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SECTION A

Answer all questions.

1. Using outer electrons only, draw a dot and cross diagram to show the formation of the
bonding in sodium oxide.

e \ . [N"T .. 1%

0 — . x0 ¢ Na»0
i ] L

2. Complete the following sentence:
Hydrogen bonding is an intermolecular force that occurs between molecules containing
hydrogen atoms bonded to small, ..el.ectmn.e..ggtz‘.ve ................ atoms which have lone pairs of

electrons for example ....0XYgen. ... .

3. By inserting arrows to represent electrons, show the electronic configuration of a calcium
atom.

1s 2s 2p 3s 3p 3d 4s

I I A A e t

4. Hydrazine can be manufactured from ammonia.
2NH; + H,0, — NyH, + 2H,0
Calculate the atom economy of this reaction.
M,(N,H,) = 2(14.0) + 4(1.01) = 32.04
total M, of reactants = 2(17.03) + 34.02 = 63.08

atom economy = 32.04 / 68.08 x 100 = 47.1%

atom economy = ... 471 ...

[2]

[1]

[1]

[1]

- %
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5. The ammonium ion contains a ‘coordinate bond’. Explain what is meant by this term.

A covalent bond in which both electrons of the shared pair come from the

6. Uranium is used in nuclear fuel reactors. One of its isotopes, uranium-235, has a
half-life of 7.03 % 108 years and decays by a-emission.

(@) Give the mass number and symbol of the element formed as a product of the
radioactive decay of uranium-235.

Mass number 231, symbol Th (thorium-231, **1Th)

2.812 x 107/ 7.03 x 10% = 4 half-lives, so (4)* = 1/16

fraction left= . 1/16. . . . ...

(b)  If a quantity of uranium-235 decays, state what fraction is left after 2.812 x 10° years. [1]

7. Calculate the mass of calcium that contains the same number of atoms as there are molecules

Examiner
only

2410U101
03

10

in 9.1g of sulfur dioxide, SO,. 2]
n(S0,) = 9.1 / 64.1 = 0.142 mol
same number of Ca atoms, so n(Ca) = 0.142 mol
mass of Ca = 0.142 x 40.1 = 5.69 ¢

calcium mass = ............ 289 g
03 © WJEC CBAC Ltd. (2410U10-1) Turn over.
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SECTION B

Answer all questions.

8. (a) The diagrams below represent the structures of cadmium metal, caesium chloride,
graphite, ice, iodine and sodium chloride.

X
= “g%%

A graphite B..odine. ... C . dC

D cadmium E .sodium. chloride...... F .caesium.chloride. ...

(i) Label the remaining structures in the spaces provided.

(i) Complete the table showing the trend in melting temperatures of the six

substances.
Substance Melting temperature
.......................... L S Lowest
....................... lodine ...
cadmium

caesium chloride

sodium chloride

..................... graphite Highest

[2]

[2]

04
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(iii)  For structure B, name the type of bond or force represented by the letter X. 1]

Van der Waals forces (induced dipole-induced dipole / London forces)

(iv) Name the two substances which are good electrical conductors in the solid state.

(1]
_____ 9raphite o)
_____ cadmium
(v) Explain why graphite is suitable for use in pencils. [2]

There are only weak forces between the layers of carbon atoms, which

(vi) Cadmium is a typical metal.
Give a brief description of metallic bonding. [3]
You may include a diagram to support your answer.

@ @ @ @ @ e Cd** cations in a regular lattice
e e e e
¢ @ @ @ @ @ e~ = sea of delocalised electrons
e e e e
@ @ @ @ @-
Metals consist of a regular arrangement (lattice) of positive metal ions,

Examiner
only
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(b) Many houses have been built on disused industrial sites. A housing developer wants to
test whether the soil on a particular site is contaminated with cadmium ions (Cd?*).

They extract a sample and prepare a solution. Cadmium ions behave in the same way
as magnesium ions when treated with sodium hydroxide solution and sodium sulfate
solution.

(i) State what the developer would see if cadmium ions were present when they
added:

I.  sodium hydroxide solution. 1]

White precipitate
Il.  sodium sulfate solution. [1]
no observable change (stays a colourless solution)

(i)  Write an ionic equation, including state symbols, for one of the above
observations. 1]

Cd**(ag) + 20H (ag) - Cd(OH),(s)

Examiner
only
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9.

