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Introduction

This is the second examination in the Pearson Edexcel Level 3 Advanced GCE in Chemistry (9CHO)
qualification.

The paper seemed accessible to most candidates and provided them with the opportunity to
demonstrate their knowledge and understanding of the key concepts in Topics 1 to 8 and 10 to 15.

There seemed to be some confusion in a few Centres about which equations candidates are
expected to know. They should be guided by the specification which determines what is in the
examinations and not what is in any textbook or revision guide, which may well go beyond the
published specification. The specification makes it clear in Topic 16.12 that the Arrhenius equation
will be given if needed and as this is not stated for any other equation, the implication is that all
other equations need to be learnt by the candidates. As this is the first time that the equation AG =
-RTINK has been asked for (all the other equations in the specification were in last year's papers)
then we allowed, for this year only, any equation involving these 4 letters for 2 marks out of 3, if
calculated correctly using their equation.

Successful candidates:

* read the questions carefully and answered the questions as they were set

¢ understood and used correct scientific terminology

* could carry out unstructured calculations.

Some answers were of a lower standard. Less successful candidates:

* did not read the questions carefully and gave answers that were related to the topic being tested
but did not answer the question

* wasted time repeating the question and/or repeating the same points, sometimes several times
¢ did not use correct scientific terminology

* were not familiar with all the AS topics.
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Question 1 (a)

The majority of candidates could identify at least one ion from ammonium and bromide from the
tests and their results, although some did not identify the cation as they did not recognise the test
for ammonia gas. Some candidates did not read the question and gave the formula instead of the
name, with some giving NHsBr as an incorrect formula. Candidates are advised to read the
questions carefully and take particular note of any words in bold print.

1 Aninorganic salt A contains one cation and one anion.
The results of two tests on salt A are shown in the table.

0
Add aqueous sodium ﬁ' roxide to solid A. Ny . M’ o
Warm the mixture, A gas was evolved. b p o
Test any gas evolved with damp red The gas turned redﬁtmus paper blue.
N7s.

litmus paper. [

Add dilute nitric acid followed by aqueous
silver nitratelto ?n aqueous solution of A.

ij?i'

—(a) Deduce the name of salt A.

A cream precipitate formed.

(2)
NH‘}Bf'fammﬂnjd$P°Mm{€

ResultsPlus

Examiner Comments

The formula of salt A is correct but both parts of
the name are incorrect - it should be ammonium
bromide. The incorrect names negate the mark for
the formula.

ﬂ ResultsPlus
Examiner Tip

Learn the rules for naming inorganic compounds.
Ammonia is NH; but ammonium is NH,. Bromates
contain bromine and oxygen e.g. BrOs.
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1 Aninorganic salt A contains one cation and one anion.
The results of two tests on salt A are shown in the table,

Add aqueous sodium hydroxide to solid A.

Warm the mixture, A gas was evolved.
Test any gas evolved with damp red The gas turned red litmus paper blue.
litmus paper.

Add dilute nitric acid followed by aqueous

silver nitrate to an aqueous solution of A. | <73 Precipitate formed.

(a) Deduce the name of salt A.
(2)

ResultsPlus

Examiner Comments

This candidate has given the correct formula for
ammonium bromide so has scored 1 mark.

ResultsPlus
Examiner Tip

Read the questions carefully. This question asks
for the name of salt A, not the formula.
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Question 1 (b)

Many candidates were familiar with adding dilute and concentrated ammonia solutions to the
cream precipitate to confirm the identity of the anion. Some candidates wrote about adding one
type of ammonia but this would not confirm the identity so 1 mark was awarded. Some candidates
were confused between bromine and bromide ions and tests for bromine, such as displacement
reactions, and therefore did not receive any credit. A few candidates thought that aqueous
ammonia was dilute ammonia and excess ammonia was concentrated ammonia.

(b) Describe additional tests, with the results, that will confirm the identity of the

anion in the cream precipitate.
(2)

Te b fon “wolld Mt cisplace @ Chbacde on Solovs ”
ol vemam . It a/?@e)&/f _________ ot il APz an . (hdds
lon. | Solaubean. wldl g fram bamge /bown fo.

C@[CUV . (Total for Question 1 = 4 marks)

ResultsPlus

Examiner Comments

This response scored 0. The candidate has
confused a bromide ion with a bromine molecule.

ResultsPlus
Examiner Tip

Learn the tests for all the species mentioned in the
specification.
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(b) Describe additional tests, with the results, that will confirm the identity of the
anion in the cream precipitate.

(2)
....... YC)QCQY‘CJ%&mCﬂﬂéf‘G&Qéammoniia
............. %\utmn{:Qf:he_creampfe_c.plquﬁc«é

ResultsPlus

Examiner Comments

This response scored 1 mark for the correct result
when concentrated ammonia is added to the
precipitate. The question asked for additional tests
to confirm the identity of the precipitate. Silver
chloride and silver bromide both dissolve in
concentrated ammonia so this one test does not
confirm the identity.

ResultsPlus
Examiner Tip

Give full details for any tests you describe. The test
with dilute ammonia would show that the anion is
not a chloride and the test with concentrated
ammonia shows that the anion is not an iodide so
must be a bromide.
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Question 2 (a)

The majority of candidates scored 2 marks for this question. Some candidates did not notice that
the second species is a positive ion so wrote an incorrect number of electrons. It was surprising
that a small minority of candidates did not know how to work out the correct numbers of
subatomic particles from the atomic and mass numbers.

2 This question is about atoms, molecules and ions.
(a) Lithium exists as two Isotopes.

Complete the table to show the numbers of subatomic particles in a °Li atom and
a’Li* ion,
(2)

o ! Q 3
Lt % 4 3

ResultsPlus

Examiner Comments

This response scored 1 mark for the numbers of
subatomic particles in a lithium atom. The number
of electrons is incorrect for the lithium ion.

ResultsPlus

Examiner Tip

Read the question carefully, particularly the words
in bold. The lithium ion has a positive charge so
the number of electrons is one less than the
number of protons.
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Question 2 (b)

Many candidates identified element X as oxygen, although a significant minority confused mass
numbers with atomic numbers and thought it was chlorine. Other elements, such as fluorine,
nitorgen and sulfur were not uncommon. Many candidates scored 2 marks as they identified X and
at least 3 of the species giving the peaks. Some candidates read the question carefully and realised
that there are two different combinations of isotopes that would give 34, so they scored 3 marks.

(b) The mass spectrum of a diatomic molecule, X,, has peaks at the following
m/ z values for the X," ion:

32,33, 34,35, 36

Deduce the formulae of all the species responsible for each of the peaks in the
mass spectrum of X,, identifying element X and showing clearly the isotopes present.

(3)
x5 3¢ mla (XXt a0
al (X=X Va4 g mla(Xe-x") a3
nlam...(.&ff:...xf.fi ......... S

R ST S U O,
~Tsotoges . G T LT ﬁ .......................................................................................................................
ResultsPlus

~= Examiner Comments

This candidate has confused mass and atomic
numbers so identified X as chlorine instead of
oxygen. However, they still score 1 mark for
identification of the isotopes responsible for the
peaks at 32, 33, 35 and 36. They have only given
one combination of isotopes for the peak at 34.

