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WCHO02_01

Paper Introduction

This is the first examination for WCHO02/01 in the Pearson Edexcel International Advanced Level October
examination period . It uses the same specification and examination style as the January and June Series of
examinations so candidates have the opportunity to use any past papers from those examinations to practise their
technique. There were some excellent answers but some candidates did not seem to have prepared sufficiently well
for this paper.

The mean score for the multiple choice questions in Section A was 13.8. Questions 7 and 13 were found to be the most
straightforward, whilst questions 11 and 15 were found to be the most challenging.

Successful candidates:

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

used correct scientific terminology in their answers

had used a range of basic practical techniques when carrying out experiments and understood the reasons for
using them

could carry out unstructured calculations

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

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

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

could not carry out calculations
could not write balanced equations
could not draw accurate organic reaction mechanisms

were unfamiliar with some pieces of apparatus used in a chemistry laboratory, such as a weighing bottle
or a volumetric flask.

In future, candidates need to prepare more thoroughly for the examination.



WCHO02_01_Q21ai
Question Introduction

The majority of candidates knew the flame colour for barium ions.

WCHO02_01_Q21aii

Question Introduction

Many candidates were able to explain the origin of the flame colour in a flame test. Common errors included: not
mentioning electrons, just stating that electrons are excited but not stating where they are moving to and just stating that
a colour is seen instead of light or photons are emitted. A few candidates described how to carry out a flame test but that
was not required here.

Item: QC0419000005763
Examiner Comment

This candidate knows that the colour is caused by the movement of electrons between energy levels but no
specific details of the movement are given so this answer scored zero.

Examiner Tip

Revise the details of how flame colours arise.

Learn the full explanation of the origin of the flame colour in a flame test.

(i) Explain the origin of the flame colour.

(3)




Item: QC0419000008552

Examiner Comment
This candidate has explained the movement of the electrons between energy levels but has not clearly stated that

light or photons are emitted as the electrons fall back. This response scored two marks.

Examiner Tip

Learn the full explanation of the origin of the flame colour in a flame test.

(3)

..........

Item: QC0419000009416

Examiner Comment

This is an excellent answer that scored three marks.

Examiner Tip

Try to give full, concise answers such as this one.

(il) Explain the origin of the flame colour,
(3)
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WCHO02 01 _Q21bi-ii
Question Introduction

Many candidates struggled to write equations to show the thermal decomposition of sodium nitrate and magnesium
nitrate. Common errors included: incorrect formulae of the reactants (for example, Na,NO3 and MgNO3), not knowing
the products of decomposition and not balancing the equations. Candidates would benefit from more practice in writing
equations for the reactions in the specification.

Item: QC0419000009407

Examiner Comment

This candidate has written the correct formulae of the reactants. The formula of sodium nitrite is incorrect. The
formulae of the products in the decomposition of magnesium nitrate are correct, but the equation is balanced
incorrectly. This response scored zero marks.

Examiner Tip

Practise writing balanced equation.

(b) Sodium nitrate and magnesium nitrate decompose when they are heated.

Write equations to show the thermal decomposition of each of these nitrates.
State symbols are not required.

(i) Sodium nitrate
(1)
NaNOy —s WANO x Oy

(ii) Magnesium nitrate
n
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Item: QC0419000008832

Examiner Comment

The first equation is correct and scored 1 mark. The second equation is incorrect as magnesium nitrate
decomposes to form magnesium oxide, nitrogen dioxide and oxygen.

Examiner Tip

Learn the products formed from the thermal decomposition of Group 1 and Group 2 nitrates and carbonates.

(b) Sodium nitrate and magnesium nitrate decompose when they are heated.

Write equations to show the thermal decomposition of each of these nitrates,
State symbols are not required,

(i) Sodium nitrate

(1

(ii) Magnesium nitrate

i, > M+ O

(1)




Item: QC0419000008548

Examiner Comment
These equations are not balanced. However, the products are correct in both equations so 1 mark was awarded.
Examiner Tip

Always write balanced equations.

{b) Sodium nitrate and magnesium nitrate decompose when they are heated.

Write equations to show the thermal decomposition of each of these nitrates. -
State symbols are not required.

(i) Sodium nitrate
(1)

N .+‘ O
N&NOE_, (\\Ql\\oz 4 :

(if) Magnesium nitrate

[

(1)
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WCHO02 01 _Q21c
Question Introduction

Some candidates clearly explained why magnesium carbonate decomposes more readily than sodium carbonate.
However, some candidates lost marks as a result of using poor terminology, for example, referring to atoms instead of
ions. Most candidates knew that a magnesium ion has a larger charge than a sodium ion but some thought that it was
also larger in size. Some candidates thought that the magnesium ion would be polarised and some just stated that the
magnesium ion causes more polarisation than the sodium ion but did not say what it polarises. A few candidates wrote
about the size, charge and polarising ability of the metal carbonates instead of the cations. Other incorrect ideas
included: referring to electronegativity, using polarity for polarising, referring to lattice energy, writing that the bond
between the cation and the carbonate is polarised, not making a comparison and comparing the trend down a group
instead of the period.

Item: QC0419000006755

Examiner Comment

This candidate has written about electronegativity, which is not relevant to this question. They have attempted to
write about size but have referred to atomic radius instead of ionic radius. There is no mention of the charge on
the cations. This response scored zero marks.

Examiner Tip

Read the question carefully. The question specifically mentions charge and size of the cations, if you
include correct statements about these, you will receive some credit.

Use correct scientific terminology. Ensure thtat you know the difference between atoms, ions and molecules.
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Item: QC0419000006135

Examiner Comment

This response scored one mark for the higher charge density on the magnesium ion. However, it does not
refer specifically to the size of the cations. There is no explanation of the effect of the higher charge density
on the anion so no further marks could be awarded.

Examiner Tip

Higher charge density is acceptable for higher charge but it does not clearly state the difference in size of

the ions.