(@)

(b)

|
(i) Explain the origins of emission spectra. 2] o

Electrons in an atom absorb energy (e.g. from heat or electricity),

(i) Give one difference in the appearance of absorption and emission spectra. [1]

An absorption spectrum has dark (black) lines on a coloured background,

A line in the emission spectrum of an element has a wavelength of 95.0 nm.
Calculate the frequency of this line in megahertz, MHz. 2]

2410U101
07

f=c/A=300x10%/95.0 x 107°
f =316 x 10*° Hz

1 MHz = 10° Hz, so f = 3.16 x 10* / 10° = 3.16 x 107 MHz

frequency = ..3.16.x 107 MHz

07
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() The diagram below shows how the percentage product varies with temperature and
pressure for an equilibrium process.

A

% product
300atm

100 atm
103'[171

Temperature

Use the diagram and Le Chatelier’s principle to explain whether:

(i) the forward reaction is endothermic or exothermic. [2]

Exothermic, since the % product decreases as the temperature increases.

(ii) the forward reaction involves an increase or decrease in the number of moles of
gas. (2]

A decrease in moles of gas, since the % product increases as the

08
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The Solvay process is the major industrial process for the manufacture of sodium
carbonate. Two of the stages in the process are shown below:

NaCl + NH3 + C02 + Hzo —_— NaHCO3 + NH4C|

2NaHCO3 —_— Nach3 + Hzo + C02

Calculate the maximum mass of sodium carbonate, in kg, which could be obtained
from 15.0 tonnes of sodium chloride. Give your answer to an appropriate number of
significant figures. [3]

moles NaCl = 15.0 x 10° g / 585 = 2.56 x 10° mol
2NaCl gives 2NaHCO3, which gives 1Na,CO3

moles Na,CO3; = 256 x 10° / 2 = 1.28 x 10° mol
M,(Na,C03) = 2(23.0) + 12.0 + 3(16.0) = 106.0
mass = 1.28 x 10° x 106 = 1.36 x 107 ¢

= 1.36 x 10* kg (3 sig figs)

maximum mass = ..1.36.X.10% ... kg

09
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10. (@) Group 1 and Group 2 metals are in the s-block of the Periodic Table. Using potassium
and calcium as examples, discuss the similarities and differences between Group 1 and

Group 2 with respect to:

¢ the reaction of the metals with cold water.

* the solubility of the carbonates. [6 QER]

You should include appropriate chemical equations in your answer.

Similarities: both potassium and calcium react with cold water to form the

10
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11

(b) The equation for the reaction between potassium carbonate and hydrochloric acid is
given below.

K2003 + 2HCI —— 2KCI + Hzo + C02

A 1.40g sample of impure potassium carbonate was added to excess dilute hydrochloric
acid. The impurity is unreactive and only the potassium carbonate reacts with the acid.

The volume of carbon dioxide released was 186 cm® when measured at 298 K
and 1.01 X 10°Pa.

Calculate the mass of the impurity. [3]

n(C0,) = 186 / 24 500 = 7.59 x 107> mol
n(K,€03) = n(€0,) = 7.59 x 10~2 mol (1:1 ratio)
M,(K,€05) = 2(39.1) + 12.0 + 3(16.0) = 133.2
mass K,€03 = 759 x 1073 x 133.2 = 1.05 g

mass of impurity = 1.40 — 1.05 = 0.35 ¢

mass of impurity = 0.35 g

(c) A solution is thought to contain potassium chloride. Describe suitable tests that a
student could do to confirm this. Include the expected observations. [2]

Flame test: dip a nichrome wire in the solution and hold it in a hot Bunsen

(d) By referring to ionisation energies, explain why stable compounds containing K2* ions
are unlikely to form. 2]

The 2nd ionisation energy of potassium is very high (a large increase from

Examiner
only
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11. (a) Arsenic oxide, As,0O, is prepared on an industrial scale by roasting arsenic-containing
ores such as arsenopyrite, FeAsS, in air. The other products formed are iron(lll) oxide
and sulfur dioxide.

(i) State the oxidation state of arsenic in As,O5. [1]

(i) Give a balanced chemical equation for the industrial production of As,O, from
FeAsS. [2]

2FeAsS + 50, - As,03 + Fe,03 + 250,

(b) As,O, is moderately soluble in water. 100 cm? of a saturated solution at 25 °C contains
2.06g.

