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Introduction

This paper appeared to be accessible to candidates of all abilities and almost everyone
finished the questions in the allotted time.

Qualitative inorganic and organic tests and their associated observations were generally
well known and described. The three calculation questions were handled particularly well
by the majority of candidates. Less successful were questions involving the explanation of
processes and those which involved making suggestions in interpreting observations made
during the laboratory experiment to determine the enthalpy change of combustion of
methanol.

There was some carelessness in giving the correct units. An answer expecting concentration
units was often given in "mol dm™ instead of "mol dm=3". In questions where units were not
asked for, if these were given they had to be correct.

Candidates may have benefited from reading the question more thoroughly as many marks
were lost as the correct significant figures were not given.

Also, quoting an intermediate answer to just one significant figure is likely to bring about
large errors in subsequent calculations. These issues were particularly noticeable in
Question 3(b).
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Question 1 (a) (i)

Very few failed to get the mark here. A minority wrongly linked the lilac flame with lithium
ions.

Question 1 (a) (ii)

Virtually all candidates realized that the gas relighting a glowing splint was oxygen, but a
sizeable majority incorrectly thought that the metal compound decomposing to give this
gas would be K,O. The expected correct answer was KNO, or KO, (potassium superoxide).
Examiners would have allowed K,O, or KCIO,, but these were rarely given.

Question 1 (b) (i)

Almost all students correctly gave carbon dioxide as the gas evolved which turns limewater
milky but most did not realise that this gas is evolved when acids are added to sodium
hydrogencarbonate, and that therefore the ion responsible is the hydrogen ion, H*.

Giving the HCO, or CO,* ion as an answer instead - and this frequently was the case -
demonstrates that the question had not been read carefully enough.

Observation Inferences
Fizzing The gas evolved is
Limewater turned milky Q ﬂ-i‘"—“’\ ({Lﬁ

Therefore solution B contains
ions with the formula ~+ -

oo #

ResultsPlus

Examiner Comments

Here the candidate has identified the gas correctly, but has mentioned the presence of Cl-ions
in addition to H* ions. We cannot tell from the question at this stage which acid was used, so we
cannot conclude that chloride ions must have been present. The candidate scored 1 mark.

A

Examiner Tip

The word “formula” implies that examiners are looking for one answer only.
In this case the extra wrong answer cancels out the credit for the correct one.
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Question 1 (b) (ii)

The test described here is for the presence of sulfate ions; consequently, most realised
that the precipitate was barium sulfate, BaSO,. Given that it is known already that solution
B contains hydrogen ions, this liquid must be (dilute) sulfuric acid, H,SO,. Many scored full
marks here.

Question 1 (c)

This question was answered well, with most students scoring 5 or 6 marks. The mark usually
lost when candidates did not mention the observation that phosphorus(V) chloride gives
misty/steamy fumes (of HCI(g)) with alcohols, as well as turning moist blue litmus to red.
Several answers claimed that the litmus would bleach, presumably confusing hydrogen
chloride with chlorine.
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Question 2 (a)

A common mistake here was to describe the distillation as being a "fractional distillation".
However, most gave "simple distillation" or "distillation", either of which was the correct

answer.

Question 2 (b) (i)

There were several poor answers to this question and in many cases there was a lack of
precision in explaining exactly what occurs during a "heating under reflux".

________________ Asﬂl_qeﬁm fs. e bes Weaﬂvafowr_ﬁ mrc,‘zt7 f wowed o
bl J o Cheupe..,. bt e 5517 eendenced MJ ......................

Results+lus

Examiner Comments

“vapours are being formed” is too vague. A mention of “boiling” or “evaporation”,
or more specifically, “turning from liquid into vapour” describes the first part of this
process well.

A

Resuitst
Examiner Tip
The question uses the phrase “in terms of changes of state", and this involves describing

a process in which liquid changes to gas (or vapour) and then from gas (or vapour) back
to liquid again.

IAL Chemistry 3 WCHO03 01



Question 2 (b) (ii)

There were several allowable reasons as to why the mixture is heated under reflux for such
a long time. The commonest response was to allow the reaction to complete, or equivalent
ideas, and this question was generally answered well. A common mistake was to link the
need for heating under reflux with the fact that the reagents have high boiling points.

Examiner Comments

This frequently seen answer was not allowed since the conversion of butan-1-ol
into 1-bromobutane is not an oxidation. This candidate was probably thinking of
the conversion of butan-1-ol into butanoic acid.

A

ResultsP

Examiner Tip

us

Think carefully whether words like “oxidation” are relevant before using them.

IAL Chemistry 3 WCHO03 01

7



Question 2 (c) (i)

The density of 1-bromobutane was given in the stem of the question, so it could be
concluded that the upper layer would be the aqueous layer and the lower would consist of

the crude 1-bromobutane.

