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Introduction

Many candidates had prepared well for this paper and were able to apply their knowledge of
the topics in the specification to familiar and novel situations. However, it appeared that a
significant number did not seem to have a good basic understanding of organic test tube
reactions, fragmentation of organic molecules in mass spectrometry and the interactions of
ions with water molecules. However, calculation questions were once again done with
impressive accuracy and there was no evidence of candidates running out of time.

The mean mark for the paper was 43.8 and the multiple choice, Section A had a mean of
12.8.

The most accessible multiple choice questions were Question 5 (gas moles calculation) and
Question 14 (oxidation numbers) and the most challenging questions were Question 1(a)
(Maxwell - Boltzmann distribution) and 15 (boiling points of organic compounds)
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Question 18 (a)

This question proved to be a good discriminator with most candidates able to score at least
one mark, with many scoring all three. A common error was using the molar mass of
magnesium carbonate for the carbon dioxide calculation.

18 This question is about Group 2 carbonates.

Group 2 carbonates decompose on heating to form the corresponding metal oxide
and carbon dioxide. The general equation is shown.

MCO,(s) — MO(s) + CO.lqg)

(a) A sample of magnesium carbonate was heated for 4 minutes.
The mass of the sample decreased from 4.17g to 2.354.

Calculate the percentage of magnesium carbonate that has decomposed.

[Molar mass of magnesium carbonate = 84.3gmol']
(3)
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The calculation could be done using either masses or moles with both
options equally popular.

Here, the candidate has used masses and scores full marks.
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18 This question is about Group 2 carbonates.

Group 2 carbonates decompose on heating to form the corresponding metal oxide
and carbon dioxide. The general equation is shown.

MCOs(s) — MO(s) + COslg)

(a) A sample of magnesium carbonate was heated for 4 minutes.
The mass of the sample decreased from 4.17g to 2.35g.
il Boedontimiesi

Calculate the percentage of magnesium carbonate that has decomposed.

[Molar mass of magnesium carbonate = 84.3 gmol™']
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I/--.. Examiner Comments

This was a very common incorrect answer.

The candidate has correctly calculated the number of moles of
magnesium carbonate and the change in mass due to the loss of the
carbon dioxide. However, they then used the wrong molar mass (84.3
instead of 44) to calculate the number of moles of carbon dioxide, so
only 1 mark was awarded.
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Question 18 (b)

In part (i) most candidates labelled the arrows correctly, but many found identifying the
correct species more challenging and elements were sometimes inconsistent with state
symbols and balancing was also a problem. In part (ii), although the majority got the correct
answer with the correct units, a surprising number omitted them, despite it being asked for
in the question.
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(b) The enthalpy change, AH, for the thermal decomposition of
magnesium carbonate, MgCO;, can be calculated using the data in the table.

MgCO, -1095.8
MgO -601.7
o, 3935

(i) Complete the Hess cycle with two arrows and correct species and state

symbols in the box.

MgCO,(s)

~100c.y

*  MgOf(s) + CO,(g)

4ol 74 (3935 )

3
/Mj{;) ? 5(:} i

f?.gj

(ii) Calculate the enthalpy change for the thermal decomposition of
magnesium carbonate, AH. Include a sign and units in your answer.

H0§s.9 + M = -69(-1-294.¢
B = 100.f k)l
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/ ResultsPlus

< Examiner Comments

This is a fully correct answer.

The candidate has shown their working alongside the arrows which is
not required and, although they have not included a + sign in their final
answer, as no minus is seen it is assumed to be a positive value.
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(i) Calculate the enthalpy change for the thermal decomposition of
magnesium carbonate, AH. Include a sign and units in your answer.

beH = 10958 - [-bd1)-[-3135)
o ’/""'B % /{.J M‘,J'F

(2)

N

Q{ ( ResultsPlus

:‘/r--.‘\_ Examiner Comments

Despite the candidate having the arrows in the correct direction, they
have made a mistake with their calculation and the answer has a
negative sign. This has to be wrong as the reaction is a thermal
decomposition and so must have a positive value.

7>\ ResultsPlus
\_, Examiner Tip

When you have done a calculation, check the sign and magnitude
carefully. Use all the information in the question and decide if the
answer is sensible.

9 I|AL Chemistry WCH12 01R



() Complete the Hess cycle with two arrows and correct species and state

symbols in the box.

AH

(2)

[
L

MgCO;(s)

MgO(s) + CO,(g)

7
A,ﬁ? B B N ol

Mj 'féora.» 1 C

B

<ﬂ< ResultsPlus
Examiner Comments

the question.

