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Introduction

This paper contained some questions which were on familiar material and accessible to all
candidates, but there were also several more challenging questions where careful reading
and logical thought were necessary. Some parts of question 21 were not attempted in some
cases, though this did not appear to be due to lack of time as the final question on the
paper was usually completed.

The calculations in the paper were generally done well and candidates had good knowledge
of inorganic reactions. In the questions on organic chemistry candidates showed a lack

of understanding of the procedure needed to convert an alcohol to an aldehyde and had
difficulty with skeletal formulae.
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Question 18 (a)

Most candidates scored a mark here. The number of answers showing NaHSO, and Na,SO,
formation were roughly equal and both correct. Where errors occurred they were usually in
the formula of sodium sulphate, or occasionally in balancing the equation.

Question 18 (b)

The first mark was usually scored for identifying gas X as ammonia. When hydrogen
chloride and ammonia come into contact, a white smoke made of solid particles is seen. No
mark was given for saying that ammonium chloride formed unless an observation was given
as well. Description of ammonium chloride as white fumes or a white precipitate was not
allowed.

(b) Fumes of hydrogen chloride gas can be identified by bringing the fumes into
contact with another gas, X. Identify gas X and state the observation you would
make.

(2)

GBS Ko AT I T oo
Steamy [clgudy

Observation..........:I...‘.‘l....,.........fam.,ﬁ...............M.I.'....hf.{:ﬂ- ......... - ot DAILES e

\— oy

ResultsPlus

Examiner Comments

Hydrogen chloride fumes are steamy, but this description does not apply to ammonium chloride.

(b) Fumes of hydrogen chloride gas can be identified by bringing the fumes into
contact with another gas, X. Identify gas X and state the observation you would

make,
(2)

Observation.... AMMYE  SWIONE. L CRPED. e

ﬁ ResultsPlus

Examiner Comments

The best answer to this question was “white smoke”. The smoke contains small particles of solid.

A “Precipitate” is the word used to describe a solid which forms when two solutions react.
Do not give two alternative answers to a question, as if one is wrong you will not get the mark
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Question 18 (c)

Nearly all candidates knew that a white precipitate would form on addition of silver nitrate,
and many knew that the precipitate would dissolve in dilute aqueous ammonia. However the
reason why concentrated ammonia should not be used was more challenging, especially if
candidates had not read the first line of the question which said that the two-stage test was
used to distinguish chloride ions from other halide ions. No marks were given for comments
on the hazards of concentrated ammonia, or for saying that since the white precipitate
dissolved in dilute ammonia there was no need to use concentrated ammonia. The answer
had to say that silver bromide would also be soluble in concentrated ammonia, meaning

that use of concentrated ammonia would not distinguish the chloride and the iodide.
(c) Chloride ions in solution can be distinguished from other halide ions by the
addition of silver nitrate solution followed by dilute, aqueous ammonia.

State what you would see when silver nitrate solution is added to chloride ions,
followed by dilute aqueous ammonia.

Suggest why concentrated ammonia should not be used to confirm that
silver chloride has been formed.
' (3)

i Observation on addition of AgNO, w}"'le’fm”the e e
. AHSO}VB- -

Observation on addition of dilute NH, . Prec”'f‘iﬁ & . e
Reason why concentrated NH, should not be used .. B&mmﬂ bu’fk Hg{‘{ ar’d é; BT J""ﬂ! e .

Examiner Comments

This is an example of an answer which scored full marks.

{c) Chloride ions in solution can be distinguished from other halide ions by the
addition of silver nitrate solution followed by dilute, aqueous ammonia.

State what you would see when silver nitrate solution is added to chloride ions,
followed by dilute agueous ammonia.

Suggest why concentrated ammonia should not be used to confirm that
silver chloride has been formed.
(3)

Observation on addition of AgNO, B N0 | N4 press p”‘&}fw e
Observation on addition of dilute NH, Pf‘ev..;pﬂn.}t. A m\vu.'\'ﬂ?wms\mkhmmél
Q098 m&-——gﬂ—

Reason why concentrated NH, should not be used Hia
............. Vest o . Com.. B QQML&}:%\QS:W—“HH

VAL e
i v»Ln—&Jmmsem ......... nmu»:\—!‘u\&t&
A
ResultsPlus 4\ ResuitsP
Examiner Comments Examiner Tip
Answers like this were seen frequently Make sure you read the question carefully. It was about
and did not score the third mark. distinguishing chloride ions in solution from other halide
ions, and concentrated ammonia would not do this, as it
dissolves both silver bromide and silver chloride.
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Question 19 (a) (i)

Many candidates failed to recognise that electrons should be shown in bonds and provided
all sorts of dot and cross diagrams without giving the correct number of crosses to bromine,
or indeed the correct number of dots particularly to the right-hand oxygen. The candidates
who showed electrons in pairs, making them easy to count, had the best chance of success.

