©

Pearson

Examiners’ Report
June 2017

GCE Chemistry 9CHO 01

edexcel




2

Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications come from Pearson, the UK’s largest awarding body. We
provide a wide range of qualifications including academic, vocational, occupational and
specific programmes for employers. For further information visit our qualifications websites
at www.edexcel.com or www.btec.co.uk.

Alternatively, you can get in touch with us using the details on our contact us page at
www.edexcel.com/contactus.

Giving you insight to inform next steps

ResultsPlus is Pearson'’s free online service giving instant and detailed analysis of your
students’ exam results.

+ See students’ scores for every exam question.

+ Understand how your students’ performance compares with class and national averages.

+ ldentify potential topics, skills and types of question where students may need to
develop their learning further.

For more information on ResultsPlus, or to log in, visit www.edexcel.com/resultsplus.
Your exams officer will be able to set up your ResultsPlus account in minutes via Edexcel Online.

Pearson: helping people progress, everywhere

Pearson aspires to be the world's leading learning company. Our aim is to help everyone
progress in their lives through education. We believe in every kind of learning, for all kinds
of people, wherever they are in the world. We've been involved in education for over 150
years, and by working across 70 countries, in 100 languages, we have built an international
reputation for our commitment to high standards and raising achievement through
innovation in education. Find out more about how we can help you and your students at:
www.pearson.com/uk.

June 2017
Publications Code 9CHO_01_1706_ER

All the material in this publication is copyright
© Pearson Education Ltd 2017

GCE Chemistry 9CHO 01



Introduction

This is the first examination in the Pearson Edexcel Level 3 Advanced GCE in Chemistry
(9CHO) qualification. Papers 1 and 2 are marked out of 90 and paper 3 is out of 120.

The marks for papers 9CH0/01, 9CH0/02 and 9CHO/03 are added together to give the total
mark out of 300 on which the overall grade is awarded.

Paper 1 was 1 hour 45 minutes. The paper consisted of a mixture of multiple-choice, short
open, open-response, calculations and extended writing questions.

* The main differences between this paper and those A2 papers from the previous
specification are:

* 10 multiple-choice questions spread throughout the paper instead of a Section A with 20
multiple-choice questions

* more calculations at level 2 or above
* a6 mark extended writing question
* 40 to 50% of the marks on AS content.

The overall impression of the examiners was that many candidates coped very well with this
first examination and gave excellent answers. However, there was a significant number of
candidates who did not seem well-prepared.

Successful candidates:

+ read the questions carefully and answered the questions clearly and concisely
+ used correct scientific terminology in their answers

+ could carry out unstructured calculations

+ could write balanced ionic equations.

Less successful candidates:

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

« did not use correct scientific terminology: for example, they interchanged atoms, ions
and molecules without understanding what the correct word should be

+ could not carry out some of the calculations being tested or gave answers that could not
possibly be correct but they did not check where they had gone wrong

* rounded numbers too early in the calculation or rounded numbers incorrectly, for
example, 0.67 rounded to 0.6

« were unable to write balanced ionic equations

« were careless in completing a Born-Haber cycle by omitting some state symbols and not
multiplying some energy changes by 2 when 2 mol of the substance was needed

* were unable to draw a dot-and-cross diagram of an ionic compound.
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Question 1 (b) (i)

It was disappointing to see many poor answers to this question on a fundamental AS topic.
Too many candidates discussed repulsion between electrons, bonds or atoms and some
even thought that phosphorus(lll) chloride is ionic. Few candidates explained that the shape
was due to minimising repulsion or maximum separation between electron pairs, although
some confused these terms and wrote about maximising repulsion. However, more
candidates scored the second point as they did realise that lone pairs of electrons repel
more than bonding pairs.

(i) Explain why a phosphorus(lll) chloride molecule has this shape and bond angle.
(2)

This candidate has the idea that The shapes of molecules and ions
repulsion is relevant when considering are predicted using the electron pair
the shape of a molecule. However, they repulsion theory. When you explain
have written about repulsion between the shape of a molecule or ion, you
chlorine atoms, which is incorrect. This must write about repulsion between
response scored 0. electron pairs.
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(i) Explain why a phosphorus(lll} chloride molecule has this shape and bond angle.

This candidate has correctly identified
that there are 3 bond pairs and 1 lone
pair around the phosphorus atom.
They have also mentioned repulsion
between electron pairs, which is
correct. However, the electron pairs
are arranged to minimise repulsion,
not to ensure maximum repulsion, as
stated in this answer. The comparison
of repulsion between bond pairs and
lone pairs is correct so this response
scored 1 mark.

OO ResultsPlus

Examiner Tip

Remember that electron pairs are
arranged to minimise repulsion.

GCE Chemistry 9CHO 01
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Question 1 (c)

There were many clear answers to this question and it was acceptable to represent the
different combinations of chlorine isotopes in many different ways. A number of candidates
only identified two ions formed, one with all **Cl atoms and the other with all *’Cl atoms.
Unfortunately, some candidates ignored the word 'ion' in the question so they showed
neutral molecules and lost a mark. Some candidates seemed unfamiliar with the term
'molecular ion’ so they just gave the different isotopes of chlorine and omitted phosphorus.
Other fragments were seen, such as PCI* and PCL".

ﬁ hosphorus has one naturally occurring isotope with mass number 31.
hlorine exists as two isotopes with mass numbers 35 and 37.

Give the formulae and mass/charge ratio of the ions responsible for the
molecular ion peaks in the mass spectrum of phosphorus(lll) chloride, PCl;.

<?/ZResults’@lus

Examiner Comments

Examiner Tip

This candidate has shown two of the
ions with their mass/charge values.
However, they have not shown that
they are positive ions so cannot score
the mark.

Remember that the ions produced in
a mass spectrometer always have a
positive charge.
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(c) Phosphorus has one naturally occurring isotope with mass number 31,
Chlorine exists as two isotopes with mass numbers 35 and 37.

Give the formulae and mass/charge ratio of the ions responsible for the
molecular ion peaks in the mass spectrum of phosphorus(lll) chloride, PCL..
(2)

Examiner Comments Examiner Tip

<%Z ResultsPlus OO ResultsPlus

This candidate has given the four Give a full answer to each question.
correct mass/charge values and knows
they are from PCl,*ions. However,
they have not shown which chlorine
isotopes are in each ion. This response
scored 1 mark.

(c) Phosphorus has one naturally occurring isotope with mass number 31,
Chlorine exists as two isotopes with mass numbers 35 and 37.

Give the formulae and mass/charge ratio of the ions responsible for the
molecular ion peaks in the mass spectrum of phosphorus(lll) chloride, PCl,.

z 2
Y/Z ResultsPlus .
Examiner Comments Examiner Tip

This is an example of a clear answer
that scored 2 marks. The candidate has
shown the four mass/charge values
and the isotopes that are present in
each ion.

Give detailed answers, as in this
example.

GCE Chemistry 9CHO 01 7



Question 2 (a)

The majority of candidates demonstrated excellent understanding of redox in this question.
Some candidates would benefit from more practice at determining oxidation numbers of an
element in different species as +6 was a common incorrect oxidation number for nitrogen
in magnesium nitrate and a few candidates gave the total of the oxidation numbers of the
three oxygens in magnesium nitrate as -6 instead of the individual oxidation number. Some
candidates gave the correct oxidation numbers but forgot to state which was oxidised

and which was reduced while a very small minority thought that the oxidation number

of magnesium was changing. Reference to 'charge' was accepted on this occasion, but
candidates should be made aware that the elements do not have this charge and it would
be better in future to refer to oxidation numbers. References to gain and loss of electrons
were frequently seen and these were ignored as they were irrelevant to this question.

2 Magnesium nitrate decomposes on heating as shown by the equation,

2Mg(NO,); — 2Mg0O + 4NO, + O,

(R A e -1 o) _oi Aot [redsseos
(@) Explain, in terms of all the relevant oxidation numbers, why this is a redox reaction.
(3)
e

________ W...&;...m -1 WG S CFORSs Gy
___________________ W\M\%
- m\mﬂ\ ..... \ t\..l\*ﬁk\m\a.\\ N w«ae mkx\tgmm %.l....ml.*e.f&kﬁ ...........

Q ResultsPlus

ﬂExaminer Comments Examiner Tip

The only correct oxidation number is
that of oxygen in magnesium oxide.
The candidate seems to have given the

In a redox reaction, one species is
oxidised and another is reduced.

total oxidation numbers of nitrogen
and oxygen in 2Mg(NO,),, instead of
the individual atoms. The question
asks for an explanation of why this is
a redox reaction in terms of oxidation
numbers so the discussion of gain

or loss of electrons is irrelevant. This
answer scored 0.

Revise how to determine oxidation
numbers and how their changes relate
to oxidation and reduction.
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2 Magnesium nitrate decomposes on heating as shown by the equation.

+
"' +L ""1- mﬂ—‘- a’
2&:\3(!*!?;}; — 2MgO + 4NO, + O,
+ -

(a) Explain, in terms of all the relevant oxidation numbers, why this is a redox reaction.

] aini'ng

OO ResultsPlus

Examiner Tip

<?/ZResults@Ius

Examiner Comments

The oxidation number of magnesium
does not change so the first part of
the answer is incorrect. The oxidation
numbers of oxygen are correct so 1
mark is scored.

Metals in group 2 always have +2
oxidation number in compounds.

GCE Chemistry 9CHO 01 9



10

5 .5
]

2 Magnesium nitrate decomposes on heating as shown by the equation.

2Mg(NQO,), = 2MgO + 4NO, + O,

+r =1

=1

*2 -2

WL o

(a) Explain, in terms of all the relevant oxidation numbers, why this is a redox reaction.

1Y

(3)

Examiner Comments

The statement about nitrogen is correct. The
candidate has given an incorrect oxidation
number for oxygen at the start; however,
they have correctly identified the process as
oxidation so scored 2 marks.

<1 xS-L

OO ResultsPlus
Examiner Tip
Check to make sure that you can work

out the oxidation numbers of elements
in different species.

Magnesium nitrate decomposes on heating as shown by the equation.
-1 4 -2

O
2Mg(NO,), — 2MgO + 4NO, + O,
N n gt %K.y B

AR

W
(a) Explain, in terms of all the relevant oxidation numbers, why this is a redox reaction.