Here the candidate has got the arrows in the correct direction, but the
state symbols are missing in the box despite them being asked for in
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Question 18 (¢)

This standard question about thermal stability was quite well done by the majority of
candidates. Most were able to state that the enthalpy change of calcium carbonate was
larger than magnesium carbonate. However, when explaining the reason for this difference,
a number did not refer to the size of the cation and simply said the Ca was larger so did not
score the mark. Despite this, many candidates were able to correctly identify the calcium ion
as being less polarising and many good responses were seen commenting on the anion
being less distorted. Occasionally, candidates did get muddled and wrote about increased
polarising power instead of less.

(c) Explain how the enthalpy change for the thermal decomposition of
calcium carbonate, CaCO,, compares to that for magnesium carbonate in (b)(il).

(3)

% m-lLM Wmlw; 'fl"ﬁh (,5\
&b At Lwe, M., pal«m ey A2 _____(xo bond
. ] f[M&M Mﬂm; £l 'f.a ........ hanh.

s,

Y : / ResultsPlus

< Examiner Comments

The candidate has correctly noted that the enthalpy change for calcium

carbonate is larger than that of magnesium carbonate. They are also

correct about the smaller size and greater polarising power of Mg.
However, there is no mention of ions so a mark is lost.

Examiner Tip

A \ ResultsPlus
\\

When answering questions about thermal stability, you must mention
ions.
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Question 19 (a)

This straightforward equilibrium question scored quite well. In (a)(i) the majority of
candidates were able to get the correct colour change, but quite a number failed to state the
correct reason why, with some responses simply referring to the increased rate of reaction
and its endothermic nature. Marks were dropped in some cases, where candidates included
both correct and incorrect observations. A response such as ‘the colour would go darker blue
and there would be bubbles’ negated the scoring point.

In (a)(ii) most candidates scored both marks as they were able to link an increase in pressure
with a shift to the side where there are fewer gaseous molecules.
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19 This question is about ozone, O,.

Ozone is formed by the action of ultraviolet radiation on oxygen molecules.
30,(g) = 20.(g) AH=+143kJmol™

Ozone is a pale blue gas and oxygen gas is colourless.

A mixture of oxygen and ozone was placed in a sealed container and left to
reach equilibrium.

(a) (i) Explain what you would see on heating the mixture.

/’z“f"'tﬂmiimmeﬁmoreblueé:mse wed yonetio)

lﬁﬂnﬁnJaTﬁermV?ﬂ&fmn,as/ﬂf?f}'f%ﬁmmﬁﬁmbﬁum
g}u Is...ra...x;‘.?ﬁf._j....gg....Femmfuye.QF...03....M‘.........th@f@:ié‘.,...&?ﬂ(’..m.....miﬁ.ﬂs.!e...._

(i) Explain what you would see on increasing the pressure.

(2)
........_........ﬁﬁ....}mﬁm..ffmme.s.,....L,Hi.with,3...w[me..;M.,...amd.._._ﬁfrlﬁ...m?fh
Z—»fa/mﬂé;as,ff«ea wilibrinm e will shi tﬂryﬁtﬁﬂa,&s
Fhesfmrefh&!’f“?,Jeﬂﬁff/ffyﬂmzhcmrﬁeSacmwnwwﬂw}'
marz}:fufMﬁhéfdwf;kcmﬁwm};/ue

e
% ResultsPlus
_ Examiner Comments

This is a fully correct answer where the candidate correctly states what
they would see and explains why the equilibrium moves in this
direction.
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19 This question is about ozone, O,.
Ozone is formed by the action of ultraviolet radiation on oxygen molecules.
30,(g) = 20s(g) AH=+143kJmol™

Ozone is a pale blue gas and oxygen gas is colourless.

A mixture of oxygen and ozone was placed in a sealed container and left to
reach equilibrium.

(@) (i) Explain what you would see on heating the mixture.
o (2)

............... Fex.... fhe.... J. vl mﬂ‘hw.%}"am}tajﬁaddwmb‘mwé‘fk
wixwe, oo x)w"l ........ 9. the .. J wod tesction . The. epe v it e r«lut

(2)

ﬂ ResultsPlus
Examiner Comments

Here the candidate has correctly explained how the equilibrium will
shift, so scores a mark for each part.

However, the question asks for an observation of what they would see,
which has not been done, so no more marks are scored.

= ResultsPlus

| Examiner Tip
Read the question carefully and pay particular attention to words in
bold as they give a good clue as to the type of response that will score.
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Question 19 (b)

Although most candidates had a good understanding of redox reactions and were able to
identify ozone as an oxidising agent, many responses lacked sufficient detail to score full
marks. In some cases, the correct oxidation numbers were stated, but the candidates failed
to relate the change in oxidation number to oxidation or reduction. Other common errors
included missing out the oxidation numbers of the sulfur and wrong oxidation numbers such
as - 8 for oxygen in H,SO,4 .