There were many ways of showing the position of the electrons, but it was assumed that
electrons shown between the Br and O were shared.

{a) (i) Complete the dot and cross diagram for the bromate(V) ion. Shoaw only the
outer shell electrons.

In this ion, the bromine expands its outer shell to accommodate 12 electrons.

Use x for bromine electrons and e for oxygen electrons. The symbol * on the
diagram represents the extra electron which gives the ion its charge,

(2)
Ne
KB X@

o
X
x Br =l?*

Xe X

o .O .'

<Eﬂ ResultsPlus

Examiner Comments

This answer is set out clearly and it is easy to interpret that the
bromine is forming two double bonds to O atoms and a single
bond to the O~ with a lone pair on the left. Unfortunately the
right-hand oxygen has only four dots, so it scores one mark.

A
J@ ResultsP

Examiner Tip

us

The oxygen with the * starts with seven
electrons around it, so only forms a single bond.
The other two O atoms need a share of two
electrons from the Br to complete their octet.

IAL Chemistry WCHO02 01




(@) (i) Complete the dot and cross diagram for the bromate(V) lon. Show only the
outer shell electrons.
In this ion, the bromine expands its outer shell to accommodate 12 electrons.
Use x for bromine electrons and e for oxygen electrons. The symbol * on the
diagram represents the extra electron which gives the ion its charge.
(2)
® 5
X o,
%
Br O
” \.{\‘-L d
x
.~
[ 0 L
i F

Examiner Comments

This answer did not score. The bromine is shown with ten
crosses around it, and each oxygen has seven dots.

us

A
2@ ReSUItS“

Examiner Tip

Check the number of electrons in the outer shell of
each atom is correct, and show them in pairs (bonding
pairs or lone pairs) so that you can count them easily.
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Question 19 (a) (ii)

Elements in Period 3 use vacant d orbitals to accommodate more than eight electrons in
their outer shell. Many answers simply referred to shells expanding without making it clear
that d orbitals are used.

(i} Suggest how elements in Period 3 and higher can accommodate more than

eight electrons in their outer shell,
(m

i Baguse doove. Pevod 3 lhper v ne elemery  Wewe

move Ara? g elecirony ~

Moy sub S Shells  so 1t £9n Arommodadr

ResultsPlus

Examiner Comments

This answer was too vague to score.
The type of sub-shell had to be identified.

(i} Suggest how elements in Period 3 and higher can accommodate more than
eight electrons in their outer shell.

Bzmose’%cjkam 7
ooxkbals o Gn eare iy gadershello

<Eﬂ ResultsPlus

Examiner Comments

This named d orbitals as a possibility but did not score as it did
not say which of the s, p or d were used to accommodate more
than eight electrons.
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Question 19 (b) (i)

This was a straightforward calculation and there were many correct answers. The question

asked for the answer in mol dm-3, and if candidates gave another unit which was incorrect
they did not score the second mark.

(i) The first student was given the task of making up a potassium bromate(V)
solution. A mass of 8.35'G of KBrO, was weighed out, dissolved in deionized

water, the volume made up to 250 cm? in a volumetric flask and the mixture
shaken. v

Calculate the concentration of this potassium bromate(V) solution, in

mol dm™.
i [ W
wioles = __B_.__.—-?’g—— 2 0oS <A\ (2]
(]
— X
0wg = _R&S X
Vo sl= .
. 2wl s
’x 0
ResultsPlus
Examiner Comments
This is well set out, and though the final unit is not mol dm= it
was acceptable and scored both marks.

(i} The first student was given the task of making up a potassium bromate(V)
solution. A mass of 8.35 g of KBrO, was weighed out, dissolved in deionized
water, the volume made up to 250 cm? in a volumetric flask and the mixture
shaken.

Calculate the concentration of this potassium bromate(V) solution, in
mol dm™.
moles = mass (2)
mo lar mass
- 8.35 c= N,
/|/c| &3 v
< C = 0.0 08
— O - C' C:l 8 mao I @ ;
- = 5‘3”;500

C= 0:-0%I maldl"l:'ng

A
ﬁ ResultsPlus OO ResultsPlus

Examiner Comments Examiner Tip

This candidate has made an error in calculating the
relative molecular mass. However the method is

shown clearly with correct units on each number, so
the second mark was allowed as a transferred error.

