllium nitrate

B calcium nitrate

C magnesium nitrate

D strontium nitrate

w/12/qp1l

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

1.15 g of a metallic element reacts with 300 cm® of oxygen at 298 K and 1 atm pressure, to form
an oxide which contains O ions.

What could be the identity of the metal?

A calcium

B magnesium

C potassium
D sodium
w/12/qpll

34 An element X and compound YZ react separately with acid as shown.
X(s) + 2H"(aq) —» X*(aq) + Hz(g)
YZ(s) + 2H'(aq) — Y*'(aq) + H,Z(g)

When 1.0 g of either X or YZ is reacted with an excess of acid, the total volume of gas formed is
the same.

Which statements are correct?
1 A(X)=M(YZ)
2 XandY are metals.

3 X and Y must both be in the same Group of the Periodic Table.

w/12/qp13
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12 Use of the Data Booklet is relevant to this question.

Anhydrous magnesium nitrate, Mg(NOs). , will decompose when heated, giving a white solid and
a mixture of two gases X and Y.

¥ is oxygen.

What is the ratio Mass of Xreleased ,
mass of Y released

A B —1 c —1_ D 1

0.174 0.267 0.348 3.43

s/13/qp13
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Limiting Reactant & Excess Reactant

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

Ethyl ethanoate can be obtained from ethanoic acid and ethanol by the following reaction.
CH3CH;0OH + CH3CO.H = CHsCO:CH:CHs + H.0O

Ethanol (30 g) and ethanoic acid (30 g) are heated under reflux together, and 22 g of ethyl
ethanoate are obtained.

What is the yield of the ester?
A 25% B 38% C 50% D 77%

w/08/qp1l
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Redox Reactions & Moles

9 In an experiment, 50.0 cm® of a 0.10 mol dm™ solution of a metallic salt reacted exactly with
25.0 cm® of 0.10mol dm™ aqueous sodium sulphite.

The half-equation for oxidation of sulphite ion is shown below.
SO§ (aq) + H;O(l) — SOi (aq) + 2H(aq) + 2"

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation
number of the metal?

A +1 B +2 C +4 D +5

w/07/qp1

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

Lead(IV) chloride will oxidise bromide ions to bromine. The Pb* ions are reduced to Pb* ions in
this reaction.

If 6.980 g of lead(IV) chloride is added to an excess of sodium bromide solution, what mass of
bromine would be produced?

A 0.799g B 1.598g C 3.196g D 6.392g

w/11/qpll

11 A solution of Sn®* ions will reduce an acidified solution of MnO.~ ions to Mn®* ions. The Sn®" ions
are oxidised to Sn** ions in this reaction.

How many moles of Mn* ions are formed when a solution containing 9.5g of SnCI, (M,: 190) is
added to an excess of acidified KMnO, solution?

A 0.010 B 0.020 c  0.050 D 0125

s/13/qpll

3 A 10cm’ sample of 0.30moldm™ TI*NO;™ required 20cm® of 0.10moldm™ acidified NHVO; to
oxidise it to TI** in solution. Vanadium is the only element reduced in this reaction.

What is the oxidation number of the vanadium in the reduced form?
A+ B +2 Cc +3 D +4

w/13/gqp13
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Combustion Analysis

1 A pure hydrocarbon is used in bottled gas for cooking and heating.

When 10 cm® of the hydrocarbon is burned in 70 cm® of oxygen (an excess), the final gaseous
mixture contains 30cm® of carbon dioxide and 20cm® of unreacted oxygen. All gaseous volumes
were measured under identical conditions.

What is the formula of the hydrocarbon?
A C;Hg B CiH; C CjiHg D CiHy

s/05/qp1
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4 Samples of 10 cm® of each of the first four members of the akane series are separately mixed
with 70 cm® of oxygen. Each is then burned and the total volume, V, of residual gas measured
again at room temperature and pressure.

Which graph represents the results that would be obtained?

A B
Viem® A Viem? A :
X
80 80
X
60 60 ,
X
40 X 40 Ei
X X
20 X 20
X
0 : 0 -
CH, CsHg CH, CiHg
CZHE C-4H1'TJ CZHB C4H1Cl
C D
Viem? A Viem? A
80 80
60 B0 X =
X X K= X
40 X 40
X
20 X 20
0 0
CH, C,H, CH, C3Hs
C2HE C4H1U C2HB C4H1Cl

w/06/qp1l

2 0.200 mol of a hydrocarbon undergo complete combustion to give 35.2 g of carbon dioxide and
14.4 g of water as the only products.

What is the molecular formula of the hydrocarbon?

A CiHs B C:Hs C C4Hs D CsHs

w/09/qpl1l
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29 Which equation correctly represents the balanced equation for the complete combustion of a
hydrocarbon with the formula C,H,?

A CH, + (x+ %)oz > xCO, + -’lezo
B CH, + (x+ %)02 > xCO; + yH;0
C CH, + (x+ %)o2 > xCO, + %Hzo

D CH, + (x+%)02 > xCO, + %Hzo

w/14/qpll
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Theory : Simple Moles

Hydrogen sulphide burns with a blue flame in an excess of oxygen to form sulphur dioxide
and water.

(d) (i) Write a balanced equation for the complete combustion of H,S.
(i) What is the change in the oxidation number of sulphur in this reaction?
L0 11 1SS RSSSUEPRURRRSETNS (¢ SO O URSSORPPPTRSSN
(iii) What volume of oxygen, measured at room temperature and pressure, is reguired

for the complete combustion of 8.65g of H,S? Give your answer to two decimal
places.

[5]

s/05/qp2

2 Ketene, C,H,0, is a member of a class of unsaturated organic compounds that is widely
used in pharmaceutical research for the synthesis of organic compounds.

CH,=C=0

ketene
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(b) Ketene burns completely in air to form carbon dioxide and water.

(i) Write a balanced equation for this reaction.

(i) Use your equation to calculate the volume of CO,, in dm?3, measured at room
temperature and pressure, which will be formed when 3.5¢g of ketene are burned in
an excess of air.

Give your answer to two significant figures.

volume of COp = .ovueerecirerceeciecinnene. AM? [4]

w/08/qp2

(c) 1.20dm? of ammonia gas were dissolved in water to form 200 cm? of aqueous alkali at
room temperature and pressure.

