edexcel

Examiners’ Report
June 2015

IAL Chemistry WCHO1 01

ALWAYS LEARNING PEARSON



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.
e Understand how your students’ performance compares with class and national averages.
o Identify 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 2015
Publications Code IA041100

All the material in this publication is copyright
© Pearson Education Ltd 2015

IAL Chemistry WCHO1 01



Introduction

The ideas examined on this paper seemed accessible to the majority of candidates. There
was little evidence of candidates not attempting questions, even towards the end of

the paper. This suggests that time management was not an issue. Calculations seemed

to be a particular strength. The mean mark for Section A was 12 marks out of 20. The
most straightforward multiple-choice questions were 1, 12, 13, 16, 18 and 20. The most
challenging multiple-choice questions were found to be 3, 5, 7 and 11. There was a feeling
from those marking the examination that some common errors seen in previous series
seemed less evident on this paper, suggesting that centres and candidates are making very
effective use of past papers and mark schemes.
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Question 21 (a) (iii)

(i) Explain the term structural isomers, by reference to two molecules selected
from the table in part (a).
(3)

: 1€ .
____________________________________________________________ memws/wemmnﬂm. emont:.
érk’faﬂﬁvmmwmcfwe ....................................................................................................... R

ﬁ ResultsPlus

Examiner Comments

This answer was awarded M3 only - for the idea that
such isomers would have different structures. The
isomers A and C were not identified, so marks M1
and M2 were not available.

OO ResultsPlus

Examiner Tip

Always read the question carefully to ascertain fully
what its requirements are.

(iii) Explain the term structural isomers, by reference to two molecules selected
from the table in part (a).
(3)

......................................................... Sﬁucww(rzommmhm/:m’?%/we
................................................... Soma._makcde. Mumber bt o olpfrent
................................................... Sketal- sée{el‘alﬁmu{as?ﬂrfxmb-/*mo(
_________________________________________________________ Cm&mw}oméqﬁegém et
............................................................... Jelutsl Prmaas. T

ﬁ ResultsPlus /O\

Examiner Comments

Marks M1 and M3 were awarded. M2
was not awarded, as the term 'molecular
formula' should have been used here
instead of 'molecule number'.

Examiner Tip

Learn key expressions and technical
terms accurately.
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Question 21 (c)

(il) cracking and then reforming

.......................................................... 2

(c) Suggest how engine performance is improved by using a fuel containing the
molecule that you have identified in (b)(ii).

ResultsPlus

Examiner Comments

This response scored the available mark - both statements were correct answers.

A

OO ResultsPlus

Examiner Tip

Use of 'bullet points' can add to the clarity of answers.

(ii) cracking and then reforming

(1)
............................................................................................................... C o
(c) Suggest how engine performance is improved by using a fuel containing the
molecule that you have identified in (b)(ii).
(1)

e THERE S MORE cOMPIETE coMBUSTION

.So  THEe. 6/GINE IS MORE ERERGY E-FICIED. T . AR
(LESS CAREO- MoOXx pE€ & PRODULIED

ResultsPlus

Examiner Comments

This answer scored the available mark for the idea of
improved efficiency of combustion.
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Question 21 (d)

(d) The energy density of a fuel is defined as the energy produced per kilogram of fuel.

Calculate the energy density of dodecane, C;,H,, in kil kg~'. Give your answer to
two significant figures.

The enthalpy change of combustion of dodecane is ~8086 kJ mol™'.

[Molar mass: C;;H;s = 170 g mol™']
(3)

-0k -
1920183 8e  4op 470447

o\

clpdxh T E] Ej”‘

energy density = ... - ﬂi~8’7(\:q .................................... k) kg™

Examiner Comments

This response scored marks M1 and M2 out of three.
In standard form, the final answer should have been
given as 4.8 x 10*kJ kg, not as written.

Examiner Tip

Check answers given in standard form carefully.
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(d) The energy density of a fuel is defined as the energy produced per kilogram of fuel.

Calculate the energy density of dodecane, C,,H,, in k) kg™'. Give your answer to
two significant figures. '

The enthalpy change of combustion of dodecane is —8086 kJ mol™".

[Molar mass: C;;Hy = 170 g mol-']
(3)

O- |4Kg - -g08%6

1000 g - (kg

11 0g ~ ¢ '¥g T
,,:‘j_@—_-i)' l:HCg -%D%E - - 4Isel-F

1000 o7

- - ygoookimol

energydensity= . 423000 ® kg™’

ﬁ ResultsPlus

Examiner Comments

This well set-out answer earned all three available
marks. Note that a minus sign was not essential here for
the calculation of energy density. Note the requirement
for the final answer to be given to two significant figures.