Think about whether the numbers you
calculate are realistic. A relative molecular
mass of over 1000 is unlikely here.
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Question 19 (b) (ii)

Many candidates could calculate the minimum mass of potassium iodide required to react
with the potassium bromate. However, many did not show appreciation of a suitable mass to
be chosen which would give a reasonable excess.

(ii) The second student was asked to determine a suitable mass of
potassium jodide to add to 0.0025 mol of potassium bromate(V) to ensure

complete reaction. The equation for the reaction is
(PR

BrO,"(aq) + 6H'aq) + éik'f(aq} — Br{ag) + 3lfag) + 3H,0()

Calculate the minimum mass of potassium iodide, Ki, required and hence
suggest a suitable mass to use if the potassium iodide is to be in excess.

You must show your working and your mass should be reasonable,

(3)
l \-'7{ 6 M= nx My
. 66
0-0025 = M =o-olcxl
= 2-4‘13

I 3
¢
p- 005 2 M o XM
_ 9 x'l“
<= gg = Koo
-;i—i-il-“-'fg :

Minimum mass required .....[ - #45 g

Suitable masstouse ... Z-449.... g

ﬁ ResultsPlus

Examiner Comments

This candidate has done two separate calculations, but does not state
what is being worked out in each. It is a good idea to state what is
being calculated eg "mol KI = ..” so that the working can be followed.
The final mass is suitable, based on the incorrect minimum mass given,
so the third mark was allowed.
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(i) The second student was asked to determine a suitable mass of
potassium iodide to add to 0.0025 mol of potassium bromate(V) to ensure
complete reaction. The equation for the reaction is

BrO,(ag) + 6H*'ag) + 6l(ag) — Br(ag) + 3lfaq) + 3H,0()

Calculate the minimum mass of potassium iodide, K, required and hence
suggest a suitable mass to use if the potassium iodide is to be in excess.

You must show your working and your mass should be reasonable.

(3)
= M
o eth A=
0002 = ™M 0-00qQ% - _™
LG ==

Minimum mass required OL'“{ g

Suitable mass touse 0 ' 1 § g

ﬁ ResultsPlus

Examiner Comments

The calculation is incorrect here. Also suitable mass is not more
than 0.1g above the calculated mass. This is too low in practice
when an excess is needed, so the third mark was not given.
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Question 19 (b) (iii)

The calculation of volume was not difficult for many candidates, though some confused cm?3

and dms3. Another common error was not multiplying the number of moles by 2 for the first
mark so the volume calculated was 10cm3.

¥
(ili) The third student was given the following equation, 0-
l,(aq) + 25,0i(ag) — 2I(aq) + S,0aq)
This student was asked to estimate the titration reading.

Calculate the volume of 0.1 mol dm~ of sodium thiosulfate solution, in cm?,
that would be needed to react with 0.00100 mol of iodine present in the

conical flask.
(2)
| — 000|000 = g x 1 GO0
g — K
= 900Z inuo
w*x = D006Z mcoles o-|
- [AOGCM

ResultsP

Examiner Comments

This is very clearly set out and scored both marks.

(iii) The third student was given the following equation.
l,(aq) + 25,07 (aq) — 2I(ag) + S5,0{(aq)
This student was asked to estimate the titration reading.

Calculate the volume of 0.1 mol dm? of sodium thiosulfate solution, in cm?,
that would be needed to react with 0,00100 mol of iodine present in the

conical flask.
(@)
‘ Vvt 6]0 'IL_ veaelQ ‘..a"-t“EL Q"V"'O{’LO/L) SL!-:
-+ S D.00lop - w W oo WY Pt g

N S omn\tm*ﬁli
- WM"I Q‘*IO:}) 0 DQ—- é@-ra A‘rﬂg

o = 2N Seom?

ResultsPlus

Examiner Comments

This is also clearly set out and scored the first mark, but the
conversion of the volume in from dm3to cm? is done incorrectly.
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Question 19 (b) (iv)

Few candidates realised that measuring the very small mass of potassium bromate to one
significant figure would lead to a large uncertainty in this measurement. The most popular
answer was the volume of sodium thiosulfate or volume of water. Candidates thought that
since the volume was measured twice this gave the biggest effect on uncertainty.

There is uncertainty in the value of the calculated concentration of the sodium
thiosulfate. Which measurement, given in the table, has the greatest effect on
the uncertainty of this value? Justify your answer.

No calculation is required for this answer.