When dissolved in water, the oxide reacts to form arsenous acid.
A8203 + 3H20 —— 2H3ASO3

(i) Calculate the concentration of the arsenous acid, in moldm™2, in the saturated
solution. [3]

M,(As,03) = 2(74.9) + 3(16.0) = 197.8
moles As,03 in 100 cm?® = 2.06 / 197.8 = 0.0104 mol
moles As,03 in 1 dm? = 0.0104 x 10 = 0.104 mol

[H3As03] = 0.104 x 2 = 0.208 mol dm™3

concentration of H;AsO; = .......0.208 .. . . moldm”~

(i) A solution of arsenous acid has a pH of 5.11.

Calculate the hydrogen ion concentration of this solution. 1]
[H+] = 10-5.11
H=..7226.x107% . .. moldm™2
1 2 © WJEC CBAC Ltd. (2410U10-1)
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13

(©)

The formula for arsenous acid can be written as As(OH); since it contains three
hydroxyl (OH) groups bonded to arsenic.

Suggest the shape around the arsenic atom in As(OH),. Justify your answer by using
VSEPR theory. [3]

o /Af .'III//OH pyramidal, bond angle about 107°
OH

Pyramidal (trigonal pyramidal) shape around the arsenic atom.

(d)

Phosphorus can form two chlorides, PCl; and PCl;.

0.181g of a chloride of phosphorus gave 39cm? of vapour at 1atm pressure when
heated to 87 °C. The sample was completely vapourised.

Show that the chloride of phosphorus was PCl,. [4]
n=pV/RT

1.01 x 10° Pa, V = 39 x 107 m? T = 87 + 273 = 360 K

\

p
(1.01 x 10° x 39 x 10°¢) / (3.31 x 360)

\\

n

\\

n=1.317 x 103 mol
M,=m/n=0181/1317 x 10> = 1374
M,(PCl3) = 31.0 + 3(35.5) = 1375 (PCls = 208.5)

137.4 matches 137.5, therefore the chloride is PCl;

Examiner
only
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(e) The molecular ion region of the mass spectrum of PCl;, is shown below. o
H
100 c
90
80
3 70 D
c
®
S 60
>
S 50
()
= 40
KW
& 30
20
E
10
0
60 70 80 90 100 110 120 130 140
Mass/charge ratio (m/z)
(i) Identify the species responsible for peak C at m/z 101. [1]
B G2 A
(i) Explain why the height ratio of peaks C:E is 9:1. [2]
.Chlorine has two isotopes, *>C| and *’Cl, in the ratio 3:1 (75% to . .
25 e
Peak ¢ is due to (P*5Cl,)* and peak E is due to (P*'Cly)", so the
beight ratio C:E = (3:1) x (3:1) = (% x %) : U x ) = %L,
17

14
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[
12. A student was asked to find the identity of a Group 1 metal carbonate by titration. o

He was told to use the following method.
e Weigh a sample of the carbonate in a weighing bottle.
e Transfer the carbonate into a beaker and weigh the bottle afterwards.
e Add water to the beaker to dissolve the carbonate.
* Transfer the solution to a volumetric flask.
+ Add more water to make the final volume 250.0 cm® of solution.
e Accurately transfer 25.0 cm? of this solution into a conical flask.
e Add 2-3 drops of a suitable indicator to this solution.
*  Fill a burette with 0.100 moldm™ hydrochloric acid solution.
e Carry out a rough titration of the carbonate solution with the hydrochloric acid.
* Accurately repeat the titration until you get concordant titres and calculate a mean titre.

(@) Another student said that there were two errors in making the 250.0 cm? carbonate
solution.

Error 1: A small amount of solid remained in the weighing bottle.
Error 2: A small amount of solution remained in the beaker.
Comment on the suggested errors.