4 ResultsPlus
Examiner Tip

Make sure that you understand the difference
between atomic number and mass number.
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(b) The mass spectrum of a diatomic molecule, X;, has peaks at the following
m/z values for the X," ion:

32,33, 34, 35, 36

Deduce the formulae of all the species responsible for each of the peaks in the
mass spectrum of X,, identifying element X and showing clearly the isotopes present.

32 E.,.tbo "'OJ (3)

______________ En’» \70]‘\'

34 C%-2%1*
3"’EI’0"”0]+

Ais agoxygen

ResultsPlus

Examiner Comments

This is an example of a common answer that
scored 2 marks. The question asked for all the
species responsible for each of the peaks and the
isotopes of 16 and 18 would also give a peak at 34.

ResultsPlus
Examiner Tip

Try to give all the combinations of isotopes in this
style of question.

Question 2 (c)

The majority of candidates knew the maximum numbers of electrons in the 1s orbital and the 2p
subshell. The maximum number of electrons in the third quantum shell proved to be more of a
challenge as many candidates forgot about the 3d subshell.
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Question 3 (a)

The majority of candidates realised that excess sodium hydroxide was needed to ensure that all of
the nitric acid reacted. There were a few general answers seen that did not score a mark, for
example, 'to ensure the reaction is complete'.

3 Nitric acid reacts with sodium hydroxide solution in a neutralisation reaction.

¥

HNO;(aq) + NaOH(aq) — NaNO,(aq) + H,O(l)

In an experiment to determine the enthalpy change of neutralisation, the following

results were obtained. U 0 ,o’l"g
Volume of 1.00mol dm™ HNO; = 25.0cm’ Lo\.© fi;;
' A 0

Volume of 1.05moldm™ NaOH = 25.0cm’ J % .O:"C’
0%

Temperature rise = 6.8°C CP A

(a) Give a reason why excess sodium hydroxide was used.

— (1)

_______________________________________________ [ovole o wokex (neeat Yo ‘oo (odurced

ResultsPlus

Examiner Comments

This response scored 0. The candidate knows that
the definition of enthalpy change of neutralisation
is for the formation of 1 mol of water but in this
experiment only 0.025 mol of water is produced.

a ResultsPlus
Examiner Tip

Apply your knowledge of definitions to the
particular question that is asked.
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'Hmﬁ:,’ NalH
3 Nitric acid reacts with sodium hydroxide solution in a neutralisation reaction.

HNOs(aq) + NaOH(ag) — NaNOs(aq) + H,O(l)

In an experiment to determine the enthalpy change of neutralisation, the following
results were obtained.

Volume of 1.00moldm™ HNO, = 25.0cm’
Volume of 1.05moldm™ NaOH = 25.0cm’
Temperature rise = 6,8°C

(a) Give a reason why excess sodium hydroxide was used.
(1)

LT MG aak N sl Gl had Weea newdraliéd. and So.
.............. NMWMQUM%W,MMMMW

ResultsPlus

Examiner Comments

This is an excellent answer that scored 1 mark.

ResultsPlus
Examiner Tip

It was not essential to include the phrase about
sodium hydroxide not being the limiting reagent,
but this is a useful concept to understand.
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Question 3 (b)

Many candidates scored 3 marks for carrying out the calculation correctly to give -56.8 k] mol™,
however they did not read, or did not understand the instruction to give their answer to an
appropriate number of significant figures. The temperature rise and density are given to 2
significant figures so the final answer should not have more than this. Candidates should be
encouraged to think carefully about the number of significant figures to give in their final answer
rather than give all answers to 3 significant figures. Other common errors included: only using 25g
as the mass instead of 50g, adding together the moles of nitric acid and sodium hydroxide and
omitting the negative sign for the final answer. Some candidates just calculated the heat produced

in the experiment and thought that was the enthalpy change of neutralisation and a few candidates

added 273 to the temperature change to try to convert it to kelvin.

(b) Calculate the enthalpy change of neutralisation for the reaction between nitric acid
and sodium hydroxide solution, using the results of the experiment.

Give your answer to an appropriate number of significant figures.

Assume: density of the reaction mixture =1.0gcm™
specific heat capacity of the reaction mixture = 4.18Jg'°C™’

(4)

erargyyy = Lr R X 6-8X 50
= |42\ .2 T esptr?

olas ap Maon Z2 x teS—=rt-orceS

(OO

\ T EeS—

moles ok { No~ _%}. % .00 = O -02S

DR = w2\ 2 xo ez T

=+35.353 LT~
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e
e

\ / ResultsPlus
//\ Examiner Comments

This response scored 2 marks for calculating the
heat produced in the reaction and the number of
moles of nitric acid. The candidate has multiplied
the heat produced by the number of moles,
instead of dividing, and has given a positive sign
for the final answer.

\ ResultsPlus
) Examiner Tip

Remember that enthalpy changes are measured in
kilojoules per mole and 'per' means divide.

The temperature increased during the experiment
showing that it is an exothermic reaction so the
final answer should have a negative sign.




(b) Calculate the enthalpy change of neutralisation for the reaction between nitric acid
and sodium hydroxide solution, using the results of the experiment.

Give your answer to an appropriate number of significant figures.

Assume: density of the reaction mixture =1.0gcm™
specific heat capacity of the reaction mixture =4.18Jg'°C”’

(4)

gV: me 1Sk
9, S0 e \f x &%= |wityvy 2 A

.M.J-"') “NO o __2_.-/’&’--—-' > \ T 0 « ONA Ay
* LSTO
Terpmr ML L W 74 VAP R S Vet e
S - — b = T Sh-FUY  lLan™
Adanle

0. oS

2 756 & e dmA ()

ResultsPlus

Examiner Comments

This is an example of a common answer that
scored 3 marks. The final answer is given to too
many significant figures as the temperature rise
and density are only given to 2 significant figures.

ResultsPlus
Examiner Tip

Always check the accuracy of the data you are
given in calculations. Your final answer should not
be given to more significant figures than the least
accurate data.

GCE Chemistry 9CHO 01
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Question 4 (e)

Many candidates could show the structure of the complex correctly. However, common errors
included showing four monodentate ligands instead of two bidentate ligands, showing the
hydrogens of the NH, groups linked to copper instead of the nitrogen atoms, showing the oxygens
of the C=0 groups joined to the copper instead of the single-bonded oxygens and splitting the two
bidentate ligands into four monodentate ligands.

(e) Glycinate ions are bidentate ligands and can be represented by the structure

/0
HzN _CH]_C\
o

Complete the diagram below to show the structure of the [Cu(NH,CH,COO0),] complex,
which is square planar.

\u
D c,,t"\l —»> @
‘_/.C.
/ \-O—C — <negm NOE

Ni-cn,— c___;a*
|
O @/

ResultsPlus

Examiner Comments

This response scored 0. The candidate has missed
the point about glycinate ions being bidentate
ligands and the formula given shows two ligands
attached to the copper ion.