(i) Use the Data Booklet to calculate how many moles of NH,(g) were dissolved.

(i) Write the equation for the neutralisation of aqueous ammonia by dilute sulphuric
acid.
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(iii) Calculate the volume of 0.50 moldm=3 sulphuric acid that is required to neutralise
the 200 cm? of aqueous ammonia.

s/04/qp2

Titanium also reacts with chlorine.

(d) When an excess of chlorine was reacted with 0.72 g of titanium, 2.85¢g of a chloride A
was formed.

(i) Calculate the amount, in moles, of titanium used.

(i) Calculate the amount, in moles, of chlorine atoms that reacted.

(iii) Hence, determine the empirical formula of A.

(iv) Construct a balanced equation for the reaction between titanium and chlorine.

s/09/qp2
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{(c) In a redox reaction, 0.83g of lithium reacted with water to form 0.50dm? of aqueous
lithium hydroxide.

2Li(s) + 2H,0(l) — 2LiOH(aq) + Hy(g)

(i) Calculate the amount, in moles, of lithium that reacted.

(i) Calculate the volume of hydrogen produced at room temperature and pressure.

(iii) Calculate the concentration, in moldm=3, of the LiOH(aq) formed.

3]

s/10/qp23
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1

Methanoic acid, HCO,H, was formerly known as formic acid because it is present in the
sting of ants and the Latin name for ant is formica. It was first isolated in 1671 by John Ray
who collected a large number of dead ants and extracted the acid from them by distillation.
In this question, you should give all numerical answers to two significant figures.

At room temperature, pure methanoic acid is a liquid which is completely soluble in water.

When we are stung by a ‘typical’ ant a solution of methanoic acid, A, is injected into our
skin.

Solution A contains 50% by volume of pure methanoic acid.
A ‘typical’ ant contains 7.5 x 10~dm? of solution A.

(@) (i) Calculate the volume, in cm3, of solution A in one ant.

VOIUME = oo CME

(i) Use your answer to (i) to calculate the volume, in cm?, of pure methanoic acid in
one ant.

VOIUME = oo, CMP

(iif) Use your answer to (ii) to calculate how many ants would have to be distilled to
produce 1dm? of pure methanoic acid.

MUMDEE = e e

[3]

Theory : Simple Moles Page - 43



Fahad H. Ahmad www.megalecture.com Whatsapp: +92 323 509 4443

When we are stung by an ant, the amount of solution A injected is 80% of the total amount of
solution A present in one ant.

The density of pure methanoic acid is 1.2gcm™.

(b) (i) Calculate the volume, in cm?, of pure methanoic acid injected in one ant sting.

VOIUME =+, ©TP

(i) Use your answer to (i) to calculate the mass of methanoic acid present in one ant
sting.

MASS = wevveeerereeeeereeasreseeansseneenes

....[3]

Bees also sting us by using methanoic acid. One simple treatment for ant or bee stings is to
use sodium hydrogencarbonate, NaHCO,.

(c) (i) Constructa balanced equation for the reaction between methanoic acid and sodium
hydrogencarbonate.

(i) In a typical bee sting, the mass of methanoic acid injected is 5.4 x 10—3g.
Calculate the mass of NaHCO, needed to neutralise one bee sting.

MASS = c.veeeveereeeeeraaneenersesearasnneces g

....[3]

[Total: 9]

s/11/qp23
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1 Some intercontinental jet airliners use kerosene as fuel. The formula of kerosene may be
taken as C, H,,.

(a) To which homologous series of compounds does kKerosene belong?

.......................................................... [1]
(b) When kerosene burns in an excess of air, carbon dioxide and water form.
Balance the following equation for the complete combustion of kerosene.

...... CyyHypll) + .....05(g) — ......CO,(Q) + .....H,0O(g) [1]

(c) In this section, give your answers to one decimal place.
The flight path from Beijing to Paris is approximately 8195km.
A typical intercontinental jet airliner burns 10.8kg of kerosene for each kilometre
covered.

(i) Calculate the mass, in tonnes, of C,,H,, burnt on a flight from Beijing to Paris.
[1 tonne = 1 000kg]

(ii) Use your equation in (b) to calculate the mass, in tonnes, of CO, produced during
this flight.

(4]

s/11/qp21
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(d) Antimony, Sb, has been known for about 8000 years. It is present in many ancient forms
of bronze, but now its main use is to strengthen lead alloys.

Antimony is produced in a two-stage process from stibnite, a sulphide ore, Sb,S,.
The ore is first roasted in oxygen to form the oxide.

(i) Balance the above equation.

The oxide is then reduced with carbon.
deos + 3C — 45b + 3{31{32

(ii) What is the oxidation number of antimony in Sb,0,?

(iif) Calculate the volume of carbon dioxide, measured at room temperature and
pressure, that would be produced by the processing of 10 moles of Sb,S,,.

[4]

w/02/qp2
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1

Most submarines travel under water using electrical power from batteries. The German
engineer Helmut Walter designed a diesel engine that could be used to propel a submarine
beneath the surface of the sea. Instead of taking air from above the surface of the sea,
Walter's engine used hydrogen peroxide, H,O,, to provide oxygen for a conventional diesel
engine.

Hydrogen peroxide may be catalytically decomposed to give water and oxygen.

(a) (i) Whatis meant by the term catalyst?

(if) Construct a balanced equation for the decomposition of H,O,.
- [3]

Diesel fuel may be considered to consist of the hydrocarbon C,-H,, which reacts completely
with oxygen according to the following equation.

CygHgp + 230, — 15C0O, + 16H,0
(b) (i) To which homologous series does C,H,, belong?

(i) Use the equation above and your answer to (a)(ii) to calculate the amount, in moles,
of H,0,, that will provide sufficient oxygen for the complete oxidation of one mole

amount of Hy,Op = oo Mol

[3]
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A submarine equipped with a Walter engine used 212 tonnes of diesel fuel during an
underwater voyage. The submarine also carried concentrated aqueous H,0,.
[1 tonne = 10%q]

(c) (i) Calculate the amount, in moles, of diesel fuel used during the underwater voyage.

amount of diesel fuel = ................................. mol

(i) Use your answers to (b)(ii) and (c)(i) to calculate the mass, in tonnes, of hydrogen
peroxide used during the underwater voyage. ‘

k ymass of H202 = e anenaeennees TONNBS
» [4]

(d) The exhaust products of the Wa{te‘r engine were passed into the sea.