® e
¥

() Magnesium carbonate decomposes readily when heated baut sodium carbonate
doas not

Excplain thix abservation by including reference 1o the charge and site of the eations,
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Item: QC0419000006752

Examiner Comment
This candidate thinks that magnesium ions are larger than sodium ions, which is incorrect. However, the

polarising power and distortion of carbonate are correct so two marks were awarded.

Examiner Tip

Read the question carefully. This question asks for reference to the charge and size of the cations and this
candidate has not mentioned the charge.

¥ —

] Magnesum carbonate decompases neadily when heated but sodium carbonate
dhosrs nait.

Explain this chservation by inchuding reference to the charge and size of the cations.
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Item: QC0419000006760
Examiner Comment
This is an excellent response that scored four marks. It includes all the relevant points and is written

concisely. .
Examiner Tip

Try to write clear and concise explanations, such as this one.

y .

() Magnesium carbonate decompoied readily when heated but sodium carbonate
does not.
Lx 5
Explain this observation by inthuding reference to the charge and size of the cathons.
T [4)
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WCHO02_01_Q21diii

Question Introduction

This question was poorly answered by the majority of candidates. Many answers showed that candidates were
unfamiliar with the technique of making up a standard solution. Some candidates had clearly never seen a weighing
bottle and assumed that it was an alternative to using a balance rather than a receptacle for putting the solid in on the
balance pan. Some candidates identified an error but did not explain the effect the error would have on the titration
volume. Some candidates ignored the information in the question and discussed possible errors in carrying out a
titration. Candidates would benefit from more experience in carrying out common practical techniques and thinking
about the effect any errors will have on the results.

Item: QC0419000007014
Examiner Comment

This candidate appears to not know what a weighing bottle is used for. The second error refers to carrying out a
titration, which is not relevant to this question. This response scored zero.

Examiner Tip

Carry out practical techniques, such as making up a standard solution, so that you know the correct procedure

and can then identify errors.

Identify twe rors that the student made in preparing this solution and
eeplain the effect these erors will have on the titration volumes.

(4]
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Item: QC0419000006760

Examiner Comment

The answer in Error 1 did not score a mark as it refers to carrying out a titration. However, the first statement in
Error 2 is correct as is the effect on the titration volume. However, only one mark was scored as there was no
explanation for the change in titration volume.

Examiner Tip

When a question asks for an explanation, you must include a reason for your answer. For example, in this
answer the candidate could have stated that the titration volume would be less because the concentration of the
sodium carbonate will be lower than expected.

identify twe errors that the student made in preparing this solution and i
explain the effect these errors will have on the titration volumes. " =
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Item: QC0419000006622

Examiner Comment

This response scored 1 mark for Error 1. The candidate has made an attempt to explain by referring to the
concentration and titration, volume but just stating that it is not accurate and will change are not precise enough.
You must state how they will change.

Examiner Tip

Give clear reasons for your answers in explanations.

Identify two ermors that the student made in preparing this solution and i
eaplain the effect these emors will have on the titration wolumes. !
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Item: QC0419000006634

Examiner Comment

This is a very good answer that scored three marks. The first error is correct as is the effect on the titration
volume but there is not quite enough explanation as 'lesser sodium carbonate' is really just repeating the
comment in the error. It would have been better explained in terms of the lower concentration of the sodium
carbonate solution. The second error is acceptable, although it would have been better as not shaken instead of

not stirred but the candidate has the correct idea that the solution has not been mixed. The explanation is very
good.

Identify bwo errors that the student made in praparing this solution and

enplain the effect these errors will have on the titration volumes,
(4
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WCHO02 01_Q21di-ii
Question Introduction

Some candidates were able to carry out both parts of the calculation correctly and were awarded full marks. Common
errors included: mixing up the volumes of sodium carbonate solution and hydrochloric acid, not using the mole ratio of
1:2 from the equation, not multiplying the number of moles of sodium carbonate in 25 cm® by 10 to determine the
number of moles in 250 cm’, not knowing how to calculate the molar mass from the number of moles and the mass of
sodium carbonate and not knowing how to determine the value of x. Some candidates used an alternative method to find
the value of x in (ii), which is acceptable, but they then needed to calculate the molar mass for the second mark.

Item: QC0419000006748

Examiner Comment

(i) This is quite a confused answer with incorrect calculation. However, the candidate has divided the moles
of hydrochloric acid by 2 to determine the number of moles of sodium carbonate and this was awarded one
mark.

(i1) The candidate has worked out a correct molar mass from the number of moles of sodium carbonate they
calculated in (i). They could have scored the second mark if they had used that to calculate the number of moles
of water correctly. It should be 12,8 from their molar mass. One mark was awarded.

Examiner Tip

Set out your working clearly so that even if you make a mistake in one step, the examiner can award marks for
subsequent steps that are correct.
. e o -
(d) Hydrated sodium carbonate has the formiuks Na,C0,5H,0, i) Calculate the mnlpm;“of}h,‘(o, ¥H,0 and hance the value of ©

A student determined the value of ¥ in the formula of a sample of
Frycrated sodium carbonate. The following procedune was used.

[F]
Mol & W el

o D
#  Use 250 of ydrated sodium carbonate to peepare 250 em'’ of solution.

q_ql,kb'l 1.5

®  Use 3 pipette 1o transfer 25,0 e’ of the sodium carbonate solution 1o a ry
-

conical flask,

®  Add afew drops of methyd orange indicator 1o the conical flask.

F mom = 1355

et TR
¥ \LEA5

®  Titrate the solution with 0.105 mol dm™ hydrochiloric acd wntil concordant
redults are obtained.

L TRVT WERRLE AP PR A

The studeni’s mean titre was 1665 em”.

The equation for the reaction is Nez Ut
NayC0, + 2HCL —» 2NaCl + HyO + €Oy T2
*{0) Cabculate the amount, in mokes, of sodium carbonate, Na,CO,, in the 250 om’ C: 8
of sohution in the volumetric fask.
13)

Voo b Naglen = €025 do’
- o of Brl = o0lef
et volee = oofEh

L') _0.025
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Item: QC0419000006747

Examiner Comment

(1) This candidate has carried out the first 2 steps of the calculation correctly but has not taken account of the

change in volume to 250 cm®. This response scored two marks.

