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Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

4
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1 (a) (i) Complete the electronic configuration of aluminium.

1s2 .......................................................................................................................................

(ii) State the block in the Periodic Table to which aluminium belongs.

.............................................................................................................................................
(2 marks)

(b) Describe the bonding in metals.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
(2 marks)

(c) Explain why the melting point of magnesium is higher than that of sodium.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
(3 marks)

(d) Explain how metals conduct electricity.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
(2 marks)

9

SECTION   A

Answer all questions in the spaces provided.
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2 (a) Give the relative charge and relative mass of an electron.

Relative charge ............................................................................................................................

Relative mass ...............................................................................................................................
(2 marks)

(b) Isotopes of chromium include 54Cr and 52Cr

(i) Give the number of protons present in an atom of 54Cr

.............................................................................................................................................

(ii) Deduce the number of neutrons present in an atom of 52Cr

.............................................................................................................................................

(iii) Apart from the relative mass of each isotope, what else would need to be known
for the relative atomic mass of chromium to be calculated?

.............................................................................................................................................
(3 marks)

(c) In order to obtain a mass spectrum of a gaseous sample of chromium, the sample must
first be ionised.

(i) Give two reasons why it is necessary to ionise the chromium atoms in the sample.

Reason 1 ............................................................................................................................

Reason 2 ............................................................................................................................

(ii) State what is adjusted so that each of the isotopes of chromium can be detected in
turn.

.............................................................................................................................................

(iii) Explain how the adjustment given in part (c)(ii) enables the isotopes of chromium
to be separated.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(4 marks)
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(d) (i) State what is meant by the term empirical formula.

.............................................................................................................................................

.............................................................................................................................................

(ii) A chromium compound contains 28.4% of sodium and 32.1% of chromium by
mass, the remainder being oxygen.
Calculate the empirical formula of this compound.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(4 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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3 (a) A sample of ethanol vapour, C2H5OH (Mr = 46.0), was maintained at a pressure of
100kPa and at a temperature of 366K.

(i) State the ideal gas equation.

.............................................................................................................................................

(ii) Use the ideal gas equation to calculate the volume, in cm3, that 1.36 g of ethanol
vapour would occupy under these conditions.
(The gas constant R = 8.31JK–1 mol–1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(5 marks)

(b) Magnesium nitride reacts with water to form magnesium hydroxide and ammonia.

(i) Balance the equation, given below, for the reaction between magnesium nitride
and water.

Mg3N2 +            H2O  → Mg(OH)2 +            NH3

(ii) Calculate the number of moles, and hence the number of molecules, of NH3 in
0.263g of ammonia gas.
(The Avogadro constant L = 6.02 × 1023 mol–1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(4 marks)
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(c) Sodium carbonate is manufactured in a two-stage process as shown by the equations
below.

NaCl  +  NH3 +  CO2 +  H2O  → NaHCO3 +  NH4Cl

2NaHCO3 → Na2CO3 +  H2O  +  CO2

Calculate the maximum mass of sodium carbonate which could be obtained from 800 g
of sodium chloride.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
(4 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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4 (a) Both HF and HCl are molecules having a polar covalent bond. Their boiling points are
293K and 188K respectively.

(i) State which property of the atoms involved causes a bond to be polar.

.............................................................................................................................................

.............................................................................................................................................

(ii) Explain, in terms of the intermolecular forces present in each compound, why HF
has a higher boiling point than HCl.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(4 marks)

(b) When aluminium chloride reacts with chloride ions, as shown by the equation below, a
co-ordinate bond is formed.

AlCl3 +  Cl– → AlCl4
–

Explain how this co-ordinate bond is formed.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
(2 marks)
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(c) Draw the shape of the PCl5 molecule and of the PCl4
+ ion. State the value(s) of the bond

angles.

PCl5 PCl4
+

Bond angle(s) ................................................ Bond angle(s) ...............................................

(4 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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SECTION   B

Answer the question below in the space provided on pages 12 to 16 of this booklet.

5 (a) The table below gives the melting point for each of the Period 3 elements Na – Ar.

In terms of structure and bonding, explain why silicon has a high melting point, and why
the melting point of sulphur is higher than that of phosphorus. (7 marks)

(b) Draw a diagram to show the structure of sodium chloride. Explain, in terms of bonding,
why sodium chloride has a high melting point. (4 marks)

(c) Give the conditions under which, if at all, beryllium and magnesium react with water.
For any reaction that occurs, state one observation you would make and write an
equation. (4 marks)

END  OF  QUESTIONS

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

Element Na Mg Al Si P S Cl Ar

Melting point /K 371 923 933 1680 317 392 172 84
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