What would happen to them?.

[Total: 11]

w/08/qp2
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Antimony, Sb, proton number 51, is another element which is used in alloys.
Magnesium and antimony each react when heated separately in chlorine.

(d) Construct a balanced equation for the reaction between magnesium and chlorine.

When a 2.45g sample of antimony was heated in chlorine under suitable conditions, 4.57g
of a chloride A were formed.

(e) (i) Calculate the amount, in moles, of antimony atoms that reacted.

(ii) Calculate the amount, in moles, of chlorine atoms that reacted.

(iii) Use your answers to (i) and (ii) to determine the empirical formula of A.

(iv) The empirical and molecular formulae of A are the same.

Construct a balanced equation for the reaction between antimony and chlorine.

w/10/gqp23
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1 Zinc Is an essential trace element which is necessary for the healthy growth of animals
and plants, Zinc deficiency In humans can be easily treated by using zinc salts as dietary
supplements,

(a) One salt which is used as a dietary supplement is a hydrated zinc sulfate, Zn30,.xH.0,
which Is a colourless crystalline solid.

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

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

....................................................... = 13 L« OSSO (2]

(b) A simple experiment to determine the value of x In the formula ZnSO,.xH,O Is to heat |t
carefully to drive off the water.

Zn50,.xH.0(s8) — Zn50,(s) + xH.O(g)
A student placed a sample of the hydrated zinc sulfate In a welghed bolling tube and

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

mass of mass of tuba + mass of tuba + salt
empty tube/g hydrated salt/g after fourth heating/g
74.25 77.97 76,34

(i) Why was the boiling tube heated, cocled and rewelghed four times?

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

(iili) Calculate the amount. in moles, of water driven off by heating.
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(iv) Use your results to (ii) and (iii) to calculate the value of x In ZnS0,.xH,0.

(7]

(c) For many people, an intake of approximately 15mg per day of zinc will be sufficlent to
pravent deficiencies,

Zinc ethanoate crystals, (CH,C0,),Zn.2H,0, may be used in this way,

(I) What mass of pure crystalline zinc ethanoate (M, = 219.4) will need to be taken to
obtain a dose of 15 mg of Zinc?

{il) If this dosa is taken In solution as 5em? of agueous zine ethanoate, what would ba
the concentration of the solution used?
Give your answer in mel dm=*,

(4]
[Total: 13]

w/12/qp21
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1 Carbon dioxide, CO,, makes up about 0.040 % of the Earth's atmosphere. It is produced by
animal respiration and by the combustion of fossil fuels.

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

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

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

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

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

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

Calculate the total mass of CO, produced by this number of people in one day. Give
your answer in tonnes. [1 tonne = 1.00 x10°g]

[5]
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(b) When fossil fuels are burned in order to give energy, carbon dioxide and water are also

(c)

(d)

produced,

The hydrocarbon octane, C,H,,, can be used to represent the fuel burned in motor cars,
A typical fuel-efficient motor car uses about 4,00 dm” of fuel to travel 100 km.

(I) Construct a balanced equation for the complete combustion of octane,
() The density of octane is 0.700gcm,

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

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

(5]

Calculate how many kilometres the same fuel-efficient car would have to travel in order
to produce as much CO, as Is produced by the respiration of 6,82 « 10* people during
one day. Use your answer to (a)(iii).

(2]
Carbon dioxide Is one of a number of gases that are responsible for global warming.

When fossil fuels such as octane are burned In a car engine, other atmospheric pollutants
are also produced,

Give the formula of one atmospheric pollutant that may be produced In a car engine,
other than CO,, and state how this pollutant damages the environment,
- (51 T ——

AAMAGE CAUSOU ...ttt (2)
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(iii) A naturally occurring sample of cerium contains only four isotopes. Data for three of the

isotopes are shown in the table.

isotope 1%Ce 138Ce 14ICe 142Ce

_ relative 135907 | 137.906 | 139.905 to be
isotopic mass calculated

percentage 0.185 0.251 88.450 fobe
abundance calculated

The A, of the sample is 140.116.

Use these data to calculate the relative isotopic mass of the fourth isotope in this sample
of cerium.

Give your answer to three decimal places.

m/17/qp22

relative isotopicmass = ... [3]
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(b) The relative atomic mass of an element can be determined using data from its mass spectrum.

The mass spectrum of element X is shown, with the percentage abundance of each isotope
labelled.

60

504 49.61

40

percentage

abundance 307

23.77
20

0 T | | T |
73 74 75 76 77 78 79 80 81 82 83

m/e

(i) Define the terms relative atomic mass and isotope.

FEIAEIVE B OIMIC NASS .o ieiiee ettt et e et e et e e e et e e e et e e e e e eeneeenneneennnnn
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(ii) Use the data in the mass spectrum to calculate the relative atomic mass, A, of X.
Give your answer to two decimal places and suggest the identity of X.

s/15/qp21
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(b) Most elements exist naturally as a mixture of isotopes, each with their own relative isotopic
mass. The mass spectrum of an element reveals the abundances of these isotopes, which can
be used to calculate the relative atomic mass of the element.

Magnesium has three stable isotopes. Information about two of these isotopes is given.

isotope relative percentage

P isotopic mass abundance
%Mg 24.0 79.0
Mg 26.0 11.0

(i) Define the term relative isotopic mass.

(i) The relative atomic mass of magnesium is 24.3.

Calculate the percentage abundance and hence the relative isotopic mass of the third

isotope of magnesium. Give your answer to three significant figures

s/15/qp22

percentage abundance =

isotopicmass = ........ccoceviiiieeeee

[3]
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(i)
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isotope mass number | percentage abundance
1 9.25
2 20 90.48
3 21 0.27

Define the term relative atomic mass.