(b) Ozone can be used in the treatment of drinking water. As well as killing
bacteria and viruses, ozone also removes other dissolved impurities such
as hydrogen sulfide, H,S. Hydrogen sulfide reacts with ozone to produce
sulfuric acid.

0 2
404(g) + H.S(aq) — H,SO.aq) + 40,(g)

State the role of the ozone in this redox reaction.

Justify your answer using oxidation numbers.
(3)

_________ 7 ﬁ&ﬁ?frﬂla‘(f\mnuwwvfmmd&*fév@a}&w
D.t0.22, Ahe Namblr Oleweyes. ; £ o Fduti¥n plinrs,.
TIhe rale o the. gzome. 7.0 K.lfdii!.l(\ﬂ ______ Y777

N

fi ™
e

Y / ResultsPlus
/"--‘- Examiner Comments

The candidate correctly notes the role of the ozone and the change in
oxidation number and reduction of the oxygen. However, they do not
refer to the oxidation of the sulfur so only 2 marks are scored.

' Examiner Tip

=) \ ResultsPlus
\\

When answering redox questions, make sure the relevant oxidation
numbers of all the species are given.
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(b) Ozone can be used in the treatment of drinking water. As well as Killing
bacteria and viruses, ozone MmovEMIveWuch
as hydrogen sulfide, H,S. Hydrogen sulfide reacts with ozone to produce
sulfuric acid.

o -2 R
40,(g) + H,S(ag) — H,S0aq) + 40.(g)

State the role of the ozone in this redox reaction.
Justify your answer using oxidation numbers.

The }oko’%mmts"tﬁhwmwmhhmm

Rder. Ao ofidetion. hadber .. orke. chesge . fran. 0. o K. Whith,

O R

-

B

ﬂ ResultsPlus
Examiner Comments

The candidate scores a mark for the reduction of the sulfur and the
correct oxidation numbers. However, they have given the wrong
oxidation number of oxygen in sulfuric acid, which was quite a
common incorrect answer.

IAL Chemistry WCH12 01R 16



(b) Ozone can be used in the treatment of drinking water. As well as killing
bacteria and viruses, ozone also removes other dissolved impurities such
as hydrogen sulfide, H,S. Hydrogen sulfide reacts with ozone to produce

sulfuric acid. 0 0 = =2-2
0 22 T2 R A
40,(g) + H,S(ag) — H,S50.aq) + 40ig)

State the role of the ozone in this redox reaction.
Justify your answer using oxidation numbers,
(3)

..0z0ne. (Cts. s o OXidising...o9ent .o
0. .n_0Os w15 Jeduced ., Oridlotion numbey
~..Chowgedl om0 T TZ .o
.5 tn HS 15 Oxidiseol . _owolotion mam pumbel
o Chom@edk tom =2 e b

%ﬁ ResultsPlus
Examiner Comments

A concise but excellent answer that scores full marks.
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Question 19 (¢)

This calculation was well understood with large numbers of totally correct, well-presented
answers seen. However, a number of candidates did not appear to understand the concept
of ppm by mass and instead converted grams into moles and so struggled to score any
marks.

(c) Ozone can also be used in the treatment of water in swimming pools.
A swimming pool has a volume of 375000dm’ and contains 15g of ozone.
Calculate the concentration of ozone in the pool in parts per million (ppm).
[Assume the density of water in the swimming pool = 1.00gcm™]

(2)

3
3750005 10 = 375000000 Cny)

Q{ ( ResultsPlus
/"‘-—‘- Examiner Comments

Here the candidate has produced a concise and fully correct
calculation.
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(c) Ozone can also be used in the treatment of water in swimming pools.
A swimming pool has a volume of 375000dm® and contains 15 g of ozone.

Calculate the concentration of ozone in the pool in parts per million (ppm).

[Assume the density of water in the swimming pool = 1 DU gem™]

n~l‘L 1\3:3 - 0.3k mal

Lzx/= 0 31 2% 3500w - | | Ja00 ol

1] P}?P’\ mel dm?

<(f< ResultsPlus
Examiner Comments

Here the candidate has calculated the number of moles of ozone
instead of just comparing the masses. This was a common mistake and
did not score.

o ALy

(A ResultsPlus

\_} Examiner Tip

You need to understand that parts per million calculations involves
comparing masses, not moles.

