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SECTION A

Answer all questions.

1. (@) State whatis meant by a polar covalent bond. 1]
(b) On the diagram below mark any permanent dipole. 1]
H—F

2. lodine-131 decays by beta emission.

Identify the element formed. 1]

3. A mass of 2.750g is weighed by difference.

Calculate the percentage error in this value when a 3 decimal place balance is used. [2]

Percentage error = ... %

4. Complete the electron arrangement of iron. 1]
152 252 2p6 ........................................................

5. Write an equation for the thermal decomposition of calcium hydroxide. 1]

02
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[
6. (a) State why magnesium and barium are described as s-block elements. 1] o
(b) Describe how the results of a flame test would differentiate between samples of
magnesium sulfate and barium sulfate. 1]
(c) Barium sulfate can be made using a precipitation reaction between solutions of two
metal compounds. One of the compounds is barium chloride.
Identify a metal compound that could be used for the other solution. 1]
10
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SECTION B

Answer all questions.

7. When heated above 100 °C, nitrosyl chloride (NOCI) partially decomposes to form nitrogen
monoxide and chlorine.

2NOCIl(g) == 2NO(g) + Cly(g)

(@) Write an expression for the equilibrium constant (K,) for this reaction.

Give the unit of K. 2]

(b) At a fixed temperature, a mixture of NOCI, NO and Cl, reached equilibrium in a sealed
container.

The equilibrium mixture formed contained NOCI, at a concentration of 0.126 moldm‘3,
and NO, at a concentration of 5.73 X 102 moldm—2.

The value of K for the equilibrium at this temperature was 7.40 X 1073,

Calculate the concentration of Cl, in this equilibrium mixture. [3]

Concentration of Cl, =

04
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Examiner
[
(c) State and explain, with reference to Le Chatelier’s principle, how the amount of chlorine o
would change if the reaction were carried out at a higher pressure. [3]
8
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8. Xenon is found in Group 0 of the Periodic Table.
(@) Xenon has a first ionisation energy of 1170kJmol~".

(i) Explain why the first ionisation energy of xenon is lower than that of krypton.  [2]

(i)  Explain why the first ionisation energy of xenon is higher than that of iodine. 2]

(b) Xenon is an unreactive element but can be made to react with the very electronegative
element fluorine.

(i) State the meaning of the term electronegativity. [1]

(i)  Xenon difluoride is one of the most stable xenon compounds. It is a white solid
with a melting temperature of 128.6 °C.

Suggest the type of solid structure present in xenon difluoride. [1]

(iii)  Write an equation for the reaction of xenon with fluorine to make xenon difluoride.

[1]

06
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(iv)

v)

Calculate the volume of xenon gas required, at a temperature of 400°C and a
pressure of 1.00 X 10°Pa, to make 5.00g of xenon difluoride.

Give your answer in dm?. [3]

Volume of Xenon = ..., dm

Xenon difluoride molecules are linear.

90°

.
.///’/u/

" Xe

=/\)J120 °
F

Using your knowledge and understanding of VSEPR theory, suggest why the
electron pairs arrange themselves in this way. [2]

07
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(vi)  Xenon difluoride is a strong oxidising agent.
An example of such a reaction is given below.
2C|'02F2 + XeF2 - 20r0F3 + Xe + 02

Use the oxidation states of xenon and oxygen to show why xenon difluoride is an
oxidising agent in this reaction. 2]

(vii)  Xenon difluoride reacts with water to produce hydrogen fluoride and two
elements.

Write an equation to represent this reaction. [2]

08
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9. Water authorities provide millions of customers with a safe and reliable water supply. To do o
this they operate a comprehensive monitoring system.
(@) Mass spectrometry is just one of the many techniques that can be used to analyse

water samples. Both chlorine and chlorine-containing compounds can be analysed in
this way.
Outline how the mass spectrometer works and describe the mass spectrum of chlorine.

[6 QER]

09
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(b) There are regulations to govern limits of certain chemicals in drinking water.

Species Level not to be exceeded

arsenic 10pug/I

copper 2mg/|
chromium 50mg/I

fluoride 1.5mg/I

(i) The volume of water needed to fill a glass is 330 cm?.