(i1)They have used their answer to (i) correctly to calculate a molar mass and value for x so scored two marks.

Examiner Tip

Use all the data given in the question and read the question carefully. The question clearly states that candidates
need to calculate the number of moles of sodium carbonate in 250 cm® of solution.

If you get an answer that seems incorrect, for example, in this question 2860.4 is extremely high for the molar
mass of a hydrated salt and 153 moles of water is obviously incorrect, go back and check your working to see if

you can find your error.

i e Hydrated sodiuem carbonate has the formuls Na,CO, 2H.0.

A student determined the value of % in the farmula of a sample of
hrpdrated sodiem carbonate. The following peocedung was used.

*  Use 250 g of ydeated sodium carbonate 1o prepare 250 e’ of sohution.

o Use a pipette to transfer 250 om’ of the sodium carbonate solution 1o a
conkcal Mk

*  Add a few drops of mettyd orange indicator to the conlcal flask,

»  Titrate the solution with 0.105 mol dm " hydrochloric acid until concordant
results are obtained.

The student’s mean titre was 16,65 cm’,
The equation for the reaction is
Na 00, + ZHCL = ZNaCl + M,0 + €O,

#({i) Cabeulate the amount, in mobes, of sodium carbonate, Na,C0, in the 250 cm”
of solution in the volumatric flask.
[3)
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"
amount Ha 00, in 250 cm® = ‘j‘-?“# 19 mol
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Item: QC0419000008184

Examiner Comment

(i) This is correct for three marks.

(i1) The candidate has started the calculation correctly but has calculated the percentage of water instead of

the number of moles so scored zero.

Examiner Tip

Read the question carefully and check that you have answered it and not made up a different question.

) Hydrated sodium carbonate has the formula Na L0, xH.0,

A ttudent determined the value of x in the formula of 3 wample of
Fydrated sodium carbonate, The following procedure was used.

o Uie 250 g of hydrated sodiumn carbonate to prepace 250 om' of solution.

& Usea pipene o transfer 25.0 e’ of the sodium carbonate solution 1o a
conical flagk

& Add a few drops of methyl orange indicator ta the conbcal flask.

& Tarate the solution with 0.105 mal dm™ hydeochioric ackd until concordant
regults are obtsined,

The student’s mean titne was 1665 om'.
The eguation for the reaction is
MaC0, » JHCL —» ML+ H0 + 0,

{1} Caleulate the amount, in moles, of sodium carbonate, Ma,COy, in the 250 em’
of sclution in the volumetric flask.

Vs .. P 4 ] (3
HCL ccle = €% n= s~ L besue™/
n=1 3415 e
1y £ 0
Mag L Vi cme - [}_muo ‘5
A1k
A - A S
n=u |U} }.Lt"c}é 5 wil LpLJ}
9 Woypd
amount Ma,C0, In 250 em' = U/ Al

e

1

T
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W) Caboulate the molar mass of Na, 00, xH.0 and hence the value of k.
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Item: QC0419000006571

Examiner Comment

This is an excellent answer that scored full marks.

Examiner Tip

Set out your calculation clearly, as in this example.

{d] Hydrated scdium carbonate has the formula Nag00,.6H,0.

A sudent determined the value of x in the formuls of a sample of
Hydeated sodium The following | e was used.

® e 2.50 g of hydrated sodium carbonate 1o pmpare!sﬂan'd;nlm
» Use a pipetie to transfer 25.0 cm’ of the sodium carbanate solution to a

conical fask.
*  Add a bew drops of methyl crange indicator to the conical flask,
#  Titrate the sobution with 0,105 mal dm’ hye scid urtil d
results are obtained.
The student’s mean titre was 1685 om',

The equation for the neaction is
Ma 00, & 200 —» IMaCl + HD + CO;

*[i) Calculate the amount, in moles, of sodium carbanate, Ma,C0,, in the 250 em’
of solution in the volumetric flask,
3

Atud) = %«’ X B.i0EAREmT T el = 19510
N Kauly) = 4 2 119 e fwa = L7EK0™ M0

nia ) N Hpem® = % X Laux m e g gty

-
amount Ha (04 in 250am* s ¥ TR

L]

RN

- e _—

T e T P R M e e e e

(i} Calcukate the molar mass of NayC0, xH,0 and hence the value of x.

ningey) = AP g mgea-

174 % 107w
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WCHO02_01_Q22a

Question Introduction

The majority of candidates could identify the halogen as iodine.

WCHO02_01_Q22b

Question Introduction

It was disappointing that a large number of candidates were unable to work out the oxidation numbers of fluorine and
oxygen in all of the species in the equation. A significant number thought that oxygen would be -2 in OF,, even though
fluorine is the more electronegative atom and has the negative oxidation number. Quite a lot of candidates thought that
the oxidation number of oxygen in OHis -1, presumably just writing down the overall charge. A common error was to
assume that this was a disproportionation reaction. Many candidates tried to explain the redox reaction in terms of gain
or loss of electrons, even though the question asked for it in terms of oxidation numbers. Many candidates would

benefit from more experience in answering this style of question.

Item: QC0419000009407

Examiner Comment

Only 2 oxidation numbers are correct - those in F, and F~ This response scores zero as the oxidation numbers of
oxygen and fluorine in both reactants must be correct for one mark. This candidate has also confused oxidation

and reduction. Fluorine has decreased in oxidation number so has been reduced.

Examiner Tip

Learn the rules for working out oxidation numbers.

Remember that oxidation occurs when there is an increase in oxidation number and reduction occurs when there

is a decrease in oxidation number.

P e A e L]

R RWAR Y WW RN R RS PR BN TTAE R

o O

e

(b Coygen diffucride, OF . it produced in the reaction between fluorine and
cosd, dilute sodivm hydroxide salution.