19 IAL Chemistry WCH12 01R

" (2)



Question 20 (a)

Calculation errors in (a)(i) were extremely rare and most candidates were able to correctly
work out the empirical formula. However, a small number failed to calculate the mass of
oxygen so could not get a sensible empirical formula, and a very small minority inverted the

mole calculation.

With the majority getting (a)(i) correct, (a)(ii) was very straightforward. However, a number did
not use their empirical formula mass of 44 in their answer, so did not score.

IAL Chemistry WCH12 01R 20



An . ; |
20 An organic compound, acetoin, is one of the compounds that gives butter its

characteristic flavour,

(a) Acetoin contains 54.5% by mass of carbon and 9.1 % by mass of hydrogen.

The remainder is oxygen.

(i) Calculate the empirical formula of acetoin.

You must show all your worklng.w: if there aye (oo 9 acetoin{

C -0 H
"?ﬁ'. 54,6 3b.4 7-1

h/iﬁd 4.5y2 2.2)5 9.1

4

-
o
o
|u
n

tha gmfiricd -fumula 1‘5-59'1“&;‘
C2 Hy O

(i) The molar mass of acetoin is 88.0gmol™".
——

Use this information to calculate the molecular formula of acetoin.

M= 28 j/hﬁc]
CoHyO = l2x2 44 tlb = &Y
%

%
The mole cular fo rmula

21 IAL Chemistry WCH12 01R
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\f | / ResultsPlus

/"-.': Examiner Comments
This is a fully correct answer.

However, in (a)(i) they have not shown they have divided by the lowest
number of moles to get the ratio. This was not penalised, but
candidates are advised to show all their working in calculations.

In (a)(ii) they make correct use of the empirical formula mass to deduce
the molecular formula.
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Question 20 (b)(i)

This question proved to be quite challenging to the majority of candidates. In many
responses it was clear that candidates had not read the question properly as they treated the
three tests separately instead of linking them to identify the functional group. A number
failed to appreciate that both alcohols and carboxylic acids gave a positive PCls test, so did
not score the first mark. Others, who had correctly concluded that the functional group was
an alcohol then suggested it was an aldehyde because of the third test. This lack of logical
progression cost marks and was evident in many scripts.

(b) Acetoin contains two functional groups. H-t-c-c—C
(i) Some chemical tests were carried out on acetoin. These tests gegi
the two functional groups. & .
—oH.  Ktg-c-con
HH K

Acetoin produced steamy fumes when reacted with PCl;.

i

Acetoin turned hot acidified potassium dlchéamate(w] solutiorGrogh qupnge

to green. ]15;_-., gﬂé-—- 4, -oH

State what can be deduced from each of these three tests and hence i[a'!entify
this functional group.

Acetoin did(not reaet with sodium hydMn?gr‘Eonate solution.

(3)
_____ mfwﬁrstfesmﬁhmg-*{)fi unﬁﬁmmlﬁhmP
@ Sepondl Aests: T4 5. kot = Covl.. Puncilonal. Pomp
]a:r-rh'wf‘festgl'? ......... has. .. €= -

#’ﬂﬂeﬁmﬁ%foﬂmﬂaﬂ

fi M,
e

Y / ResultsPlus
/‘--“- Examiner Comments

The candidate makes the correct deductions from test 1 and 2, but in
test 3 they do not say that the alcohol has to be primary or secondary
as it is oxidised.

This was a common response that scores 2 marks.
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(b) Acetoin contains m:)ﬁ.u___’ggi_oml.gmups.

(il Some chemical tests were carried out on acetoin. These tests identify one of
the two functional groups.

Acetoin produced steamy fumes when reacted with PCl;.
Acetoin did not react with sodium hydrogencarbonate solution. M«¢;

Acetoin turned hot acidified potassium dichromate(VI) solution from orange

to green.

State what can be deduced from each of these three tests and hence identify
this functional group. ;‘
{3) :

o i el et el o e B S A e i B S, . i, i

T R secod ome s Shows pvotyon et kes carbagh

L IOd Se 345 primery oy secondont. alooha]............

-
" ( ResultsPlus

Examiner Comments

This is a fully correct answer, where the candidate demonstrates their
excellent deduction.
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Question 20 (b)(ii)

Most candidates managed to correctly identify the infrared spectrum wavenumbers and
bonds that could be used to distinguish between an aldehyde and ketone. There were very
few mistakes transferring the information from the Data Booklet, but some candidates
included an O-H bond, presumably as they were referring back to the previous part of the
question.

(ii) Acetoin also contains the carbonyl group C=0, in the form of ' not
an aldehyde.