Whatsapp: +92 323 509 4443

. [2]
(if) Use the relative atomic mass of neon, 20.2, to calculate the mass number of isotope 1.
mass number = .........cccooevvviiiiennn. [2]
s/15/qp23
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(d) A sample of strontium exists as a mixture of four isotopes. Information about three of these

mass number 86 87 a8
abundance 9.86% 7.00% 82.58%
(i) Calculate the abundance of the fourth isotope.
abundance = ...........ccoooiiiiiininn. % [1]
(ii) The relative atomic mass of this sample of strontium is 87.71.
Calculate the mass number of the fourth isotope.
mass NUMbEr = .......ccccoeeveviceccnnnnns [2]
s/16/qp21
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(c) A sample of oxygen exists as a mixture of three isotopes. Information about two of these
isotopes is given in the table.

mass number 16 17
abundance 99.76% 0.04%

(i) Calculate the abundance of the third isotope.

abundance = ..........cccocoocieinienn. % [1]
(i) The relative atomic mass of this sample of oxygen is 16.0044.

Calculate the mass number of the third isotope. You must show your working.

mass humber = ..o [2]

s/16/qp22
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1 The composition of atoms and ions can be determined from knowledge of atomic number, nuclecn
number and charge.

(a) Complete the table.

atomic nucleon number of number of number of
symbol
number number electrons protons neutrons
3 2 SLi*
23 26 32

(2]

(b) Boron occurs naturally as a mixture of two stable isotopes, "B and "B. The relative isotopic
masses and percentage abundances are shown.

isotope relative isotopic mass abundance/%
°g 10.0129 19.78
"B to be calculated 80.22

(i) Define the term relative isotopic mass.

....................................................................................................................................... [2]
(i) Calculate the relative isotopic mass of '"B.
Give your answer to six significant figures. Show your working.
(2]
[Total: 6]

s/17/qp22
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1

A 0.50g sample of a Group 2 metal, M, was added to 40.0em? of 1.00 moldm= hydrochloric acid
(an excess).

equation 1 M(s) + 2HCl(aq) — MCli,(aq) + H.(g)

(a) Calculate the amount, in moles, of hydrochloric acid present in 40.0em? of 1.00moldm= HCL

amount= ... mol [1]

(b) When the reaction had finished, the resulting solution was made up to 100cm? in a volumetric
flask.

A 10.0cm?® sample of the solution from the volumetric flask required 15.0 cm?® of 0.050 moldm™—
sodium carbonate solution, Na,CO,, for complete neutralisation of the remaining
hydrochloric acid.

U]

(i)

(iii)

(iv)

Write the equation for the complete reaction of sodium carbonate with hydrochloric acid.

Calculate the amount, in moles, of sodium carbonate needed to react with the
hydrochloric acid in the 10.0 ecm3 sample from the volumetric flask.

Calculate the amount, in moles, of hydrochloric acid in the 10.0cm? sample.

Calculate the total amount, in moles, of hydrochloric acid remaining after the reaction
shown in equation 1.

amount = ... mol [1]
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(v)

(vi)

(vii)

w/16/qp22

Use your answers to (a) and (b)(iv) to calculate the amount, in moles, of hydrochloric acid
that reacted with the 0.50g sample of M.

amount = ..., mol [1]

Use your answer to (V) and equation 1 to calculate the amount, in moles, of M in the 0.50g
sample.

Calculate the relative atomic mass, A, of M and identify M.

[Total: 9]
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1

A 0.17g sample of a Group 14 chloride, XCI,, reacted with water to produce an oxide, XO,, and
HCI.

equation 1 XCl,(s) + 2H,0(l) —» XO,(s) + 4HCI(aq)
The HCIproduced was absorbed in 100 cm? of 0.10 moldm~3 sodium hydroxide solution (an excess).

In atitration, the unreacted sodium hydroxide solution required 30.0 cm? of 0.20 mol dm~ hydrochloric
acid for complete neutralisation.

(a) Calculate the amount, in moles, of hydrochloric acid used in the titration to neutralise the
unreacted sodium hydroxide solution.

(b) Write the equation for the reaction between hydrochloric acid and sodium hydroxide.

(c) Calculate the amount, in moles, of sodium hydroxide neutralised in the titration.

(d) Calculate the amount, in moles, of sodium hydroxide that reacted with the HC1 produced by the
reaction in equation 1.

(e) Calculate the amount, in moles, of HCI produced by the reaction in equation 1.
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(f) Calculate the amount, in moles, of XC1, in the original 0.17 g sample.

amount = ........cociiveeieeen mol [1]

(g) Calculate the molecular mass, M, of XClI,.

identity of X ..o

[Total: 9]

w/16/qp23
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A third polycarboxylic acid prasent in unripe fruit is a colourless crystalline solid, W, which
has the following composition by mass: C, 35.8%; H, 4.5%; O, 58.7%.

{(d) (i) Show by calculation that the empirical formula of W is C,H.O..

() The M, of W is 134. Use this value to determine the molecular formula of W.

(3]

A sample of W of mass 1.9?g was dissolvad in water and the resulting solution titrated with
1.00moldm=? NaOH. 29.4 cm” wara raquirad for complata neutralisation.

(e) () Use these data to deduce the number of carboxylic acid groups present in one
molacule of W.

() Suggest the displayed formula of W,

(5]
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The unsaturated hydrocarbon Z is obtained by cracking hexane and is important in the
chemical industry.

The standard enthalpy change of combustion of Z is —2059 kJmol-'.

(d) Define the term siandard enthalpy change of combustion.

When 0.47 g of Z were completely burnt in air, the heat produced raised the temperature of
200g of water by 27.5°C.

(e) (i) Calculate the amount of heat released in this experiment.

(i) Use the data above and your answer to (i) to calculate the relative molecular mass
of Z.

[4]

(f) Deduce the molecular formula of Z.

[1]

w/06/qp2
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1 (a) Explainwhat is meant by the term nucleon number.

(b) Bromine exists naturally as a mixture of two stable isotopes, ™Br and *'Br, with relative isotopic
masses of 78.92 and 80.92 respectively.

() Define the term relative isotopic mass.

(if) Usingthe relative atomic mass of bromineg, 79.90, calculate the relative isotopic abundances
of ™Br and *'Er.

(3]

(c) Bromine reacts with the element A to form a compound with empircal formula ABr,. The
percentage composition by mass of ABr, is A, 4.31, Br, 95.69,

Calculate the relative atomic mass, A, of A.
Sive your answer to three significant figures.

AOTA= oo, [3]

s/14/qp22
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1 Combustion data can be used to calculate the empirical formula, molecular formula and relative
molecular mass of many organic compounds.