(2)
e Vol 26 MNeg S0.C% Mo ness.  @F
k{yas __________________ Codd. .. \oe. .. aled.  oa..gxcess.. Se. He

Velwe  GC. Mug Spem. ... Wold  hee . fe... seokeske....
_____________ ellech .. Cn...tle... ncdivtakivg. . ek . Ais.. uedator
____________ o eQett o e . Ware  oC Meg S9€z. Gad

ResultsPlus

Examiner Comments

This candidate has not thought about the uncertainty in each of
the three measurements so did not score.

There is uncertainty in the value of the calculated concentration of the sodium

thiosulfate. Which measurement, given in the table, hgsihtgmatest effect on
the uncertainty of this value? Justify your answer.

No calculation is required for this answer.
(2}

9:07g..on..Are. Mass of EBr.O) . because dhe vale.......

Resunsﬁlus _____________________________________

Examiner Comments

For the second mark this candidate should have said that the
very small mass would introduce a large percentage error or
large uncertainty.
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Question 20 (a)

The reasons for reduction in first ionization energy going down a group were well known
to many candidates. However some referred to the difference in ionic radius which is not
relevant, as the first electron is lost from an atom not from an ion, and some said “calcium
is bigger” instead of referring to the atomic radius.

Some candidates discussed the charge density of the ion or its polarizing ability, both of
which were irrelevant when considering the energy needed to remove an electron from an
atom.

Some answers referred to the effect of the increasing number of electron shells and the
atomic radius, but these are two aspects of the same change going down the group, so were
not counted as two separate reasons. For both marks, shielding of the nucleus by the extra
shells of electrons had to be given, as well as some sort of reference to the distance of the
nucleus from the outer electrons.

20 This question is about Group 2 elements and their compounds.

*(a) Give two reasons why the first ionization energy of calcium is less than that of
magnesium, even though the atomic number of calcium is greater than that of
magnesium.

(2)

e
,hﬁ...gqng,...o;own LQrodp. 2. he  numer of Shegte. NOease Tl ..
Lnereases. e, ‘Sh.tl.kd.,dmg..EEEQC&-..@.S.....M...d.iﬂnnr.c;.l:we.l:s.«zeq__.q...the._..ouﬂc._

NG (OIS af. Calcivm. is..alsd. greates. Than thadk.. 2f Menyrasivien. ...

ave 1o the atftrarksa b ANd AW 2111 ane! DOV S 8160 e ~ 2 . i

)

Results#lus

Examiner Comments

This is an example of an answer which scored both marks.

20 This question is about Group 2 elements and their compounds,

*(a) Give two reasons why the first ionization energy of calcium is less than that of
magnesium, even though the atomic number of calcium is greater than that of
magnesium, el s ,

T :."" L f"_ ] -;"_ -:ri ‘!Z]

Qaleium. 15 So 5{1@4—} facded Ao HHe muclews
r}‘ﬁ:anq"e\mlarp rﬂ\.qt_;yn-ﬂfpru P 2 Y
A

<Eﬂ ResultsPlus

Examiner Comments

OO ResultsPlus

Examiner Tip

The “size” of calcium, without
reference to an atom was not allowed
here. No second reason was given.

When the question asks for two reasons try to
give two distinct reasons, rather than having
one reason and explaining it in detail.
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Question 20 (b)

The origin of flame colour was very familiar to many candidates and they scored two marks

for describing electrons being excited to a higher energy level and then falling back to their

original state. The third mark was harder to score, as it was not good enough to say that

this caused the flame colour. There had to be a reference to release of energy in the visible

spectrum, or light or photons.

(b) A flame test was carried out on a solid calcium compound. Explain the origin of
the flame colour in terms of electron movement.

(3)

Cn.Qa.Qm CDn\F::J‘n.J L.I_agtJ C.Qv.z:!}mm . i"]w. s:aﬂc.;u.rn LN
@Lné?b“% b Hhe mimj meﬂ Ly n&uﬂwr@maw

3‘41\-_:] m...@kﬂ'pku&nn in e mange. of- umhllAPe.ch

ResultsPlus

Examiner Comments

This answer loses marks because it does not state that the
particles which are excited are electrons.

Examiner Tip

Be careful to choose the correct term when discussing
electrons, atoms, ions or molecules.

(b) A flame test was carried out on a solid calcium compound. Explain the origin of
the flame colour in terms of electron movement.