ResultsPlus

Examiner Comments

This is an example of a clear answer that
scored 3 marks. It was not necessary to
write about magnesium to score full marks.

(3)

Q Examiner Tip

When you discuss redox reactions in terms of
oxidation numbers, make sure that you include
the oxidation numbers at the start and end and
also state whether it is oxidation or reduction.
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Question 2 (b)

There were many excellent answers to this question, showing that the majority of
candidates had clear knowledge and understanding of the thermal decomposition of
Group 2 nitrates. Common errors included incorrect terminology - referring to calcium
atoms instead of ions or calcium nitrate molecules and confusion about which ion does
the polarising. Some candidates wrote about the bond between the cation and anion
being polarised, which is incorrect; it is the N-O bonds in the nitrate ion that are polarised
and weakened. Some candidates stated that calcium has a larger ionic radius but then
negated this mark by stating it also has a higher charge density. A small number of
candidates confused their answer with ionisation energy as they discussed shielding while
others discussed intermolecular forces as they confused ease of thermal decomposition
with difference in melting points.

(b) Calcium nitrate decomposes in a similar way to magnesium nitrate, but requires a
higher temperature for decomposition.

Explain this observation in terms of the charge and size of the cations.

(3)
(+2)
C"’c«w—-s ..... Ao .. 35amt.... o Laswrte] 4. dmu Lo Sraemarr, D5 ™ bigasr débn oo
o h.bax. Lestre, 2hichron shoadl .. T reasas. reen el (hrong | o Tt T
Londen, £rcad ... 7] o Lacosewed draalese Lo forese. crmpoletdh totre. el g TV
Pisa, 5o Hab T, - wauwmﬁgwmﬁ:m- ..................................................
2//\
Examiner Tip
This response scored 1 mark for the Read the question carefully to make
idea that calcium is a bigger ion than sure you understand what is required
magnesium. The rest of the answer is in the answer.
about intermolecular forces and is not
relevant to this question. The ease of decomposition of nitrates
and carbonates of Group 1 and 2
elements is an important part of AS
Chemistry.

GCE Chemistry 9CHO 01
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(b) Calcium nitrate decomposes in a similar way to magnesitfn nitrate, but requires a

higher temperature for decomposition.

Explain this observation in terms of the charge and size of the cations.

<%Zl?esultsﬁlus

Examiner Comments

This response scored 1 mark for the
statement that calcium nitrate has a
larger cation. However, this candidate
has confused ideas about polarisation
as they think the cation is polarised,
which is incorrect.

Examiner Tip

Remember that cations polarise
anions.

GCE Chemistry 9CHO 01




(b) Calcium nitrate decomposes in a similar way to magnesium nitrate, but requires a
higher temperature for decomposition.
R —

Explain this observation in terms of the charge and size of the cations.

LR QY NBLUA. . i, AT A {
e Jam 2+ _charge . Culeim ren(@®) & lss
el than_ Magnetim. im waj‘@ '
s &2+ itn_ 18 U5 polart§rg. than.

/’fﬁ So..the.. CGulum... Mc'mfe ........... dnmﬂ« €3 r}zm’

OO ResultsPlus

Examiner Comments Examiner Tip

<@Zl?esultsﬁlus

This answer scored the first 2 marks
from the mark scheme. However,
there is no 'bond' between calcium and
nitrate as they are ions so are just held
together by electrostatic attraction. It
is the N-O bonds in the nitrate ion that
are weakened.

Revise the reasons for the differences
in thermal decomposition of nitrates.

GCE Chemistry 9CHO 01

13



Question 3 (a)

There were many excellent answers to this question as the majority of candidates were
aware of the link between the increasing number of electrons and the strength of the
London forces. A small number of candidates did not relate the strength of the London
forces to the energy needed to overcome these forces and separate the molecules. A few
candidates just referred to intermolecular forces, without specifying the type of force and a
few stated or implied that the covalent bonds break.

3 This question is about halogens and redox reactions.

(a) The boiling temperatures of three halogens are shown in the table.

chlorine -35
bromine 59
iodine 184

Explain why the boiling temperatures increase from chlorine to iodine.

 the ol
Ve |

o

This candidate thinks that London
forces are holding the atoms together
and that more energy is needed to
break them down. This implies that
the bonds between the atoms are
breaking, which is incorrect so this
response scored 0.

14 GCE Chemistry 9CHO 01
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Examiner Tip

It is important to use the correct terminology.

There are strong covalent bonds holding the
atoms together in the diatomic molecules.
These bonds do not break when the halogens
boil. There are weaker London forces between
the molecules and energy is needed to
overcome the intermolecular London forces to
separate the molecules as the halogens boil.




3 This question is about halogens and redox reactions.

(a) The boiling temperatures of three halogens are shown in the table.

chlorine -35
bromine 59
iodine 184

Explain why the boiling temperatures increase from chlorine to iodine.

(2)

OO ResultsPlus

Examiner Comments Examiner Tip

This answer scored the second mark

in the mark scheme. Increasing atomic
radius is not sufficient for explaining the
increasing strength of the London forces.

Remember that London forces
increase in strength as the number of
electrons increases.
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3 This question is about halogens and redox reactions.

(a) The boiling temperatures of three halogens are shown in the table.

chlorine -35
bromine 59
iodine 184

Explain why the boiling temperatures increase from chlorine to iodine.
(2)

oox. . e\ecstonn
SO SAG . ﬁ:c}bwf\%mwf}—aa

Ve commn At cra o

e/\.q.rcﬁu) ........ D RS A 22 A DO gL A o Soaden
............. k@ CCRID. A
L 3
ResultsPlus 2/ 3 ResultsPlus
Examiner Comments Examiner Tip
This is an example of an answer that Remember that the strength of London
scored 2 marks. The candidate has forces mainly depends on the number
correctly referred to the number of of electrons present.
electrons, intermolecular forces and
the energy needed.
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Question 3 (b)

There were many excellent answers to this question. Some candidates did not read the
qguestion and did not refer to oxidation numbers: even though they wrote in detail about
iodide ions losing electrons they could not score any marks. Some candidates gave an
incorrect oxidation number, the most common being +2 for sulfur in hydrogen sulfide, so
they lost a mark. A few candidates omitted to state that chloride ions do not reduce sulfur.
Candidates are advised to write about all of the substances given in a question.

(b) Potassium halides react with concentrated sulfuric acid to form
potassium hydrogensulfate and the different products shown in the table.

potassium chloride | hydrogen chloride

potassium bromide | hydrogen bromide, bromine and sulfur dioxide

potassium iodide | hydrogen iodide, iodine, hydrogen sulfide and sulfur

By referring to any changes in oxidation numbers when these halides react with
concentrated sulfuric acid, explain which halide is the strongest reducing agent.
g - (Aeliom 2dide s & t
« Adicing ey ;5 e ot il ooy e
“Ithindprs gl flrnic whing - log

(3)
whim + fheoldog .
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», =
y ResultsPlus ResultsPlus
Examiner Tip Examiner Comments
Read the question carefully and make sure This response scored 0. There is a
that you include everything you are asked for. detailed answer but the candidate
has not read the question carefully.
There are no marks for making up your own They were asked to refer to changes
questions! in oxidation numbers and this
answer does not mention any specific
oxidation numbers.

18 GCE Chemistry 9CHO 01



"'6'

(b) Potassium halides react with concentrated sulfuric ac d to form
potassium hydrogensulfate and the different products shown in the table.

Rt

potassium chloride | hydrogen chloride HCC

BV 6 SO
potassium bromide hydrogéwi:romide, bromln2é and sulfu%oxidg"

potassium iodide | hydrogen iodide, iodine, hydrogen sulfide and sulfur

H e Hz>S -
By referring to any changes in oxidation numbers when these halides react with
concentrated sulfuric acid, explain which halide is the strongest reducing agent._
(3)

Lsa@mloc;imawwww.

’T‘M ‘afwm ..... fﬁM{.\q oe A

ﬂExaminer Comments Examiner Tip

This candidate has given a correct The question asks about the three
change in oxidation number when halide ions so to achieve full marks,
iodide ions are used so this answer you must write about each of them.

scored 1 mark.

GCE Chemistry 9CHO 01
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(b) Potassium halides react with concentrated sulfuric acid to form
potassium hydrogensulfate 1alnd the different products shown in the table.

+( ~1 4

potassium chloride | hydrogen chloride

potassium bromide | hydrogen bromide, bromine and sulfur dioxide

potassium iodide | hydrogen iodide, iodine, hydrogen sulfide and sulfur

By referring to any changes in oxidation numbers when these halides react with
concentrated sulfuric acid, explain which halide is the strongest reducing agent.

Examiner Comments

This is a good answer that refers to

all three halides ions. However, the
oxidation number of sulfur in hydrogen
sulfide should be -2, so 2 marks were

Examiner Tip

<EQZResultsPlus Q ResultsPlus

Learn the oxidation numbers that do not
change and practise working out oxidation
numbers. Hydrogen is always +1 in
compounds, unless it is joined to a metal.

awarded.

GCE Chemistry 9CHO 01




(b) Potassium halides react with concentrated sulfuric acid to form
potassium hydrogensulfate and the different products shown in the table.

potassium chloride | hydrogen chloride

potassium bromide | hydrogen bromide, bromine and sulfur dioxide

potassium iodide | hydrogen iodide, iodine, hydrogen sulfide and sulfur

By referring to any changes in oxidation numbers when these halides react with
concentrated sulfuric acid, explain which halide is the strongest reducing agent.

(3)
lxe't uS _ Coosider  éach halidé ia turn

‘ﬂwchloﬂdemoﬂ s gade do. cwe #e wdaﬂm mmlvr
wﬂegv'l’h”"gw
o The brm? ion_ r’e»'wfﬂefv*f o the 46 4o the

"""'ﬁﬁﬁfﬁ}E;;ﬁf}i;ﬁﬁﬁf}{éﬁﬁffﬁf%iéfﬁfff:ﬁﬁfﬁ

? ResultsPlus

Examiner Tip

ﬂExammer Comments

This is a clear answer that scored 3
marks. The candidate has referred to
all of the relevant oxidation numbers
and come to the correct conclusion.