(a) Define the term relative molecular mass.

(b) T is an alcohol, C,H O. A gaseous sample of T occupied a volume of 20em® at 120°C and
100kPa.

The sample was completely burned in 200ecm? of oxygen (an excess). The final volume,
measured under the same conditions as the gaseous sample, was 250 cm?.

Under these conditions, all water present is vaporised. Removal of the water vapour from the
gaseous mixture decreased the volume to 170 cm?.

Treating the remaining gaseous mixture with concentrated alkali, to absorb carbon dioxide,
decreased the volume to 110cm?.

The equation for the complete combustion of T can be represented as shown.

CHO + 20, > xCO, + %HZO

(i) Use the data given to calculate the value of x.

(if) Use the data given to calculate the value of y.
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If you were unable to calculate values for x and y then use x =4 and y = 10 for the remaining
parts of this question. These are not the correct values.

(iii) Complete the equation for the complete combustion of the alcohol, T.

(1]
(iv) Give the skeletal formulae for two possible structures of T.

Name each alcohol.

[2]

s/17/qp21
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1 Combustion data can be used to calculate the empirical formula, molecular formula and relative
molecular mass of many organic compounds. Combustion data cannot distinguish between different

structural isomers.

(a) Define the term structural isomers.

(b) P is a hydrocarbon, C,H,. A gaseous sample of P occupied a volume of 25cm?® at 37°C and
100kPa.

The sample was completely burned in 200 cm?® of oxygen (an excess).
The final volume, measured under the same conditions as the gaseous sample (so that the
water produced is liquid and its volume can be ignored), was 150 cm?®.

Treating the remaining gaseous mixture with concentrated alkali, to absorb carbon dioxide,
decreased the volume to 50cm?.

The equation for the complete combustion of P can be represented as shown.

CH, + (x + %}02 > xCO, + %Hzo
(i) Use the data given to calculate the value of x.
X = i [1
(if) Use the data given to calculate the value of (x + g).
Y, _
(x + AT s [1]
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If you were unable to calculate values in (b)(i) and (b)(ii) then use the data in this box for the
remaining parts of this question. These are not the correct values.

= Y-
Xx=86 (x+4) 9

(iii) Give the molecular formula and the empirical formula of P.
molecular formula of P ... e

empirical formula of P ... et e a e

s/17/qp23
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1

In 1814, Sir Humphrey Davy and Michael Faraday collected samples of a flammable gas. A,
from the ground near Florenca in Italy.

They analysed A which they found to be a hydrocarbon, Further experiments were then
carried out to determine the molecular formula of A.

(a) What is meant by the term molecular formula?

Davy and Faraday deduced the formula of A by exploding it with an excess of oxygen and
analysing the products of combustion.

(b) Complete and balance the following equation for the complete combustion of a
hydrocarbon with the formula C H .

(2
(¢) When 10em” of A was mixed at room temperature with 50cm” of oxygen (an excess)
and exploded, 40em? of gas remained after cooling the apparatus to room temperature
and prassure.
When this 40em? of gas was shaken with an excess of agueous potassium hydroxide,
KOH, 20cm? of gas still remained.

(i) What is the identity of the 30cm® of gas that remained at the end of the
experiment?

(ii) The combustion of A produced a gas that reacted with the KOH(aq).
What is the identity of this gas?

(iii) What volume of the gas you have identified in (ii) was produced by the combustion
of A?

(iv) What velume of oxygen was used up in the combustion of A?

............................... em? [4]
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(d) Use your equation in (b) and your results from (c)(iii) and (c)(iv) to calculate the
molecular formula of A.

Show all of your working.

[3]

[Total: 11]
w/10/qp21
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2

When 0.42g of a gaseous hydrocarbon A is slowly passed over a large quantity of heated
copper(II) oxide, CuQ, A is completely oxidised.

The products are collected and it is found that 1.32g of CO, and 0.54g of H,O are formed.
Copper is the only other product of the reaction.

(a) (i) Calculate the mass of carbon present in 1.32g of CO,.

Use this value to calculate the amount, in moles, of carbon atoms present in0.42g
of A.

(i) Calculate the mass of hydrogen present in 0.54 g of H,O.

Use this value to calculate the amount, in moles, of hydrogen atoms present in
0.42g of A.

(iii) Itis thought that A is an alkene rather than an alkane.

Use your answers to (i) and (ii) to deduce whether this is correct.

Explain your answer.
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(b) Analysis of another organic compound, B, gave the following composition by mass:
C. 64.86%:; H, 13.50%, O, 21.64%.

(i) Use these values to calculate the empirical formula of B.

w/11/qp23
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1 (a) Define the term mole.

(b) 10cm® of a gaseous hydrocarbon, C,H,, was reacted with 100cm® of oxygen gas, an excess.

The final volume of the gaseous mixture was 95cm?,

This gaseous mixture was treated with concentrated, aqueous sodium hydroxide to absorb the
carbon dioxide present. This reduced the gas volume to 75om?.

All gas volumes were measured at 298 K and 100 kPa.

()

(i)

(iii)

(iv)

(v)

s/14/qp23

Write an equation for the reaction between sodium hydroxide and carbon dioxide,

volume of CO, produced = ................. cm® [1]

Calculate the velume of oxygen used up in the reaction with the hydrocarbon.

volumeof O, used = ................ em? [1]

Use your answers to (b)(ii) and (b)(iil), together with the initial volume of hydrocarbon, to
balance the equation balow,

............ CHy + oeeeee. .0y = . .CO, + ZHO [2]

Deduce the values of x, y and z in the equation in (iv).

[3]
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Theory : Titration

1 Mohr's salt is a pale green crystalline solid which is soluble in water. Mohr's salt is a ‘double
salt’ which contains

two cations, one of which is Fe2+,
one anion which is SO%-,
and water of crystallisation.
(a) The identity of the second cation was determined by the following test.
Solid Mohr’s salt was heated with solid sodium hydroxide and a colourless gas was

evolved. The gas readily dissolved in water giving an alkaline solution.

(i) Whatis the gas?

(iiy What is the formula of the second cation identified by this test?