A

OO ResultsP

Examiner Tip

us

Show all stages in your answer to a calculation question.
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Question 22 (b) (i)

(b) The table below shows the energy changes that are needed to determine the
lattice energy of strontium chloride, SrCl,.

Energy change AH / kJ mol™!
enthalpy change of atomization of strontium +164
first ionization energy of strontium +550
second ionization energy of strontium +1064
enthalpy change of atomization of chlorine, 4Cl, +122
first electron affinity of chlorine -349
enthalpy change of formation of strontium chloride -829

(i) Define the term lattice energy.

ﬁ ResultsPlus

Examiner Comments

This response scored one out of the two available
marks. It implies that the definition of lattice energy
refers to breaking up the lattice into gaseous ions
when in fact the converse is true.

A

OO ResultsP!

Examiner Tip

us

Learn all definitions word-perfectly!
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(b) The table below shows the energy changes that are needed to determine the

lattice energy of strontium chloride, SrCl..

Energy change AH / kJ mol™!
enthalpy change of atomization of strontium +164
first ionization energy of strontium +550
second ionization energy of strontium +1064
enthalpy change of atomization of chlorine, %2Cl, +122
first electron affinity of chlorine -349
enthalpy change of formation of strontium chloride -829°

(i) Define the term lattice energy.

b is bne eogegy ® raicased when 1L mole of Swostance 1S formed.
Sromoits dens..ob Hner  gaseous. & Stute . and k. 1S XONIMic . ..

ﬁ ResultsPlus

Examiner Comments

This answer scored both the available marks for the
definition of lattice energy. It mentions both 'one mole' (of a
substance) and the idea of formation from gaseous ions.

Examiner Tip

Learn all definitions thoroughly.
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Question 22 (b) (ii)
(ii) Calculate the lattice energy of strontlum chloride, in kJ mol-'. e
DHE [S“&(l;& = bH + B 3 + pHY Pﬁﬁim
+D uaé + b H'i
429 = (644 $SO +106H 2(122)

' 2(34q) + DR

)
Resultslus _
Examiner Comments Examiner Tip
This response was awarded both the available Get plenty of practice working through
marks for the correct numerical answer. Born-Haber cycle calculations.

(ii) Calculate the lattice energy of strontium chloride, in kJ mol-'.

)
Al = o, t oz toHy +oH; to tordy ©

oty 2 o - (oH,toH;+ o, 1AM tOH,)

Mi} ~329-~ (HM 550 410644122 - 3@)

wExammer Comments

A
This response scored one out of the two O
available marks. The candidate has not
doubled the value for the enthalpy change O

Examiner Tip

of atomization of chlorine (+122 kJ mol?) in
order to account for the enthalpy change

Always check for the requirement for doubling
ClL(g) O 2Cl(g).

values, where relevant, in a Born-Haber cycle.
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Question 22 (c)

*(c) The lattice energies of sodium fluoride and magnesium fluoride are shown in the
table below.

Compound Lattice energy / kJ mol™
Sodium ﬂuoride@F -918
Magnesium fluoride, @5 2957

Explain, in terms of the sizes anz harges f!%i jpvolved, why the
lattice energy of MgF,is more n g‘é‘ﬂ "'ﬁgn t t%ﬁ

ﬁ ResultsPlus

Examiner Comments

This response scored all three available marks. M1 for noting that
the radius of the magnesium ion is smaller than that of the sodium
ion. M2 was awarded for stating that the magnesium ion has a
higher charge than the sodium ion. M3 was awarded for mentioning
that the attraction between magnesium ions and fluoride ions is
stronger than that between sodium ions and fluoride ions.

Examiner Tip

Try to give three salient points when answering a
question worth three marks - as is the case here.
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*(c) The lattice energies of sodium fluoride and magnesium fluoride are shown in the

table below.
Compound Lattice energy / kJ mol™'
A a
Sodium fluoride, NaF -918
|
Magnesium fluoride, MgF, -2957

Explain, in terms of the sizes and charges of the ions involved, why the
lattice energy of MgF, is more negative than that of NaF.

(3)
+2

My ion s el ec. io.sice.. han N dee Ao

12

I’lﬂ hj'lcr dmr3r, dm&&j ‘\":m N S ﬂnm&:m ........................

.narfe...e lf.c}m SMe. . P OCL. ... AV ’()rmd\an ......... betvoeen.. riJ ......... mdf’ .........