Try to keep your answers clear and
concise, as in this example.
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Question 3 (c) (ii)

Although many correct answers were seen, many candidates made careless errors in
copying the half-equations from the table. Some candidates left uncancelled electrons in
their equations, some wrote the equation in the wrong direction while others tried to react
manganate(VIl) ions with bromine. A few candidates selected the wrong half-equation for
manganese. Some candidates were unable to calculate the E°_, value.

(ii) Write the ionic equation and calculate the E S, value for the reaction between
MnQj; ions and Br~ ions in acidic solution,
State symbols are not required.

(3)

Mn O + 8HT +5¢° = MiT 4,0 EZu-si

p—

Brytre™ = 25 JES= +109 Y

.281.’ ::_:_.3 Bor. + 2e ~
x5 2
=) fogr“c:—% ‘58\“2 -{—[99_
2MI’104,'"+- [6HT l/g/e-' = 2Mn2++8++20
= ZMn04™ + 10B) '+ 16HT 2 om2t 4 gH, O
P
E el valg —~ V'Sl— )09

A
Q ResultsPlus
Examiner Tip

This candidate has selected the two Always check ionic equations carefully
correct half-equations, copied them to make sure that all the species
down correctly and multiplied them are present and the overall charges
by 2 or 5 so that the electrons cancel. balances.

However, the final equation is incorrect
as it does not show the charge on

the bromide ion and the bromine
molecules are missing. This response
scored 1 mark for the calculation.
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(ii) Write the ionic equation and calculate the E &, value for the reaction between

MnQ; ions and Br™ ions in acidic solution. O x
State symbols are not required. brx g MGy 2 2

(3)
Bry + 16T+ M4 t,0 SR A Mal,+EH 458
DB +105" + B0 LMY 4§y €  Joby 2 Moy ™+ 6H eler
SBry + LM >80 2 0841 M0, 4161

—

LSl =109V A0V =S

OO ResultsPlus

Examiner Tip

The overall equation is correct but is written
in the reverse direction. The question asks
for the equation for the reaction between
manganate(VIl) ions and bromide ions not
between manganese(ll) ions and bromine.
The addition of the reversible arrow does
not compensate for this. However, 1 mark
was awarded for the correct balancing and

1 mark for the calculation.

Always write equations in the direction
they are asked for.

GCE Chemistry 9CHO 01
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(i) Write the ionic equation and calculate the Egy value for the reaction between
MnQ; ions and Br_ ions in acidic solution.

State symbols are not required.

(3)
1 SN S P
0B~ —> 80, + 0 E® = -\o09v
TR0y~ +\bM* + 1€ — 2ma?* ¥H.0 Ee < .15V
IM0u™ « \6HY + 108~ — SBr, + 2We?* + 8M,0
I M R R WL RN e
Q ResultsPlus ResultsPlus
Examiner Tip Examiner Comments
When working out overall ionic This is an excellent answer that scored

equations from half-equations, it is 3 marks.

a good idea to show your working
clearly, as in this example, so that you
don't leave out any species.
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Question 4 (b)

Many candidates did not score marks for this question as their terminology was not clear
enough. Stating that zinc ions have a full d orbital is not acceptable for the idea that all the

d orbitals are full. Candidates are advised to use the term 'd subshell' to avoid this problem.

A common misconception is that when the d orbitals are full, they cannot split in energy.
Some candidates wrote that the electrons cannot be excited to a higher energy level and
this is not clear enough as energy level usually refers to quantum shell. 'd-d transitions
cannot take place' is a useful phrase for candidates to include in an answer like this. A few
candidates were confused with a flame test and wrote about emission of light while others
thought the electromagnetic radiation transmitted would be outside the visible spectrum.

(b) tron(ll) ions, [Fe(H,0).**, form a pale green solution but zinc ions, [Zn(H,0)s)**,
form a colourless solution.

Explain why zinc ions are colourless.

prencyef light Suivde e vsble

1. W e

A
ResultsPlus Q ResultsPlus
Examiner Comments Examiner Tip

This is a fairly common incorrect Although it is possible that some
answer that scored 0. ligands cause a split to the 3d subshell
that will give frequency of light outside
of the visible spectrum, this does not
happen with water ligands.

Revise the reasons for why transition
metal ions are coloured and consider
why zinc ions in solution are colourless.

GCE Chemistry 9CHO 01
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(b) Iron(ll) ions, [Fe(H,0))*", form a pale green solution but zinc ions, {Zn(H,0).]*,
form a colourless solution.

Explain why zinc ions are colourless.

Lsubshell . Sommak SN e

OO ResultsPlus

Examiner Tip

<?/ZResults?F’lus

Examiner Comments

This response scored 1 mark for saying
that the 3d subshell is full of electrons.
However, the ligands still split the d
orbitals so the last statement is incorrect.

Ligands will always cause splitting of
the 3d subshell.

(b) Iron(ll) ions, [Fe(H,0)]**, form a pale green solution but zinc ions, [Zn(H,0)s*",
form a colourless solution.

Explain why zinc ions are colourless.
Eo-dv (2)

This is an excellent answer that "d-d transitions" is an acceptable
scored 2 marks. and simple way of referring to
electrons being promoted from a d
orbital of lower energy to a d orbital
of higher energy.
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Question 4 (c) (i)

There were many clear diagrams that scored both marks. Some candidates ignored the
instruction to show all of the bonds. We did allow the bonds in the water ligands not to
be shown, provided they were attached to the Fe?* ions through the oxygen atoms. Some
candidates were unable to work out that ethanedioate ions are formed from ethanedioic
acid and are bidentate ligands.

(c) Hydrated iron(ll) ioifs react with ethanedioate ions, C;0{", to form a complex ion.
EFE(H20}6]2+ + 2C2O.§- - [F@:C;O,];[H;O];]z + 4H20

(i) Draw a structure of the [Fe(C,0,),(H,0),]*" ion, showing all of the bonds.

(2)

{._,—
c

- ]

<?/Zl?esults??‘lus

(2_..-—-'

Examiner Comments

This is a poor diagram that scored 0. The question
asks for all the bonds to be shown and this
candidate ignored that statement. Although we did
allow the bonds in the water molecules not to be
shown, the water molecules needed to be shown
linked correctly to the metal ion through the oxygen
atom. This candidate has shown the water on the
right joined through the hydrogen atom.

A
Q ResultsP
Examiner Tip

Read the question carefully.

us

This candidate may have scored 1 mark
if they had shown all the bonds in the
water ligands as they would probably
have joined them through the oxygen
atoms.

GCE Chemistry 9CHO 01
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(c) Hydrated iron(ll) ions react with ethanedioate ions, C,03", to form a complex ion.
[Fe(H,0)J"* + 2C,0i = [Fe(C,0.),(H,0),]* + 4H,0

(i) Draw a structure of the [Fe(C,0,),(H,0),)* ion, showing all of the bonds.

H -

ﬂExammer Comments

This response scored 1 mark for the two
water ligands attached to the iron ion using
oxygen atoms. They have not shown the
bonds in the ethanedioate ions.

Examiner Tip

Ethanediaote ions are formed from
ethanedioc acid. They are a bidentate ligand.
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(c) Hydrated iron(ll) ions reacz with ez:lanedlc

eions, C

-, toforma complgx |of'7-"

[Fe(H,0)e)*" + 2C,05 = [Fe(C,0,),(H,0),]* + 4H,0

(i) Draw a structure of the [Fe{CzOJdeD)z ion, showing al_l_gi

Q"

0 - .
\\C - '/’"'24 l \-,D

.0

f :51?. bonds.

(2)

O
| =
O‘?C v ‘UIC\\O
_Q,

Plus

Examiner Comments

This is a clear diagram showing all the

bonds in the ligands so it scored 2 marks.

can represent them clea
example.

Practice drawing structures of complex
ions using a mixture of monodentate
and bidentate ligands so that you

rly, as in this
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Question 4 (c) (ii)

This question was answered well by the majority of candidates: they correctly identified
the increased number of particles on the right-hand side so there would be an increase

in entropy. Some candidates used incorrect terminology and referred to the particles as
molecules while others wrote about disorder but did not mention entropy. Just stating that
'entropy is positive' was not sufficient for the second mark.

(i) Explain, in terms of entropy, why this reaction is feasible.

ResultsP

Examiner Tip

This response scored 1 mark as the candidate Check your answer to make sure that
shows that the number of moles has you have included everything you are
increased but they have only referred to the asked for.

system being more disordered and have not
mentioned entropy.

(i) Explain, in terms of entropy, why this reaction is feasible.

This candidate scored 1 mark for the Use the correct terminology for
increase in As_ . However, they did particles. In this example, the

not score the mark for the increase in candidate would have scored the mark
number of particles as they have used if they had referred to an increase
molecules. There are a combination of in the number of moles, particles or
ions and molecules in this reaction so species.

molecules is incorrect terminology.
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Question 4 (d)

Many correct equations were seen: however, it was clear that a significant minority of
candidates did not understand that they should start and end with Fe?* ions. A common
error was not balancing the equations in terms of charges. Some candidates attempted to
write equations in which both reactants were oxidised or both were reduced, while others
introduced Fe, Fe* and other complexes involving Fe, S, O and |.

(d) lodide ions, I, react with peroxodisulfate(V) ions, 5,03
21(aq) + S,0¥(aq) = I(aq) + 250% (aq)

This reaction is catalysed by iron(ll) ions, Fe**(aq).

Write two ionic equations to show how iron(ll) ions act as a catalyst in this reaction.
State symbols are not required.

207 rFetT 1, Ave’

(2)

v S'?_ O%'I* f{:eih RN ZSO(‘,L_ + i-_-ﬂ?ﬂ'

This response scored 0. The two equations
balance in terms of atoms but not in terms
of charges. The first equation shows both
species being oxidised and the second
equation shows both species being reduced.

A
Q ResultsPlus
Examiner Tip

Check that ionic equations are balanced in
terms of atoms and charges.

In a redox reaction, one species is oxidised
and another is reduced.

