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SECTION A

Answer all the questions in the spaces provided.

1. Anisotope of magnesium, >’Mg, is used to detect leaks in water pipes.
(a) It decays by B—emission with ahalf life of 9-5 minutes.

(i) Give the symbol and mass number of the atom formed by the loss of one 3
particle from an atom of M g. [1]

(i) Calculate how long it will take for the activity of the isotope to decay to %(;h of
itsoriginal activity. 1

______________________________ minutes
(b) Complete the boxes below, by inserting arrows to represent electrons, to show the
electronic configuration of an atom of magnesium. [1]

1s 2s 2p 3s 3p

2. Calcium oxide is made by heating calcium carbonate in air.

CaCO, —> CaO + CO,
1 mole 1 mole

Calculate the maximum mass of calcium oxide formed when 0-500 mole of pure calcium
carbonate is heated. [2]
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3. Chloromethane, CH,Cl, is made by reacting methane, CH,, with chlorine.

H H
| |

H—C—H (g) + Cl—Cl (9 _— H—(|3—Cl(g) + H—CI (9
H H

() Thetotal enthalpy changes of formation from gaseous atoms (calculated from
bond energies) of the speciesinvolved are shown in the table below.

Total enthalpy change of
Soecies formation from gaseous atoms
/ kImol™
CH, 1652
Cl, 243
CH,CI 1585
HCI 432

Use the values in the table to calculate the enthalpy change for the reaction
above. [1]

(i) Theatom economy of areaction is given by the formula

theoretical mass of required product x 100
total mass of reactants used

%

atom economy =

Calculate the atom economy of the reaction above, where chloromethane,
CH,Cl, isthe required product. [1]
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The values for some standard molar ionisation energies are given in the table.

Sandard molar ionisation energies/ kJ mol™
Element
First Second
Argon 1521 2666
Potassium 419 3051

(i) Give two reasons why the first standard molar ionisation energy for
potassium is much less than that of argon. [2]

(i) Give areason why the value for the second standard molar ionisation energy
of potassium is larger than that of argon. [1]

Section A Total [10]
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SECTION B

Answer all the questionsin the spaces provided.

Polluting gases such as sulfur dioxide, SO,, produced from power stations, can
cause the acidification of lakes far from the source of the pollution. At alake-water
pH of 6:0, water snails start to die and when the pH reaches 5-5, fish also begin to
die.

State how you would explain to the general public how the pH scale is used to
describe levels of acidity. [2]

An equation for the reaction of sulfur dioxide with water is shown below.
SO,(ag) + H,0() == H'(aq) + HSO, (aq)

(i) Usethe equation to explain why sulfur dioxide is described as an acidic oxide.

[1]

(i) A solution of sulfur dioxide in water reaches a position of dynamic equilibrium.
Explain what is meant by the term dynamic equilibrium. [1]

(ili) Use Le Chatelier’s principle to explain how the concentration of hydrogen
ions, H"(aq), would change if more sulfur dioxide were dissolved in asolution
that had reached dynamic equilibrium. [2]

Turn over.
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One method of removing sulfur dioxide from power station emissionsis to react the
flue gases with moist calcium carbonate (limestone), giving hydrated calcium
sulfate (gypsum) and carbon dioxide.

2S0, + 2CaCO, + 4H,0 + O, ————> 2CaS0,.2H,0 + 2CO,

One advantage of this processis that the gypsum can be used for the production of

plaster.

State two disadvantages of this method of sulfur dioxide removal, apart from cost.
[2]

Disadvantage 1 o

DIsadvantage 2 . o

Some students measured the concentration of sulfur dioxide in the air.

They pumped air at arate of 20 dm® per hour for 5 days through a suitable solution
that absorbed the sulfur dioxide present.

The resulting solution was then treated to give 0-0047 g of barium sulfate, BaSO,.
You should assume that 1 mole of sulfur dioxide gives 1 mole of barium sulfate.

(i) Calculate the total volume of air passed through the solution in 5 days. [1]

(ilf)  Use your answer to (ii) to calculate the number of moles of barium sulfate
present. [1]
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(v) Calculate the volume of sulfur dioxide present in the sampled air. [1]
[One mole of sulfur dioxide has avolume of 24-0dm® under these conditions]]

(vi) Calculate the percentage by volume of sulfur dioxide inthe sampled air.  [1]

Total [14]
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6. (a) lodineis slowly produced as a red-brown solution, by the reaction of aqueous
peroxodisulfate ions, 8208 ", with alarge excess of agueousiodideions, | (aq).

S04 (aq) + 21 (a) ——— 250, (aq) + I,(a0)
colourless colourless colourless red-brown

The graph below was produced from one set of experimental results.

0-010 .
0008 »
concentration //
of iodine /
/ mol dm™ /
0-006 /
/
/
0-004 i
0-002
/
/
/
0 1 2 3 4 5 6

reaction time/ min

(1091-01)

PMT

Examiner
only



PMT

9 Examiner
only
(i) Statethetimetaken for al the peroxodisulfate ions to react. [1]
.............................. minutes
(i)  Suggest a method of measuring the rate of this reaction. [1]

(iii) 1. Sketch on the graph the line that would be obtained when the reaction is
carried out at an increased temperature but keeping the other factors
constant. [2]

[1. Explain your answer to I. [2]

(iv) State the concentration of the peroxodisulfate ions at the start of the reaction,

explaining your answer. [2]
(v) Usethegraphto calculate theinitial rate of the reaction. [2]
.............................. mol dm > min™
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(b) A diluted solution of ethane-1,2-diol is used as an antifreeze.
This compound is made from epoxyethane and water in two different ways, either
in neutral solution or in acidic solution using dilute sulfuric acid as a homogeneous