L move.... meraj reeded. A9 et loonds. . herdore. mere.

ﬁ ResultsPlus

Examiner Comments

The first mark was negated due to incorrect chemistry when trying to
justify the difference in ionic radius between the two cations. The second
mark, M2, was awarded. The third mark was awarded, as per the Mark
Scheme. There is no contradiction in the final sentence (as more energy
would be needed to separate the ions in MgF, than in NaF).
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Question 23 (b)

(b) Give the structural formula of the organic product formed when
ethene, CH,=CH,, reacts with
H
(i) hydrogen \
B (1}

H N Vs = —'C1 H
” + H 2 H = C —H
C N )

/

H H " "

(i) chlorine ] '

W oM H—C & w_c-Am
C l —>
o M, A @ GoC Q&
C ‘ L

oo h H

(iii) acidified aqueous potassium manganate(VIl) W
N w / (1
c C
'S
| -+ KMMOH — | a
C C —Mw OI.{
W 7N
H H H
(iv) bromine water
’ 0 /H H ~ / f (1)
g N4 o C{
Ry — l' — C B
W @ <
© 7~ W OH
/
" N " n H
ﬁ ResultsPlus /O\
Examiner Comments

This response scored one mark each for parts (b)(i)
and (b)(ii). A mechanism was not required for any of
the answers and was ignored in (b)(ii). The products
given in (b)(iii) and (b)(iv) were incorrect.

Examiner Tip

Learn all reagents and conditions for the
organic reactions in the specification.
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Question 23 (c)

(c) When propene, CH,CH=CH,, reacts with hydrogen chloride, there are two
possible products, a major product and a minor product.

(i) Draw the displayed formulae of these products.

(2)
oW Ll bW f‘
Pt by
\_}h(_ﬁc_chH I &’é &2\
hoWod B ohw
Major product Minor product

(i) Give the mechanism for the reaction of propene with hydrogen chloride
which forms the major product.

(3)
n

[ K
N~ C-d =g 4 H-/?l
| r
B )

l"‘ '14 e |
H=d-¢ -
(1
H R &

us

Examiner Comments

The answer to (c)(i) was awarded one mark out of
two. Only the 'minor product' is correctly identified.
In (c)(ii), only mark M1 was awarded for the
mechanism. Neither the secondary carbocation
intermediate has been shown, nor has the final
attack by the chloride ion, Cl-, on the carbocation
intermediate, as was required for the award of M3.

OO ResultsPlus

Examiner Tip

Get plenty of practice at drawing
organic reaction mechanisms
such as these.
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(c) When propene, CH;CH=CH,, reacts with hydrogen chloride, there are two
possible products, a major product and a minor product.

(i) Draw the displayed formulae of these products.
(2)

=
| |
T — O
\
Q-0C=
{
x _C-%
]
=
=
]
X—-0O_=x
\
T -0—F
\
Q“?—x
ol

Major product Minor product

(i) Give the mechanism for the reaction of propene with hydrogen chloride
which forms the major product.

(3)
y !
Y-0 - -0 -
| I
Ty — Yy o+ &
i

=
]

x (-t
{
R-ox
\

X -0O-x
\
=

Plus /O\ -
Examiner Comments Q ReSU“@IUS

The answer to (c)(i) was awarded both marks. Examiner Ti
In (c)(ii), marks M1 and M2 were awarded for P

the mechanism. Note that the final attack by Practise plenty of 'curly arrow' reaction
the chloride ion, CI°, is incorrectly shown as mechanisms, showing lone pairs of electrons
the electronic configuration of a free radical is and correct dipoles where you can.

shown on the anion.
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Question 23 (d) (i)

(d) Propene can be polymerized.

(i) Write a balanced equation for the polymerization of propene to form

poly(propene), drawing the displayed formula of the repeat unit of
poly(propene).

(3)

Only mark M3 was awarded, for
displaying 'continuation bonds'.

OO ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

monomers encountered in the specification.

Practise writing equations, using displayed formulae,
for the formation of addition polymers from the

(d) Propene can be polymerized.

(iy Write a balanced equation for the polymerization of propene to form

poly(propene), drawing the displayed formula of the repeat unit of
poly(propene).

(3)

CH W
Vo

C —— C

\ \

W W /n

Examiner Comments

This scored two out of the three available marks. The
repeat unit, required for M2, and the 'continuation
bonds', required for M3, are both shown. There is no left-
hand side for the equation, so no M1 was awarded.
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Question 23 (d) (ii)

(ii) State a problem associated with the disposal of waste poly(propene).