Use page 5 of your Data Booklet to show how infrared spectra data could be
used to prove that acetoin contains a ketone not an aldehyde.
Complete the table. 3 i

(3)
/ﬁ-‘ﬂ //\‘T‘: o

ketent

__‘ResultsPhs

Examiner Comments

This is a fully correct answer.

The candidate has included both C-H ranges in the bottom row, but
just one would have been sufficient.
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{ii) Acetoin also contains the carbonyl group C=0, in the form of a ketone not
an aldehyde.

Use page 5 of your Data Booklet to show how infrared spectra data could be
used to prove that acetoin contains a ketone not an aldehyde.

Complete the table. Q T
o (3)

IResuItsPhs

Examiner Comments

The candidate wrongly thinks the O-H bond from a carboxylic acid can
be used to distinguish between a ketone and an aldehyde.

This was quite a common wrong answer, but despite this, the other
bonds and wavenumber ranges are correct and 2 marks are scored.
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Question 20 (b)(iii)

This question was found to be particularly challenging with many blanks with over half the
candidates failing to score. Those who understood that acetoin contained an alcohol and
aldehyde functional group were usually able to correctly identify the peaks and draw the
structure. Although some lost a mark for omitting the positive charge. However, many
candidates did not use the information from the earlier parts of the question and a number
of wrong ions were seen including COOH, C3H and even metal ions.
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(iii) Part of the mass spectrum of acetoin is shown.,

100 -
80 -
60 -
Relative intensity

40 -

20

0.0 ] . . | |I- . _.la;l 1 . ! i . — . .
15 30 45 60 75 90
m/z

Determine a possible structure of acetoin using your answer to part (b)(i), the
information given in (b)(ii) and the mass spectrum.

In your answer, identify the two ions responsible for the two peaks of
highest intensity.
(3)

H l\? *']' H

1 | |
H ——%’"‘"C — == C'/"’*H
H A M

H
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'J\“-.__ J—
Q{ ( ResultsPlus
/"‘-—‘- Examiner Comments

The candidate has made no attempt to identify the ions, despite
drawing the correct structure and scoring a mark.

A\ ResultsPlus

\_,' Examiner Tip

Practise fragmenting molecules to deduce possible ions that could be
present in mass spectra.
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(iii) Part of the mass spectrum of acetoin is shown.

100 -
80 —
60 —
Relative intensity

40 -

4

20

0.0 ] 3 : | | . ; .'l L - _|l : 2
15 30 45 60 75 90
' m/z

Determine a possible structure of acetoin using your answer to part (b)(i), the
information given in (b)(ii) and the mass spectrum.

In your answer, identify the two ions responsible for the two peaks of
highest intensity.

(3)

+ +

mfz 4—; : CHILHO mjz 43, CH) C‘O
H O H
:’ Y !

4=-C= C-Cc~=C~H
I \ |
H ﬁgﬂ H
B

<( Results?lus
/-H Examiner Comments

This candidate has drawn a correct structure and the ion with the mass
of 43 is also correct.

However, the ion with the mass of 45 would not be produced from this
molecule and its mass is 44 not 45 so only 2 marks are scored.
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(ili) Part of the mass spectrum of acetoin is shown.

100 -

Relative intensity .

40 —

20 -

0.0

15

T '| A

30

1 | L
45 60 75
m/z

Determine a possible structure of acetoin using your answer to part (b)(i), the
information given in (b)(ii) and the mass spectrum.

In your answer, identify the two lons responsible for the two peaks of

highest intensity.

31 IAL Chemistry WCH12 01R
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M

fi M,
-

Y / ResultsPlus
/"--‘- Examiner Comments

This is an excellent answer where the candidate shows the structural
formula of the ions with positive charges and a correct structure.

All 3 marks scored.
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Question 21 (a)

Almost half the candidates scored all three marks on this question. Drawing the two
structures was particularly well done and there were very few errors, but the naming of the
compounds was more challenging.

21 This question is about halogenoalkanes.

(a) Complete the table by giving the displayed formula and name of

each halogenoalkane.

(3)
SPETN
A straight chai
gt chan g,
molecular formula C,H,Cl
| H-C—1
HoT g o il
U L A f f
-

(== = £5

ll] f.{f / 1 f!'(

- thVoro bt ame

. “Resultsplus

Examiner Comments

Both structures are drawn correctly but the candidate has used the
wrong stem when naming the tertiary iodoalkane. This was quite a
common mistake.
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21 This question is about halogenoalkanes.

(a) Complete the table by giving the dlsphyod formula and name of

each halogenoalkane.