GCE Chemistry 9CHO 01
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Question 5 (b)

There were many correct answers to this calculation. Almost all candidates attempted

to calculate the energy needed to break all bonds and the energy released in forming

all bonds, rather than selecting the specific bonds that are broken and made, and as a
consequence, many arithmetical errors were seen. Some candidates omitted some of the
bonds, particularly the two O-H bonds in water and some of the C-C bonds. Some put
the 42 on the wrong side of the equation and some omitted 42 from their calculation. A
common incorrect formula used was C-O =42 - products + reactants. Candidates should
show their working clearly and use a few words to explain the working so that examiners
can award transferred error marks if they make a mistake.

(b) Propan-1-ol is dehydrated to form propene.

H
H H H N/
|| | C=C
H—C—C—C—0—H — / —\ + HO AH® = +42 k) mol™
|1 — H
N\
H H H v H

The relevant mean bond enthalpies are given in the table.

c—C 347
C=C 612
C—H 413
O—H 464

)({. Calculate the C—O mean bond enthalpy, using the mean bond enthalpies given
in the table and the enthalpy change of reaction.

—E=H——%

tus bobn (1 et 01

ke (C“*’D =+ 84 CX C—tf = -2FFL
'Q"(CC"CD:*“G"H 1x ¢~C = - ;47

1)(((,_05:1:_ | )(C:C = GIQ

L x (o-#) ™ 464t # +-"r2vgrml"'

Q“%ﬂ + ;,(-_3 — (3"&351*) ;546;}55-;%53“&

(3)
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WXExaminer Comments

This response scored 1 mark for the correct
total energy needed to break bonds. The
candidate has omitted the two O-H bonds in
the water molecule for the energy released
when bonds are formed. The overall
calculation at the end is also incorrect.

Examiner Tip

Check to make sure that you have
included all the bonds in the molecules
in the equation.

GCE Chemistry 9CHO 01
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(b) Propan-1-ol is dehydrated to form propene.

H H H e A
| C=C
s N+ HO  AH® = +42kimol”
H—C H
H H H AR

The relevant mean bond enthalpies are given in the table.

—C 347
=C 612
C—H 413
O—H 464

Calculate the C—O mean bond enthalpy, using the mean bond enthalpies given
in the table and the enthalpy change of reaction.

waz)-}\?xulz) + W6y 4
= 6l2 427 +@¥@(413>+ Qx%ﬁ)

(3)

27

g GoUa 4 = 3¢S @3

= Al 316l = WY
& O = 27y Kyma!

OO ResultsPlus

Examiner Tip

This candidate has included all
the bonds and calculated the
correct energies involved in bond

enthalpy change = energy needed
to break bonds - energy released in
forming bonds

making and bond breaking. However,
the final calculation is incorrect as 42 is
on the wrong side of the equation. This
response scored 2 marks.
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- o
(b) Propan-1-ol is dehydrated to form propene.
H H H H, M
Ll —c
H—C—C—C—0—H ——» / N+ HO  AH® = +42 k) mol”
|| | H—C\ H
H H H W H

The relevant mean bond enthalpies are given in the table.

c—C 347
= 612
C—H | 413
0—H 464

Calculate the —6 ean bond enthalpy, using the mean bond enthalpies given
in the table a e enthalpy change of reaction.

(bbnas bk — konds macts)

oncts oleen = (“‘3 ”) su 4 x4 @)

(3)

L, Yoya +4x
boot made = (4B x6) 4 3 4Lz + (2 D)

Ly Y36S Do\~
= 359
42 = (touq 1x) - (4265) ] *

YULS 404 — Uouq 4 265 ' .

A
ResultsPlus 2/ oO ResultsPlus

Examiner Tip

Examiner Comments

This is an example of a correct Remember to check that you have
calculation scoring 3 marks. included all the bonds and that you
have used the correct formula, as
shown in the top line of this answer.
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Question 5 (e)

The majority of candidates scored 3 marks for this question. A few candidates did not
convert the units of AS or AH so they were both the same. Some candidates lost a mark as
they gave entropy units for AG and a few omitted to state why the reaction is not feasible at
298 K. A small number of candidates incorrectly rounded 1078.8 to 1078 K so lost a mark.

(e) Calcium carbonate decomposes on heating.

CaCOs(s) — CaO(s) + CO,(q)

AH = +178 k) mol™
ASgsem = +165 ) mol™ K™

Show, by calculating the value for the free energy change, AG, that this
decomposition is not feasible at 298 K, and then calculate the minimum

temperature to which calcium carbonate must be heated to make it decompose.
(3)

A&:—-RT]HK ':CO'

Al - - g (29¢) InK
+ 17§ - Kfcolj

A
Q ResultsP
Examiner Tip

This candidate has tried to use the Look at the data given in the question
incorrect formula for calculating AG so to help you to decide which formula to
scored 0. use. You are not given the value of R or
the equilibrium constant, but you are
given the values for AHand AS__ 'so
you need to use AG = AH - TAS

us

system®
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(e) Calcium carbonate decomposes on heating.

CaCOs(s) — CaO(s) + CO,(q)

AH = +178 k) mol™
ASygem = +165 ) mol™ K’

Show, by calculating the value for the free energy change, AG, that this
decomposition is not feasible at 298 K, and then calculate the minimum

temperature to which calcium carbonate must be heated

AS Smrw\m{mg\ = - \78

—

29%
Ne = DA = T BSsumnd,

to make it decompose.
(3)

~3597. 35 Tmat”!

Ne = 17’3000 - ’l‘ig(-SC{’?"SISJ -~ gjsqq&{'ﬂ

At >0 . aes Nok a{jr.m.v‘él,«

T= JAYE — 1728000  —

— — e

D¢ - 547915

S
ﬁstﬂW\J\

-293 k

ResultsPlus

Examiner Comments

This candidate has calculated AS_ ., which is not
needed here. The value of AS should be used and
this is given in the question. The statement that AG >0

so the reaction is not feasible scores 1 mark. The correct
formula is used to calculate the temperature at which the
reaction becomes feasible but the answer does not score
a mark as it is impossible to have a negative temperature

measured in kelvin.

us

A
2@ ResultsP
Examiner Tip

Use the data given in the
question.

If you get an impossible
answer, go back and check your
working as you must have done
something wrong.

GCE Chemistry 9CHO 01
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(e) Calcium carbonate decomposes on heating.
CaCO,(s) — CaO(s) + CO,(g)

AH = +178 kd mol™’
ﬁssystem = +1 65JI m0|_1 K_I

Show, by calculating the value for the free energy change, AG, that this
decomposition is not feasible at 298 K, and then calculate the minimum
temperature to which calcium carbonate must be heated to make it decompose.

DG = N al4 —’rag
= e |?.gg SO h’ wol ! l&—l

(3)

OO ResultsP

Examiner Comments Examiner Tip

<iZResultsfﬁlus

This candidate has carried out two
correct calculations. However, the

Check you have the correct units for all
calculations.

mark is not awarded for the calculation
of AG as the units are incorrect. The
candidate has not explained that the
reaction is not feasible because AG is
positive. This response scored 1 mark
for calculating the temperature at
which the reaction becomes feasible.
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Question 6 (a) (i)

Although many candidates scored a mark for this simple question, it was disappointing that
a significant minority showed a covalent molecule, even though they were told it is ionic in

the first sentence!

6 Magnesium bromide, MgBr,, is an ionic compound.

(a) (i) Draw a dot-and-cross diagram to show the bonding in magnesium bromide.

Only outer shell electrons are required.

(1)

WA

ResuitsP

This is an example of many answers
that showed a covalent molecule and
scored O.

A
lus ) .
Examiner Comments Q ResunS@Ius

Examiner Tip

Read the question carefully. On the first
line, it states that magnesium bromide
is an ionic compound. This means that it
consists of ions not molecules.

6 Magnesium bromide, MgBr,, is an ionic compound.

(a) (i) Draw a dot-and-cross diagram to show the bonding in magnesium bromide.

Only outer shell electrons are required.

1+

%
ResultsPlus
Examiner Comments
This is an excellent answer that scored 1 mark.

(1)

OO

Examiner Tip

the charges outside.

Show the ions in square brackets with

GCE Chemistry 9CHO 01
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Question 6 (a) (ii)

The majority of candidates scored 1 mark for this question. Some candidates just stated
molten, or just in aqueous solution, so they did not score the mark as they were asked for
all the conditions under which magnesium bromide conducts electricity. A few candidates
stated molten and liquid, possibly thinking that these are two different states. A small
number of candidates negated the mark by adding 'so delocalised electrons can flow' to
their answer.

(ii) State all the conditions under which magnesium bromide conducts electricity.

A
D

ResultsPlus

Examiner Tip
This response scored 0. The question When you are asked for conditions,
asks for all the conditions under you must include more than one.
which magnesium bromide conducts
electricity and aqueous solution is just
one of the conditions.
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Question 6 (b)

The majority of candidates made a good attempt at completing the Born-Haber cycle. Errors
occurred in omitting some state symbols, not showing that the bromine enthalpy changes
need to be multiplied by 2 and showing that during atomisation, bromine forms Br,(g).
Candidates should give clear labels for the enthalpy changes and not just x for electron
affinity. A few candidates seemed unfamiliar with the Born-Haber cycle shown in the
guestion and they wrote the equations for the enthalpy changes in the boxes. It was rare to
see the arrows in the wrong directions.

Many candidates scored both marks for calculating the first electron affinity of bromine,
although many candidates omitted to double one or both of the bromine enthalpy changes,
even when they were correct on the cycle.

SA¥ \€ €
(b) The table shows the enthalpy changes needed to calculate the first electron affinity
of bromine.
@ | enthalpy change of atomisation of magnesium, A,.H°*[Mg(s)] +148
* | 1% ionisation energy of magnesium, 1* IE[Mg(g)] +738
¢ | 2™ jonisation energy of magnesium, 2™ [E[Mg*(g)] +1451
® | enthalpy change of atomisation of bromine, A,H®[V2Br,(l)] +112
e |lattice energy of magnesium bromide, LE[MgBr,(s)] -2440
@ | enthalpy change of formation of magnesium bromide, AH*[MgBr,(s)) -524

GCE Chemistry 9CHO 01
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(i) Complete the Born-Haber cycle for magnesium bromide with formulae,
electrons and labelled arrows. The cycle is not drawn to scale.