(1)

Hlus
Examiner Comments

This response identified a problem associated with
the disposal of waste poly(propene).
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Question 23 (e)

(e) Standard enthalpy changes of combustion can be used to calculate the standard
enthalpy change of formation of propene.

3C(s) + 3Hy(g) —— GCHelg)

Values for some standard enthalpy changes of combustion, AHE, are shown in the

table below.
Substance AHE [/ k) mol™!
C(s) -394
H.(g) -286
CiHe(9) -2058

() Complete the Hess cycle below to enable you to calculate AH;” from

combustion data.
(1)

AH{
3C(s) + 3H.(g) —— | GHdg)

Q%UL\/%O\ / 4i%

34,0, + 3CI, 4

(i) Calculate AHY, in kJ mol™".
. 3(-394) + 3(26) - (-1059)
= 1Q k Tk B

standard enthalpy change of formation of propene = ... *'jg __________ kJ mol™!

(2)

Examiner Comments

Examiner Tip

In (e)(i), both arrows have been correctly added
to the cycle, as have the appropriate number

of moles of both carbon dioxide and water. The
calculation has been correctly answered in (e)(ii).

Get plenty of practice of Hess
cycle type calculations.

18 IAL Chemistry WCHO1 01



(e) Standard enthalpy changes of combustion can be used to calculate the standard
enthalpy change of formation of propene.

3C(s) + 3Hy(g) ——— C;Hqlg)

Values for some standard enthalpy changes of combustion, AHZ, are shown in the
table below.

Substance AHE / kI mol™!
Cls) -394
H.(g) -286
CiHs(g) -2058

(i) Complete the Hess cycle below to enable you to calculate AH;” from
. combustion data.

(1

AH{
3C(s) + 3Hy(g) |———+| GCiHlg)

~20J§

6, + N0

(ii) Calculate AH?, in kJ mol-'.

ONF" . g(-3av) +2( 28] 22004

(2)

standard enthalpy change of formation of propene = .... 30 /'}- ............... kJ mol™’

IAL Chemistry WCHO1 01
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ﬁ ResultsPlus

Examiner Comments

Part (e)(i) was not awarded the mark. Although
both arrows were correctly drawn, the moles of both
carbon dioxide and of water were incorrect (3CO,
and 3H,0 were required). For (e)(ii), one mark was
awarded for a transferred error. There has been

one mistake: the value of the enthalpy change of
combustion of hydrogen, -286 kJ mol?, should have
been multiplied by 3, rather than by 2.

Examiner Tip

Always check Hess cycles carefully - both for species
and for balancing!
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Question 24 (a)

18 elements.
2500+ He
20004
First
ionization 12007
energy H
/kdmol' 1000 -
500 4
Li
0 T I ] 1 T

24 The diagram below shows the pattern in the first ionization energies of the first

Ne

¢ Ar

Na

L
12 3 45 6 7

(a) Give the equation, including state symbols, for
fluorine.

h Fz @) —7

1 1 1 I I I I 1 I I 1
8 9 1011121314 1516 17 18

Atomic number (2)

the first ionization energy of

(2)

Examiner Comments

The correct equation was F(g) O F*(g) + e". The
correct definition refers to gaseous atoms rather
than to gaseous molecules. The award of the mark,
M2, for correct state symbols, was dependent on M1
having been awarded.

OO ResultsP

Examiner Tip

Learn all key definitions, including relevant
equations, thoroughly.
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24 The diagram below shows the pattern in the first ionization energies of the first

18 elements.
2500- He
Ne
20004
First ) Ar
ionization 1500
energy H
/kImol™ 1000 -
500
Li Na
'D 1 I 1 I |

T T T T T 1 1 I I I I ] 1
1 2 3 45 6 7 8 91011121314 1516 1718
Atomic number (2)

(a) Give the equation, including state symbols, for the first ionization energy of

fluorine.
(2)

‘F_{%) —— ri-(%) +e

ﬁ ResultsPlus

Examiner Comments

This answer is fully correct, as per the Mark Scheme.
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Question 24 (b)

*(b) Explain why there is a general increase in the first ionization energies from
sodium to argon.

ResultsPlus

Examiner Comments

A well-structured answer, awarded all three available marks.

OO ResultsPlus

Examiner Tip

A well-structured answer often involves 'bullet points'
and contains short sentences.
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*(b) Explain why there is a general increase in the first ionization energies from
sodium to argon.