(iii) In this test, a grey/green solid residue was also formed.
Suggest a name or formula for this solid.
(3]
(b) The identity of the anion present in Mohrs salt was confirmed by adding dilute
hydrochloric acid followed by aqueous barium chloride to an aqueous solution of Mohr's
salt. A white precipitate was formed.
Suggest the identity of the white precipitate.
- [1]

(c) When a double salt such as Mohr's salt is made, the two individual salts are mixed
together in a 1:1 molar ratio, dissolved in water and the solution crystallised.

(i) Give the formula of each of the two salts that would be mixed to make the double
salt, Mohr's salt.

11| S T

LT 1| 2 T
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(i) Calculate the relative formula mass of each of the salts present in Mohr's salt.

salt 1

relative formulamass of salt 1 .ooooeeeeeeoeeee,

salt 2

relative formulamassof salt2 ...
(iiif) The crystals of the double salt contain water of crystallisation.

The relative formula mass of Mohr’s salt is 392. Use your answers to (ii) to calculate
the number of moles of water of crystallisation present in one mole of Mohr’s salt.

[6]
[Total: 10]

s/06/qp2
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2 Ammonium sulfate, (NH,),SO,, Is widely used as a fertiliser.

In order to determine its percentage purity, a sample of ammonium sulfate fertiliser was
analysed by reacting a known amount with an excess of NaOH(aq) and then titrating the
unreacted NaOHM with dilute HC1.

(a) Ammonium sulfate reacts with NaOH in a 12 ratio,
Complete and balance the equation for this reaction.

(NH,),50, + 2NaOH — ...NH, + ... ¥ o
(2]

(b) A5.00g sample of a fertiliser containing (NH,).SO, was warmed with 50.0cm” (an excess)
of 2,00 moldm-* NaOH,

When all of the ammonia had been driven off, the solution was cooled.

The remaining NaOH was then titrated with 1.00moldm~ HCland 31.2cm® were required
for neutralisation.

(I) Write a balanced equation for the reaction between NaOH and HC1.

() Calculate the amount, in moles, of HClin 31,2¢m? of 1,00 mol dm-* HC1,

(ll) Calculate the amount, In moles, of NaOH In 50.0 cm® of 2.00 mol dm™ NaOH.

(lv) Use your answers to (i), (li) and (ill) to calculate the amount, in moles, of NaOMH
used up In the reaction with (NH,),SO,,
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(v) Use your answer to (iv) and the equation in (a) to calculate the amount, in moles, of
(NH,),S0, that reacted with NaOH.

(vi) Use your answer to (v) to calculate the mass of (NH,),SO, that réécted with NaCH.

(vii) Hence, calculate the percentage purity of the ammonium sulfate fertiliser.

[7]
[Total: 9]

s/12/qp21
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2 Washing soda is hydrated sodium carbonate, Na,CO,.xH,0.

A student wished to determine the value of x by carrying out a titration, with the following
results,

5.13 g of washing soda crystals were dissolved In water and the solution
was made up to 250 cm’ In a standard volumaetric flask,

25.0cm’ of this solution reacted exactly with 35.8 cm® of 0.100 mol dm
hydrochloric acld and carbon dioxide was produced.

(a) (i) Write a balanced equation for the reaction between Na,CO, and HC/.

(i) Calculate the amount, in moles, of HC/ in the 35.8 cm? of solution used in the titration,

(i) Use your answaers to (1) and (ii) to calculate the amount, in moles, of Na,CO, in the
26.0¢em’ of solution used in the titration,

(lv) Use your answer to (lil) to calculate the amount, in moles, of Na,CO, In the 2560 cm?
of solution In the standard volumetric flask.
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(v) Hence calculate the mass of Na,CO, present in 5.13 g of washing soda crystals.

[6]

(b) Use your calculations in (a) to determine the value of x in Na,CO,.xH,0.

[2]
[Total: 8]
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1 Asample of a fertiliser was known to contain ammonium sulfate, (NH,),.S0,, and sand only.

A 2 969 sample of the solid fertiliser was heated with 40.0 cm® of NaOH(aq), an excess, and
all of the ammonia produced was boiled away.

After coaling, the remaining MaOH(aq) was exactly neutralised by 29.5cm” of 2.00maldm
HCL

In a separate experiment, 40.0cm’ of the original NaOH(aq) was exactly neutralised by
39.2cm? of the 2. 00moldm® HCL

(a) (i) Write balanced equations for the following reactions.

NaOH with HCI

(i) Calculate the amount, in moles, of NaOH present in the 40.0cm?® of the original
NaOH({aq) that was neutralised by 39.2em? of 2.00maldm™ HCL

{lli) Calculate the amount, in moles, of NaOH present in the 40.0cm?® of NaOH(aq) that
remained after boiling the (NH,),S0,.

(iv) Use your answers to (i) and (lii) to calculate the amount, in moles, of NaOH that
reacted with the (NH,),50,.
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(v) Use your answers to (I) and (Iv) to calculate the amount, in moles, of (NH,),SO, that
reacted with the NaOH.

(vi) Hence calculate the mass of (NH,),.SO, that reacted.

(vil) Use your answer to (vi) to calculate the percentage, by mass, of (NH,),SO, present
in the fertiliser.
Write your answer to a suitable number of significant figures.

9]
(b) The uncontrolied use of nitrogenous fertilisers can cause environmental damage to lakes
and streams. This is known as eutrophication.

What are the processes that occur when excessive amounts of nitrogenous fertilisers get
into lakes and streams?

2IPIIPOTINAIEATINIIEOIEEATESI PN ESIFOGIEaI NI PNIISATIEIIP IEETINITIIENAIEIIIEIENIICINGIIPIIFGIIIIFEIIITT0TECIPOTILAIPCITIONIPGLENAL

(c) Large quantities of ammonia are manufactured by the Haber process.
Not all of this ammonia is used to make fertilisers.
State one large-scale use for ammonia, other than in the production of nitrogenous
fertilisers.

[Total: 12)
s/13/qp21

Theory : Titration Page - 87



Fahad H. Ahmad www.megalecture.com Whatsapp: +92 323 509 4443

2 Chile saltpetre is a mineral found in Chile and Peru, and which mainly consists of sodium
nitrate, NaNO,. The mineral is purified to concentrate the NaNO, which is used as a fertiliser
and in some fireworks.