ResultsPlus
Examiner Tip

Make sure that you understand the meaning of the
term 'bidentate ligand'.
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(e) Glycinate ions are bidentate ligands and can be represented by the structure

//0
HzN _CHE_%

Complete the diagram below to show the structure of the [Cu(NH,CH,COO),] complex,
which is square planar.

(2)

G,L /\ P

I"\—ﬁ

\

Plus

Examiner Comments

This response scored 1 mark for the two nitrogens
attached to the copper. The two single-bonded
oxygens bonded to copper are also correct but the
mark cannot be awarded as the candidate has
copied the structure of the glycinate ions
incorrectly and shown two C=0 groups instead of
C=0 and CH..

ResultsPlus
Examiner Tip

Check the structures given in the question carefully
and make sure you copy them accurately.
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Question 4 (f)

Many candidates could explain the sequence of changes in rate of reaction and there were some
very good descriptions of autocatalysis. Some candidates omitted to explain why the reaction starts
slowly or stated there would be little catalyst present, instead of no catalyst. Some candidates
seemed unfamiliar with this reaction and the concept of autocatalysis and they just wrote generally
about rate of reaction. A few candidates thought that the reaction slows down at the end as the
Mn?* ions are used up, showing they had little understanding of catalysis.

(f) Manganate(VIll) ions, MnOj, react with ethanedioate ions in acid solution.
2MnQ; + 5C,05 + 16H* — 2Mn*" + 10CO, + 8H,0
The reaction starts slowly, the rate of reaction then increases, before it decreases again.

Explain this sequence.
(3)

1Nty reo ciuon gHOURA. SUBWWW . Uk tncreoues. an
8peed as ma** . prodiced . Tnid Aok As . Catalyst

......... SIS daon as. Mo v

ResultsPlus

Examiner Comments

This response scored 1 mark for why the rate of
reaction speeds up. There is no reason given for
why the reaction starts slowly. The reaction does
not slow down as the Mn?" is used up as this is a
product of the reaction.

ResultsPlus
Examiner Tip

Remember that reactions slow down when the
reactants are used up.
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(f) Manganate(VIl) ions, MnO;, react with ethanedioate ions in acid solution.

2MnO; + 5C,05 + 16H" — 2Mn** + 10C0O, + 8H,0

The reaction starts slowly, the rate of reaction then increases, before it decreases again.
Explain this sequence.

(3)

ResultsPlus

Examiner Comments

This response scored 2 marks. The candidate has
correctly described the increases in rate of
reaction and why the rate decreases again.
However, they have not commented on why the
reaction starts slowly.

ResultsPlus
Examiner Tip

Read the question carefully and check to make
sure that you have written about all parts of it.
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Question 5 (a)

Many candidates were familiar with electrochemical cells and labelled the diagram correctly to
score 3 marks. A few candidates used a cell or ammeter instead of a voltmeter, showing a lack of
understanding. Some candidates used a manganese electrode instead of platinum and some did
not include both ions in the solution. Candidates should practise drawing and labelling the different

types of electrochemical cell.

5 An electrochemical cell is made from the electrode systems represented by these

half-equations.
Cu**(aq) + 2e” = Cul(s)

Mn*(aq) + e~ = Mn**(aq)

The ES,y value is measured using the apparatus shown.

7
copper
1moldm™® |
Cu**(aq) ——
salt
bridge

ResultsPlus

Examiner Comments

This response scored 0. The labels are too vague
and there must not be a cell in an electrochemical
cell.

‘ ResultsPlus
Examiner Tip

Learn how to draw and label different types of
electrochemical cells.
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5 An electrochemical cell is made from the electrode systems represented by these

half-equations.

Cu**(aq) + 2e” = Cu(s)
Mn*(aq) + e” = Mn**(aq)

The EZ, value is measured using the apparatus shown.

copper

1moldm™
Cu**(aq)

/ NOXK ehexex

4
oA 2
salt B e S S
bridge
ResultsPlus

Examiner Comments

This is an example of a common answer that
scored 1 mark. The half-equation involving
manganese ions does not include solid manganese
so this must not be the electrode.

& ResultsPlus
Examiner Tip

When there is no solid metal in a half-equation, the
electrode must be platinum. The solution in the
beaker must include both of the ions in the half-
equation.

GCE Chemistry 9CHO 01
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Question 5 (b) (i)

The majority of candidates gave a correct chemical that could be used in the salt bridge. Potassium
nitrate will always be suitable for all electrochemical cells as all potassium salts and all nitrates are
soluble so there is no risk of a precipitate forming in one of the beakers. A general term such as
'salt’' did not score a mark.

(b) A salt bridge is used to connect the two half-cells.

(i) State what chemical is contained in the salt bridge.
(1)

................................... LL;\MD‘} (’b\'ﬁbﬂ‘:\-&“ SIRAUN 511 = SO

ResultsPlus

Examiner Comments

This candidate has written the correct name of the
chemical used in the salt bridge but this response
scored 0 as the formula of potassium nitrate is
incorrect and negates the mark.

ResultsP

Examiner Tip

If you give the name and formula of a substance,
both must be correct.
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Question 5 (b) (ii)

Many general answers were seen about wires conducting electricity that were confusing and
contradictory. Some candidates thought that an unreactive metal would not allow the flow of
electrons and in some answers it was not clear whether the candidate was referring to the metal
wire or the salt bridge. Candidates should make sure that they understand why a salt bridge is
necessary when setting up an electrochemical cell.

(i) Give a possible reason why the salt bridge cannot be replaced by an

unreactive metal wire.
(1)

....................... m‘&nsmﬁkmewwmwl-ha&\aclé%

AN un}«r __________________ 'Lo ____________________ Lo.lc..n ceuw,i qQ........ D pw.
.............................................. "‘A}Pteuh ) nunmm}l :‘\:ﬁlmﬂu\'c

ResultsPlus

Examiner Comments

This is an example of a good answer that scored 1
mark.

ResultsP
Examiner Tip

Make sure that you understand why a salt bridge is
used in an electrochemical cell.
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Question 5 (c)
Many candidates scored the marks for (i) and (ii). Some candidates did not cancel the electrons

from their overall ionic equation and others forgot to reverse the direction of the copper half-
equation, even though they were told that copper is oxidised.

(c) In this cell, the copper is oxidised and E5 = +1.15V.
Cu*(aq) + 26 = Cu(s) E® = +0.34V
Mn**(aq) 1 = Mn**(aq) x 2.

(i) Write the overall ionic equation for the reaction taking place.
State symbols are not required.

(Ll MR =— G * 2Mn?

(1)

(ii) Calculate the value of the standard electrode potential for the
Mn**(aq) | Mn**(aq) half-cell.

\AS - 0 Y

Koz

(1)
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y
_—

< / ResultsPlus

| /< Examiner Comments

Both parts of this answer scored 0.

(i) The candidate has multiplied the manganese
half-equation by 2 but has not reversed the
direction of the copper half-equation to show that
the copper is oxidised.

(ii) The electrode potential is incorrect as the
candidate has subtracted the value for the copper
half-cell from the total, instead of adding them.