(3)
Ma*+ - o
99" ¢ T My
Ti““IE[Ms*(s)] st “ea(Vabry
M 1-3". Mg ™
?‘ﬂ - Lg). )\
T1""IE[M9(.!)] *73% YaBrg + 2€” 3 Br,
(%
Mg (g) +/282(9)
quﬂ"f}'tbft(bj +\12 L-E[._MQE";CSj
~ 2440

Malg) + Bry(l)

I AyH®IMg(s)] 448

Mg(s) + Bry(l)

1 AH®IMgBry(s)] — 524

MgBr,(s)
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(ii) Calculate the first electron affinity of bromine, in kJ mol™".

(2)
4524 + 148 + 12 4 728 +1U4S) @& 2040 =
53% = *
522 LS mol ™!

ﬂExaminer Comments

The only correct arrow and label on this diagram

is for the lattice energy. The enthalpy changes

for bromine have not been doubled and during
atomisation, bromine forms 2Br(g) not 1/2Br (g). The
ionisation energies of magnesium are acceptable

but the bromine species have been omitted from

the boxes. The calculation is incorrect as both 2s are
missing for the bromine changes and it should have a
negative sign. This answer scored 1 mark for (i) and 0
for (ii).

A
Q ResultsPlus

Examiner Tip

Practice drawing Born-Haber cycles
for ionic compounds and use them
to calculate the unknown energy
change.
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(b) The table shows the enthalpy changes needed to calculate the first electron affinity

of bromine.
enthalpy change of atomisation of magnesium, A,H°[Mg(s)] +148
1" ionisation energy of magnesium, 1* IE[Mg(g)] +738
2" jonisation energy of magnesium, 2" IE[Mg*(g)] +1451
enthalpy change of atomisation of bromine, A, H®[%Br,(l)] +112
lattice energy of magnesium bromide, LE[MgBr,(s)] -2440
enthalpy change of formation of magnesium bromide, AH®[MgBr,(s)] -524

(i) Complete the Born-Haber cycle for magnesium bromide with formulae,
electrons and labelled arrows. The cycle is not drawn to scale.
(3)

Mg () + Dby + 2¢°

rﬂu A 0

| e 3
Mg T £ b 16 'LE‘:!; N

T 7" 1k () Mg + 1%~

Mga\ 4B+ €
Ifmmﬁ
Mlg) + Bl LE@ W‘;l

‘ A H®IMg(s)]

Mg(s) + Brsl)

J AH®[MgBry(s)]

MgBry(s)
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(i) Calculate the first electron affinity of bromine, in kJ mol™'.

En O bnmne =L (2)

AH{. - dH! t éhmﬁ
_C)4 = -1440 + (s 473811451+ 2012) +2x)

-C14 - 12\ W0

11:_(,4§
Y 2 -322.§

/l?’r E& ['_3‘:('&\_] 2 =322.5 vl

<?/ZResults%@Ius

Examiner Comments

This Born-Haber cycle scored 1 mark.
The candidate has not shown that the
enthalpy changes for bromine must be
doubled and they have omitted state
symbols from the species in the box on
the right. The calculation is correct and
scored 2 marks.

Q ResultsP
Examiner Tip

Remember to include state symbols by
all species in a Born-Haber cycle.

us

Remember to indicate if any enthalpy
changes need to be doubled.

GCE Chemistry 9CHO 01
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(b) The table shows the enthalpy changes needed to calculate the first electron affinity

of bromine.

~ | enthalpy change of atomisation of magnesium, A,H°[Mg(s)] +148
»~ | 1" ionisation energy of magnesium, 1* IE[Mg(g)] +738
v | 2" jonisation energy of magnesium, 2™ IE[Mg*(g)] +1451
enthalpy change of atomisation of bromine, A,H®[¥2Br,(l)] +112

«~ | lattice energy of magnesium bromide, LE[MgBr;(s)] -2440
enthalpy change of formation of magnesium bromide, AH*[MgBr,(s)] -524

(i) Complete the Born-Haber cycle for magnesium bromide with formulae,

electrons and labelled arrows. The cycle is not drawn to scale,

(3)

Mg G) + LR (D

T m Ly ﬁcu:ﬂ LA @,r.z_ﬂ):(
Mg ) + R (1)

YA (Be (@]

PISRIA @ WIAN Mg (9) + LR )

Mo ) + &y (1D
1+¢1E (Mg () 1

Mglg) + Br,(l)

‘ AxH®Mg(s)]

Mg(s) + Bry(l)

l AH®[MgBr,(s)]

E U\S& o C'ﬂ]

MgBr(s)
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(i) Calculate the first electron affinity of bromine, in kJ mol™.

—av Ak HL 4 AR F 29164 \*1E

+ &QH - LE
- -2 ¥ L2 - 148l
-649 LT weol™!

u

e LR

(2)

- AHge Dng]

- Iv¢ — 4E-R24 + 2440

C%\ =-322-C v U

<?/ZResult::; us
Examiner Comments

This is an excellent answer. The
candidate has completed the Born-
Haber cycle by inserting all the correct
species, with state symbols, the
arrows are in the right directions and
labelled correctly. The calculation is
also correct. (i) scored 3 marks and (ii)
scored 2 marks.

Q ResuitsP
Examiner Tip

us

Remember to include state symbols by
all species in any reactions involving
enthalpy changes. Also remember to
double any quantities when 2 moles of
a substance are needed.
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Question 6 (c) (i)

Many candidates scored 3 marks for this question and gave clear explanations about the
difference in ionisation energy. Some candidates wrote about the increase in nuclear
charge and greater force of attraction between the nucleus and the outer electron but
they often omitted to mention that the shielding will be very similar. A significant minority
of candidates were confused and wrote about sodium and magnesium ions, thinking

that the nuclear charge would be +1 or +2, or they wrote about charge density without
understanding what it means.

Candidates could save time and space by not repeating the question in their answer.

(c) () The first ionisation energy of sodium is 496 kJ mol™",
Explain why the SEISHISSSSRISHEISY ofmagnesiom is higher than that ofSSEIY.
The Auucdie o cnowrge O-P Hg 44 2 LohdSt en u (3)
. ; S a2 : mdaa\umJ

mxae,LemeHg ..... SN UV Kaalel B FeCRTo TV X WUl - o B—
TS

reoncase.. e tAxOn . e ofheek. Ahe  anek
Cofplidnddmvere, Chosge offsets N Orma LN Sheelduny .

42 Cerona. and... mqe,u.s}m ..... et aneagh. SO O

OO ResultsPlus

Examiner Tip

W/ZExammer Comments

This answer is quite confused and
scored 0. The candidate seems to

be writing about ions as they have
referred to magnesium with a charge
of +2 and sodium with a charge of
+1. This incorrect chemistry negates
the possible mark for the idea of

the stronger attraction between the
nucleus and electrons.

This question is about first ionisation
energy. The candidate should be
writing about the atoms, not the ions.

GCE Chemistry 9CHO 01




(€) (i) The first ionisation energy of sodium is 496 kJ mol™".

Explain why the first ionisation energy of magnesium is higher than that of sodium.
(3)

nuc lees.... tlto... Hoodk...CF.... Jocdiowen .. do..... M. &wﬁoﬂh ..............................

Plus

<d\ A
Y/ZResults?Plus J/OO Examiner Tip

Examiner Comments

This candidate has scored 1 mark for
magnesium having a more positively
charged nucleus than sodium. There is
no mention of shielding or the force of
attraction between the nucleus and the
outer electron.

When explaining differences in
ionisation energies, you should
consider:

nuclear charge
shielding

force of attraction between the nucleus
and the electron being removed.

It is acceptable to include a reference
to the charge in atomic radius,
although that did not score a mark.

GCE Chemistry 9CHO 01
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(c) (i) The first ionisation energy of sodium is 496 kJ mol ™.

Explain why the first ionisation energy of magnesium is higher than that of sodium.
{3)

m

....................... L (T PRI S

e

<?/Zl?esults??lus

Examiner Comments

OO ResultsPlus

Examiner Tip

This response scored 2 marks. The
extra proton and increase in shielding
are worthy of credit. This response
almost scored 3 marks. Although

the candidate has mentioned the
nuclear attractive force, they have not
stated what it is attracting. Also, the
candidate has not referred to sodium
and magnesium but has just given a
general trend across the period.

Check your answer to make sure
that it refers to the substances in
the question.
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Question 6 (c) (ii)

The majority of candidates could write a correct equation to show the third ionisation
energy of magnesium. Some lost a mark as they did not include state symbols or showed
the incorrect symbols (aq) or (s), while others thought that a magnesium atom would lose
three electrons. Some candidates tried to show electron bombardment to produce the
Mg3* ion but that is not acceptable in an equation to represent an ionisation energy. A few
candidates wrote the electron on the wrong side of the equation.

(i) Write the equation, including state symbols, to show the
third ionisation energy of magnesium.

N ] - e i+
Hq'q\* € = HQ ay

ResultsPlus 2/

Examiner Comments

(1)

This response scored 0 as the equation Write equations in the direction asked
is written in the reverse direction for for in the question.
the third ionisation energy.

(ii) Weite the equation, including ﬁ'ate symbolao show the
d idnisation energy of magnesium.
(1)

ResultsPlus

Examiner Comments

Examiner Tip

This equation is correct but the state
symbols are incorrect, so this response

lonisation energies always refer to
species in the gaseous state.

scored 0.

GCE Chemistry 9CHO 01
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Question 7 (a)

Many candidates scored 3 marks for this calculation. They should have given their final
answer to 2 significant figures as school laboratory thermometers cannot measure more
accurately than that, however, we did allow 3 significant figures on this occasion. Some
candidates added the moles of acid and alkali together so their final answer was twice
as large as it should be. Some candidates ignored the number of moles and calculated

a temperature change of 256°C. Those candidates should realise that is an unrealistic
temperature rise so should go back and check to see where they have made a mistake.
Some candidates showed a fall in temperature, even though the reaction is exothermic.