—— aﬂm

= |- bropobuton

ResultsPlus
Examiner Comments

This correctly shows the aqueous layer on top of the organic layer, but there
is no upper boundary for the aqueous layer, so the mark was not scored.

Examiner Tip

Candidates are not meant to remember in advance which layer is the denser, so the
information must be given in the stem of the question. In this case the relevant density

information is given in a box two pages earlier.
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Question 2 (c) (ii)-iv

Very few were able to score the mark in part (ii). The question refers to the "donation of
a proton to the butan-1-ol". It follows that this must result in a species which is positively
charged, ie an ionic species, and it is well known that ionic species tend to be relatively
water-soluble and certainly more so than molecular butan-1-ol.

In part (iii) most students knew that anhydrous calcium chloride was being used to remove
water from the organic layer, but it is important that they understand the distinction
between a drying and a dehydrating agent.

Many appreciated that this process would be complete when the organic layer became
clear, i.e. when the cloudiness disappeared. Several answers referred to "the solid no
longer turning pink", presumably confusing calcium chloride with cobalt(ll) chloride, and
occasionally there was a mention of the mixture turning "colourless". A sizeable minority
referred to the need to wait until the mixture had reached a constant weight, presumably
confusing this operation with a thermal decomposition.

Examiner Comments

An excellent and well-expressed answer which obtains full credit.

A
Q ResultsP
Examiner Tip

If you don’t immediately know the answer to part (ii), there is probably
a clue in the question. Here, the adding of a proton means that the
butan-1-ol molecule now has an extra H* attached, making it an ionic
species. Hopefully then the link will be made between “ionic” and “good
solubility in water”.

us
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Question 2 (d)

This calculation was generally done very well indeed with the majority of candidates
obtaining full marks. Not all were able to calculate the density in part (i), but fortunately this
had no bearing on their coping with the rest of the question. Transferred errors were fully
allowable where necessary in this question.

Question 2 (e)

A full range of alternative answers was allowed here. Perhaps the commonest correct
responses were linked with an incomplete reaction, the possibility of side reactions and
transfer losses during the purification processes. Credit was not given for losses linked to
human error, such as spillage, nor for losses of vapour during refluxing.

Reason 2: ... The....Seacian, did. .nox. . ge.. .t ompleHion. . 4nd.  some..
B\
01’ p{&ﬂ\‘“‘ afd recdlmna b

....... :uu..{1Q.\J.I...5..A..‘ﬂ'-‘c.—.ﬁ.-.—:........ﬁ.ia.-.f.u.fj.Ff.....é.............H)..‘.’..Qi.ﬁ.h.... e Yehux. Candenel e

ResultsPlus
Examiner Comments

Two reasons were required, so as three were given here, all three will be
noted and any wrong reasons would cancel out marks gained for correct ones.

A

ResultsPlus

Examiner Tip

Always study the instructions given in questions. Here, “two” in bold means that
if more than two reasons are given you risk having marks deducted for wrong answers.
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Question 3 (a)

Most realised that the assumption being made was that water has a density of 1(.0) g cm=. A
few answers gave a value with incorrect units and several quoted the specific heat capacity
of water instead of, or as well as its density. A surprising answer from some students was
the assertion that the mass of the beaker was negligible and so could be ignored when
measuring the mass of the beaker and water.

Question 3 (b)

Most calculated the heat energy correctly in joules in part (i) and some chose to convert
their value into kilojoules at this stage.

In part (i) the majority were able to calculate the number of moles of methanol correctly
as 0.0341 or 0.034, but a sizeable minority went on to give the value to one significant
figure, as 0.03. This produced a final answer in part (iii) over 12% different from the true
value. Candidates should be made aware of the consequences of premature rounding in
intermediate answers on the final answer.

The enthalpy change of combustion was generally calculated correctly with the correct sign
and units, but was often given to an inappropriate number of significant figures. In this case
the question asked the candidates to decide for themselves what was appropriate, based
on the data given in the question. Consequently answers to more than 3 significant figures
were penalized - many answers were seen giving values to 5 or 6 SF.

100 ¥ 4194 x 24.5

"

2048217

(ii) Calculate the number of moles of methanol burned in the experiment.
(1)

Mo = I-qu-}ﬂ
molus = .29 = 0.0% pmoln
312

(iii) Hence calculate the enthalpy change of combustion of methanol.
Give your answer to a number of significant figures consistent with the data

and readings in the table. Include a sign and units in your answer.
(3)

20,
82 L 82.% KT /mol

o.07
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N Results+lus
/\ Examiner Comments

The first answer to (i) is correct, but although the method used to calculate the number

of moles in (ii) is also correct the answer has only been quoted to 1 SF. This highly inaccurate
value has been transferred to the calculation in (iii), giving a value which is very different to
the correct value of -601 kJ mol'. In addition, the final answer has been quoted to 4 SF, and
yet it has been calculated using a value accurate to only 1 SF. Also being an exothermic
process there should have been a negative sign for the enthalpy change of combustion.