<A\ ResultsPlus
\ Examiner Tip

When you add two half-equations together, make
sure that the electrons are on opposite sides of the
equations so that they cancel.

GCE Chemistry 9CHO 01
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(©) In this cell, the copper is oxidised and ESy = +1.15V,
Cu**(aq) + 2e” = Cu(s) E® = +0.34V
Mn**(aq) + & = Mn*(aq)

(i) Write the overall ionic equation for the reaction taking place.

State symbols are not required.
grawed (1)
"'“T\«\J §-

pe A e

' 1
ﬁ C“C‘&\ | wa—tclﬁ) " M.rﬁ:iqdl}ij H'n caq,) \P'C

(i) Calculate the value of the standard electrode potential for the

Mn**(ag) | Mn**(aq) half-cell.
(1)

MO - 030 =21 \E
MOz 1S F 03U
LU Q €% cen voswe .
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ResultsPlus

Examiner Comments

(i) This candidate has written a 'cell diagram'

instead of the overall ionic equation so scores 0.

(ii) This is correct and scores 1 mark.

N\ _
Results#
Examiner Tip

Read the questions carefully and check your
answers.

GCE Chemistry 9CHO 01
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Question 6 (b) (i)

Only a minority of candidates scored a mark for giving a reason why solids are not included in the
expression for the equilibrium constant. Many candidates stated that magnesium hydroxide is a
solid but did not follow this through with the idea that its concentration does not change. Some
candidates thought that solids do not have a concentration or that it cannot be measured.

(i} Give a reason why the magnesium hydroxide is not included in the expression

forK..
(1)

ResultsPlus

Examiner Comments

This is a good answer that scored 1 mark.

ResultsPlus

Examiner Tip

The concentration of a solid is the equivalent of its
density and this does not change during the
reaction.
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Question 6 (b) (ii)

Many candidates could work out the correct units for K., but there were many careless errors. Some
candidates did not look at the expression carefully and forgot to square the units for the
concentration of hydroxide ions. Candidates are advised to write down their working when
deducing the units as they will be less likely to make careless errors.

(ii) Give the units for K..
F[M%'l*} & 5 Mmoldw
PH]* = frotam )Tz molt dm”

5! (1)

Qﬂ{f}lc{mqgjc mﬂl’l M*B) - an3AJM'c'

ke = molL® dm™ 1

ResultsPlus

Examiner Comments

This is a good answer that scored 1 mark.

ResultsPlus

Examiner Tip

It is a good idea to write out the working for the
units from the equation then you are less likely to
make a careless error.
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Question 6 (b) (iii)

Many candidates calculated the correct enthalpy change of solution. The calculation can be carried
out without using a Hess cycle but many candidates who tried this got an incorrect final answer.
The most common errors were, not multiplying the enthalpy change of hydration of hydroxide ions
by 2 and using the Hess cycle the wrong way around.

(iif) Calculate the enthalpy change of solution of magnesium hydroxide, using the
following data.

Lattice energy of Mg(OH),(s) —2842
AngH (Mg**(aq)) -1920
AneH (OH (aq)) -460

(2)

& Mg (ot); «s)

-4 60
=iqz0 — 2842

+ OH

i920 4+ 40~ 2842 = l- 462kT mol -
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\’—’ =
<7 ResultsPlus

Examiner Comments

This answer scored 0 as the candidate has omitted
to multiply the enthalpy change of hydration of
hydroxide ions by 2 and the equation is the wrong
way around.

G\

& \ ResultsP
N Examiner Tip

Practise drawing energy cycles and calculating
enthalpy changes.

GCE Chemistry 9CHO 01
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(iii) Calculate the enthalpy change of solution of magnesium hydroxide, using the

following data.
Lattice energy of Mg(OH),(s) —-2842
AneH (Mg™(aq)) ~1920
AnaH (OH™(aq)) ~460
2

1+ - -1%42 M (OH) @
N\j{?* zoﬂ Cﬁj —e—— a Lyl

~|410 \ /’

— (L $69) )

bHM:-(-'l?"rZ)i-ng’fc - 4 l ij’{“
=

ResultsPlus

Examiner Comments

This response scored 2 marks.

ResultsPlus
Examiner Tip

Try to set out calculations clearly and use a Hess
cycle, where appropriate. This will help you to
avoid losing marks due to careless errors.
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Question 6 (b) (v)

Many candidates scored full marks for this question. Some candidates were confused between left
and right and sometimes contradicted themselves by using both in the same sentence. It is
acceptable to use forward and reverse directions instead. Some candidates did not realise that
adding magnesium sulfate will increase the concentration of Mg®* ions and that H* ions from the
hydrochloric acid react with the OH ions. Very few candidates were penalised for writing that the
equilibrium constant changes.

(v) Predict the effect, if any, of adding each of the following to a saturated
solution of magnesium hydroxide in contact with solid magnesium hydroxide.

Justify your answers in terms of the effect on the equilibrium.

Mg(OH),(s) = Mg**(aq) + 20H (aq)
- (4)

Magnesium sulfate solution

Dilute hydrochloric acid

Hﬂmam\c ocid Al dussttiode the BT iaw
Hae Te @oion, ik the QoGRS
...... eq/ mbmmmmﬁxmm
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N

N,
<N / ResultsPlus
?/\ Examiner Comments

This is an example of a response where there is a
contradiction. The candidate starts by stating that
the reaction will shift to the left when the
magnesium sulfate is added but then states that
the magnesium sulfate solution will dissolve the
magnesium hydroxide. When magnesium
hydroxide dissolves, the equilibrium position shifts
to the right. There is nothing worthy of credit for
adding hydrochloric acid so this response scored 0.

 ResultsPlus
\ Examiner Tip

Check your answers carefully to make sure that
you have not made a contradiction. Some
candidates were confused between left and right
in the same part of the answer. They are advised
to use the terms forward and reverse directions
instead.




(v) Predict the effect, if any, of adding each of the following to a saturated
solution of magnesium hydroxide in contact with solid magnesium hydroxide.
Justify your answers in terms of the effect on the equilibrium.

Mg(OH),(s) = Mg*(aq) + 20H™(aq)

(4)

D’\Ca SO “
Magnesium sulfate solution

Dilute hydrochloric acid HCL

ResultsPlus

Examiner Comments

This response scored 2 marks for the correct shifts
in the equilibrium positions. There is no
justification for either of these shifts.

ResultsPlus
Examiner Tip

Try to give reasons for your answers when you are
asked to justify them.

GCE Chemistry 9CHO 01
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Question 7 (a)

Many candidates could write the balanced equation for the reaction between borax and
hydrochloric acid. Some candidates did not balance the equation or balanced it incorrectly. Many
candidates were unable to work out that the other products were sodium chloride and water.

7 Boric acid, H;BO,, is a weak acid with antiseptic properties.

(a) Boric acid can be prepared by reacting borax, Na,B,0,.10H,0, with
hydrochloric acid.

Write the equation for this reaction. State symbols are not required.