7 In acid-base neutralisation reactions, there is a temperature change.

(a) The enthalpy change when hydrochloric acid reacts with aqueous ammonia is =53.4 kJ mol',
HCl(aq) + NHsi(aq) — NH.Cl(aq)

Calculate the temperature change you would expect when
25.0cm® of 1.00 mol dm™ hydrochloric acid is mixed with
25.0cm® of 1.00 mol dm™ aqueous ammonia.

Give your answer to an appropriate number of significant figures.

Assume: the density of the solution is 1.00 g cm™
the specific heat capacity of the solution is 4.18 J g™ °C”'
(3)

4= mc AT

~53f0- o x #4148 x OT
N = ~255-§

ﬁ ResultsP

Plus

Examiner Comments

This response scored 0. The candidate
does know the correct formula to use
for the calculation and has converted
k] to J, however a temperature fall of
255¢°C is impossible.

A

Resuits#
Examiner Tip
Think about your final answer. If it does

not make sense, check your working to
see where you have gone wrong.
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7 In acid-base neutralisation reactions, there is a temperature change.

The enthalpy change when hydrochloric acid reacts with aqueous ammonia is =53.4 kJ mol™'.
HCl{ag) + NHi(aq) — NH.Cl(aq)

Calculate the temperature change you would expect when - MC'AT
25.0cm’ of 1.00 mol dm™ hydrochloric acid is mixed with
25,0cm’ of 1,00 mol dm™ aqueous ammonia.

Give your answer to an appropriate number of significant figures.

Assume: the density of the solution is 1.00 g cm™ ]
the specific heat capacity of the solution is 4.18 Jg™' °C”’

0(-53-1)= SOx 118+ (47)

e /) HC’- !wo"‘ = 0-0628me |

(3)

AT= _l0(-34)
S0 ¥k 16

= ~25C . S0 23923k

0N = & xI= 0.02mel
.
j ResultsPlus SUILS
Examiner Comments Examiner Tip

This candidate has calculated Use all the data given in the
an unrealistic temperature fall. question. If you are given the
However, they have also calculated volume and concentration of a
the number of moles of acid used so solution, you can calculate the
scored 1 mark. number of moles of solute.
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7 In acid-base neutralisation reactions, there is a temperature change.

(a) The enthalpy change when hydrochloric acid reacts with aqueous ammonia Is -53.4 kJ mol™",
HCl(ag) + NHs;(aq) - NH,Cl(ag)

Calculate the temperature change you would expect when
25.0cm’ of 1.00 mol dm™ hydrochloric acid is mixed with
25.0cm’ of 1.00 mol dm™ aqueous ammonia.

Give your answer to an appropriate number of significant figures.

[ﬁssume: the density of the solution is 1.00 g cm™ ]
the specific heat capacity of the solution is 4.18 J g™ °C”

3
R = m AL )

- -Q
M ek AR = Z=

mel of HCL = 35
’a NH‘_?, |o®O

Lohal wades n gelubion = 0:05

]

[
—_——
i
%)
o

.
P>
&)
A
%
]
N
N
W

> deniiby = oSS

. ol
Al’ - E ' 2&. I;Tﬂmfl',‘jym
= ¥ 5
mC w
= 503

2630
Gox4 18 = 12:8°C

Ak

\
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ﬁ ResultsP

Plus

Examiner Comments

This candidate has calculated the
number of moles of acid and alkali but
has then added them together, which
is incorrect. The rest of the calculation

is consequentially correct, so 2 marks
were awarded.

A

2/ ResultsP!

Examiner Tip

us

Always show your working for
calculations so that if you make a

mistake, you can still be given some of
the marks.
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Question 7 (b)

This is the first of the new 6-mark questions at A level that have marks available for the

structure of the answer and lines of reasoning. Candidates generally performed very well on
this question. There were many answers with full marks. Those scoring 5 marks usually did
not state that some energy is needed to dissociate ethanoic acid or they did not include an
equation for one of the reactions. Some candidates thought that nitric acid was also a weak

acid and that weak acids do not fully dissociate so they do not react with as much sodium
hydroxide. A few candidates thought that energy is required for neutralisation and others
thought that ethanoic acid is the strongest acid as -56 is greater than -115.

*(b) The table shows the enthalpy changes of reaction when 1 mol of different acids
are neutralised by sodium hydroxide solution, at 298 K.

hydrochloric acid, HCl -58
nitric acid, HNO, -58
sulfuric acid, H,50, -115
ethanoic acid, CH,COOH -56

Comment on the relative enthalpy changes of reaction, using the data from the

table and including any relevant equations.

(6)

P b A be_mJ ..... aibomC

ResultsPlus

Examiner Comments

This answer scored 1 mark for sulfuric
acid is dibasic.

GCE Chemistry 9CHO 01

us

A
2@ ResultsP

Examiner Tip

6-mark questions that have an asterisk
(*) next to them have marks available
for your ability to structure your
answer logically showing the points
that you make are related or follow on
from each other. There are 2 marks
available for this but if you only write
one statement, you will not gain either
of these marks.

You should aim to write in detail for
these questions. This question gave
you data for four acids so your answer
should include all of them.




*(b) The table shows the enthalpy changes of reaction when 1 mol of different acids
are neutralised by sodium hydroxide solution, at 298 K.

hydrochloric acid, HCl -58
nitric acid, HNO, -58
sulfuric acid, H,5S0, -115
ethanoic acid, CH,COOH -56

Comment on the relative enthalpy changes of reaction, using the data from the
table and including any relevant equations.
(6}

.....,.uz.SQ.qm...,m.. mu’mu.s«} H‘;.Soq t NaOH —> Mﬂﬁou t Ha.o .
D0 DecanR e e 000 COCMIN
....................... ORL o NOA O G cOMQurad XD Tobe. . OnealioR e
c...acch A AMC. qed e eaXNalQy.
......................... ONOAQIL ... s evotwauas, L Rakiy—y:
............................ aesdh.... m'mw Adand fon The fooalon .

TN %w%)mﬂammmhbﬁam ..................................
e O 8 R UNOI (O8N 0 Vg SWE 5
..... HOL. . NaoW = WO % Nacl

o Loatuy, ¥wanme  aud | ox e woseene  acd A sttty Woab

............ st NAOH 30 koa. Srallnt.. el chage.... CHRCO0KL. Y NaQW. T2
CHaCO0Ra  + Hq0.
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ﬁ ResultsP

Plus

Examiner Comments

This response scored 2 marks. Although the
candidate has filled the page, there is little
that is worthy of credit. The equations for the
reactions of hydrochloric acid and nitric acid
with sodium hydroxide are correct as is the
statement that ethanoic acid is a weak acid.

A
Q ResultsPlus
Examiner Tip

Try to give more specific information.
For example, in this answer there is no
mention of sulfuric acid as a dibasic /
diprotic acid and hydrochloric acid and
nitric acid having the same value as
they are strong acids.
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*(b) The table shows the enthalpy changes of reaction when 1 mol of different acids
are neutralised by sodium hydroxide solution, at 298 K.

hydrochloric acid, HCl -58

nitric acid, HNO, -58
sulfuric acid, H,S0, -115
ethanoic acid, CH;COOH -56

Comment on the relative enthalpy changes of reaction, using the data from the
table and including any relevant equations.

Db i By oer Fo ohucosd bl ey oy
ﬂ% ‘JWM owa. oa W b e Rty b

......... . MMM ... /l’ﬂn b hu}'- M o ”“ IU“: MS«:"‘L

- badilied Sl b . -e«'«” chergp e HCl ot
u{m Hel MHWDJ %M t"lthl” b doide lden e W

Cl o Nﬂbﬂ u’ MQV%%% ........... Ml

? ResultsPlus

Examiner Tip

lZExammer Comments

This is a very good answer that
includes all the indicative points from
the mark scheme. However, it was
only awarded 5 marks as there are no
equations.

Read the question carefully. If you are
told to include equations, you cannot
score full marks if you omit them.
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*(b) The table shows the enthalpy changes of reaction when 1 mol of different acids
are neutralised by sodium hydroxide solution, at 298 K.

hydrochloric acid, HCL -58
nitric acid, HNO, -58
sulfuric acid, H,S0, -115
ethanoic acid, CH;COOH -56

Comment on the relative enthalpy changes of reaction, using the data from the
table and including any relevant equations.

(6)

Hzﬁ’:’u, YW ik req,u .......................................................................
\M( wﬂrulw W‘ﬁ‘ o mﬁh’on f_C IIIII ggp_raxfmd;@@ doule

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

wak o) Mol (2x -s¢ = -uc).
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ResultsPlus

Examiner Comments

This is an example of an excellent
answer that was awarded 6 marks.

A
2/ ResultsP!

Examiner Tip

us

Try to structure your answers to this
style of question in a similar way. You
need to make sure that you refer to
all the data in the question, include
everything you are asked for, such as
equations, and structure your answer
in a logical way.

GCE Chemistry 9CHO 01
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Question 8 (b)

The majority of candidates scored full marks for this calculation. Some candidates thought
that glycolic acid is a strong acid so they did not attempt to use K. A few candidates got
the expression the wrong way round and a small number rounded their final answer to 1
significant figure or rounded it incorrectly.

(b) Another solution of glycolic acid has a pH of 2.0

Calculate the concentration of this solution. UGW (3)
3
PU = vl% Crr Aan Qg
(MY = 0.0 high  disseteton

CONGANE MoEFOn
colre 0ol = 29 = Ch

WZExaminer Comments

This answer scored 1 mark for
calculating the concentration of H* ions
from the pH. However, glycolic acid is
a weak acid so the concentration of
glycolic acid is less than this and you
need to use K to calculate it.

A
/ ResultsPlus

Examiner Tip

Revise how to calculate the pH of a
weak acid of known concentration.
Then try to reverse this calculation to
find the concentration of the acid when
you are given the pH.

GCE Chemistry 9CHO 01



0 CHA)=

(b) Another solution of glycolic acid has a pH of 2.0

Calculate the concentration of this solution.

(] = 17"
LK = a0

PR
o= [HY]

—

CHA)
p. ot
I.ETHﬂi'r

LHAJS 80,7 ol 4,2

<?/Zl?esults?@lus

Examiner Comments

This candidate has carried out a
correct calculation. However, they have
only been awarded 2 marks as they
have rounded their final answer to 1
significant figure.