¥, + O - OFF « ¥ + HO

0 % O -\ O

Cive the coddation numbers of fuaring and coygen in all of the spicies in the
equation above and use them 1o explain why this is a redo reaction
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Item: QC0419000008541

Examiner Comment

The oxidation numbers in the reactants are correct but the products are incorrect as is the explanation. This
response scored one mark.

Examiner Tip

Learn the rules for working out oxidation numbers.
Read the question carefully. This question asks for an explanation in terms of oxidation numbers. You will not

be given any credit for explaining it in terms of gain or loss of electrons.
-

(b Creygen diffuoride, OF,, s produced in the reaction between fluoding and

| merewe pereer w mmoramow

cold, dibute sodium hydroxide solution,
F, 4 OH = OF, + F + HO
.3
1] rilll i f =1

Give the axidation numbers of Auorine and oxpgen in all of the species in the
equation above and use them 1o explain why this is a redox reaction.
El}
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Item: QC0419000008569

Examiner Comment

This is an excellent answer scoring three marks.

Examiner Tip

Make sure that you know the rules for working out oxidation numbers.

Write clear explanations for what is oxidised, what is reduced and the reason why.

4

&

e el o e e

e e e e e i T e S e e e e

b} Cooygen difiuoride, OF., is produced in the reaction between fluorine and
coh:l,dirlzmdlunhrdrmddudum ¢t

+ﬁ+r-rif K0
! =1 31, - o -3

Give the cuddation numbers of fluorine and axygen in all of the species in the
equation above and use them to explain why this is 2 redax reaction.
(3

his 15 0 redes cmaein  ltenie  peg giecies ualer go

gudalgn  ghile  BE  amer  pprie; u.w-yp el - e i

frghn .!E sheh hé g pddokes pealbe: o f ‘o 31-: s fo

= LI
 (3f ) A R whI€ pmpen ko -3 chume get oepdie k

L ]
i (& .} antfry  Sace doth dagative  dnd erelufen 1.

_.J.!E*'f'l: F'llnf.r phmgitnasasly B U cared & APAE NS,




WCHO02_01_Q22¢

Question Introduction

Many candidates were able to multiply the chlorine half-equation by four, add it to the thiosulfate half-equation and
cancel the electrons to give the overall ionic equation. Common errors included: missing charges on some species,
missing a species, not multiplying the chlorine half-equation by 4, multiplying Cl, by 4 but forgetting to do the same
for the chloride ions, leaving electrons in the overall equation and copying the formula of thiosulfate ions incorrectly.

Item: QC0419000009774

Examiner Comment

This candidate has just added the half-equations together so the overall equation is not balanced and there are
electrons on the right-hand side. This equation scored zero.
Examiner Tip

The electrons on the left-hand side and right-hand side must be the same so they cancel. Remember to multiply

the half-equations by appropriate numbers so the electrons will cancel.

s \ &
(¢) Chlorine oxidises thiosulfate ions, 5,03, to sulfate(Vl) ions.
The ionic half-equations for the reaction are
Cl+2e - 2C0
5,05 + 5H,0 = 250; + 10H" + 8¢~
Write the overall equation for the reaction.

(1)

2" - - # -
ata + %03 + gHﬁO — 2cl +,7§o; +10H +6e




Item: QC0419000008569

Examiner Comment

This is an example of a correct answer. The candidate has shown their working and has multiplied the chlorine
half-equation by 8 and the thiosulfate half-equation by 2 so there are 16 electrons on bothe sides of the equation.
This is acceptable and scored 1 mark.

Examiner Tip

Work out the overall equation by writing down the multiplied half-equations, as shown in this example.

(c) Chiorine oxidises thiosulfate ions, 5,03, to sulfate(VI) ions.
The ionic half-equations for the reaction are
[Cl+2e" > 2Cl‘}ﬂ
(5,03 + 5H,0 - 2507 + 10H" + 8e” ) *2
Write the overall equation for the reaction.
8(l, + be” — wecl v

- 2- 3 -
JSIO; 4 ioH:O J—" 45014 & &Dl" 116
- Q- . 5. \ ':
ol 440 o gCly &M x 25203 v VW0 5wy 1450, W y

- 2- +
< 8yt z%o;'uougo 16l ¢ 4S04 + 20 M




WCHO02_01_Q22di

Question Introduction

A significant minority of candidates did not read the question carefully and attempted to explain the trend in the boiling
temperatures of the hydrogen halides. Many candidates are familiar with instantaneous dipoles or could describe them.
However, only a minority of candidates realised that they induce a dipole in a neighbouring molecule. Many candidates
mentioned induced dipoles but either did not say where these dipoles are induced, or implied they are within the same
molecule. Common errors included: referring to electronegativity, hydrogen bonding, dipole-dipole attractions, ions or
delocalised electrons,

Item: QC0419000009769

Examiner Comment

This candidate has not read the question and has tried to explain why the London forces increase down Group 7.
This response scored zero.

Examiner Tip

Read the question carefully and check that you have answered the question written.

(d) The boiling temperatures of the hydrogen halides are shown.

HF 203
HCl 188
HBr 206
HI 238

*(i) London forces are present in all of these compounds.

Describe how these forces arise. .
(2)

ps... 2. p down. 4he grou’p e electon. clovd.. Increases

¢ dhe... shells. Increases..

Re“nncrve fore... dhat. occuxs....when.. dhe. . elect 1ong. .18 @dded Lo
Ottey

et eleckxan shell .

Incyeace .. electran.. claud. 10.0TCASEL... 4he ./orJon force.




Item: QC0419000008190

Examiner Comment
This response scores one mark for the mention of instantaneous dipoles. It would need a clear description of

where the induced dipoles are to score the second mark.

Examiner Tip
Revise how London forces arise, and make sure you know the difference between an instantaneous dipole and

an induced dipole.

(d) The boiling temperatures of the hydrogen halides are shown.

HF 293
HCl 188
HBr 206
HI 238

*(i) London forces are present in all of these compounds.

Describe how these forces arise.
(2)

L?@M#v%wﬂmwtw&.*’\fw c V‘-‘Ul.u{ by
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Item: QC0419000007014

Examiner Comment
This is an excellent answer that gives a clear description of how London forces arise. It scored two

marks.