If the student is correct suggest how the method could be improved.
If the student is incorrect, explain why. [2]

o Correct: rinse the beaker with distilled water

Error

(b) State why he adds an indicator to this solution. 1]

To show the end point, i.e. when the carbonate is exactly neutralised and he

() Suggest why he was told to carry out a rough titration first. 1]

To give a rough idea of the end point, so a certain volume of acid can be

16
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(d) State what you understand by the term ‘concordant titres’. 1]
Titres that are very close to each other, within 0.20 em’ of each other.
() Some of the student’s results are shown below:
Mass of weighing bottle + carbonate/g 13.73
Mass of weighing bottle/g 12.48
Titration Rough 1 2 3
Final reading/cm” 24.20 2370 | 2365.. | ... 23.90......
Initial reading/cm’ 0.00 010 | 0.40..... | .. 0.30.......
Tire/om® | 24.20.... | .. 2360... | .. 23.25.. | ... 23.60.....
concentration of hydrochloric acid = 0.100 moldm™
The diagrams below show the initial burette reading and the final burette reading for the
second and third titrations.
Titration 2 Titration 3
Initial Final Initial Final
reading reading reading reading
- 0 - 23 - 0 - 23
L - 24 L - 24
Complete the student’s table and calculate the mean titre. [3]
titrations 1 and 3 are concordant: (23.60 + 23.60) / 2
mean titre = ... 23.60...... cm?®
17 © WJEC CBAC Ltd. (2410U10-1) Turn over.
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(f)

The equation for the reaction between the metal carbonate and hydrochloric acid is
given below. M represents the symbol of the Group 1 metal.

M,CO; + 2HCI — 2MCl + H,0 + CO,

(iy Calculate the number of moles of M,CO; in 25.0cm? of the solution.

n(HCI) = 0.100 x 23.60 / 1000 = 2.36 x 1072 mol
n(MyC03) = 2.36 x 1072/ 2 = 1.18 x 1072 mol

(ii)

Calculate the relative formula mass of the carbonate and hence deduce the
Group 1 metal in the carbonate.

You must show your working.

mass of carbonate = 13.73 — 1248 = 1.25 g

n(M,C03) in 250.0 cm® = 1.18 x 1072 x 10 = 1.18 x 1072 mol
M, =125 /118 x 107 = 106

M,(C03) = 12.0 + 3(16.0) = 60.0

A (M) = (106 — 60) /2 = 23

A, = 23 is sodium, so the carbonate is Na,C03

END OF PAPER

[2]

number of moles = ..1.18.x.1022 . mol.......

[4]

Examiner
only
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Question Additional page, if required.
number Write the question number(s) in the left-hand margin.
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Data Booklet
Avogadro constant N, = 6.02 x 10 mol™
molar gas constant R = 8.31Jmol 'K~
molar gas volume at 273K and 1 atm V, = 224 dm? mol ™"
molar gas volume at 298K and 1 atm v, = 24.5dm’mol™
Planck constant h = 6.63%x103*Js
speed of light ¢ = 3.00x108ms™
density of water d = 1.00gcm™
specific heat capacity of water ¢ = 418Jg K™
ionic product of water at 298K K, = 1.00 X 107" mol?dm™°
fundamental electronic charge e = 160x107"°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

1077 nano n 10° kilo k

1075 micro u 10° mega M

1073 milli m 10° giga G
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2

Infrared absorption values

Bond Wavenumber/cm™

C—Br 500 to 600
—Cl 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

Il 1]

Z0O0OO0O0OOOOO
|

13C NMR chemical shifts relative to TMS = 0

Type of carbon Chemical shift, 5 (ppm)
|
—C—C— 51t0 40
|
|
R—C —CIl or Br 10to 70
|
|
R—C—C— 20 to 50
[
(0]
| /
R—C —N 25to 60
| AN
|
—C—0— 50 to 90
|
N /
cC=¢cC 90 to 150
/ N
R—C=N 110 to 125
@ 110 to 160
R — C — (carboxylic acid / ester) 160 to 185
I
(0]
R — C — (aldehyde / ketone) 190 to 220
[
(0]
© WJEC CBAC Ltd. (2410U10-1A)
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TH NMR chemical shifts relative to TMS =0

Type of proton

HC—Cl or HC—Br

HC—O

Chemical shift, 6 (ppm)

0.1t0 2.0

0.9
1.3

2.0

20t0 2.5

2.0t0 3.0
221023

3.1t04.3

3.3t04.3
45 *

4.5t06.3

5.8106.5

6.5t07.5
6.51t08.0

70 *

9.8 *

11.0 *

*variable figure dependent on concentration and solvent
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