(3)
................ My oy becowe e Sae  of e m
___________ ot deveese  So  He M WS er fere .
.......... f'-t“Jf#"*,"twfw B oty LA ol . AT S
________________ Since  Ae  size  olecreote e Aorce of
llllllll odirection iNCreogp herce Alere on

Plus

Examiner Comments

This response scored M1 for the idea of increasing nuclear
charge (from sodium to argon). The second scoring point
was negated by the mention of 'less shielding'. No third
mark was credited as there is no mention of the increase
in attraction between the nucleus and the (outermost)
electron (from sodium to argon).

OO ResultsPlus

Examiner Tip

Try to include all salient points in a clear and logical
form in your answer.
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Question 24 (c) (i)

1IS® 25T 206 357 1§ 252 206 35% 30
(c) *(i) Explain why the first ionization energy of aluminium (Z = 13) is less than that
of magnesium (Z = 12).

______________ MLARY SRS VRALS L. M agAeAIE 0. NAS.... o L RS S hebel)
....... a0  ie . hardey £O Qoge an @ eCAON
et 26 2P6 3 - rJM

ﬁ ResultsPlus

Examiner Comments

The first scoring point was awarded for recognition that
the electron is lost from a 3p-orbital. The second mark was
awarded for mention of shielding by the inner 3s sub-shell.

Examiner Tip

Be aware of the reasons for the observed trend in first
ionization energy across a period.
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Question 24 (c) (ii)

*(ifExplain why the first ionization energy of sulfur (Z = 16) is less than that of
phosphorus (Z = 15).

Examiner Comments

The first scoring point was not awarded as the term 'sub-
shell' has been used where the term 'orbital' should have
been mentioned instead. The idea of increased repulsion
secured the award of M2 as per the Mark Scheme.

OO ResultsPlus

Examiner Tip

Think carefully about when to use the terms: 'shell’,
'sub-shell' and 'orbital'. They are not interchangeable!

IAL Chemistry WCHO1 01
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Question 24 (e)

(e) In an experiment, 2.76 g of sodium completely reacted with water to form
500 cm’ of aqueous sodium hydroxide,

2Na(s) + 2H,0(l) —» 2NaOH(aq) + H,(g)

() Calculate the number of moles of sodium that reacted.

(1)
2.769
23—3;'5:; = 0.12 mol

(ii) Calculate the maximum volume, in dm?, of hydrogen that can be formed at
room temperature and pressure,

[1 mol of any gas occupies 24 dm? at room temperature and pressure.]

24 e mol™ D2 mol = 2.48 dem? @

(i) Calculate the concentration, in mol dm, of the sodium hydroxide solution,
NaOH(aq), formed in the experiment.

O. 12 mol /590 em® (2)

Q. 24 mgl J°

ﬁ ResultsPlus

Examiner Comments

Part (e)(i) was answered correctly. In (e)(ii), M1 was not awarded as
the moles of sodium, Na, were not divided by 2. M2 was awarded, for
the resultant transferred error. Part (e)(iii) is correct.

Examiner Tip

Check mole ratios from equations carefully when
answering calculation questions.
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(e) In an experiment, 2.76 g of sodium completely reacted with water to form
500 cm? of aqueous sodium hydroxide.

2Na(s) + 2H,0() — 2NaOH(aq) + H.(g)

(i) Calculate the number of moles of sodium that reacted.

1 7}

(ii) Calculate the maximum volume, in dm?, of hydrogen that can be formed at
room temperature and pressure,

[1 mol of any gas occupies 24 dm? at room temperature and pressure,]

(2)

3
AR G .

6 x1q = ubidne

9_.!{-1'—: DJOC: Q'O
~

(iii) Calculate the concentration, in mol dm-?, of the sodium hydroxide solution,
NaOH(aq), formed in the experiment.
(2)

G\ L

<0 X100 o- L&

ResultsPlus

Examiner Comments

This answer is fully correct.

Examiner Tip

Check all reacting ratios carefully. Here, the candidate
has realised that the moles of hydrogen gas produced
are half that of the sodium metal reacting.
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Paper Summary
Practise constructing Hess's Law cycles and applying these to find enthalpy changes.
Terms such as 'shell', 'sub-shell' and 'orbital' are not interchangeable!

Make sure you can write equations for the formation of polymers, as well as draw the repeat
unit in full.

Remember that equations for the first ionisation energy always apply to gaseous atoms
losing electrons, regardless of the nature of the element.

Make sure you read all the questions very carefully. This is for two reasons. Firstly, to make
sure that you are clear that you understand what is being asked of you and, secondly, to
identify useful information in the question that may help you to structure your answer
appropriately.
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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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