(d) The boiling temperatures of the hydrogen halides are shown.

HF 293
HCL 188
HBr 206
HI 238

*(i) London forces are present in all of these compounds.
Describe how these forces arise.
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WCHO02_01_Q22dii

Question Introduction

Many candidates did know that hydrogen iodide has stronger London forces as the molecules have more electrons. A
few candidates referred to iodide ions, which is incorrect. Some candidates compared the size or mass of the iodine and
bromine atoms but those are not sufficient to score the mark.

Item: QC0419000008575

Examiner Comment
Both of the points that the candidate has written are correct but neither of them explain why the London forces

are greater in hydrogen iodide than hydrogen bromide. This response scored zero.

Examiner Tip

Remember that the strength of the London forces increases as the number of electrons in the molecule increases.

e

) State why the London forces are greater in hydrogen iodide than in hydrogen bromide,
)
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Item: QC0419000009402 Examiner

Comment

This response is correct and scored one.

Examiner Tip

Learn why London forces have different strengths between different molecules.

|"\'I\ r

i) State why the London force are reater n hydrogen fodide than in hydrogen bromide.
T ()

| -—becase Hideun indde has more elecums o
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WCHO02_01_Q22diii

Question Introduction

The majority of candidates identified hydrogen bonding in hydrogen fluoride but not all of them stated that it is stronger
than the London forces in hydrogen chloride. Some candidates described why there is hydrogen bonding in hydrogen
fluoride but that was not necessary here. A few candidates thought that the London forces are greater in hydrogen
fluoride. Some candidates clearly stated that the hydrogen-halogen covalent bond broke when these compounds

boil and others did not make it clear whether they were referring to the covalent bond or the intermolecular forces
breaking. Candidates should be encouraged to be clear with their scientific language and should avoid the use of the
word 'bond' when discussing intermolecular forces unless it specifically refers to hydrogen bonds.

Item: QC0419000008576
Examiner Comment
This candidate has written about covalent bonds, which is incorrect. This response scored zero.

Examiner Tip

Remember that it is only the weak intermolecular forces in simple covalent molecular structures that are broken

when the substance melts or boils.

(i) Explain why the boiling temperature of hydrogen fluoride is higher than that
of hydrogen chloride.

(2)

o -ﬂ:’&b‘oﬂjﬁ?ﬁ‘fﬂ&'ﬂﬁ&qﬁhjﬂr@w ....... d:b"#iwwmrmr?yr’@mm ............
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Item: QC0419000009428

Examiner Comment

This candidate has identified hydrogen bonding in hydrogen fluoride. However, the phrase 'since hydrogen
bonds of HF are stronger than HCI' implies that there is hydrogen bonding in HCI as well, which is incorrect.
This response scored one mark. If the candidate had included '...stronger than the London forces in HCI',
they would have scored two marks.

J

(iif) Explain why the boiling temperature of hydrogen fluoride is higher than that
of hydrogen chloride,
(2)
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Item: QC0419000008564

Examiner Comment

This is an excellent answer that clearly explains the difference in boiling temperatures. This response scored
two marks.

Examiner Tip
Revise intermolecular forces of attraction so that you can explain differences in boiling temperatures, as

shown in this example.

¢

(ili) Explain why the boiling temperature of hydrogen fluoride is higher than that
of hydrogen chloride.

% (2)
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WCH02_01_Q22e

Question Introduction

It was disappointing that more candidates could not identify the shapes as tetrahedral and octahedral. Many variations
of pyramidal were given and other shapes, such as hexagonal and octagonal. Some candidates worked out the numbers
of bond pairs of electrons correctly, although some included lone pairs so lost the mark. Candidates should learn that the
shape is caused by the electron pairs arranging to minimise repulsion between them, rather than bonds or atoms.

(e) In the solid state, phosphorus(V) chloride exists as [PCL,]* and [PClg]" ions.
Predict the shapes of these ions. Fully justify your answers.

24Uz =3 (@)
Shape [PCL]* Tedco hedes | © gL terzlo=5
shape Pcl . Ao heNea |
Justification

..... e P is dedeendeal ece Y Yeanded ass. O \onepaes .
Te QU ic Oclahedkal as € voda pass Tl cledeon.

(Total for Question 22 = 14 marks)




Item: QC0419000006635

Examiner Comment

This is an excellent answer with the correct shapes and a clear justification for these shapes. This response

scored four marks.

(€) I the solid state, phosphorus(V) chloride exists as [PCL]* and [PCL]” ions. bLthoss

Predict the shapes of these ions. Fuliy]ustlfyyguransimrs. ?Mv-+ {4“? “
: v § by

IPULT hao presona r# 4 dmex bnd pav “f'
thwtions hﬂmrds reswth m M, Leperntion
beteon PMY r! detros. TP pmmu;/;

(Total for Question 22 = 14 marks)




WCHO02_01_Q23ai

Question Introduction

It was surprising that only a minority of candidates scored full marks for completing this mechanism. Common errors
included: omitting the dipole on the C-Br bond or showing full charges, not starting the curly arrow from the OH" at the

lone pair of electrons, the arrowhead from the OH™ curly arrow pointing into space or towards a bond and the curly
arrow from the C-Br bond starting at the carbon atom or not finishing at the bromine atom. There were quite a number
of candidates who just put curly arrows randomly between the atoms and bonds, showing that they did not understand
what they mean. A few candidates clearly thought it was a free radical mechanism as they showed curly arrows with
half-arrowheads and the formation of free radicals. However, some curly arrows were drawn carelessly and it was not
clear whether they were full or half-headed. Candidates would benefit from more experience in writing mechanisms
accurately and making sure that they understand the significance of the curly arrows.

Item: QC0419000008550
Examiner Comment

This response scored one mark for the curly arrow from the C-Br bond to the Br. The curly arrow from the OH
ion seems to start from a space above the hydrogen atom.