(3)

A straight chain primary
chloroalkane with the
molecular formula CH,Cl

A tertiary iodoalkane with the
molecular formula C,H,I

‘H ~ H H
| [ ]

\ \ |
N C A O

H

|
— = 1
l,H c

r [
H—C—c—1

l [

Wi €= §

Chloro but ome

ls

W

s-heko = 3 ~ methul Prepome

ResultsPlus

Examiner Comments

Both structures are drawn correctly but the candidate has omitted the
number (1) to show the position of the chlorine when naming the
primary chloroalkane. This was also quite a common mistake.
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Question 21 (b)

Most candidates recognised the weaker carbon - iodine bond strength was one reason why
the iodoalkane reacted faster than chloroalkane. However, the second reason was much
more elusive with a large number comparing the relative stability of primary and tertiary
carbocations. This information was not asked for in the question and resulted in many
candidates overlooking the simple fact that tertiary haloalkanes react faster than primary
haloalkanes.

(b) The two halogenoalkanes in part (a) react with aqueous potassium hydroxide to
produce alcohols.

Give two reasons why the rate of reaction of the iodoalkane is faster than that of
the chloroalkane.

(2)
Reason 1. Q "I ........ 15 ek en Tlana. B

Reasonz.,.:{ﬁ ..... “ ....Lﬁﬁ.m.[.}c) ...... S PN O T :E O

N

Nl

/ ResultsPlus

< Examiner Comments

This candidate's response is concise but fully correct and scores both
marks.
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(b) The two halogenoalkanes in part (a) react with aqueous potassium hydroxide to
produce alcohols. kot

Give two reasons why the rate of reaction of the iodoalkane is faster than that of
the chloroalkane.

(2)

Reason 1. C= 1  bond 15 Weaker . "l'hﬂ\"l el eond . oo

Reason 2 ... E- 2-dodo-x - mihﬁlpmfm s ‘fmmdf :rram ‘hﬁmrj

carbocation. _and. . I-chlorobutane is. fmm -frm ’j _Carkesation..
T:rﬂara carbocation. i5.. mere. Stable.. .

-
" { ResultsPlus

Examiner Comments

Reason 1 is correct but in Reason 2, the candidate comments on the
stability of the carbocations. Although the information is correct, it

does not answer the question and this was a common wrong
response.
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Question 21 (¢)

This mechanism was well understood with large numbers of totally correct, well-presented
answers seen. However, marks were sometimes lost as curly arrows did not start or end

precisely in the expected positions, in particular, the curly arrow from the CN ~ often failed to

originate from the lone pair on the C. Other common errors included omitting the Br ~and
some candidates showed the bonding between the C and N in the nitrile as a single bond.

(c) Halogenoalkanes react with cyanide ions, CN-, in alcoholic solution to form
nitriles. The cyanide ions act as nucleophiles.

Complete the mechanism for the formation of butanenitrile, CHyCH,CH,CN.

Include curly arrows, and relevant lone pairs and dipoles.
(3)

' a B
5- )
H<—CC8r  —5 H—f -t -t —cN  +Bp

20 NI

CN-

—

N

i,

N / ResultsPlus
/r--.*. Examiner Comments

This candidate has made one mistake with the lone pair on the CN".
They have put it on the N, but it should be on the C.

This was quite a common error.

A \ ResultsPlus
\

. Examiner Tip
When answering mechanism questions, pay careful attention to the
origin and destination of the curly arrows.
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(c) Halogenoalkanes react with cyanide ions, CN, in alcoholic solution to form
nitriles. The cyanide ions act as nucleophiles.

Complete the mechanism for the formation of butanenitrile, CH;CH,CH,CN.

Include curly arrows, and relevant lone pairs and dipoles.
(3)

77
H—c—c—cl”—&*' ) H—./_:-c-c, —¢EN T BY”

HHH\ r-’*-«l

s ON°

[
" { ResultsPlus
Examiner Comments

This is a fully correct mechanism.

Although it was not necessary to show the bonding in the nitrile, if it is
present, it must be correct, as it is here.
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Question 22 (a)

The majority of candidates were able to identify Method 2 as being more sustainable, but
many did not explain why. There also appeared to be some confusion about what was
required in terms of evaluating the two methods. Some candidates said that solar was good
for the environment or was sustainable without explaining why or using the word renewable.
However, most understood carbon dioxide produced in Method 1 was a greenhouse gas so
scored at least one mark.

22 Ammonia, ammonium nitrate and urea are nitrogen-based fertilisers.
The nitrogen in the fertiliser is taken up by the roots of plants and promotes growth.

Ammonia, NH;, is manufactured by the reaction between nitrogen and hydrogen.
The nitrogen is obtained from the air.

Hydrogen can be obtained by two methods.
Method 1
The hydrogen is usually obtained by reacting methane gas with steam.