OO ResultsPlus

Examiner Tip

The data has been given to 2 significant
figures so you should give your answer
to 2 significant figures.

(3)
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(b) Another solution of glycolic acid has a pH of 2.0

——

Calculate the concentration of this solution.
(3)

kq:[H+j[A“] 5
£ A =L H']

fﬂA’J
-PH
fl"ﬁj—:‘]a ')):'Hj

[/ H*j

2k

) c*ﬂj ma'ldy,.

VZExammer Comments

This response scored 2 marks. The candidate has
correctly calculated the concentration of H* ions
and given the correct expression to determine the
concentration of glycolic acid. However, although
they have shown [H*]? in the expression, they
have not squared the value.

O %

A\ Results¥
Examiner Tip

66.7 mol dm=is an extremely high

concentration so check your working to
see where you have made a mistake.
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Question 8 (c) (i)

The majority of candidates scored 3 marks for this question. Some did not give a clear
enough justification for their choice of indicator and some omitted the colour change or
gave it the wrong way around. Very few candidates selected an unsuitable indicator.

(i) Use the information given in your Data Booklet to select a suitable indicator
for this titration, including the colour change you would expect to see.

Justify your selection. S f accd

This candidate has selected a suitable
indicator. They have stated the pH range
from the vertical section of the graph
but have not used it to explain why this
indicator is suitable. They have also not
given the colour change of the indicator.
This answer scored 1 mark.

Q ResultsPlus

Examiner Tip

When you are asked to justify
something you have selected, you
should do so in much more detail than
this candidate.
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(i) Use the information given in your Data Booklet to select a suitable indicator
for this titration, including the colour change you would expect to see.

Justify your selection.
(3)

L 00UuA. UAE  paAnOLpn@AseM (M eEhONOLY, an. the  PW.
A tng o Qoodn. . Chan Qs betuseen 6..ond N0
ONaThe P ange. for. s undaeosoc. o, 3.0 Qe

Qo) Meond . Tnot The  (Q@OC CHAN0R . WL howeeen Q3
. OPPOPCUARE  POMIL .
<d\ A
Y/Z ResultsPlus OO ResultsP
Examiner Comments Examiner Tip

This candidate has selected a suitable
indicator and given a reason for their
choice. However, they have not stated
the colour change at the end point.
This response scored 2 marks.

Check to make sure that you have
included everything you have been
asked for.

(i) Use the information given in your Data Booklet to select a suitable indicator
for this titration, including the colour change you would expect to see.

Justify your selection.

(3)

bose. Verkea)l  Seclion 15 bekiwern

_________________ 8 60 0 o sukoble Micotor s phanglohe

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

0

1\ ResultsPlus
Examiner Tip

This is an example of an excellent Try to structure you answers in a clear

answer that scored 3 marks. The and concise way, as in this example.

candidate has selected a suitable

indicator, given a clear reason for their

choice and stated the colour change.
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Question 8 (d) (i)

This was the most difficult question on the paper and it was intended to challenge the
candidates at the top of the ability range. Candidates were not expected to know the answer
but to apply their knowledge and understanding. It was encouraging to see some excellent
answers in terms of the extra oxygen atom withdrawing electrons from the O-H bond,

the O-H bond being weaker, the anion being stabilised or the possibility of intramolecular
hydrogen bonding. The most common incorrect answer was stating that glycolic acid is
dibasic.

(d) Glycolic acid has an acid dissociation constant of 1.5 x 10 mol dm~ compared
with a value of 1.7 x 10™° mol dm™ for ethanoic acid.

(i) Give a possible explanation as to why the value of K, for glycolic acid is

aEEroximatelz ten times larger than that of ethanoic acid.

ResultsPlus

Examiner Comments

This is a common incorrect answer that
scored 0.

2@ ResultsPlus

Examiner Tip

There are two OH groups but only the
one as part of the carboxylic acid group
will dissociate in water. You need

to think of a reason why the H* ion
dissociates more readily from glycolic
acid than ethanoic acid.
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(d) Glycolic acid has an acid dissociation constant of 1.5 x 10™ mol dm compared
with a value of 1.7 x 10 mol dm™ for ethanoic acid.

() Give a possible explanation as to why the value of K, for glycolic acid is
approximately ten times larger than that of ethanoic acid.

2@ ResultsPlus

Examiner Tip
This is a good answer that scored 1 mark. The Compare the structures of ethanoic
candidate just needed to explain the effect of acid and glycolic acid. The main
the electronegative oxygen atom i.e. that it difference is the extra oxygen atom as
withdraws electrons from the O-H bond, then part of the OH group on glycolic acid,
it would have scored 2 marks. so this gives you a clue about where to
start your explanation.
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(d) Glycolic acid has an acid dissociation constant of 1.5 x 10™ mol dm™ compared
with a value of 1.7 x 10 mol dm™ for ethanoic acid.

(i) Give a possible explanation as to why the value of K, for glycolic acid is
approximately ten times larger than that of ethanoic acid.

e A, By g ok o

ResultsPlus

Examiner Comments

This is an excellent answer that scored
2 marks.

A
2/ OO ResultsPlus

Examiner Tip

We would not expect all candidates to
be able to give an answer like this, but
one of the ideas from here, such as the
oxygen atom withdrawing electrons or
that the anion would be more stable, is
something to consider in the future.
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Question 8 (d) (ii)

(i) Complete the equation to show the conjugate acid-base pairs that would be
produced when pure samples of glycolic acid and ethanoic acid are mixed.

Qﬁ.tn,'-wl\

GCE Chemistry 9CHO 01

This response scored 0 as the
candidate did not realise that glycolic
acid is a stronger acid than ethanoic
acid so it will donate its proton.

OO ResultsP!

Examiner Tip

Remember that the larger the K, value,
the stronger the acid.




Question 9 (a)

Candidates did not find it easy to write two ionic equations to show the mixture of disodium
hydrogenphosphate and sodium dihydrogenphosphate acts as a buffer solution. They
should have written one equation where one of the ions reacts with H* ions and another
where the other ion reacts with OH-ion. Many equations were seen that did not include

H* and OH- as reactants. Some candidates lost marks by copying the formulae of the ions
incorrectly from the question and some attempted to write non-ionic equations.

(a) A buffer solution is formed from disodium hydrogenphosphate, containing HPOZ™ ions,
and sodium dihydrogenphosphate, containing H,PO; ions.

Write the ionic equations involving HPO;™ and H,PO; ions to show how this
solution acts as a buffer solution.

+ - (2)
NQ_IHPDHW = ba H + PO

NaHa PO, —o Aat o+ H PO
- (o
H,P0 " —> HPoy + MY

CHac cO¥A ;- .
« o MPOLY —= PO » 1

(ML (CoMe —>» TR0
o

ﬁ ResultsPlus

Examiner Comments

This candidate has attempted to write
equations to show how the sodium salts
split up into ions, although this was not
necessary as the formulae of the ions

are given in the question. Also, the first
equation is incorrect. They have then
shown how those ions dissociate to release
H* ions. This scored 0 as they have not
written equations to show how the mixture
in the question can act as a buffer solution.

A

Examiner Tip

A buffer solution contains large amounts of a
weak acid and its conjugate base. The acid reacts
with OH-ions and the base reacts with H* ions.

GCE Chemistry 9CHO 01
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(a) A buffer solution is formed from disodium hydrogenphosphate, containing HPO;" ions,
and sodium dihydrogenphosphate, containing H,PO; ions.

Write the ionic equations involving HPO:™ and H,PO; ions to show how this
solution acts as a buffer solution.

H, PO~ +0H™ > HPO™ + HeO

(2)

HPOL™ ¢ WY 5 POy

ResultsPlus

Examiner Comments

The first equation is correct but the
second equation is not balanced so this
response scored 1 mark.

Examiner Tip

Check that ionic equations are
balanced in terms of charges as well as
atoms.
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Question 9 (b)

Although many excellent answers scoring 5 marks were seen, many candidates seemed
unfamiliar with this style of calculation for the pH of a buffer solution. It was intended to

be a demanding calculation as the candidates had to work out that the sodium hydroxide
solution would react with some of the ethanoic acid to form the salt and there would be
some ethanoic acid left in excess. A common incorrect answer was pH 4.49 as candidates
did not use a subtraction to work out the amount of ethanoic acid left over, however, those
candidates still scored 4 marks. Some candidates just worked out the pH of ethanoic acid
and a significant number assumed that K, = [H*]?/[HA]. Many candidates would benefit from
more practice at buffer solution calculations.

(b) Another buffer solution was formed by mixing 20.0cm”® of sodium hydroxide solution
of concentration 0.100 mol dm™ with 25.0 cm? of ethanoic acid of concentration
0.150 mol dm™.

CH;COOH + NaOH — CH,COONa + H.,O
%98
Calculate the pH of this buffer solution.

[K, for ethanoic acid = 1.74 x 10”° mol dm™]

fo = [thees](v]

E—

[Cﬂ‘scw“]

Ko [C_Hs(-wv] =W
o= D

-—---""__-—_

[( HS@IJ]

M X(O‘Sxo.[g@ - \.GISYLﬂllLlZHmﬂ

“‘[fj (I-(:'.S"Si[%bz x(o ™)
W= 2-5

A

(5)

[—

Examiner Tip

<?/ZResultsus

Examiner Comments

This candidate has not used the
information given in the question and
has calculated the pH of the ethanoic
acid solution. This answer scored 1
mark for calculating the pH from [H*].

Revise how to calculate the pH of a
buffer solution.
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(b) Another buffer solution was formed by mixing 20.0cm’ of sodium hydroxide solution
of concentration 0.100 mol dm™® with 25.0cm? of ethanoic acid of concentration
0.150 mol dm™. -

CH,;COOH + NaOH — CH,COONa + H,0

Calculate the pH of this buffer solution.

[K, for ethanoic acid = 1.74 x 10 mol dm™]

o = Q™ Y]
Cz oo ]

(5)

2x10° 2 mol m-n aome ¢St
2% X572 Mo\ ALk m2Som?