(1)
ND\‘\.%HO?:D\A‘O A A\ — \%3%03 + NO\(,\ o

ResultsPlus

Examiner Comments

This equation scored 0. All of the reactants and
products are correct but the equation is not
balanced.

ResultsPlus
Examiner Tip

All equations must be balanced.
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Question 7 (b) (i)

Many correct answers scoring 2 marks were seen for this question. Some candidates included a
double bond between boron and one of the oxygen atoms and some put a lone pair on the boron
atom. Candidates should realise that boron and aluminium have 3 electrons in their outer shells so
can form covalent compounds where they have an empty orbital. A small minority of candidates
did not use the correct symbols for the electrons and lost an easy mark.

S HL 0
(b) The formula of boric acid can also be written as B(OH),. * K

(i) Complete the dot-and-cross diagram of a molecule of boric acid.
Show the outer shell electrons only.

Use dots (e) for the hydrogen electrons, crosses (x) for the oxygen electrons
and triangles (A) for the boron electrons.

0' L"

(2)
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N
< (; ResultsPlus
V\; Examiner Comments

This response scored 1 mark. All of the electrons
are in the correct positions but the candidate has
ignored the instruction about which symbol to use
for the electrons from each of the elements.

M\
4R\

¢ \ Results#

\\ Examiner Tip

Read the question carefully and don't make up
your own symbols for electrons when you have
been given specific ones to use.




Question 7 (d) (i)

Many candidates were able to calculate the pH of boric acid from the first dissociation. Some
candidates did not realise that they needed to convert pK, into K, and some tried to use the formula
for calculating the pH of a buffer solution. Some candidates calculated very low pH values and
others were above 7. These did not receive a transferred error mark for the pH value as it was
unrealistic for a weak acid. Candidates should be encouraged to consider the final answer for any
calculation and if it is unrealistic, they should check their working to find out where they have gone

wrong.

(d) In aqueous solution, boric acid dissociates into ions in three stages.
The equation for the first dissociation is

H;BO;(aq) = H'(aq) + H,BO;(aq)

pK, for this dissociation is 9.24

(i) Calculate the pH of a 0.0500 moldm™ solution of boric acid from the pK, value
for the first dissociation.

M- - (03m CH*}

124 = (H‘?(Moj'j 114 = (HT)L
(#4805 ) T, ;)

7-24 ("f}go}) mr = CL 8

(3)

=
~>
'\l

g q.24 (H3803).

A
Y
1)
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N\

y
_—

< / ResultsPlus

| /< Examiner Comments

This candidate has not converted the pK, value
into K,. They have calculated the concentration of
hydrogen ions correctly from this so scored 1 mark
as a transferred error. Although they have then
calculated the pH correctly, they were not awarded
a mark as the value is too low for a weak acid.

<A\ ResultsPlus
\ Examiner Tip

Always check to see if your final answer is realistic
and if it isn't, check your working to see where you
have gone wrong. In this question, the examiners
did not allow the pH of a weak acid to be less than
2 or greater than 7.




(d) In aqueous solution, boric acid dissociates into ions in three stages.
The equation for the first dissociation is

H;BO,(aq) = H*(aq) + H,BO;(aq)

pK, for this dissociation is 9.24

(i) Calculate the pH of a 0.0500 moldm™ solution of boric acid from the pK, value
for the first dissociation.
(3)

Ko= 4o \o "™ = 6. 75434323 x10-%

(3

0.0 900

G35, xe

[H*B‘L = %-75%10"“ X0 0500= 7.$FF... X100~ \©

(W = J287m0e = 164, x(0=5
?H = - Iosﬁ'ﬁj = 4.7
PH-_-:Lf.'?-—?-

GCE Chemistry 9CHO 01
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N
< (; ResultsPlus
V\; Examiner Comments

The working to calculate K, is correct but the final
value is incorrect as it should be to the power of

minus 10. The candidate has then used this value
correctly in the next two steps so scored 2 marks.

M\
4R\

¢ \ Results#

\\ Examiner Tip

Show all your working clearly, as in this example,
then if you make a slip you will still be awarded
some marks.




Question 7 (d) (ii)

The assumptions made in calculating the pH of a weak acid were generally well-known and many
candidates scored 2 marks. Some candidates only wrote 1 assumption and others generally
referred to 'standard conditions'. Some candidates were confused about which species had equal
concentrations and [H'] = [H3BOs] was not uncommon.

(i) State any assumptions you made in your calculation in (d)(i).

oo

(2)

ResultsPlus

Examiner Comments

This response scored 0. The candidate seems
confused about weak acids and has remembered a
little but has the species incorrect. Only a neutral
solution has [H] = [OH] and it is the concentration
of boric acid that is the same at equilibrium as at
the start.

4 ResultsPlus
Examiner Tip

Make sure that you understand the theory of weak
acids and the assumptions made when calculating
their pH.
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(i) State any assumptions you made in your calculation in (d)(i).

44 GCE Chemistry 9CHO 01

ResultsPlus

Examiner Comments

This response scored 1 mark for the first point.
'The concentration is constant' was not awarded a
mark as it did not state what the concentration
refers to.

ResultsP
Examiner Tip

Check to make sure that your answer is complete
and makes sense to an examiner reading it.

(2)



(ii) State any assumptions you made in your calculation in (d)(i).

(2)

ResultsPlus

Examiner Comments

This is an excellent answer that scored 2 marks.

ResultsPlus
Examiner Tip

Only 2 points were needed here so the last point
was not needed. It is acceptable to write answers
using bullet points and equations, as in this
example.
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Question 8 (a) (i)

Many candidates scored full marks for this question. Some candidates just gave the type of orbital
without the number of the quantum shell and others gave incorrect quantum shells. Candidates
would find it helpful to write the full electronic configuration of calcium as rough working then work
backwards by seeing which orbital the outermost electron is removed from.

8 This question is about ions and ionic compounds,

(a) The first three ionisation energies of calcium are shown in the table.

(i) Complete the table by identifying the specific orbital from which each
electron is removed.

(2)

ResultsPlus

Examiner Comments

This response scored 1 mark. The candidate has
identified the correct type of orbital but not given
the numbers in front of the orbitals to show the
quantum shell.

ResultsPlus
Examiner Tip

When you are asked for a specific orbital you must
show the quantum shell as well as the type of
orbital.
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Question 8 (a) (ii)

The majority of candidates scored 1 mark for this question. Some candidates omitted state symbols
and others put (aq) instead of (g). A small minority of candidates removed 3 electrons from a
calcium atom and a very small number added an electron to a calcium ion.

(i) Write the equation for the third ionisation energy of calcium.
Include state symbols.

&Lv\» —a (p_"u— 4 q,‘ (1)

ResultsPlus

Examiner Comments

This response scored 0 as the candidate has
omitted the state symbols.

A
Q ResultsPlus
Examiner Tip

Read the question carefully. If you are asked for
state symbols, you will not receive the mark unless
you include them.