CH, + 2H,0 —» CO, + 4H,

Method 2

Hydrogen can also be obtained using solar power to split water into hydrogen
and oxygen.

2H,0 = 0; + 2H,
(a) Evaluate which of these two methods used to obtain hydrogen is

more sustainable.
(3)

e bathod 2
................................................... Because...methed... | produce.. (2. .. wvill R CAUSE....
qlabmlwmrmi‘n-?

. 1S..non=rene (vab ke
G T T

onthod. 1 need. 5e. (He  Thea

Q{ ( ResultsPlus
/--J. Examiner Comments

This candidate's concise answer covered all three marking points and
scored full marks.
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22 Ammonia, ammonium nitrate and urea are nitrogen-based fertilisers.
The nitrogen in the fertiliser is taken up by the roots of plants and promotes growth.

Ammonia, NH;, is manufactured by the reaction between nitrogen and hydrogen.
The nitrogen is obtained from the air.

Hydrogen can be obtained by two methods.
Method 1
The hydrogen is usually obtained by reacting methane gas with steam.

CH, + 2H,0 — CO, + 4H,

Method 2

Hydrogen can also be obtained using solar power to split water into hydrogen
and oxygen.

2H,0 - 0O, + 2H,
(@) Evaluate which of these two methods used to obtain hydrogen is

more sustainable.
3)

ﬂ’ﬁvﬁmf{sfmdacp;f{’ﬂﬂﬁajmnﬁanffﬁmﬁmﬁ ....... oy

-

Cm@ﬁébal ......... h_w:m}ﬂ:f.., .........................................................................................................................................................................................

ﬂ ResultsPlus
Examiner Comments

The candidate has correctly selected Method 2 as being more
sustainable but has not mentioned Method 1 using methane/ fossil
fuels, so the mark is not scored.

They have also made no reference to the renewable nature of solar
power or the finite nature of methane/fossil fuels.

But they have related carbon dioxide to being a greenhouse gas so 1
mark is scored.
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Question 22 (b)(ii)

Most candidates managed to score at least one mark for this question as they correctly
stated that ammonia had a high % of nitrogen as the advantage. However, a number
commented on the higher yield or higher atom economy or lower cost of making ammonia
which did not score. Many found identifying a disadvantage more challenging as some did
not recognise that ammonia was a gas.

(i) Give one advantage and one disadvantage of applying ammonia directly into
the soil as a fertiliser.
Use information in the table and your knowledge of ammonia.

(2)
Advantage
SR the. precntoqe. lzfz .............. mass. 0. niteofen 15
............................................ RIGRAT
Disadvantage
e e NH3...paay... be . R EYC 1 — R
<P ResutsPus

Both scoring points are made in this script. The advantage is correct
and the candidate has scored the disadvantage by an allow on the
mark scheme.
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Question 22 (c)(i)

Although the majority of candidates were able to write this equation correctly, the incorrect
formula of nitric acid or the lack of water were the most common errors seen.
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Question 22 (d)

Many candidates scored both marks on this question. Where mistakes were made, the most
common ones were leaving out the lone pair of electrons on the nitrogen and only showing a
single bond between the carbon and oxygen.

(d) Urea, NH,CONH,, can also be made from ammonia.

Complete the dot-and-cross diagram for the urea molecule,
(2)

.'1\\__" _—
V / ResultsPlus
/“-—1 Examiner Comments

Unfortunately, the candidate has missed out the lone pair of electrons
on each of the nitrogen atoms and so only scores 1 mark.

r
-
.-'{"

4\ ResultsPlus
\_,‘ Examiner Tip

When drawing dot and cross diagrams, check the number of outer
electrons carefully and, if you are unsure, use your Periodic Table.
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(d) Urea, NH,CONH,, can also be made from ammonia.

Complete the dot-and-cross diagram for the urea molecule.
7
AV

(2)

X
q% éey

ResultsPlus

Examiner Comments

This is a fully correct diagram. The candidate has put the lone pairs
within the circles which is fine.
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Question 22 (e)

This question was the most challenging on the paper and there were a number of blank
scripts. Whilst most were able to correctly identify hydrogen bonds forming between urea
and water, many diagrams were poorly drawn and only a small number of candidates were
able to compare the hydrogen bonding between urea and water to the individual molecules.

Unfortunately, a significant number of candidates thought that hydrogen bonds or London
forces were formed between ammonium nitrate and water and so their diagrams could not
score. Those that drew ammonium nitrate as separate ions usually showed the correct
interaction with water molecules, but generally the hydration of ions and ion-dipole
interactions was not well understood.
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*(e) Both urea and ammonium nitrate are soluble in water.