Examiner Tip

Curly arrows represent the movement of a pair of electrons. They must start from a covalent bond or a lone pair

of electrons.

23 This question is about mechanisms involving halogenoalkanes.

(a) Bromoethane reacts with dilute aqueous potassium hydroxide in a nucleophilic
substitution reaction to form ethanol.

(i) Complete the mechanism for the reaction by adding curly arrows and the
relevant dipole.
(3)

H H H H

|~ N
H—c—c L8 ———  H-CCOH + Br

| .
H H H H

:OH" &



Item: QC0419000009440

Examiner Comment

The dipole on the C-Br bond is correct and so is the curly arrow from the OH" ion as it starts from close to the
lone pair of electrons and points towards the carbon atom where the new bond will be formed. However, the
curly arrow from the C-Br bond points back at the bond instead of towards the bromine atom. This response
scored two marks.

Examiner Tip

Curly arrows should point towards atoms, not bonds.

r

23 This question is about mechanisms involving halogenoalkanes.

(a) Bromoethane reacts with dilute aqueous potassium hydroxide in a nucleophilic
substitution reaction to form ethanol.

(i) Complete the mechanism for the reaction by adding curly arrows and the
relevant dipole.

(3)
i il
H—c—clVp . H—C—CI—OH + Br
|| |
H H H H




Item: QC0419000009438

Examiner Comment

This is a good response that scored three marks.

Examiner Tip
Draw the curly arrows accurately, as shown by this

example. Don't forget to include the relevant dipole.

r

23 This question is about mechanisms involving halogenoalkanes.

(a) Bromoethane reacts with dilute aqueous potassium hydroxide in a nucleophilic
substitution reaction to form ethanol.

(i) Complete the mechanism for the reaction by adding curly arrows and the
relevant dipole.

(3)
H H H H
H—(li (B —_— H—(|Z—(‘Z—0H + B
e i

:OH




WCHO02_01_Q23aii

Question Introduction

A significant number of candidates did not read the question carefully and did not take note of 'in this mechanism' at the
end of the sentence. As a consequence they wrote general descriptions of nucleophilic substitution. They could score
one mark for two correct descriptions but this rarely happened as their descriptions were too vague. Quite a large

number of candidates could describe substitution but they found nucleophilic more difficult. There were many vague
answers seen, such as electron donor (instead of electron pair donor), an electron-rich species and seeking positive

charges. Candidates should revise terms such as nucleophilic and electrophilic so they have a clear understanding of
what they mean.

Item: QC0419000009772

Examiner Comment
This candidate has explained the meaning of substitution in the hydrolysis of bromoethane but 'nucleophilic

means nucleus loving' is not a specific definition. This response scored one mark.

Examiner Tip

Learn the meaning of 'nucleophilic'.

(i) Explain the meaning of the term nucleophilic substitution in this mechanism.
(2)

a{ W By wt Od,




Item: QC0419000009405

Examiner Comment

This answer explains the meaning of nucleophilic substitution and refers to the reaction in the question.
This answer scored two marks.

Examiner Tip
Use the mechanism in the first part of the question to help you. In this question, you just needed to explain the

mechanism in words.

(ii) Explain the meaning of the term nucleophilic substitution in this mechanism.
(2)
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WCHO02_01_Q23b

Question Introduction

The majority of candidates were able to write the correct equation. Some candidates tried to include additional species,
such as oxygen or ozone, or to write additional steps. A small number of candidates omitted the dot to show the
unpaired electron and a few wrote the equation in reverse.

Item: QC0419000008550

Examiner Comment

This response scored zero as the candidate left out the dot to show that CF3 has an unpaired electron.

Examiner Tip

Remember to include a dot by a free radical to show the unpaired electron.

° _

(b Chigrofluorocarbons, CFCS, were used for refrigerants, solvents and serascl propellants
becase they e unreactive and nedfther flammable ror toxic.

i- Higweewed, in the stratosphene, ultravicbet radiation breals CFCs into free radicals
l ard these neact with ozone.
% Write the equation for the formation of two Tree radicals from a molecule of
i chiorotriflucromethane, OF CL Curdy armowws sne not required,
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H
¥
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Item: QC0419000009404

Examiner Comment

This response scored 0 as the candidate has included ozone as a reactant.

Examiner Tip

Read the question carefully. It just asks for an equation for the formation of two free radicals from a molecule of
chlorotrifluoromethane.

B} Chioialluoracarbons, OFCE, wene uied for redrigerants, sobvents and serodol propellants

because they ane unreactive and nefther lammabde nor tosic.

Howewer, in the stratosphere, ultraviobet radiation beeaks CFCs info free radicals
and these resct with azone,

Wirite the equation for the formation of two free mdicals from a molecubs of
chloratriffucromethans, OF CL Cudy armows ae not required.

i
CA5C + O3 —= T8, + €10
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| Total for Question 23 = & marks)

TOTAL FOR SECTION B = 39 MARKS
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WCHO02_01_Q24ai

Question Introduction
Some candidates find it difficult to work out a molecular formula from a skeletal formula. They could practise this by

writing the displayed formula or structural formula first then counting the number of each type of atom.

Item: QC0419000008567

Examiner Comment

This candidate has the correct numbers of each type of atom but this is not a molecular formula as there is a
separate H at the end. It should be CioH;3O. This response scored 0.

Examiner Tip

Revise the meaning of different types of formula, including empirical, molecular, structural, displayed

and skeletal.

O [ ")

(a) (i) Give the molecular formula for linalool.

L Gt Ot




WCHO02_01_Q24aii

Question Introduction

Less than half of the candidates were able to write the empirical formula for limonene.

Question Introduction

Many candidates did identify the two structural isomers but some included an additional, incorrect substance and lost the
mark.

Item: QC0419000008552

Examiner Comment

The correct answers of geraniol and linalool are given however, this response scored 0 as the candidate wrote an
additional incorrect answer of citronellol and this negated the mark.

Examiner Tip

Candidates should remember that if they write additional, incorrect chemistry in an answer, they will lose a

mark.