GCE Chemistry 9CHO 01 47



Question 8 (a) (iii)

Some excellent answers were seen to this question where the candidates explained why there was
a small difference between the first and second ionisation energies but a much larger difference
between the second and third. Some candidates wrote about the large difference. Some candidates
wrote generally about the stability of a full sub-shell of electrons and did not receive any credit as
they missed the point about the third electron being removed from a new quantum shell that is
closer to the nucleus. A few candidates thought that the third quantum shell was of higher energy
than the fourth.

(i) Explain why the difference between the second and third ionisation energies
of calcium is much larger than the difference between the first and second
ionisation energies.
(2)

.................. The WDMunLJ bo opmeve  0n elecHon  Flowa
Al e ovbibd ey . vk greehes

wrmsmﬁ!pmm ........................ ot . b Sub=

ResultsPlus

Examiner Comments

This answer scored 0 as the candidate has just
written about the stability of paired electrons and
there is no mention about the new quantum shell
which is much closer to the nucleus.

ResultsPlus
Examiner Tip

When considering the relative values of ionisation
energies, remember that the large jumps occur

when the next electron to be removed is in a new
qguantum shell that is much closer to the nucleus.
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(iii) Explain why the difference between the second and third ionisation energies
of calcium is much larger than the difference between the first and second

ionisation energies.
(2}

,ﬁ dodmditic a)tt aclion %A, Leo ,slmMJ Mﬁ {pr
O«b-vt”ﬁ 18,

</£Z ResultsPlus
Examiner Comments

This is an example of an excellent answer that
scored 2 marks.

ResultsPlus
Examiner Tip

Try to write detailed explanations, such as this one.
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Question 8 (c)

It was pleasing to see many excellent answers scoring 6 marks but the full range of marks was seen
in other answers. Some candidates gave lengthy descriptions of theoretical and experimental
lattice energies but did not always relate these to the two compounds given in the question. Some
candidates referred to electronegativity differences, which were not required in this question. The
most common indicative points omitted from answers stated that lithium chloride is almost 100%
ionic and also there was a tendency to compare the sizes of the chloride and iodide ions. Some
candidates showed a lack of understanding by writing that the bond between magnesium and
iodine is polarised, or that there is a bond between the two iodide ions, or they completely missed
the point and wrote about experimental error. Candidates would benefit from more practice in
answering this style of question as some candidates wrote very little and others wrote far too
much, often repeating the same points several times. They also need to consider the use of correct
scientific terminology. It was not uncommon to see a discussion about ions, then (in the same
sentence) 'molecules’ being included.
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*(c) The table shows the theoretical and experimental lattice energy values of two compounds.

lithium chloride, LiCl -845 -848

magnesium iodide, Mgl, -1944 -2327

Comment on the theoretical and experimental lattice energy values, giving the
reasons for any differences and similarities.

(6)
L Wvom Cvwloride. has oo W’“fx S\l Dnen kel

.‘......gm.{%ub.:.. \r\t}wm%; Ma.%m,swm 'L.del-.,d-n— ,,,‘r\o..s,,..

O \9\3 dakkereace o ebweea.... e @penmental
04'\6 Awestebc ol m R —
,.,(heofeft\cqa.# Aakce. . E.’ntf?te.-i‘ Y Vs B U3 ¢ VSNV S

AR RKRRESMRAK L. l’.g.t‘nf-e ........ € ..Ers..‘j ................................... .
bUQWft}xngautanmwmmg*fmm ..........................
A6s o de Ause ek cons 1 dy et on
m&ou«tmwwm* Louch ag

LSOt \mj Q\.Lw:afence bor - M%Iq e
eV ptr,s 0N COLLY NG OWE AU XD RImem ey
....... haw re,.,..,.,...,..cwae,d b0k o0t g

............ aBIRT o quakions | M
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ResultsPlus

Examiner Comments

This response scored 0 as the candidate has not
revised the meaning of the term 'experimental
lattice energy'. They seem to think that this is
related to an experiment that a student can carry
out whereas it is the value calculated using
experimental values in the Born-Haber cycle.

ResultsP
Examiner Tip

Make sure you understand the meaning of the
terms 'theoretical lattice energy' and 'experimental
lattice energy'.




*(c) The table shows the theoretical and experimental lattice energy values of two compounds.

-848

lithium chloride, LiCl —-845
magnesium iodide, Mgl, -1944

-2327

Comment on the theoretical and experimental lattice energy values, giving the
reasons for any differences and similarities.

Cliewom gnonde. . Q. NN HINE.

(6)

ivx\%tw@\ i@\m

™ QW SAN
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%Z ResultsPlus
Examiner Comments

This is quite a good answer that scored 4 marks.
There are 4 correct indicative points: covalent
character in magnesium iodide, the large radius of
the iodide ion, magnesium ions are polarising and
iodide ions are polarised. The candidate has not
mentioned that lithium chloride is almost
completely ionic and the charges on the
magnesium and lithium ions.
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*(c) The table shows the theoretical and experimental lattice energy values of two compounds.

lithium chloride, LiCl -845 -848
magnesium iodide, Mgl, -1944 -2327

Comment on the theoretical and experimental lattice energy values, giving the
reasons for any differences and similarities.
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-
ﬁ | { ResultsPlus

Examiner Comments

This is an example of a clear and concise answer
that scored 6 marks.

/\"\

/ \ R D
esults
\\\3 Examiner Tip

Although a lot of space is given for answers to the
extended writing 6 mark questions, it is not
necessary to fill up all the lines. Just include the
important, relevant points to answer the question.




Question 9 (a)
The majority of candidates were familiar with the signs of AS, .. and could apply their knowledge
to the changes given in the question. A small number of candidates showed all the signs incorrectly

so thought, for example, that there is decrease in entropy when solid carbon dioxide changes to a
gas.

Question 9 (b)

The majority of candidates scored 3 marks for this question. Marks were lost when candidates
omitted the minus sign when using -AH/T and not converting the value for either ASctem OF
ASirroundings SO that they were in the same unit before adding them together. A few candidates gave
incorrect units and lost the last mark.

(b) Calculate the total entropy change, AS..., for the thermal decomposition of
calcium carbonate at 298 K.

CaCO,(s) = Ca0(s) + COs(q)
+ 33000 _

[Data: AH = + ASyystem = +1€0 K mol™]
(3)

Axoral - ASS%SHJ'YL + AS SO UANABNG

AS susoundsAgy = - BH

_(I—E?&OOS\ -7 2(1dp)
= - =S
2K A .

NS total = +\00 - B=8S= (- SAF - 3)
c jerrereR 397 -2 T Kimol
TAeSmr - (.33 ’T K ol
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N
< (; ResultsPlus
V\; Examiner Comments

This response scored 2 marks for calculating the
value of ASrroundings- The value of AS. is incorrect
as the candidate has added a value in joules to one
in kilojoules.

M\
4R\

¢ \ Results#

\\ Examiner Tip

In calculations involving enthalpy changes, entropy
and free energy, always check whether you are
using values in joules or kilojoules and do not mix
them up in the same equation.