(1091-01)

catalyst.
Conditions | Pressure/atm | Temperature/ |Relative volume Catalyst
°C of water used
neutral 14 200 smaller none
- sulfuric acid
acidic 1 60 larger
“ ? (20)
() Usetheinformation in the table to suggest two reasons why the acid catalysed

(i1)

(iii)

system is the preferred method. [2]

The acid catalysed system does, however, have some disadvantages.
Use the information given to suggest and explain one disadvantage of this
system. [1]

The acid method uses a homogeneous catalyst.
Give an example of a process that uses a heterogeneous catalyst, stating the

process and the name of the catalyst. [2]
PrOCESS
CatalY St

Total [15]
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(@) The enthalpy change of formation of a compound is usually quoted per mole, at
standard conditions. Define the term standard conditions. [1]

(b) The energy cycle below shows the enthalpy changes that occur when hydrogen
bromide reacts with chlorine.

-81 kJmol *
2HBr(g) + Cl(g) —— 2HCI(g) + Br,(0)

-103 kJ mol \ / -184 kJmol

H,(g) + Bry(g) + Cl(9)

(i) State Hess'sLaw. [1]

(i) Show that the values in the energy cycle above obey the principle of the
conservation of energy. [1]

Turn over.
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(iif)  The products of the reaction were examined using a mass spectrometer.

The molecular ion peaks for Br2+ are shown in the diagram.

Relative
abundance

— VWV 7 1

158 159 160 161 162
me

Use this information to

|. state the relative isotopic masses of the two bromine atoms, *Br, [1]

[1.  find the relative abundance of the two bromine isotopes, giving a reason
for your answer. [2]

(c) Elfed carried out an experiment, using the simple apparatus shown below, to find
the enthalpy change for the reaction between hydrobromic acid, HBr(aq), and
agueous sodium hydroxide.

HBr(ag) + NaOH(aq) —————— NaBr(ag) + H,0(l)

|

/ reaction mixture

expanded polystyrene cup

(1091-01)
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He used 50-0cm® of hydrobromic acid of concentration 2- OO mol dm™ and 75-0cm®
of sodium hydroxide solution of concentration 2-00mol dm.

He measured the temperature before and after mixing.

21.5°C
32:1°C

Temperature of the solutions before mixing
Maximum temperature of the mixture

He used the equation

—MCcAT

AH = =2

where m is the total mass of the solutions used, n is the number of moles of
hydrobromic acid used and AT is the temperature rise.

He assumed that c, the speC|f|c heat capacity of the mixture, had the value
4-2Jg° 'K™, and that 1cm” of each solution had a mass of 1g.

(i)

Calculate the number of moles of hydrobromic acid used. [1]

Use your answer to (i) to calculate AH, the enthalpy change of reaction, in
kJ mol ™. [4]

The accepted value for thisreaction is—57-6 kJ mol ™.
State why values obtained are often smaller than this value. [1]

Explain why the calculation used the number of moles of hydrobromic acid
rather than the number of moles of sodium hydroxide. [1]

Total [13]

Turn over.
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8. (&) The diagram below shows the first four lines of the visible atomic emission
spectrum for hydrogen (part of the Balmer series).

o
increasing frequency

Y

(i) Explain why the spectrum is seen as a series of sharp lines and not as a
continuous spectrum. [2]
QWC 1]

(i) The line labelled o, the first line of the Bamer series, has a wavelength of
657nm.
The visible emission spectrum of neon shows a prominent line at 585 nm.
State the relationship between energy, frequency and wavelength and use this

to complete the table below, using the words higher or lower. [4]
Wavelength / nm Frequency / Hz Energy / J
585
657

(1091-01)
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(b) Neon, discovered in 1898, has three naturally occurring isotopes, of which “Ne is

15

the most abundant. It is unreactive and forms no compounds.
Use thisinformation to help you answer the questions bel ow.

(i)

One reason that neon does not react with other elements is because its first
standard molar ionisation energy is very high, having a value of 2081kJ mol ™.
Write an equation that represents the first standard molar ionisation energy of
neon. [2]

[1]

At a certain temperature and pressure, 0-890g of “’Ne occupies a volume of
1dm®. Use this value to find the volume occupied by 1 mole of neon at this
temperature and pressure. [2]

Total [14]

Turn over.
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9.  Sodium hydroxide and chlorine are important industrial chemicals.
Two methods for making them from sodium chloride solution (brine) are the mercury cell

and the diaphragm cell.
Process Operation Quality of product
. Needs diaphragm replacing g?l gtr?ldrés unreacted sodium
Diephregm cel Ir—le%urlﬁerllgétrical current needed. %Qt?%t;aﬂ)w variesandis
Mercury cell Hp diaphra_gm used. Pure sodium hydroxide sol u_tion
igh electrical current. produced at high concentration.

(@ (i) Use the table to suggest one important consideration when choosing which
process to use. [1]

(i) If anew process is to be developed as an alternative to the two processes
outlined above, suggest two environmental or technical factors that should be
considered when devel oping this new process. [2]

(b) Some students obtained a sample of the sodium hydroxide solution from the
diaphragm cell process.

() This solution was too concentrated for a normal titration and they needed to
dilute it exactly ten times using water.
Describe, stating the apparatus used and any essential details, how this
dilution was done.
You should assume that you need 250cm?® of the diluted solution. [4]
QWC 2]
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(i) 200 cm® of the diluted sodium hydroxide solution reacted with 0-00500 mole
of hydrochloric acid.

NaOH + HCl ———— NaCl + H,0

|.  State the number of moles of sodium hydroxide present in the 20-0cm’
sample. [1]

[2]

Total [14]

Section B Total [70]

Turn over.

PMT

Examiner
only



PMT

18 Examiner
only

Rough Work

(1091-01)