So this answer scored 1 mark in part (i), no mark for (ii) and, via a transferred error,

was awarded 1 mark in part (iii), having lost two marks for an inappropriate number

of significant figures and for the lack of a negative sign.

C ResultsPlus

Examiner Tip

Always retain full values in the calculator during multi-step calculations,
but quote intermediate answers to a sensible number of significant figures.
However, use the full calculator values in subsequent calculations, always
giving your final answer to an appropriate degree of accuracy.
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Question 3 (c) (i)

Most candidates realized that an uncertainty of + 0.5°C would lead to a possible error of
1.0°C in measuring the temperature change and hence to a percentage error of (1.0/24.5) x
100 = 4.1%. The commonest wrong answer was one half of this. Another occasional wrong
answer resulted from taking the uncertainty as 0.05, instead of 0.5, giving an answer which
was incorrect by a factor of 10.

Question 3 (c) (ii)

The majority appreciated that the maximum temperature change would be 24.5°C +1.0°C
= 25.5°C. Some candidates misread the question and gave the maximum temperature
reached, instead of the maximum temperature change.

Question 3 (d) (i)

Several students wrongly thought that the combustion must be continuing, even when the
burner wasn't in use. The fact that methanol is a relatively volatile liquid was appreciated
by many, but it wasn't enough to give a relevant property of methanol - the question was
concerned with an explanation of the loss in mass, so a mark was only given for a process
occurring, i.e. evaporation or vaporisation.

_______________________ wlﬁ'ﬁ(ﬁ

The volatility of methanol is highly relevant of course, but this answer does not
answer the question as to what is happening to explain why the burner is continuing
to lose mass.

ResultsP

Examiner Tip

Read the question carefully. It is not asking for a property of methanol responsible for
the loss in mass - it is asking about what is going on to cause this.
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Question 3 (d) (ii)

Whilst carbon or soot were correctly given as the likely identity of the black solid, wrong
answers included iodine and copper(ll) oxide, neither of which has any relevance in the
burning of an alcohol. Even carbon monoxide cropped up as a surprisingly common answer.

ResultsPlus

Examiner Comments

Two answers are given here, one of which is incorrect, so no mark can be awarded.

A

Examiner Tip

Careful thought would prevent the inclusion of carbon monoxide as being the
possible identity of the black solid. Candidates would benefit from reading the
question more thoroughly.
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Question 3 (d) (iii)

Most candidates mentioned the fact that the formation of soot indicated that incomplete
combustion had taken place. A few wrongly referred to an "incomplete reaction" having
occurred. A perfectly acceptable alternative interpretation was that the layer of soot would
insulate the beaker of water from the flame or that the soot itself would absorb energy, with
less available for the water. This question was generally answered well.

ResultsPlus

Examiner Comments

More heat energy is not “required” when the methanol burns forming carbon.
This was a common incorrect answer.

A

ResultsPlus

Examiner Tip

Any type of combustion, incomplete or complete, involves the evolution of energy.
The carbon, once formed, would certainly absorb heat energy, thus leaving less to
be absorbed by the beaker of water, but this answer doesn’t say that.

IAL Chemistry 3 WCHO03 01
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Question 4 (a)

Many candidates scored full marks on this question though, as in earlier calculations on
this paper, marks were lost in later parts through premature rounding of values in the
intermediate stages.

In part (i) many assumed that the first titration was a range-finder, and so just ticked the
titres for titrations 2 and 3. Some realised correctly, however, that all three titres were in
good agreement (were concordant) and ticked all three. In this situation it appears that the
student carrying out these titrations dispensed with the need for a range-finder and carried
out all three titrations very carefully.

In part (ii) the majority were able to determine the number of moles of sodium hydroxide
used and full credit was given to those who had used the correct method but had based the
mean titre in part (i) on only two readings. A surprising error from a significant minority was
to forget to divide by 1000. Thus answers such as 2.29 moles were often seen.

Those who appreciated that the vinegar had been diluted 10 times found no difficulty in part
(iii) and correctly multiplied their answer in part (ii) by 10. However, some candidates divided
by 10 at this stage.

Most appreciated that in order to convert the number of moles present in 25 cm? into a
concentration there was a need to multiply by ("°%°/..) in part (iv) and in part (v) it was simply
a matter of multiplying this by the molar mass of ethanoic acid to arrive at the concentration
in g dm3. A very large number of candidates did not give their final answers to three
significant figures even though the need to do this had been clearly emboldened in the
guestion.