Discuss the differences in the interactions of water molecules with both urea and
ammaonium nitrate.

Inclu@ diagrams showing these interactions.

(6)
i H"
Ho . /
Y ='""°4f_"?6-—
Y
.
5_\
HH HH OMHLf o
it \pf- . . o S
H 5 b1 N
\ L l_/H «i"/Hir : H“
ot {owt )~ LTI
e Ny v - e
! # 2w 5
1 H H!
AN N o
H H

WHWLMM@MW ........... boro] . anol. Can
'{-ﬂm?an—d,.‘pmﬁmwmﬁﬂfw;

i

% ResultsPlus
Examiner Comments

This candidate has drawn and correctly named the ion-dipole
interactions.

However, they made no attempt at drawing or describing the
interactions between water and urea so 3 marks were scored.
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*(e) Both urea and ammonium nitrate are soluble in water. 5 NH2CONH,

Discuss the nces in the interactions of water molecules with both&Ge@and
am - NHaND) .
Include three diagrams showing these interactions.

H
] i X
NHz— & — N2 — O

(6

Q

........... Lalea.. ﬁmﬁ H—bond__wrtm HA - becowse. 3{1#& onm
...... betwen.. N .ond.. Q.. 2. ?mz OTIHRAELAN. ... Q0.
...... Namfai'nsumtm?}\ af R 7

ammvﬂlum nivrats.... 5.0t wﬁ;- Wmmf - fqumﬁm
oS gy redeasiol duﬁvj huydration
Mm—tm ........ bimé lTonlc. mw mw“
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[,

{ ™

/ ResultsPlus

L Examiner Comments
This is an excellent answer. The candidate has drawn three correct

diagrams and described the interactions taking place, namely

hydrogen bonds between water and urea and the hydration of the ions
by water.

This scored 5 marks.
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Question 22 (f)

Despite this slightly novel calculation at the end of the paper, many candidates got full marks
and the average score was just over 2 out of 4. Calculating the number of hectares and the
mass of nitrogen seemed to be the most accessible parts of the question, but a number then
used the percentage of nitrogen in urea (46.7) incorrectly in the final part of the calculation.

A sizable number also lost the last mark for not giving their answer to 2 or 3 significant
figures.

(f) A field needs 160kg of N per hectare to be applied using urea fertiliser.
The field size is 500 m x 640 m.
[1 hectare (ha) = 10000 m?, molar mass of urea = 60gmol™']
Urea contains 46.7 % N by mass.
Calculate the mass of urea, in tonnes, that needs to be applied to the field.

Give your answer to an appropriate number of significant figures.
(4)

GooX h40 = 320000 W> =32 hectare |
50 need 69X Jooo x32 :*-Sj;woa\g N

|2.0000

neend 0 = [09}357.49 urea
%6-1 76

= |10 4ommes

N

\}’ / ResultsPlus

/--.‘\. Examiner Comments

This is an excellent well set out answer scoring full marks.

49 |AL Chemistry WCH12 01R



(f) Afield needs 160kg of N per hectare to be applied using urea fertiliser.
The field size is 500m x 640 m.

[1 hectare (ha) = 10000 m?, molar mass of urea = 60gmol™}

Urea contains 46.7% N by mass.

Calculate the mass of urea, in tonnes, that needs to be applied to the field.

e p—

Give your answer to an appropriate number of significant figures.
Vs é)l Kﬁ‘tﬁ
uf gh w0 D?-

PEE

G L i
le2d?

(4)

';-L:i mﬂ > 32 x!f}t.?
:3‘1'}0!?

36l ho”\j

Ny = S5
My

2 bs71429 mol

nlfm..-: 31;1'71"&17' ~ ] Z
=18 31l

M hew - Z}bqa’bﬁzﬂ.fij
= 4.99 4ons (Total for Question 22 = 20 marks)

B

ﬂ ResultsPlus
Examiner Comments

This candidate has scored the first two marks by calculating the
number of hectares and then the mass of nitrogen required.

They then go wrong and calculate the number of moles of nitrogen
instead of the mass of urea required.
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Paper Summary

In order to improve their performance, candidates should:

always read the information in the question carefully, noting any instructions in bold type
learn the qualitative tests to identify organic groups

practise multi step qualitative organic questions and ensure each step is not treated in
isolation

show all working when carrying out calculations and think carefully about units, significant
figures and rounding

learn how ions interact with water when they dissolve

when drawing mechanisms be very careful with the starting and end point of curly arrows,
paying particular attention if the arrow comes from a pair of electrons

practise fragmenting patterns of organic compounds when placed in a mass
spectrometer.
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