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SECTION A

Answer all questions in the spaces provided.

1 (a) (i) Complete the electronic configuration of aluminium.
2s% 2p5 352 3p’ [Allow subscripted electron numbers] (1)

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

p (block) [Allow upper or lower case ‘s’ and ‘p’ in (a)(i) and (a)#)] (1)

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

(2 marks)

(b) Describe the bonding in metals.

Lattice of metal / +ve ions / cations / atoms Not +ve nuclei/centres (1)

[ﬂcceptmgu&lr amly/cﬁm pac,{e[[/tlgﬁt@ pac@d/un Zform[y arr angmﬂ ........................................

(gurroum[e[[@)d;g[om[wed‘e[ectmm(1)

Wote@escnptzonasa‘gzantwmc&zttzce’=0£(Zma,ks)
(c) Explain why the melting point of magnesium is higher than that of sodium.

Greater nuclear or ionic chaige or MOTE PIOLONS . ..o D

Smaller atoms/ions [Accept greater charge density for either M1 or M2] ( 1 )

More delocalised electrons / e in sea of ¢ /free & (1)

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

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

Note: ‘intermolecular attraction/forces’ or covalent molecules = CE (3 marks)

(d) Explain how metals conduct electricity.

(Delocalised) electrons 1)
mow /f[ow m agwencﬁmc twn (u[ea Ofmow ngnon_mnarom[y) ..................................
S tﬁemf[uenc eofapp[le[[p‘{ ...... QOL,M,& ......................................................... (1)
e ey

Not: ‘carry the charge’; ‘along the layers’; ‘move through the metal’

(c) Notes [Accept stronger ‘electrostatic attraction’ if phrase described elsewhere]
[Ignore references to m/z values]
- [If Mg or Na compared to AL rather than each other, then: Max 2]
[If reference to ‘ionic bonding, then: Max 2]
[Treat description that is effectively one for Ionisation Energy as a ‘contradiction’]
Turn over p
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2 (a)

(b)

(c)

Give the relative charge and relative mass of an electron.

Relative CRATEE ...t s e s b s b s e s
Relative mass =.1./1800.07 < 3.37 107 [accept zero /neqligible] ...V
(2 marks)
Isotopes of chromium include **Cr and %2Cr
(i) Give the number of protons present in an atom of >Cr

Protons = 24 1)
(i) Deduce the number of neutrons present in an atom of 2Cr

Neutrons = 28 (1)

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

(ili) 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?

Need (relative) abundance or peak feight or intensity / amount /number /
% / fraction of each element. [ Not: ‘ratio of each isotope’] (1 (3 marks )

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 A L e L s,

Reeasom 2 . e el rernesnvrennssessnsesssessnsersesssnnsesssasasestoesssasnsessrosse Tonene snsnoste

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

turn.
Magnetic freld or electric field or electromagnet (1)

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

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

Deflection depends on mass or m/z (1)

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

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

(4 marks)
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(d) (i) State what is meant by the term empirical formula.
(simplest) ratio of atoms of each element in compound (1)

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

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

(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.

Ot = 30 s e @

Na 28.4/23 Cr 32.1/52 O 39.5/16 (1)
o P e e —
........... T

[If % oxygen not calculated, only M2 available; if A, values wrong, only M1 available]

TURN OVER FOR THE NEXT QUESTION

Turn over p
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3 (a) A sample of ethanol vapour, C;HsOH (M, =46.0), was maintained at a pressure of
100kPa and at a temperature of 366 K.

(i) State the ideal gas equation.

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

(ii) Use the ideal gas equation to calculate the volume, in cm’, that 1.36 g of ethanol
vapour would occupy under these conditions.
(The gas constant R = 8.31] K mol ™)

Moles ethanol = n = 1.36/46 (= 0.0296 mol) (1)
V=nRlp = 00296x 831X 366 (i V=p/iRTlose M3 ards] (1)
i ' 100000 i
= 8.996 x 104 (m’) 1)
= 899 (900) cn’® [range = 895 — 905] (1)

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

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

(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.
@

Mg:N; + 6H0 — 3 Mg(OH), + 2 NH;

(ii) Calculate the number of moles, and hence the number of molecules, of NHj in
0.263 g of ammonia gas.
(The Avogadro constant L = 6.02 x 10% mol™)