Calculate the mass of the water in the glass. [1]
Mass = ... g
(i)  Calculate the number of hydrogen atoms present in this mass of water. 2]

Number of hydrogen atoms = ...

10
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Examiner
|
(iii) A student has two different water samples contained in glasses identical to the o

one in (b)(i).

One sample is a full glass containing water contaminated with arsenic and the
other sample is a glass one-third full, containing water contaminated with copper.

Given that both these water samples contain the maximum mass of these
contaminants, according to the limits in the table, determine which sample
contains the greater number of moles of contaminant.

You must show your working. [3]

() Some water authorities add calcium fluoride to their drinking water and other water
authorities do not.

Explain your own view on the fluoridation of drinking water, including arguments for and
against. (3]

11
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|
(d) Water from the Peak District has percolated through rocks containing calcium fluoride in o

the form of the mineral fluorspar.
Calcium fluoride, CaF,, has a solubility of 1.7 X 10~3g/100g of water.

Calculate the number of moles of calcium fluoride dissolved in 100 g of this water. 1]

Number of moles =

16

12
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10. Gallium is an unusual metal because it melts if you hold it in your hand. It has a melting
temperature of 29.8 °C.

(@) Aluminium is above gallium in the Periodic Table. It melts at 660 °C.

Describe the solid structure of aluminium using a labelled diagram to support your
answer. (3]

(b) In gallium the bonding between two neighbouring particles is covalent and the structure
is built up from Ga, dimers, similar to the structure of iodine.

Use this information to explain the unusual melting temperature of gallium compared to
aluminium. [3]

14

© WJEC CBAC Ltd. (B410U10-1)

Examiner
only




15

Examiner
|
(c) Gallium has 31 known isotopes but only two of them are stable and occur o
naturally — gallium-69 and gallium-71.
Given that the relative atomic mass of natural gallium is 69.798, determine the
percentage abundance of these two isotopes. [3]
Abundance of Ga-69 = ... %
Abundance of Ga-71 = ... %
(d) (i) Write an equation for the first ionisation energy of gallium. 1]
(ii) lonisation energy can be measured in electron volts where
1eV =1.602x107"%J
The first ionisation energy of gallium has a value of 5.9993eV.
Calculate the wavelength of radiation, in m, that will ionise an atom of gallium to
form a Ga" ion. [3]
Wavelength = ... m
13

15
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1.

(@) Inatitration experiment, good technique is essential for an accurate result to be
obtained.

(i) Suggest a reason for removing the funnel after it has been used for filling the
burette. [1]

(i) Suggest one other potential source of error in using the burette to carry out a
titration. (1]

(b) Sodium hydroxide solutions are often contaminated with sodium carbonate owing to the
ease with which sodium hydroxide reacts with carbon dioxide in the air.

The technique of double titration allows us to determine the extent to which a solution
has been contaminated.

(i) Write an equation for the reaction between sodium hydroxide and carbon dioxide.

(1]

(i)  The method of double titration uses two indicators to determine two end-points.
During the titration, hydroxide ions and carbonate ions react according to the
following equations.

hydroxide: OH~ + H* —— H,0
both complete at phenolphthalein stage
carbonate: CO,>~ + H' —— HCO;”

HCO;- + H* —— CO, + H,0 complete at methyl orange stage

By recording the volumes of hydrochloric acid added at each end-point it is
possible to calculate the concentrations of the hydroxide ions and carbonate ions
in the original solution and thus determine the extent of contamination.

Assume that hydroxide ions and carbonate ions are the only anions in the initial
solution.

Examiner
only

16

© WJEC CBAC Ltd. (B410U10-1)




17

A 1.00dm? flask containing sodium hydroxide solution had been left open to the
air in a laboratory for a period of time.

A student performed a double titration to determine the volume of carbon dioxide
that had reacted with the sodium hydroxide solution.

He titrated a 25.0 cm® sample of the solution with 1.00 moldm™ hydrochloric acid.
He recorded the volume used at the phenolphthalein end-point.