Full consequential marking was applied throughout this question.
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Number of titration 1 2 3
Burette reading (final) /cm® | 2290 2285 2445
Burette reading (initial) / cm? 0.00 0.00 150
Volume of NaOH used / em® 22.90 2285 122,95
Used to calculate mean (v) v v | | v

(a) (i) Show which titres are concordant by putting a tick (v") in the appropriate
boxes in the table of results and hence calculate the mean titre.

(22.90+22.35 +22 95) 3 = 22.90m*)

(1)

(i) Calculate the number of moles of sodium hydroxide in the mean titre.
- lwm\#""x 2. 10#]0‘%&\": 21.29x%10™3mo ) ()

IAL Chemistry 3 WCHO03 01
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(iii) The equation for the reaction between ethanoic acid and sodium hydroxide is shown.
CH,COOH(aq) + NaOH(aq) — CH;COONa(aq) + H,0(l)

Calculate the number of moles of ethanoic acid in the 25.0 cm? sample of
undiluted vinegar. Assume that no other acids are present in the vinegar.

25%‘_0
>som |

(2)

lox 2.29X 10 ol =2.29X10" *mo | .

(iv) Calculate the concentration, in mol dm3, of the ethanoic acid in the sample
of undiluted vinegar.
(1)
3. 29%[0"*me| 3
25 X 103 i = 0-YUémololm ~,

(v} Calculate the concentration, in g dm-3, of the ethanoic acid in the sample of
undiluted vinegar.
Give your answer to three significant figures.

Mengoon =12+3+12+2x16+ [ = fogmol™

concenhiastion = 6o gwol™ x 0.1 bmolobn™ = 55"’3’&"—3-

(3)
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ResultsPlus

Examiner Comments

This is a well set out series of answers, clearly showing the reasoning at each
stage. This answer scored the full 8 marks.

A

2/ ResultsP

Examiner Tip

us

Always show working when carrying out calculations. The units are already

given in all parts of this question, so there is no need to repeat these in the
answers. For each question look carefully to see whether there is an instruction

as to how many significant figures should be given in your answer. Here, in part (v),
three significant figures are required. If there is no instruction about this give the
number of significant figures compatible with the data provided. Giving values to
only one significant figure is rarely appropriate.
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Question 4 (b)

A surprising minority thought that “vinegar would neutralise the acid left in the pipette” and
that the reason why it is used rather than water is because “it is a better cleaning agent”.

A relatively small number of answers suggested correctly that washing the pipette with the
diluted vinegar was linked with cleaning it of any impurities, or of water, but only a few could
explain clearly why vinegar was used as a rinsing agent, instead of water. There were several
answers which addressed only one of the two questions asked.

?t?gett;’,a e ynsed o make gore no other

_____ Suostance \S vesent i b \% 1S rinsed i th
e
yineqar B ‘-? \JC wWAS ?—'\"\Ifo\ u_;ﬁt‘ln war ter

ﬁ ResultsPlus

Examiner Comments

This answer clearly implies that impurities will be removed during rinsing, and
although this candidate states that the concentration of the vinegar will change,

this answer would have been a better one if it had mentioned that the vinegar would
be diluted if water had been used as the rinsing agent; however, on this occasion
full credit was allowed for this response.

A

ResultsP

Examiner Tip

us

There are two parts to this question: “why is the pipette rinsed?” and “why is
diluted vinegar used rather than water?”. Make sure that what you write answers
each of these questions. Another clue is to look at the number of marks awarded.
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Question 4 (c)

Somewhat surprisingly, many candidates thought that blowing out the last drop would
improve the accuracy, whereas others reckoned that doing so would introduce bubbles of
air which would react with the vinegar. However, the majority understood that pipettes are
calibrated without the expulsion of the drop at the tip of the pipette, and so appreciated
that blowing out this vinegar would increase the number of moles of vinegar introduced into
the conical flask, thereby increasing the mean titre. Many candidates also realised correctly
that this increase would, however, only be very small.
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Paper Summary

There were several questions which required careful reading in order to arrive at a fully
creditworthy answer.

Too many marks continue to be lost in calculations owing to a lack of appreciation of the

importance of retaining intermediate answers in a calculator when carrying out a multi-step
calculation.

Based on their performance on this paper, candidates are offered the following advice:

+ Always read the question carefully. If it helps to do so, use a highlighter to indicate the
key phrases.

+ Always show how you have arrived at the answer in your calculations. Marks are often
given for a clearly set out method.

* When quoting an answer to a calculation, always think “SUS”".

Do I need to include a Sign?
Should | be including the Units?
Have | given the appropriate number of Significant figures?
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Grade Boundaries

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

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