(3)
o When _the clecton  gob exated i meved ko a higher
eﬁﬁggf’@vzfﬁﬂa’wwﬂ*wwémk#ré

yefew Harne -

Examiner Comments

This candidate lost the final mark as the answer did not say
that light energy was released. Saying that a flame colour is
produced just repeats the question.
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Question 20 (c) (i)

Many correct answers were seen, but errors occurred in the formulae of the products and in
balancing. A common error was writing calcium nitrate as CaNO,

(c) (i) Calcium oxide reacts with dilute nitric acid to form calcium nitrate, Write the
equation for this reaction. State symbols are not required.
(n

H
cal + HNO3 ——> Ca (NO3), + 12

<Eﬁ ResultsPlus

Examiner Comments

It is disappointing to see an unbalanced equation
and hydrogen as a product here, especially as the
formula of the calcium nitrate is correct.

Examiner Tip

Hydrogen is produced in reactions with metals, such as
when an acid react with a metal or in organic chemistry
when sodium reacts with alcohols. It does not form here.
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Question 20 (c) (ii)

Production of the brown gas usually scored the first mark and the mark scheme gave plenty
of opportunity to score the second mark. Some candidates were distracted by thinking
about the relative polarizing ability of magnesium and calcium ions, and did not actually
answer the question which was asked. Other answers quoted flame colours, which were not
allowed as a way of contrasting thermal decomposition of the two salts.

(i) Identify two ways, one of which should be an observation, in which the
thermal decomposition of anhydrous calcium nitrate is different from that of
anhydrous potassium nitrate.
(2)

LNy b Bune s less  distsntion in. afou. and. .. * haa... l.ﬂ_d\u?:, .......

Examiner Comments

The comment on the volume of gas produced was not allowed
as an observation, as it would depend on the conditions.
Calcium nitrate is less stable to heat than magnesium nitrate so
the second comment did not score either.

(i) Identify two ways, one of which should be an observation, in which the
thermal decomposition of anhydrous calcium nitrate is different from that of
anhydrous potassium nitrate,
(2}

.M.nmai.,..d&cam.Fa shan..af. Potodsive. nitTake. PIDALICES. .f-h...f.?.l‘ﬁ?.éﬁ.'!..wm.. MNitrite....

Haak.
and. Qxgacn .. Tl oxygen 205 poduced. can. rekinde..a. .?ia.lmi mj.....s.f.:ij.h S
T'Lnerma.tdegﬁmfyhhanﬂf(ﬂlt‘w%mWrr;mMLm ..... Cadeiimn. OXida.,......

..Mj.hﬂﬁ.ﬁm...damd& .anad ....Qx/ﬁ,c MM—&W&QE will. ebsecie. . a. b mmnga.h -

- wlhich is  NUHestn dioxide - )
%
Results*lus
Examiner Comments
This is an example which scored both marks
IAL Chemistry WCHO02 01
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Question 20 (d) (i)

Many correct answers were given here.

Question 20 (d) (ii)

Many candidates did not realise that calcium hydroxide is lime water and their equations
implied that it could be used for all sorts of tests such as detecting acids. Those who knew it
was the test for carbon dioxide usually wrote a correct equation.

(i) An aqueous solution of calcium hydroxide is used for a common laboratory |
+ test. Give the observation for a positive result for this test and complete the.
equation for the reaction that occurs, State symbols are not required.

(2]

Dbservatlon—u“?a‘iwwssblﬂ’tﬂmap Calok)y tun
caor, + ..l». - Gl + o

2

ResultsPlus

Examiner Comments

This is an example which scored both marks.

Question 20 (d) (iii)

Many candidates remembered that the sulfates of Group 2 become less soluble going down
the group and answered correctly.
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Question 20 (e) (i)

Not all candidates read the instruction “describe what you would see” and knowing that
barium sulphate formed did not get the mark without the observation. Some candidate
mistakenly thought that a precipitate of magnesium sulfate would form and then dissolve,

but this was not allowed.

(e} (i) Describe what you would see if a solution of barium chloride was added to
dilute sulfuric acid. State why this observation would differ if magnesium

chloride solution was used instead of barium chloride.

+IUS
Examiner Comments

This is an example of a good answer.

(e) (i) Describe what you would see if a solution of barium chloride was added to
dilute sulfuric acid. State why this observation would differ if magnesium

chloride solution was used instead of barium chloride.

¥

Examiner Comments

This answer refers to the solubility of the chlorides in sulfuric
acid, ignoring the reaction to form sulfates, so did not score.

IAL Chemistry WCHO02 01
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Question 20 (e) (ii)

Many candidates knew that barium sulfate is safe to use as its insolubility means that it is
not absorbed in the body. Some answers said it was unreactive but this did not explain why
it is safe to use when barium compounds are toxic.

