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1 A sample of strontium contained the isotopes 84Sr, 86Sr, 87Sr and 88Sr

A mass spectrum of this sample of strontium was obtained.

A simplified diagram of a mass spectrometer is shown below.  The line of dashes on the
diagram represents the path followed by the 87Sr+ ions that reach the detector.

1 (a) Identify the part of the mass spectrometer labelled A in the diagram.

.............................................................................................................................................
(1 mark)

1 (b) (i) On the diagram, draw a line to show a path which could be followed by the
88Sr+ ions at the same time as the 87Sr+ ions are being detected. (1 mark)

1 (b) (ii) Explain why the path of the 88Sr+ ions you have drawn is different from that of
the 87Sr+ ions.

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

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

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

SECTION  A

Answer all questions in the spaces provided.

(02)
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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

Gas constant R = 8.31 J K–1 mol–1

(04)
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1 (c) State one adjustment made to the mass spectrometer to enable the 88Sr+ ions to be
detected.  Explain your answer.

Adjustment .........................................................................................................................

Explanation ........................................................................................................................

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

1 (d) The table below shows the relative abundance of each isotope in this sample of
strontium.

Use the data in the table to calculate the relative atomic mass of this sample of
strontium.  Give your answer to one decimal place.

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

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

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

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

1 (e) State the block in the Periodic Table to which strontium belongs.  Explain your answer.

Block ..................................................................................................................................

Explanation ........................................................................................................................

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

Turn over �

APW/Jan09/CHM1
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(05)

m /z 84 86 87 88

Relative abundance (%) 0.56 9.86 7.02 82.56
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2 Calcium carbide (CaC2) is a solid which reacts with water to form the flammable gas ethyne
(C2H2).

CaC2(s)  +  2H2O(l) → Ca(OH)2(s)  +  C2H2(g)

In a ‘Carbide lamp’, once used by miners, water is dripped onto calcium carbide and the
ethyne produced is burned to provide light.

2 (a) Write an equation for the complete combustion of ethyne to form carbon dioxide and
water only.

.............................................................................................................................................
(1 mark)

2 (b) A student reacted a 1.33 g sample of impure calcium carbide with an excess of water
and collected the ethyne produced in a gas syringe.  The volume of ethyne collected
was 3.88 × 10–4 m3.

State the ideal gas equation and use it to calculate the number of moles of ethyne
collected at 284 K and 101 kPa.
(The gas constant R = 8.31 J K–1 mol–1)

Ideal gas equation .............................................................................................................

Moles of ethyne collected ..................................................................................................

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

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

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

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

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

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

(06)
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2 (c) Use your answer to part (b) to calculate the mass of calcium carbide (Mr = 64.1) which
reacted with the water.  Hence, calculate the percentage purity of the 1.33 g sample of
impure calcium carbide used by the student.
(If you have been unable to obtain an answer for part (b), you should assume that the
number of moles of ethyne collected was 0.0155 mol.  This is not the correct value.)

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

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

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

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

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

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

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

2 (d) Use your knowledge of bonding to draw a diagram showing the bonding in a molecule
of C2H2

(1 mark)

2 (e) (i) State what is meant by the term empirical formula of a compound.

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

...................................................................................................................................
(1 mark)

2 (e) (ii) Deduce the empirical formula of ethyne.

...................................................................................................................................
(1 mark)

Question 2 continues on the next page

(07)
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2 (f) Ethyne can be used to make compound B (Mr = 215.8) which contains
22.24 % carbon, 3.71 % hydrogen and 74.05 % bromine, by mass.  Calculate the
empirical formula of B and hence deduce its molecular formula.

Empirical formula of B ......................................................................................................

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

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

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

Molecular formula of B .....................................................................................................

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

15

(08)
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3 Water can exist as a solid, a liquid or a gas.  In some ways, liquids are similar to solids, and
in other ways they are similar to gases.

3 (a) (i) State one way in which the movement of particles in a liquid is different from
that in a solid.

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

...................................................................................................................................
(1 mark)

3 (a) (ii) State one way in which the positioning of particles in a liquid is different from
that in a gas.

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

...................................................................................................................................
(1 mark)

3 (b) Explain the heat energy change associated with boiling.

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

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

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

3 (c) The boiling points of the Group VI hydrides H2O and H2S are 373 K and 212 K,
respectively.  Water molecules form hydrogen bonds with each other but hydrogen
bonding does not occur between H2S molecules.

3 (c) (i) Define the term electronegativity.

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

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

3 (c) (ii) Explain, in terms of electronegativity, why hydrogen bonds form between H2O
molecules but not between H2S molecules.

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

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

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

(10)
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3 (c) (iii) Explain, in terms of the intermolecular forces present, why the boiling point of
H2S is so much lower than that of H2O

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

...................................................................................................................................
(1 mark)

3 (c) (iv) Identify an element, other than oxygen, that when bonded to hydrogen can be
involved in hydrogen bonding.

...................................................................................................................................
(1 mark)

3 (d) Draw a diagram to show how two molecules of water are attracted to each other by
hydrogen bonding.  Include partial charges and all lone pairs of electrons in your
diagram.

(3 marks)

Turn over for the next question
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4 The reactive methylene molecule (CH2) has one lone (non-bonding) pair of electrons.
An H+ ion reacts readily with a methylene molecule to produce a CH3

+ ion.

4 (a) The methylene molecule can be represented as :CH2
The equation for the reaction between H+ and :CH2 is shown below.

H+ +  :CH2 → CH3
+

Name the type of bond formed between a :CH2 molecule and an H+ ion.
Describe how this bond in the CH3

+ ion is formed.

Type of bond .......................................................................................................................

Description .........................................................................................................................

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

4 (b) Draw the shape, including any lone pairs of electrons, of a CH2 molecule and the
shape of a CH3

+ ion.

CH2 CH3
+

(2 marks)

4 (c) Name the shape of the CH2 molecule and the shape of the CH3
+ ion.

Shape of CH2 ......................................................................................................................

Shape of CH3
+ ....................................................................................................................

(2 marks)

4 (d) State the bond angle in the CH3
+ ion.

.............................................................................................................................................
(1 mark)

(12)
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SECTION  B

Answer Question 5 in the space provided on pages 13–16.

5 There are trends in the properties of the elements, both across Periods and down Groups in
the Periodic Table.

5 (a) The melting points of some of the halogens are shown in the table below.

5 (a) (i) Describe the structure of, and the bonding in, solid iodine. (3 marks)

5 (a) (ii) Explain the trend in the melting points of the halogens shown in the table above.
(2 marks)

5 (b) There are trends in the melting point and in the electrical conductivity of the metals in
Period 3.  Using Na and Al as your examples, state these trends and explain each trend
in terms of the bonding. (6 marks)

5 (c) There is a trend in the reactivity of the Group II elements Mg to Ba with H2O
State the conditions necessary for Mg and for Ba to react rapidly with H2O
Write equations for the reactions which occur. (4 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

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

Halogen fluorine chlorine bromine iodine

Melting point / K 53 172 266 387
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