In order to find the purity of a sample of sodium nitrate, the compound is heated in NaOH(aq)
with Devarda's alloy which contains aluminium, This reduces the sodium nitrate to ammonia
which is boiled off and then dissolved in acid.

3NaNO,(aq) + 8Al(s) + SNaOH(ag) + 18H,O(l) —» 3NH,(g) + 8NaAl(OH),(aq)
The ammonia gas produced is dissolved in an excess of H,S0O, of known concentration.

2NH, + H,S0, — (NH,).S0,

The amount of unreacted H,SO, is then determined by back-mrauon wrth NaOH of known
concentration. W .

H,80, + 2NaOH —» NaZSO ¥ 2H20
(a) A 1.64g sample of impure NaNO, was reacted wuth an exoess of Devarda s alloy.
The NH, produced was dlssolved in 25.0cm* of 1,00 mol dm*’ H,S0,.
When all of the NH, had dissolved, the resumng solutlon was. titrated with NaOH(aq).
For neutralisation, 16.2cm? of 2.00mol drn" NaOH were requ:red

(i) Calculate the amount, in moles, of H SO4 present m the 25.0em? of 1.00moldm™
H,S0,. -

(i) Calculate the a(‘fioant. inho!es. of NaOH presentin 16.2cm® of 2.00 moldm~ NaOH.

(iil) Use your answer to (i) to calculate the amount, in moles, of H,SO, that reacted with
~16.2cm’ of 2.00moldm~ NaOH.

(Iv)Use your answers to (i) and (il to calculate the amount, in moles, of H,SO, that
reacted with the NH..

Theory : Titration Page - 88



Fahad H. Ahmad www.megalecture.com Whatsapp: +92 323 509 4443

(v) Use your answer to (iv) to calculate the amount, in moles, of NH, that reacted with
the H,50,.

(vi) Use your answer to (v) to calculate the amount, in moles, of NaNOQ, that reacted with
the Devarda's alloy.

{vil) Hence calculate the mass of NaNO, that reacted.

(vill)y Use your answer to (vil) to calculate the percentage by mass of NaNQ, present in
the impure sample.
Write your answer to a suitable number of significant figures.

[
{b) The above reaction is an example of a redox reaction.
What are the oxidation numbers of nitrogen in NaNQ, and in NH,?
NaNQ, i NH, i 1]
[Total: 10]

s/13/qp22
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Theory : Empirical Formula

(c) The element tellurium, Te, reacts with chlorine to form a single solid product, with a relative
formula mass of 270. The product contains 52.6% chlorine by mass.

(i) Calculate the molecular formula of this chloride.

molecular formula ..........................o. [3]

s/15/qp21

(c) Another CFC contains the following elements by mass. The value of its M, is 135.
C, 17.8%; H, 1.5%; CI, 52.6%; F 28.1%

Use these data to determine the molecular formula of the CFC.

[3]

s/02/qp2
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6 A compound, A, has the following composition by mass.
C, 86.7%; H, 11.1%; O, 22.2%.
It has an M, of 72.

(a) Calculate the molecular formula of A.

s/03/qp2

(b) When CH,CI, is heated under reflux with an excess of NaOH(aq), a compound W is
formed.

W has the following composition by mass: C, 40.0%; H, 6.7%; O, 53.3%.

Use this information and the Data Booklet to show that the empirical formula of W is
CH,0.
2

s/07/qp2
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4  An organic compound, E, has the following compaosition by mass:
C, 48.7%; H, 8.1%; O, 43.2%.

(a) Calculate the empirical formula of E.

[2]
s/10/qp22
(e) The food additive E330 is another organic compound which occurs naturally in fruit.
E330 has the following composition by mass: C, 37.5%; H, 4.17%; O, 58.3%.
Calculate the empirical formula of E330.
[3]

s/12/qp22

4 Although few halogenoalkanes exist naturally, such compounds are important as
intermediates in organic reactions and as solvents.

The bromoalkane B has the following composition by mass: C, 29.3%; H, 5.7%; Br, 65.0%.
The relative molecular mass of B is 123.

(a) Calculate the molecular formula of B.

[3]

w/10/qp23
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Theory : Redox & Titration
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2 Spathoseis an iron ore that contains iron(II) carbonate, FeCO,. The percentage of iron(II) carbonate

in spathose can be determined by titration with acidified potassium dichromate(VI) solution using
a suitable indicator.

The ionic equation is shown below.
Cr,0,4(aq) + 14H*(aq) + 6Fe*(aq) — 2Cr*(aq) + 6Fe*(aq) + 7H,0O(l)
(a) A5.00g sample of spathose was reacted with excess concentrated hydrochloric acid and then
filtered.

The filtrate was made up to 250 cm? in a volumetric flask with distilled water.

A 25.0em?® sample of the standard solution required 27.30 cm?® of 0.0200 moldm-3
dichromate(VI) solution for complete reaction.

(i) Calculate the amount, in moles, of dichromate(V1) ions used in the titration.

(i) Use your answer to (i) to calculate the amount, in moles, of Fe?* present in the 25.0cm?
sample.

amount = ..., mol [1]

(iii) Use your answer to (ii) to calculate the amount, in moles, of Fe** present in the 250 cm?
volumetric flask.

amount= ... mol [1]

(iv) Use your answer to (iii) to calculate the mass of iron(Il) carbonate present in the sample
of spathose.

(v) Calculate the percentage of iron(Il) carbonate in the sample of spathose.

percentage of iron(Il) carbonate = ... % [1]
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(b) Iron ores containing iron(IIT) compounds can be analysed using a similar method.

A standard solution of an aqueous iron(IIT) compound is reacted with aqueous tin(II) chloride.
Agqueous tin(IV) chloride and aqueous iron(IT) chloride are the products of this reaction.

(i) Write an ionic equation for this reaction. Do not include state symbols.

(if) Any excess tin(II) chloride can be removed by reaction with HgCl,(aq). A white precipitate
of Hg,Cl, is produced.

Complete the equation for this reaction.

(2]

[Total: 10]

m/16/qp22
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1 An experiment was carried out to determine the percentage of iron in a sample of iron wire.

(a) A 3.35g piece of the wire was reacted with dilute sulfuric acid, in the absence of air, so that

all of the iron atoms were converted to iron(II) ions. The resulting solution was made up to
250cm?.