.:-,._,\Ph-\-i-g' dormesl s Solv|E ' wines S BuSg, wis nsoiE <
(i) Barium compounds are toxic. However, it is safe to give patients a‘barium
meal’ of barium sulfate when trying to diagnose intestinal disorders.

Suggest why this is so. : -
w,{-ﬁ- .

| 5,_,\? LY

........... mb.iprhe:w‘bj&::d‘g e

ﬁ ResultsPlus

Examiner Comments

This candidate has not read the question carefully. Despite
the fact that barium sulfate was described as insoluble in the
previous answer, the reverse statement is made here.
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Question 20 (f)

Marks were often lost by careless use of language in this relatively straightforward question
on rates of reaction. Many candidates did not read the question and discussed the effect of
catalysts, pressure or temperature. Many others talked about increasing the concentration
of calcium carbonate. The explanations of how the different factors altered rate were poorly
expressed. Candidates thought rate would increase because more of a substance was
present and did not distinguish this from an increase in concentration, where there are more
particles in the same volume. A common mistake was to say a smaller surface area would
increase the rate.

Some thought that the kinetic energy of particles would increase when the concentration
increased. A significant number of answers also discussed how changes in concentration
would affect equilibrium position.

*(f) Calcium carbonate, CaCO,, readily reacts with hydrochloric acid. State two
factors, other than a change in temperature, which would affect the rate of this
reaction,

Neither pressure nor the use of a catalyst should be considered.

Explain how each of the two factors you have chosen alters the reaction rate.
. (4}

A nenge e teacenttonon. OfF ¥ne. (e0uronts- \WDhen Yeere
Xe. _more mmum pzx Ak volbdme. Maeie (OfeAMm 15 O
hxq\mu AN o 4 SUCCesitul BAisioNs R sewnd W\ma%orc

ResultsPlus

Examiner Comments

The solid, calcium carbonate, is one of the reactants. As it is insoluble in water
its concentration cannot be increased, so the factor given was not allowed.

*(f) Calcium carbonate, CaCO,, readily reacts with hydrochloric acid. State two
factors, other than a change in temperature, which would affect the rate of this
reaction,

Neither pressure nor the use of a catalyst should be considered.

Explain how each of the two factors you have chosen alters the reaction rate.
(4)

Suctace  _area. of  Caces., . lncrtcm':q the  surface areca
causes.  more  succestul  colliyvas . Remction  tate  jwereases.

Lonsentration. acid ... {lﬁr‘ﬁﬂfﬂ—fﬁmwﬂ'cn*mfﬂoﬂ

L taunse s\ ﬁhaherm;umu*
ResultsPlus

Examiner Comments

The two factors given are correct, and the explanation of increase in rate with
surface area was allowed. The candidate may have confused rate with equilibrium
when referring to the increased yield with more concentrated hydrochloric acid.

IAL Chemistry WCHO02 01
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Question 20 (g)

Many candidates knew that pressure only affects the rate of reactions with gaseous
reactants. As in the previous question, some were thinking about equilibria and said that
the increase in pressure would affect the yield. A few said that neither of the products were
gases, and this was not allowed.

(g) Suggest why pressure has little or no effect on the rate of the reaction of calcium
oxide and hydrochloric acid, the equation for which is given below.

CaO(s) + 2HCHag) — CaCl(aq) + H,O)
(1)

ath ﬂ\ﬂ.grmmmdiﬂmm leokin . Thire Stwo |
o ﬁ“‘- moleealoa i e g bove. . cwm-m e

ResultsPlus

Examiner Comments

This was allowed the mark

(g) Suggest why pressure has little or no effect on the rate of the reaction of calcium
oxide and hydrochloric acid, the equation for which is given below.

CaO(s) + 2HCllag) — Callfag) + HO()
(1)

Nvﬂxhwaammlear'n%-ﬁfwﬁyﬁfﬁdfmfﬁzwj“'fjﬁ’—

He nwmber” of palos  dn beblt  peadtian. . Feme. e sualh g Ge.
Preg e bos e o He‘é’{\@dl

ResultsPlus

Examiner Comments

This candidate was probably thinking about the effect of
pressure on an equilibrium so the answer did not score.
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Question 21 (a)

Candidates struggled to provide a definition for the term “functional group”. Some showed

the idea that it gives specific reactivity but were unable to say what the group actually was.

Many candidates instead described a homologous series. Others said the functional group
was a molecule attached to the carbon chain which gave particular properties, and this was
not given the mark.

It was quite common for candidates to start with the explanation of the term “functional
group” and then forget to classify the type of alcohol. Those who did start with the alcohol
often simply said it had a functional group —OH.

