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SECTION A

Answer all questions in the spaces provided.

1 (a) Complete the following table.

Relative mass | Relative charge

Proton

Electron

(2 marks)

(b) An atom has twice as many protons and twice as many neutrons as an atom of p
Deduce the symbol, including the mass number, of this atom.

(2 marks)
(c) The AI’* ion and the Na* ion have the same electron arrangement.
(1) Give the electron arrangement of these 1ons.
(ii) Explain why more energy is needed to remove an electron from the AI** ion than
from the Na™ ion.
(3 marks)

(d) In a mass spectrometer, gaseous atoms are ionised. These ions are then accelerated.

(i) Explain how atoms are ionised in a mass spectrometer.
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Gas constant R = 8.31 T K" mol™!

Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-39
RCOOCH, 3741
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
Cc—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 2500-3000
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(i) State what is used to accelerate ions in a mass spectrometer.

(3 marks)

(e) The table below shows the relative abundance of each isotope in a sample of platinum.

m/z

194

195

196

198

Relative abundance (%) 32.8

30.6

254

11.2

Use the data in the table to calculate the relative atomic mass of this sample of

platinum.

Give your answer to one decimal place.

APW/Jan07/CHM 1
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2 (a) An acid, HyX, reacts with sodium hydroxide as shown in the equation below.
H»,X(aq) + 2NaOH(aq) —> 2Na+(aq) + Xz_(aq) + 2H,0(1)

A solution of this acid was prepared by dissolving 1.92 g of H,X in water and making
the volume up to 250 cm? in a volumetric flask.

A250cm’ sample of this solution required 21.70 cm® of 0.150 mol dm™ aqueous
NaOH for complete reaction.

(i) Calculate the number of moles of NaOH in 21.70 cm? of 0.150 mol dm™ aqueous
NaOH

(i1) Calculate the number of moles of H,X which reacted with this amount of NaOH
Hence, deduce the number of moles of HX in the 1.92 g sample.

Moles of H>X in 25.0 cm’ Of SOIULION. ..o

(5 marks)

(b) Analysis of a compound Y showed that it contained 49.31 % of carbon, 6.85 % of
hydrogen and 43.84 % of oxygen by mass. The M; of Y is 146.0

(i) State what is meant by the term empirical formula.
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(i) Use the above data to calculate the empirical formula and the molecular formula
of Y.

Empirical formula Of Y .....ccocoueeieoeiiieieeeeee ettt

(4 marks)
(¢) Sodium hydrogencarbonate decomposes on heating as shown in the equation below.
2NaHCOj3(s) —> NayCO3(s) + COx(g) + HyO(g)

A sample of NaHCO3 was heated until completely decomposed. The CO, formed in
the reaction occupied a volume of 352 cm? at 1.00 x 10° Pa and 298 K.

(i) State the ideal gas equation and use it to calculate the number of moles of CO,
formed in this decomposition.
(The gas constant R = 8.31J K~ mol™)

1deal gas QUALION .............ccoveuueieeiiiiiieeeiee ettt e e e arae e e

MOLES Of CO2 ettt ettt e st e st e satee s

(i1)) Use your answer from part (c)(1) to calculate the mass of the NaHCOs that has
decomposed.
(If you have been unable to calculate the number of moles of CO, in part (c)(i),
you should assume this to be 0.0230mol. This is not the correct value.)

(7 marks)

Turn over »
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(ii) Consider the covalent bonds in molecules of hydrogen and of water. State
whether the covalent bonds are polar or non-polar. Explain your answers.

BONAS i1 RYATOGEN ...ttt e
BOTAS 110 WALET .coeeeeeeeieeeeeeeeeeee ettt e e e e et e e e e e e e e e eeeaaeeeeeeeeeaeaans

EXPLANALION ..ottt ettt e e e e et e e e e e e e e naaaeeenneees

(4 marks)

(b) Ammonia is very soluble in water because it is able to form hydrogen bonds with
water molecules.

(1) Complete the diagram below to show how an ammonia molecule forms a
hydrogen bond with a water molecule. Include partial charges and all the lone
pairs of electrons.

H
\N H—O
HY .
H H

(ii)) The bond angle in a molecule of water is about 104.5°. State the bond angle in
an ammonia molecule and explain why it is different from that in water.

Bond angle in GMIMONIA ...........c.ccccouieeiiieeiiieeie ettt

EXPLANALION ..ottt ettt e e e e et e e e e abae e e e nsaaaeeeneees

(6 marks)
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(¢c) Ammonia reacts with aluminium chloride to form the molecule shown below.

H Cl
\N E— Al/
H Cl

Name the type of bond formed between the nitrogen and aluminium atoms. Explain
how this bond is formed.

TYPE Of DO ...ttt et ettt sttt e

EXDIANALION ..ottt e et e e tae e e aae e e sateeessaeeenseeesnseeenaseeensseeans

(2 marks)

Turn over for the next question
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4 (a) Give the formula of the least soluble hydroxide of the Group II elements Mg to Ba.

(b) An aqueous solution of sodium chloride may be distinguished from an aqueous
solution of sodium sulphate using a simple chemical test.

(1) Identify a reagent for this test.

(i) State the observations you would expect to make if the reagent identified

APW/Jan07/CHM 1

in part (b)(i) is added to a separate sample of each solution. Write an equation
for any reaction which occurs.

Observation With SOAIUIN CRLOTIAC .......c..ooeeeeeeeeeeeeeeeeeeee e
Observation with SOdium SUIDRALE  ...............cccooouiiiiiiiiiiiiiiiiiieieeeee e

EGUATION oottt ettt e e ettt e e e e e e

(4 marks)
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SECTION B

Answer both questions in the spaces provided.

S5 Draw a diagram to show how the ions are arranged in three dimensions in a crystal of
sodium chloride. Explain, in terms of bonding, why sodium chloride has a high melting
point. State and explain a condition needed for sodium chloride to conduct electricity.

(6 marks)

6 (a) State and explain the trend in atomic radius of the elements Na to Cl in Period 3.
(4 marks)
(b) State the meaning of the term first ionisation energy of an atom.
State the general trend in the first ionisation energy of the Period 3 elements Na to Ar.

Identify and explain one deviation from this general trend.
(5 marks)

END OF QUESTIONS
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