Question 9 (c) (iii)

This is the first time that a question involving calculating an equilibrium constant from a free energy
change has been set on this specification and many candidates carried it out well, scoring full
marks. The common errors included omitting the minus sign from the equation and not converting
AG into ] mol”. Some candidates did not know the equation so they were unable to score any marks
unless they used an equation involving AG, K, R and T. Candidates do need to learn all of the
equations involving enthalpy, entropy and free energy changes. Some candidates used an incorrect
value for R, even though this is given in the Data Booklet.

(iii) In industry, the reaction is carried out at about 700K using a
vanadium(V) oxide catalyst.

Calculate the value of the equilibrium constant, K, at 700 K.

AG at 700K is —60 kJ mol™

NG = LT \wn &
— 60 =%B-A x e LW K

(3)

- bo

AB—SIX—-TLQD _
e S -

= O ATA 3 ux)

ResultsPlus

Examiner Comments

This response scored 1 mark. The candidate has
omitted the minus sign from the equation and they
have not converted the free energy change into |
mol™.

ResultsPlus

Examiner Tip

Learn all the equations involving enthalpy, entropy
and free energy changes.

Check that you are working in the correct units.
When you use this equation, AG must be in ]
molas Risin) mol” K.
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Question 9 (c) (i) - (ii)

Many candidates scored full marks for the calculation in (c)(i). Common errors included not using
the multiples of 2, as shown in the equation for the reaction, and writing the cycle the wrong way
around.

Not as many candidates scored full marks for (c)(ii). Quite a number of candidates did not convert
one of the values so they were both in kilojoules or both in joules. Some candidates did not include
units for the free energy change and some gave the units of an entropy change, which is incorrect
as it includes K. A few candidates quoted an incorrect equation. Most candidates could relate the
sign of the free energy change to the feasibility of the reaction but some thought that a negative
value meant the reaction was not feasible.
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(c) Sulfur dioxide reacts with oxygen to form sulfur trioxide.

250,(g) + 0,(g) = 2504(g) AH = -288.4kJmol™

The standard molar entropy values at 298K are given in the table.

+248.1 +205.0 +95.6

(i) Calculate the entropy change of the system, AS, ..., for the forward reaction.
Include a sign and units in your answer.

250,(g) + O,(g) — 250;(g)

OrOC\ - FEACEONES . @

2(As.¢) — (2u’. X2+ 2050)
oAl & —-Q—IOl@.'L + QQ5.0>

.6 — D12

= - 0O <l

(i) Calculate the free energy change, AG, at 298K and hence deduce whether the
reaction is feasible.

NG= DH- T oS aupem .
- 223U —(0aR) (-sce
- FIDI3ZAT Y

OG0 posibve ac oneredacChn.
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N/ (ResultsPlus
ﬁ/\e Examiner Comments

(i) This is almost the correct answer. The candidate
has the correct working so scores 1 mark. There is
an arithmetical error as 2 x 95.6 = 191.2 and not
191.6 so the second mark cannot be awarded.

(i) The equation is correct. The candidate has used
an enthalpy change in kilojoules and an entropy
change in joules in the same equation so the final
answer is incorrect. The units are also missing. The
final statement is incorrect so only 1 mark was
awarded.

N\

ResultsPlus
\

) Examiner Tip

Always check your numerical answers.

Check that you are not using amounts in kilojoules
and joules in the same equation - always convert
one of them so they are in the same unit.




(c) Sulfur dioxide reacts with oxygen to form sulfur trioxide.
250,(g) + O,(g) = 250,(g) AH = -288.4k)mol™

The standard molar entropy values at 298K are given in the table.

+248.1 +205.0 +95.6

() Calculate the entropy change of the system, AS, ... for the forward reaction.

Include a sign and units in your answer.
250,(g) + O,(g) — 2504(g)

= poducts - raactants.

= (2x9s56) - (2%248-1) = 205-0

(2)

AS system

=191 2- FO\- 2
= -5IQ 7K 'mol™

——

(i) Calculate the free energy change, AG, at 298K and hence deduce whether the
(3)

reaction is feasible.

AG = AH-TA S system
—2A%%4 — 298 x =510

[felele

= 15]619
2516919

;.s_ﬂaf‘,ch!b(ﬂ
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N/ (ResultsPlus
ﬁ/\e Examiner Comments

(i) This is the correct value with sign and units so
scored 2 marks.

(ii) The equation is correct and the candidate has
written the correct numbers down, remembering
to divide the 510 by 1000 to convert it into
kilojoules. However, the answer to the calculation
is incorrect as the candidate has not actually
divided 510 by 1000. They have also omitted the
units. The final statement is correct so 2 marks
were awarded.

N\

ResultsPlus
\

) Examiner Tip

Always check your numerical answers.

Include a sign and units for all calculations
involving enthalpy changes, entropy and free
energy.




(c) Sulfur dioxide reacts with oxygen to form sulfur trioxide.
250;(g) + O.(g) = 2504(g) AH = -288.4kImol”

The standard molar entropy values at 298K are given in the table,

+248.1 +205.0 +95.6

() Calculate the entropy change of the system, AS, ..., for the forward reaction.

Include a sign and units in your answer.

250,(g) + 0:(g) — 250(9)

(2)
Os syssem = product ~  ceaokants

= (2 xas.() — [Gus-1x2) + (205)]
= (Lsu.q,)- (701(.2)

= =516 yie pa”!

(ii) Calculate the free energy change, AG, at 298K and hence deduce whether the

AG= AH — TAS
Ba= (2854 x1000) - 248 (-510)

b6= —13¢y420 Jr-'ma™
L negutinve

(3)
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ResultsPlus

Examiner Comments

(i) Correct for 2 marks.

(ii) The units are incorrect so only 2 marks
awarded.

ResultsPlus

Examiner Tip

AG is the free energy change so has the units of kJ
mol™ or ] mol™.




Question 9 (c) (iv)

Many candidates scored 2 marks for this question as they considered the effect of changing the
temperature on the yield of product and the rate of reaction. Some candidates only considered the
rate of reaction and some wrote generally about 'favouring the reverse reaction' without linking it
to the yield.

(iv) The equilibrium constant has a larger value at 298K than at 700K,

Explain why the reaction is carried out at 700K and not at 298K.
(2)

/@1(’.« Alr. . Yean MM/
/
/A kot dA..... ﬁf .................. Stttk 7 ........... T Al Attt

7’ Pardites sotlvide . wtrH {Mﬂ .................................................... .
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ResultsPlus

Examiner Comments

This candidate has written a good explanation
about why the rate of reaction is higher at 700 K
than 298 K so scored 1 mark. There is no mention
of the yield, which is related to the equilibrium
constant.

ResultsPlus
Examiner Tip

Remember that in industrial processes, the yield
and rate of reaction are important and the
temperature chosen is a compromise between
these.
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(iv) The equilibrium constant has a larger value at 298K than at 700K.
Explain why the reaction is carried out at 700K and not at 298K.

pecause WK s sma{HQT .
o Tne equilibovium yield s Yower ok MigWiY tempPevoduse a

LBud 5 e value of T weve Yo be dewreased, tne vode

_of xeaction il be AW o to e ecomovmically feasible

_~oke Yo ensuve EXOJNX

ResultsPlus

Examiner Comments

This is an example of a good response that scored
2 marks.