Moles NH; = 0.263 (

0.0155 mol) (1)

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

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

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

NaCl + NH; + CO, + H,O — NaHCO; + NH,CI
2NaHC03 - N32CO3 + H,O + CO,

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

MALSNACL 7 SOUBET o SETDEYcinn 1
Moles NaHCOs =  13.68 (1)
Mo[eswazcoj .......... — ]368/2 ........................... =684 ................................................. (1)
Mass 9\-fa2CO3 - 6.84x 106 =725g [range =724 —727] (1 )

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

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

[Accept any valid calculation methiod, e.g. reacting masses or calculations via the mass of
sodium present. Also, candidates may deduce a direct 2:1 ratio for NaClL:Na,COs]

TURN OVER FOR THE NEXT QUESTION

Turn over p

APW/0203/CHM1



LEAVE

MARGIN
BLANK
4 (a) Both HF and HCI 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.
Tlectroneqativity (difference) or suitable description ...
[Accept ‘F and CLare highly electronegative] Not: ‘both atoms are fighly electronegative’
(i) Explain, in terms of the intermolecular forces present in each compound, why HF
has a higher boiling point than HCI.
HE = fiydrogen BONding oo 1)
HCL = (permanent) dipole-dipole bonding or van der Waals’ (1)
Hydrogen bonding stronger / is the strongest IMT (1)
[Accept a statement that HF must have the stronger IMF, even if no IMFs identified. ]
[The explanation must be based clearly on intermolecular forces/attractions]
Note gftlieey(p&znatwnzsc[ear[ymtramoﬁ:cu&zr=095(4ma,ks)
(b) When aluminium chloride reacts with chloride ions, as shown by the equation below, a
co-ordinate bond is formed.
AlC + CI” - AICKL
Explain how this co-ordinate bond is formed.
Electron pair or lone pair donated Do not accept ‘donation of electron(s)’ (1)
From chloride ion to Al or AICH (1)
(2 marks)
[M1 can be earned by a general explanation of coordinate bonding, even if the electron pair
is said to come from AL The second mark, M2, is for this specific bond]
[Ignore missing charge]
T
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(c) Draw the shape of the PCl; molecule and of the PCI] ion. State the value(s) of the bond

angles.

1)

PCls shown as trigonal bipyramid
ONE solid linear C[-P-C[ bond]

Bond angle(s) ............ 9 0°anJ120° ...... ( 1)

[Look for:

PCl;

Cl +

1|>\
AN\
<

1)

PCL+ shown as tetrahedral
NO solid linear CI-<P-C[ bonds]

Bond angle(s) 10901’10950 ......... ( 1)

TURN OVER FOR THE NEXT QUESTION
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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.

Element Na | Mg Al Si P S Cl Ar

Melting point/K | 371 | 923 | 933 | 1680 | 317 | 392 | 172 | &4

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

(a) Macromolecular or giant structure [Accept diamond shaped lattice] (1)
[Intermolecular forces / molecular lattice / comparison to graphite structure, =’con’]
Held together by covalent bonds [‘Giant covalent structure’ earns both M1 and M2] (1)
(Much) energy needed to break bonds Or many bonds to be broken (1)
[mark_tied to earning ‘covalent’ M2] If explanation is clearty of ionic bonding = CE
Van der Waal / temporary induced dipole-dipole / London / disperse forces (1)
Forces increase with size or with number of electrons or with surface area etc. (1)

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

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

PyorM, =124 (1) Ssor M, =256 (1)
[IF M6 (ic. ®y)and M7 (ic. S5)are not attempted, allow S molecule bigger/ (7 mark,s)

..........................................................................................................................................................................
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(6) Diagram Na(l=cubic  [Allowif3 fullfaces shown correcth] oY
Ions identified and placed property (1)
Cl Na*
....... +/
[If diagram shows ‘+’ and “* signs rather than symbols for the ions, Na CrI

©

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

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

Na* CI
........................................................................................................................ N}
(Bonding) identified in writing as being iomic  [Not ionic moleeule] )
Due to strong electrostatic attractions or similar description about attraction between
e
o o S
Be — ng reaction with water or steam_ [Not: ‘Be does not dissobve’] (1)
Mg reacts withsteam o ST Teacts slowly with cold/hot water (1)
White solid (not precipitate) formed Bubbles (1)

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

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

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