He then added methyl orange and continued titrating to its end-point and recorded
the total volume of hydrochloric acid added.

Results
Volume of HCI at the phenolphthalein end-point/cm?® 22.50
Total volume of HCI added at the methyl orange end-point/cm? 25.00

I. Calculate the number of moles of hydrochloric acid used in the first stage
of the titration. This gives the total number of moles of hydroxide ions plus
carbonate ions in the 25.0cm?® sample. 1]

Number of moles = ..., mol

II. Calculate the number of moles of hydrogencarbonate ions reacting in the
second stage of the reaction. [2]

Number of moles = ..., mol

17
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Using your answers from parts I. and Il., determine the number of moles
of carbonate ions and hence the number of moles of hydroxide ions in the

25.0cm® sample. 2]
Number of moles of carbonate ions = ... mol
Number of moles of hydroxide ioNS = ..., mol

Using the number of moles of carbonate ions determined in part Ill.,
calculate the volume of carbon dioxide absorbed into the original solution at
298K and 1atm. [3]

Volume of carbon dioxXide = ..., dm

Examiner
only
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Examiner

|

() (i) Explain what is meant by a strong acid and write an equation to show how o
hydrochloric acid behaves as a strong acid. [2]
(i) 1. Calculate the pH of 500cm? of 0.50 moldm™ hydrochloric acid. [1]
PH =

II. Calculate the volume of water that must be added to this solution to
increase its pH to a value of 1.0.

Show your working. [3]
Volume of water added = ... dm?3

17

END OF PAPER
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Data Booklet
Avogadro constant N, = 6.02X% 102 mol ™
molar gas constant R = 831Jmol K™
molar gas volume at 273K and 1 atm V., = 22.4dm®mol™
molar gas volume at 298K and 1 atm V, = 245 dm® mol ™"
Planck constant h = 6.63%x1073*Js
speed of light ¢ = 3.00x108ms™
density of water d = 1.00gcm™
specific heat capacity of water ¢ = 418Jg 'K
ionic product of water at 298 K K, = 1.00 x 107 mol?dm™°
fundamental electronic charge e = 160%x107"°C
temperature (K) = temperature (°C) + 273
1dm® = 1000cm?
1m?=1000dm>
1 tonne = 1000kg
1 atm =1.01 X 10° Pa
Multiple Prefix Symbol Multiple Prefix Symbol

10-° nano n 103 kilo k

1075 micro u 10° mega M

103 milli m 10° giga G
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2
Infrared absorption values

Bond Wavenumber/cm™

500 to 600
650 to 800
1000 to 1300
1620 to 1670
1650 to 1750
2100 to 2250
2800 to 3100
(carboxylic acid) 2500 to 3200 (very broad)
(alcohol / phenol) 3200 to 3550 (broad)
3300 to 3500

|
o w

Z0000O0O0O0OO0O
1l
I T T T Z200O0

13C NMR chemical shifts relative to TMS = 0

Type of carbon Chemical shift, 5 (ppm)
|
—C—C— 5to 40
|
|
R—C —CI or Br 10to 70
|
|
R—C—C— 20 to 50
|
(0]
| /
R—C—N 25to 60
| AN
|
—C—0— 50 to 90
|
N /
c=cC 90 to 150
/ N
R—C=N 110to 125
@ 110 to 160
R — C — (carboxylic acid / ester) 160 to 185
[
(0]
R — C — (aldehyde / ketone) 190 to 220
I
(0]
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TH NMR chemical shifts relative to TMS =0

Type of proton

HC—Cl or HC—Br

HC—O
R—OH
—C=CH
—C=CH—CO
0o
O+
(©)-on
R—C¢O
~N
0
R—C”
OH

Chemical shift, 6 (ppm)

0.1t0 2.0

0.9
1.3

2.0

20to 2.5

2.0t0 3.0
2.2t02.3

31t04.3

3.3t04.3
45 *

45106.3

5.81t06.5

6.5t07.5
6.5t08.0

70 *

9.8 *

11.0 *

*variable figure dependent on concentration and solvent
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