{a) Retinol has an alcohol functional group. Classify the type of alcohol group in
retinol and explain the meaning of the term ‘functional group’
(2}

f
faf"}"”ff':romw'mw{g Adcohal.. Fenctioned

:r:-“f"‘”c

___954'_18:’“6“{ {Qr«;u pdcy

Examiner Comments

This answer is describing a homologous series

A

4

O

Plus

Examiner Tip

Make sure you know the meaning of the terms which are used in organic chemistry.

(a) Retinol has an alcohol functional group. Classify the type of alcohol group in
retinol and explain the meaning of the term ‘functional group’
(2)

It @ BT Prlw.r-m?, . c"lf-':']ubl e

Tanctiorsd Yrop ﬂ%rmtxz.% ....... on . haieoe . Ta Comss

Examiner Comments

This answer was allowed as it implies that the functional group
is the part of the molecule where chemical reactions occur.
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Question 21 (b)

This proved a very challenging question. Many candidates counted the number of carbon
atoms correctly, but then made an error with hydrogen atoms. The answer C, H,,OH was
seen regularly and it scored one mark as it showed that the candidates did not understand
the meaning of the term “molecular formula”.

Question 21 (c) (i)

The first two marks were scored frequently but very few scored the third marking point.
Many candidates did not identify the apparatus as reflux and said that, to get the aldehyde,
heating under reflux was needed. Of those that correctly identified the need for distillation
to get the aldehyde, many suggested fractional distillation as a method. Very few appeared
to realise that the aldehyde has to be distilled off as soon as it forms to avoid further
oxidation. Other candidates failed to score because their answers were in terms of using
water baths, using round bottomed flasks or the need for stoppers or anti-bumping
granules.

(c) Retinol can be oxidized to the aldehyde, retinal.

*(i) To illustrate the conversion of an alcohol to an aldehyde in the laboratory,
a student suggested using the following apparatus and an e
oxidizing-agent. Explain why this proposed method would have been
unsuitable for the production of an aldehyde and explain what modifications
are necessary for successful conversion. A new diagram is not required.

/ open top

water out <—=—

(3)

Liebig
condenser

— «— i
| = water in

pear-shaped
flask

anti-bumping
granules

f

HEAT
EXCess X .l.-;ﬁ...l'.ﬁj«.ng.. agent  should st be used. Limited .

mld-&tr\% ________ c\.a:n’c‘i.tﬁuu\dbekﬁcdhprﬁvm{‘f’arfmﬁan
of corborgdic acid.. Distadian.. cppocatus . should be vsed
Yo .prodsce...en. ..gﬂ.lc[.e..lrugcig. b ecticol . condenser. is. wae.d

‘I.r-uf L\‘Hirll 'r-ﬂn:na-' L=V Qﬂ‘*-_l..
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Examiner Comments

This is an example of an answer scoring all three marks.

(c) Retinol can be oxidized to the aldehyde, retinal.

*(i) To ilustrate the conversion of an alcohol to an aldehyde in the laboratory,
a student suggested using the following apparatus and an excess of an
oxidizing agent. Explain why this proposed method would have been
unsuitable for the production of an aldehyde and explain what modifications
are necessary for successful conversion. A new diagram is not required.

/ open top

(3)

water out <—="| ||
Liebig
condenser
| =< water in
r
pear-shaped
flask

anti-bumping
granules

f

HEAT
H"ﬂtﬁgf‘ﬂms ........... I."& ............ ol tan. ... nﬂl&h.f[‘ﬁ.%_LMmé _____ Wh-t’\ﬁx"éﬁ.!rﬁm
LAeleas. lese. w&:fr‘d. . pf.fm:;.,........ﬂ'&.mfm! s bosidelde

S8 e ey e N on QLMMMMMAQI&_M+ ......................
cha'lsarLDﬂ-ﬂ\'l:'::'rﬁ‘&‘ﬁ,éﬁ%ﬁ*lﬁ"ﬁﬂanmmm
_elestical  beabe . cod . ram\_ leothom . AHlask.

Sglrene |G resutons
Examiner Comments Examiner Tip

This candidate scored the first mark It is important to understand when stoppers are needed.
only. The answer does not explain how Apparatus cannot be completely sealed when it is
to modify the apparatus for distillation. being heated as pressure builds up. The top of a reflux

condenser has to be open, but in simple distillation there
can be a stopper above the point where the condenser
leads out as the lower end of the condenser is open.
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Question 21 (c) (ii)
(i) The oxidizing agent suggested was sodium dichromate, Na,Cr,0_, in acidic
solution, Complete the ionic half-equation below. Give the oxidation
numbers of the chromium in the chromium species and state their colours.
(5)

Cr0%(aq) + .. 7. H'aq) + ..2.e — .. 2. Craq) + .. ﬂ._..HIO{I}

Oxidation
Number e 2
Colour  ..0range. .gren .