ResultsPlus
Examiner Tip

Consider the yield and rate of reaction in industrial
processes.
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Question 10 (a)

Many candidates were able to add together the two half-equations to give the correct balanced
equation. Some candidates included silver and some left uncancelled electrons in their equation.
Some candidates did not use the half-equations given and were unsuccessful as they tried to make
up their own equation. A few candidates left out the sign on the nitrate ion and some wrote copper
atoms and copper ions on the wrong sides of the equation. Candidates should always check that
ionic equations are balanced in terms of atoms and charges.

10 Yellow gold is used to make jewellery. It is an alloy of copper, gold and silver.
The purity of gold is measured in carats. The higher the carat, the higher the
percentage of gold in the alloy. Pure gold is 24 carat.

A sample of yellow gold is analysed using the steps below. »n

Step 1 Excess concentrated nitric acid is reacted wlt the alloy. The gold

does not react but the copper and silver do react. The half-equations are

e

Cu(s) = Cu®*(aq) + 2e”

-

Ag(s) > Ag'(aq) + e~
2HNOs(aq) + e — NOs(aq) + NO,(g) + H,O(l)

Step 2 The mixture is diluted with distilled water and the gold is filtered off.

Step 3 Excess hydrochloric acid is added to the filtrate. It reacts with the silver ions to
form a precipitate of silver chloride.

Ag*(ag) + Cl™(ag) — AgCl(s)

Step 4 The silver chloride precipitate is ﬂitered off washed, dried and weighed.
The mass of silver chloride form ~

Step 5 Excess Eﬁzassigm iodide is added to the remaining solution.
A precipitate of copper(l) iodide and a solution of iodine forms,

2Cu*(aq) + 41 (aq) — 2Cul(s) + I(aq) -
c —_—

Step 6 The resulting mixture is titrated witl{O.mOmol dm‘i sodium thiosulfate solution.

oe
Ly(ag) + 25,03°(aq) — 2I'(aq) + 5.0 (aq)

colevlegy

The titre IJ_ 3940cm’.

(a) Write the equation for the reaction of copper with concentrated nitric acid,
using the half-equations given in Step 1. State symbols are not required.

CU T +2& +LHND, +€ —> Cu +NO3 N0 ¥ O (1)

C\J‘-*-I-'].‘“Noa +Xe =7 Cu + N0;+uc1 +H, O
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N (7 ResultsPlus
E/N Examiner Comments

This response scored 0. The candidate has
reversed the direction of the copper half-equation
so there are electrons on the left side of both half-
equations. The equation is also not balanced.

\ ResultsPlus

) Examiner Tip

Practise working out overall equations from half-
equations. Remember the electrons must always
cancel.




Question 10 (b)

Many candidates were familiar with iodine/thiosulfate titrations and scored 2 marks for starch and
the colour change of blue-black to colourless. It was surprising that a significant minority of
candidates suggested an acid-base indicator for this titration. Some candidates thought that either
iodine or sodium thiosulfate was the indicator and some did not know the colour change.

(b) State the indicator used and its colour change at the end-point in the titration
in Step 6.

ResultsPlus

Examiner Comments

This is a common response that scored O.

‘ ResultsP!
Examiner Tip

Learn the indicator and its colour change at the
end-point for iodine/thiosulfate titrations.
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Question 10 (c)

It was pleasing to see a large number of completely correct answers scoring 6 marks. However,
there are some candidates who would benefit from more practice at redox titration calculations as
they struggled to get further than working out the numbers of moles of silver chloride and sodium
thiosulfate, although some thought that 0.706g was the mass of silver. Some candidates were
unable to use the equations given to work out the mole ratio of copper ions to thiosulfate ions as

1:1.

(c) The table shows the percentage by mass of gold in four different carats of yellow gold.

9 375
10 4.7
14 58.3
18 75.0

Determine, using the experimental data, the carat of the sample of yellow gold

that was analysed.

o ally

HNO,
'u'-'-S'Og
%U(s)
0&1‘06\3
\1 + 23101 i

3 koo

~1
O lﬂOmuchM

(6)
t.2fo e al{nj

(ODwmoles of S20,°"
A
0100 x (f:oo 3

@ R ~olesr EEF 11.
- 1.94% (O
p=~3

= AT ¢ (07 * molen

3!‘14‘5‘ 0

mo es.

/@ Cun 42&3 e Cu’**?ﬂg
®M€'k€0 af C).ku

= L qAhxr O * molen
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® ~oles ok RO

S 3
CF,
0 "tokb
T
= 3. ASx 10 moles

melen =

weler =




,@««"g/\(*ﬁ -
N / ResultsPlus

‘v| < Examiner Comments

This response scored 1 mark for calculating the
number of moles of Cu®* ions.

The candidate has attempted to calculate the
number of moles of silver chloride but has used an
incorrect formula - AgCl, instead of AgCl.

4\

<O\ ResultsPlus
\ Examiner Tip

Always check that you are using the correct
formula. The formula of silver chloride was given in
an equation earlier in the question.
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() The table shows the percentage by mass of gold in four different carats of yellow gold.

9 37.5
10 41.7
14 58.3
18 75.0

Determine, using the experimental data, the carat of the sample of yellow gold

that was analysed. !
6
D mols Aqh * o @@ 2 mam dold = 1-1—50"0-53*'ﬂ-3!}o]
= 0706 .
T = 0-464
T H‘*z"'o‘?% i @ - ?0 Mo Jafi -} 6"'"!5"! 2100
. 256
@ 2 mols Aq™ =92 »1673 oy ‘
) | < 37.49
@ 2 mois A9 () =4.92 2107 mub ¥ 37.5%

@umm Ajr,..pa_;a.m, ‘
*UY.92x1073 *»107.9
: 0-'53i223’
=

2 1 canmt gotd .

F

Ce—

(R-Tet]
z 04 x39.9
ooo

3.0 muts
@tmu 1-1 = _qgw&“ .
z

® mois thiosulfake = ¢ v

= l-qT"lo‘-‘mgﬂh
@ @ mols (U = 147400 on |

Y344 %10 ety
@ D mols a2 3.9F 210 |

@ D mam [y ~3.94 u-'O‘":-r,'s.;
*6.2% DHJ_"
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ResultsPlus

Examiner Comments

This is an example of an excellent answer that
scored 6 marks.

ResultsPlus

Examiner Tip

Try to set out your calculations clearly and explain
all of your working, as in this example.

GCE Chemistry 9CHO 01

75



Paper Summary

On the basis of their performance on this paper, candidates are offered the following advice:

read all the information in the question carefully and use it to help you to answer the question

¢ learn the meanings of as many of the key scientific words in each topic as possible

* practise answering the extended writing questions so you understand how to improve your
performance by giving more relevant details, or in some cases, by writing more concisely and not
repeating points

* |learn all of the equations needed for carrying out enthalpy change, entropy change and free

energy change calculations and remember to give your answer to an appropriate number of

significant figures and include a sign and units, where appropriate

¢ explain each stage in your working for multi-stage calculations.
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Grade Boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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