LU TR P TR T T L LR P TRy T T TR PEVT YR TT T TP T

(ii) Which of these four compounds are structural isomers?
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WCHO02_01_Q24aiv

Question Introduction

Only a minority of candidates could identify the compounds that show geometric isomerism.

WCHO02_01_Q24b

Question Introduction

This was a straightforward question asking candidates to describe the tests used to identify the functional groups in
linalool and many candidates scored full marks. Some candidates lost a mark as they did not link the tests to the
functional groups they were identifying. Some candidates knew the reagents for the tests but gave incorrect
observations, for example, bromine water changing from orange to green. Some candidates were unfamiliar with
suitable test tube reactions for alkenes and alcohols and they would benefit by carrying out these reactions in the

laboratory.
Item: QC0419000007994

Examiner Comment

This candidate knows that PCl;s is used to test for the -OH group. HCI gas is evolved but this is not an

observation so one mark was awarded.

Examiner Tip

When you are asked for an observation, always state what is seen - in this experiment it would be misty fumes.

e s

s S

ey

R

(b) Describe simple test tube reactions to identify the two functional groups present
in linalool.

Give the reagents required and the observations you would make.
(4)
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Item: QC0419000009711

Examiner Comment

This candidate has describe the test for one functional group and scored two marks.

Examiner Tip

Read the question carefully. This question asks for test tube reactions to identify the two functional groups

present in linalool.

- * 1 W

ot
K
§ (b) Describe simple test tube reactions to identify the two functional groups present
5 in linalool.

Give the reagents required and the observations you would make.

(4)
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Item: QC0419000009244

Examiner Comment

This candidate has given two correct reagents and linked them to the functional groups. However, both

observations are incorrect. This response scored two marks.

Examiner Tip

Learn the observations you would expect for each test tube reaction that identifies a functional group.

2
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(b) Describe simple test tube reactions to identify the two functional groups present
in linalool.

Give the reagents required and the observations you would make.
(4)
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Item: QC0419000006741

Examiner Comment

This candidate has described the two tests correctly but has not linked them to the functional group they are

identifying. This response scored three marks.

Examiner Tip

Always link a test to the functional group it is identifying.

(b) Describe simple test tube reactions to identify the two functional groups present

in linalool. |
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Item: QC0419000009710

Examiner Comment

This is an excellent answer that scored four marks. The candidate has given the reagents and the observations
they would make and has linked the test to the functional group.

Examiner Tip

When you describe a test, always give the reagents and observations.

=
&

(b) Describe simple test tube reactions to identify the two functional groups present
in linalool.

Give the reagents required and the observations you would make.
(4)
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WCHO02_01_Q24ci

Question Introduction

Candidates found it difficult to answer this question and to express their ideas clearly. Some candidates just identified
the functional groups or bonds but did not link this to what would be seen in an infrared spectrum. A significant
Only a small

minority confused infrared spectroscopy with mass spectrometry as they discussed fragmentation patterns.
minority mentioned the fingerprint region of the infrared spectrum.

Item: QC0419000008550

Examiner Comment

This candidate realises that only limonene does not have an OH functional group but they have not linked this to

the absence of a peak for OH on the infrared spectrum for limonene. This answer scored zero.

Examiner Tip

When you are asked a question about infrared spectroscopy, you should refer to the spectra that will be

seen.

/

*(c) (i) Explain whether it is possible to distinguish between limonene, linalool,

geraniol and citronellol using only infrared spectroscopy.
(2)
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Item: QC0419000009439

Examiner Comment

This candidate has mentioned fragments and these are identified in mass spectrometry.

Examiner Tip
Learn the differences between infrared spectroscopy and mass spectrometry.

——————————

*c) () Explain whether it is possible to distinguish between limonene, linalool,
geraniol and citronellol using only infrared spectroscopy.
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Item: QC0419000007011

Examiner Comment

This response scored one mark.

Examiner Tip

Remember that the fingerprint region of an infrared spectrum is unique to each substance.

4

*(c) () Explain whether it is possible to distinguish between limonene, linalool,
geraniol and citronellol using only infrared spectroscopy.
(2)




Item: QC0419000005151

Examiner Comment

This is an excellent answer that was awarded two marks.

Examiner Tip

Revise the techniques used to identify organic molecules.

( g

*(c) (i) Explain whether it is possible to distinguish between limonene, linalool,
geraniol and citronellol using only infrared spectroscopy.

(2)
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WCHO02_01_Q24cii

Question Introduction

There were many correct answers using acidified potassium dichromate(VI) to distinguish between the compounds. A
significant minority of candidates omitted the acid from the test and lost a mark. Many candidates realised that geraniol
is a primary alcohol and can be oxidised but linalool is a tertiary alcohol and cannot be easily oxidised, however, they
did not always give a relevant observation to support this. Incorrect reagents that were mentioned included: Tollens',
Fehling's, bromine, hydrogen bromide, sodium hydroxide and sodium carbonate.

Item: QC0419000009710

Examiner Comment
This candidate has given the correct observations but has omitted the sulfuric acid from the test. This reaction

will not work without acid so one mark was awarded.

Examiner Tip

Potassium dichromate(VI) always needs to be acidified with dilute sulfuric acid for it to act as an oxidising

agent.

(i) Describe a chemical test that could be used to distinguish between samples
of linalool and geraniol, Give the result of the test for both compounds.
2)
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Item: QC0419000008543
Examiner Comment

This is a correct answer that scored two marks.

Examiner Tip

Remember to include all the reagents and the results of the tests.
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(i) Describe a chemical test that could be used to distinguish between samples
of linalool and geraniol, Give the result of the test for both compounds.
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WCHO02_01_Q24di

Question Introduction

The majority of candidates could identify a suitable catalyst for the reaction.

WCHO02 01_Q24dii
Question Introduction

Many candidates gave correct equations but some candidates found it difficult to draw a correct skeletal formula for the
product. It was acceptable to give other types of formulae for the product but many candidates who tried this left off a
carbon or hydrogen atom or put the branches in the wrong places. Some candidates seemed unfamiliar with this reaction
and they removed the OH group or just reacted the hydrogen with one of the double bonds.