Sk —o. oW i
Al = . 083373

(140 ™S < 053 Crav )

<
2,26\ oH = 4,4{()[
...loﬁ(jﬂf—j :Prl -

45

Examiner Tip

This is an example of a common
answer that scored 4 marks. The
candidate has worked out the initial

Practise calculations where a buffer
solution is produced by adding a
strong alkali to a weak acid.

numbers of moles of ethanoic acid and
ethanoate ions. However, they have
not realised that some of the ethanoic
acid will have reacted with the sodium
hydroxide solution so they have to do
a subtraction to work out the moles of
ethanoic acid left.
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Question 10 (a) (i)

It was disappointing that many candidates just wrote short answers such as 'carbon is a
solid' or 'carbon is not a gas'. The question asks about the partial pressure of carbon so

the answer should refer to that. A small number of candidates had the right idea but they
referred to carbon having a constant concentration instead of a constant partial pressure so

they did not score a mark.

10 Hydrogen is produced on a large scale by several different processes.

(a) One process for producing hydrogen involves reacting white-hot carbon with steam.
C(s) + H,0(g) = H,(g) + CO(g)  AH = +131 k) mol”
The expression for the equilibrium constant, K,,, is

_ p(H,) p(CO)
" p(H0)

(i) Give a reason why the partial pressure of carbon is not included in the expression.
(1)

ResultsPlus

Examiner Comments

This is an example of a common
answer that scored 0.

A

Examiner Tip

The question asks about partial
pressure so that should be included in
the answer.

GCE Chemistry 9CHO 01
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10 Hydrogen is produced on a large scale by several different processes.

(@) One process for producing hydrogen involves reacting white-hot carbon with steam.
C(s) + H,0(g) = Hilg) + CO(@  AH = +131 kI mol™
The expression for the equilibrium constant, K,,, is

_ p(H,) p(CO)
" p(H0)

(i) Give a reason why the partial pressure of carbon is not included in the expression.
(1)

Examiner Comments

This candidate has given a correct answer
related to pressure so scored 1 mark.

OO ResultsPlus
Examiner Tip
Read the question carefully and

check that your answer relates to the
information given.
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Question 10 (a) (ii)

The majority of candidates scored 2 marks for this question. Some candidates thought there
would be no change in the equilibrium position as they stated there are the same number of
moles on each side of the equation. Some candidates omitted to mention gas when writing
about fewer moles on the left. Some candidates tried to explain this in terms of the quotient
but their answers were often confused and they rarely scored full marks. A straightforward
answer in terms of fewer moles of gas on the left so the equilibrium position moves to the
left is sufficient here. A small number of candidates wrote contradictory statements and lost
a mark: for example, they wrote that more reactants are formed so the equilibrium position
shifts to the right.

‘) Explain the effect of an increase in pressure on the equilibrium position of this reaction.
(2)

2/ ResultsP

Examiner Tip

This answer scored 1 mark. The When you write about the effect of
increase in pressure will shift the pressure on a system in equilibrium,
equilibrium to the left and there is a always write about the moles of gas.

reason given: 'less moles'. However,
this is not sufficient as pressure only
has an effect on the moles of gas.

(i) Explain the effect of an increase in pressure on the equilibrium position of this reaction.
(2)

- ’ A\
Examiner Comments

This candidate has the right idea about fewer moles Results@lus
but does not understand that it is only the number of Examiner Tip

moles of gas that need to be considered. There are
two moles of gas on the right but only one mole of
gas on the left. This answer scored O.

Revise the effect of pressure on
heterogeneous equilibria.
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Question 10 (a) (iii)

Many candidates scored 2 marks for this question. Some candidates omitted to state
what would happen to the value of the equilibrium constant and some were confused and
thought it would decrease. Some candidates realised that K would increase but did not
relate this to the forward reaction being endothermic.

(ili) Explain, by reference to any change in the value of K, the effect of an increase
in temperature on the equilibrium position of this reaction.

(2)

Examiner Tip

Check your answers carefully to make
sure that you have included everything
you have been asked for.

This response scored 1 mark for relating
the shift in equilibrium position to the
endothermic reaction. The question also
asked for the effect on the value of K_and
there is no mention of this in the answer.

(iif) Explain, by reference to any change in the value of K, the effect of an increase
in temperature on the equilibrium position of this reaction.

Wil e 0% Ak
H-.ﬂ(ﬂsewko\ ........... RSN &

2//\
Q Examiner Tip

This is an excellent answer that scored Try to remember that the equilibrium
2 marks. This candidate knows that constant does not change because the
K increases because the reaction equilibrium position changes - it is the
is endothermic and therefore the other way around.

equilibrium position changes.
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Question 10 (a) (iv)

The majority of candidates made a very good attempt at this calculation, with many scoring
4 marks. Some candidates were unable to work out the partial pressures correctly but they
could still score 3 marks. The use of a table for working, as in the mark scheme, would help
candidates to see what they are doing and examiners to award marks when the final answer
is incorrect. Some candidates worked out a partial pressure for carbon, even though they
were told that it is not included in the expression for K . Almost all candidates scored the
mark for units, although a few included mol*' and some converted it to Pascals. Candidates
are encouraged to convert their answers to decimals and not leave them as fractions.

(iv) At 1000 K and a total pressure of 2,0 atm, 1.00 mol of steam reacted with excess carbon.
At equilibrium, 0.81 mol of hydrogen was present.

Calculate the value of K, at 1000 K, stating any units.
(4)

H 10 | H o7 C O

S )
40-%)
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0 35 !
> b Y aem
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This candidate has worked out the number of moles
of each substance at equilibrium and has attempted
to work out the partial pressures. They have divided
the moles by the total pressure but have not divided
by the total number of moles. They have used these
incorrect values in the final expression and given
correct units so this answer scored 3 marks.

ResultsP

Examiner Tip

us

partial pressure = number of moles of substance x total pressure
total number of moles

80 GCE Chemistry 9CHO 01



(iv) At 1000 K and a total pressure of 2.0 atm, 1.00 mol of steam reacted with excess carbon.
At equilibrium, 0.81 mol of hydrogen was present.

Calculate the value of K, at 1000 K, stating any units.
(4)

H\O W 1 Ch o
(]
aah amal LYYV N @
<81 +0. G »
dagact oal —o.‘t a0
* -8 08t Tolal rot = 09 ‘a“‘qd
fiad mar hbe! = '8
0% o- %l
-~ ..‘I‘ . b-“
-k 1% -_. '
Wek 2y T "t
= 020044 b
p M pl?
PU'LLQ}
3
lo. 89 50T » o.8930&
P Lo AW

K' - 3,&5’11

ResultsPlus

Examiner Comments

This is an example of a correct
calculation that scored 4 marks.

Examiner Tip

Try to set out your working for
calculations clearly, as in this example.
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Question 10 (b)

Candidates found it difficult to express their ideas clearly to explain what would

happen in this question. There were many vague answers and candidates should give
careful consideration to all the information given. Many candidates did not read the
qguestion carefully and assumed that the reaction was at equilibrium at the start and then

it would shift left as there are more moles on the right; this idea scored 1 mark. In the best
answers, candidates realised that at equilibrium, the numbers of moles of reactants and
products must be equal so the number of moles of the products needs to decrease and the
number of moles of reactants to increase to achieve this.

(b) Carbon monoxide reacts with steam,

CO(g) + H;0(g) = CO.(g) + Hi(a)
{ l 2 z
At 1100K, K. = 1.00

In an experiment, 1 mol of carbon monoxide was mixed with 1 mol of steam,
2 mol of carbon dioxide and 2 mol of hydrogen.

Deduce, with reasons, the direction in which the reaction will shift to reach equilibrium,
(3)

ResultsPlus

Examiner Comments

This candidate has given a simple
explanation and scored 1 mark.

A

Examiner Tip

Try to use all the information given in
the question and give more detail in
your explanations.
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(b) Carbon monoxide reacts with steam.
CO(g) + H;0(g) = CO,(g) + Hlg)

At1100K, K. = 1.00

In an experiment, 1 mol of carbon monoxide was mixed with 1 mol of steam,
2 mol of carbon dioxide and 2 mol of hydrogen.

Deduce, with reasons, the direction in which the reaction will shift to reach equilibrium.

OO ResultsPlus

Examiner Comments Examiner Tip

<%ZResults@Ius

This candidate has made a better attempt at
explaining why the reaction shifts to the left as
they have realised that at equilibrium, there must
be equal amounts of reactants and products.

If K= 1, there must be equal
concentrations of reactants and
products.
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(b) Carbon monoxide reacts with steam.

I T 7

|
CO(g) + H,0(g) = CO,(g) + H,lg)

At 1100 K, K. = 1.00

In an experiment, 1 mol of carbon monoxide was mixed with 1 mol of steam,
2 mol of carbon dioxide and 2 mol of hydrogen.

Deduce, with reasons, the direction in which the reaction will shift to reach equilibrium.

(3)
........................... Reacrkon. ..ttt Sheft . 18k . ..o ond e SO..... . cookt. o thg.....
.................. mwma?-Hme@mmm%m ek
_________________ . Crenee A MONER O B e AR D B TR AL
............ \o MMMngam%r%#mallll
................ m,mmh;%miﬁm AT OOES e D T
Ao L AATANTAGAANN D D@ eI TS

<iZResults?@lus

Examiner Comments

This is an example of a very good
answer that scored 3 marks. The
candidate has given detailed reasons
why the reaction moves to the left to
reach equilibrium.

A
2/ OO ResultsP

Examiner Tip

us

Many candidates missed out the

idea that if the number of moles of
products decreases then the number
of moles of reactants must increase
until they are all equal.
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Paper Summary

In future, some candidates need more practice in answering these new styles of questions,
particularly the different calculations and 6-mark extended-writing questions.

In order to improve their performance, candidates are offered the following advice:

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

after you have written your answer, re-read the question and check that you have
answered it fully

use correct scientific terminology in your answers

revise the AS content thoroughly as there will be 40 to 50% of the marks based on this
work

practise the different types of calculations in the specification and show your working
clearly

in extended calculations, do not round the intermediate values; keep the number in
your calculator and give the final answer to an appropriate number of significant figures,
guoting any units

practise writing balanced ionic equations

revise buffer solutions and related 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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