(i) Write a balanced equation for the reaction between the iron in the wire and the sulfuric
acid.

A 25.0cm® sample of this solution was acidified and titrated with 0.0250 moldm-
potassium dichromate(VI). 32.0cm?® of the potassium dichromate(VI) solution was required
for complete reaction with the iron(II) ions in the sample.
The relevant half-equations are shown.

Cr,0,2~ + 14H* + 6e- — 2Cr* + T7H,O

Fe — Fe* + e

(if) Use the half-equations to write an equation for the reaction between the iron(II) ions and
the acidified dichromate(VI) ions.

....................................................................................................................................... [1]
(ifli) Calculate the amount, in moles, of dichromate(VI) ions used in the titration.
aMouNt = ..o mol [1]
(iv) Calculate the amount, in moles, of iron(Il) ions in the 25.0cm? sample of solution.
amount= ... mol [1]
(v) Calculate the amount, in moles, of iron in the 3.35¢g piece of wire.
amount= ........cccceeeee e, mol [1]
(vi) Calculate the mass of iron in the 3.35g piece of wire.
MASS = L g [1]
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(vii) Calculate the percentage of iron in the iron wire.

percentage = .....ccooccvvevveveeeeee. %0 [1]

s/16/qp23
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2 Ammonium iron(Il) sulfate, (NH,),Fe(S0,),, has a relative formula mass, M, of 284.

(a) Define the term relative formula mass.

(d) Mohr's salt, (NH,),Fe(S0,),*xH.0, is the hydrated form of ammonium iron(II) sulfate.
x represents the number of moles of water in 1 mole of the salt.

A student wanted to determine the value of x. 0.784 g of the hydrated salt was dissolved in
water and this solution was acidified.

All of the solution was titrated with 0.0200 moldm~ potassium manganate(VII). 20.0 cm? of this
potassium manganate(VII) solution was required for complete reaction with the Fe** ions.

(i) Use changes in oxidation numbers to balance the equation for the reaction taking place.

MnO,(aq) + ..... Fe*(aq) + ..... H*(aq) - ..... Mn*(aq) + ..... Fe*(aq) + ..... H,O(l)
(1]
(ii) State the role of the Fe® ions in this reaction.
Explain your answer.
....................................................................................................................................... [2]
(ifi) Calculate the amount, in moles, of manganate(VII) ions that reacted.
amount = ..o mol [1]
(iv) Calculate the amount, in moles, of Fe?* ions in the sample of the salt.
amount = ... mol [1]
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(v) Calculate the relative formula mass of (NH,),Fe(S0,),*xH,0.

relative formulamass = ..o [11

(vi) Calculate the value of x.

s/18/qp22

(c) Sulphur and chlorine can be reacted together to form disulphur dichloride, S,CL,.

Disulphur dichloride, S,CL, is decomposed by water forming sulphur and a mixture of
hydrochloric acid and sulphurous acid.

When 2.7g of S,CL is reacted with an excess of water, 0.96g of sulphur, S, is
produced.

() Whatis the amount, in moles, of S,CL, presentin 2.7g?

(if) What is the amount, in moles, of S produced from 1.0mol of S,CL,?

(iii) Construct a balanced equation for the reaction of S,C1, with water.

w/07/qp2
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2 The commonest form of iron(Il) sulfate is the heptahydrate, FeSO,7H,0. On heating at 90°C
this loses some of its water of crystallisation to form a different hydrated form of iron(II} sulfate,
FeSQ,.xH,0.

3.409 of FeSO,.xH,O was dissolved in water to form 250 cm® of solution.

A 250cm* sample of this solution was acidified and titrated with 0.0200moldm~ potassium
manganate(\11).

In this titration 20.0cm?® of this potassium manganate(\'11) solution was required to react fully with
the Fe’* ions present in the sample,

(a) The MnO, ions in the potassium manganate(\11) oxidise the Fe** ions in the acidified solution,

U}

(if)

(b) (1)

(i)

(iii)

(iv)

v)

Explain, in terms of electron transfer, the meaning of the term oxidise in the sentence
above.

Complete and balance the ionic equation for the reaction between the manganate(V1I)
ions and the iron(1I} ions.

MnO,{aq) + 5Fe™(aq) + ......... HY(aq) - ... (aq) + SFe™(aq) + ... H,O(l)
(3]

Calculate the number of moles of manganate(VII) used in the titration.

(1

Use the equation in (a)(ii) and your answer to (b)(i) to calculate the number of moles of
Fe? present in the 25 0cm® sample of solution used.

1
Calculate the number of moles of FeSO,.xH,O in 3.40g of the compound.

(1
Calculate the relative formula mass of FeSO,.xH,0.

(1]
The relative formula mass of anhydrous iron(ll) sulfate, FeSQ,, is 151.8.
Calculate the value of x in FeSO,.xH,0.

(1

[Total: 9]
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2 A B30g sample of hydrated ethanedicic acid, H,C,0,xH,0, was dissclved in water and the
solution made up to 250 cm?.

A 25.0cm” sample of this solution was acidified and titrated with 0.100moldm™ potassium
manganate(VIID) solution. 20.0cm® of this potassium manganate{VII) solution was required to
react fully with the ethanedioate ions, C,0,%, present in the sample.

{a) The MnQ,” ions in the potassium manganate(VII) oxidise the ethanedioate ions.

(1

(i)

(b) (i)

(i)

(i)

(iv)

(v)

Explain, in terms of electron transfer, the meaning of the ferm oxidise in the sentence
above.

Complete and balance the ionic equation for the reaction between the manganate(VII)
ions and the ethanedioate ions.

2MnO ~aq) + 5C,0(ag) + ... H'aq) — ... (agq) + 10CO.{aq) + ........ H,O{l)
[3]

Calculate the number of moles of manganate(VI1I) used in the titration,

(1]

Use the equation in (a)(ll) and your answer to (b)(i) to calculate the number of moles of
C,0,* present in the 25.0em® sample of solution used.

(1]
Calculate the number of moles of H,C,0,.xH,0 in 6.20 g of the compound.

(1]
Calculate the relative farmula mass of H,C,0,.xH,O.

(1]
The relative formula mass of anhydrous ethanedioic acid, H,C,0,, is 90.
Calculate the value of x in H,C,0, xH,0.

(]

[Total: 9]
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