Item: QC0419000009770

Examiner Comment
This candidate is unfamiliar with the reaction between alkenes and hydrogen so has shown incorrect

products and scored zero.

Examiner Tip

Learn the reactions in the specification.

(i) Compilete the balanced equation for the reaction of linalool with excess hydrogen.
1]
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Item: QC0419000009710

Examiner Comment

A correct answer that scored one mark.
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(iih Complete the batanced equation for the reaction of linalool with excess hydrogen.

+1H, -

(1]




WCHO02_01_Q24diii

Question Introduction

Many correct answers to this calculation were seen. Candidates could score transferred errors, so even if they had the
mole ratio incorrect in (i), they could still score full marks for this question. The most common error was not using the
70% of linalool in the sample of lavender oil. Some candidates were unsure about a calculation with the molar volume
of a gas and they divided the number of moles by 24. A few candidates lost a mark for writing an incorrect unit for

volume, for example, dm™ or dm® mol™!
Item: QC0419000008550

Examiner Comment

This candidate has used the 70% to calculate the mass of linalool. They have shown the correct working to
calculate the number of moles but the answer is incorrect. They could have scored a mark for multiplying the
number of moles by 24 but they have given their answer to one significant figure, which is not accurate
enough. This answer scored one mark.

Examiner Tip

Give your answer to the same number of significant figures as the data given in the question.

[iiiy & sample of levender oll contained #0U0%% by maas of linslood and no othes
unsaturated compounds. Calculate the minimum viume of hydrogen gas,
mieasianid at noom temperatune snd pressune, needed to completely reduce
1.55 g of this lavender oil

[Thee maolar wolume of Fydrogen at room temperatune and presiune i3
24.0 dm" mol ' The molar mass of linalool is 154 g mol ")
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Item: QC0419000009710
Examiner Comment

This response scored two marks. The first two steps are correct but the final answer is ten times larger
than it should be.
Examiner Tip

Check all of your answers to make sure that you have not made a slip with your calculator.

— _"I:.

(iil) A sample of Lvender oil contained T0.0% by mass of Bnalood and no other
urisaturated compounds. Caloulate the minimum volume of hydrogen gas,
measuned at room temperature and pressure, nesded to completely reduce
2.55 g of this lavender oil,

{Thie miodar volurme of hydrogen at rocm temperature and pressune is
240 dre” mod ™", The meolar mass of linalool is 154 g mal ™)
1
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WCH02_01_Q24e

Question Introduction

Many candidates struggled to draw a clear mechanism for the electrophilic addition reaction. Common errors

included: omitting the dipole on the hydrogen bromide, drawing a curly arrow from the delta positive hydrogen to the
double bond, writing a partial charge on the carbon in the carbocation and not giving an intermediate carbocation. There
were many imprecise curly arrows that seemed to start and finish in spaces. Candidates would benefit from practise at

drawing the mechanisms from the specification.

Item: QC0419000008568

Examiner Comment

This candidate has attempted to draw a free radical mechanism, which is incorrect. This response scored zero.

Examiner Tip

Learn the types of mechanisms for each functional group.

This reaction of an alkene is an electrophilic addition reaction.

7

(2] Hydrogen beomide neacts with C==C bonds such as thode in citronelial,
Dwawe the mechanizm for the reaction of hydrogen bromide with citfonelial.
You ihould ute the formula

i
CH, A
5 N .
b L=
£ N
E CH, H
H 1o rephesent & molecule of citronellol,
i Include the dipole on the hydrogen bromide mokecule.
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Item: QC0419000009416

Examiner Comment

This response scored one mark for the dipole on HBr. The curly arrow is incorrect, as is the

intermediate.

Examiner Tip

Revise the mechanisms in the specification.
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(] Hydrogen bromide reacts with C==C bonds such as those in citronedlal,

D thee meechanism for the reaction of hydrogen bromide with citronediol.
You should use the farmuls

CH, R
h Y &
Lol
& LY
CH; H
o represent a molecule of citronsediol,
Include the dipole on the hydrogen beomide malecite. "
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Item: QC0419000008564

Examiner Comment

This response scored one marks for the dipole on HBr and the two curly arrows. There is no intermediate

shown and the addition of bromide is also omitted.

Examiner Tip

Learn the full mechanisms, making sure that you understand what is happening at each stage.

Try to explain the mechanisms in words to help you to understand them.

@

ie) Hydrogen bromide reacts with C=C bonds such as those in dironelliol
F Drarwy the rrsschanism for the reaction of pdrogen bromide with citroneliel
%_ You should use the farmula
1 CHy R
., A
; .-_':—-':H ! By
' o H o
:: 1o répeesent a molecule of citronelicl,
i Inclde the dipole on the hydrogen bromide mokecide.
U"Q\ /F CHy R
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Ao, T N
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Item: QC0419000008052
Examiner Comment

This is a correct mechanism that scored four marks.

Examiner Tip

Practise drawing mechanisms until you can do them perfectly, as in this example.

R

(e} Hypdrogen bromide reacts with C=—C bonds such as those in citroneliel
Dwaw the mechanism for the resction of hydrogen bromide with citronsliol,
You shoukd use the formula

e

CH; L}
Y 4
L=l

e

o
CH, H

L R,

A

g to represent & maleculbe of citronediol,

Inchude the dipode on the Frediogen bromide molecule.
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Paper Summary

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

* Always read the question carefully and check that you understand what is required.
* Then, after you have written your answer, re-read the question and your answer to ensure you have fully
answered the question.

* Make sure that you understand the precise meaning of chemical terms and can use them appropriately.

* In calculations, don't round the intermediate values; keep the number in your calculator then give the final
answer to an appropriate number of significant figures.

+ Organic reaction mechanisms need to be accurately drawn: ensure that 'curly arrows' are precisely located
and that any intermediates are correct.

* Learn how to add half-equations to produce an overall equation.

* Practise basic experimental techniques, such as making up a standard solution.
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