Plus

Examiner Comments

This candidate has confused the charge on the ion with
the oxidation number and failed to balance the equation.
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Question 21 (c) (iii)

Most candidates identified one of the peaks which identify an aldehyde. Fewer then went on
to get the second mark as they did not give evidence that the retinol has been completely
converted to retinal. For this they had to state that the peak due to O-H at 3750-3200 cm!
would be absent.

This would be a very obvious change and candidates who had looked at spectra should have
remembered it.

The question instructed candidates to select data to support their answers, but this was
sometimes missing.

*(iil) Describe two features on the infrared spectrum which could be used to
determine whether the retinol has been completely converted to retinal.

Select some of the following infrared data to support your answer,

O—H stretching in alcohols (variable, broad) at 3750 - 3200 ¢cm™! “
O—H stretching in carboxylic acids (weak) at 3300 - 2500 cm™
C=0 stretching in aldehydes (strong} at 1740 - 1720 cm™!
C=0 stretching in ketones (strong) at 1700 - 1680 cm™’

C=0 stretching in carboxylic acids, alkyl {(strong) at  1725-1700cm™’
C—H stretching in aldehydes (weak) at 2900 - 2820 ¢cm™!

C—H stretching in aldehydes (weak) at 2775 -2700¢m™!

e, echum. would Showalmgje&wsfeﬁhvmgmvﬂ)dbaﬁ&m
L1010 and g decaepse In Rue spechwn between 330

amd R =0 i aldihs hﬂwwwtﬁmﬂﬁ%mﬂm

lwava) Wil Yoo Luabehm:moo -—lﬂ'ﬁowﬁ}gﬁm
AL

Haose clowdesintbe gpethum fndicals faat o vekinel hay lacen
converted (wo Yelnal (Di?d.a..hﬂd.ﬁ.}-

Examiner Comments

This candidate thinks that the size of the peak is proportional to
the amount of substance present. The mark for a characteristic
aldehyde peak was allowed, but for full marks the answer had
to say that the O-H peak was no longer there.
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*(iii) Describe two features on the infrared spectrum which could be used to
determine whether the retinol has been completely converted to retinal.

Select some of the following infrared data to support your answer.

O—H stretching in alcohols (variable, broad) at 3750 - 3200 cm™
O—H stretching in carboxylic acids (weak) at 3300 - 2500 cm™!
C=0 stretching in aldehydes (strong) at 1740 - 1720 cm™
C=0 stretching in ketones (strong) at 1700 - 1680 cm™!

C=0 stretching in carboxylic acids, alkyl (strong) at 1725 - 1700 ¢cm™
C—H stretching in aldehydes (weak) at 2900 - 2820 ¢cm™!

C—H stretching in aldehydes (weak) at 2775 - 2700 ¢m™!

B T T N« TUE 1% 2 1 1=\ 000000000

ResultsPlus

Examiner Comments

This candidate knows what to look for in the spectrum but only
scored one mark as no data was given

OO ResultsPlus

Examiner Tip

You should select the relevant data and
include it in your answer when describing
the features which you would use.
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Question 21 (c) (iv)

This was probably the question candidates found hardest. Very few realised that the
structural change which occurs when retinol is converted to retinal is in the arrangement
of groups joined to the third C=C double bond from the ring and that an E/Z change is
occurring. Many did not read the question carefully enough and circled the =0 part of the
retinal.

(iv) The structure of the retinal molecule that combines with opsin in the human
body differs from the structure expected from the oxidation of retinol.

The structures of retinal and retinol are shown below.

(1}
Retinal

Retinol

AN s N

As well as an oxidation, a structural change has occurred within the molecule.
Circle only the part of the retinal molecule where this change has occurred.

ﬁ ResultsPlus

Examiner Comments

This candidate is looking at the right part of the molecule but
has included too many carbon atoms. The part of the molecule
where the change is occurring is at one end of the upper of the
two double bonds which are circled.
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Question 21 (c) (v)

Most candidates referred to the term ‘three bond pairs’ round the carbon atom without
qualifying that double bond was being treated as one bond pair. Very few candidates
referred to regions of electron density. A significant number of candidates thought that the
carbon atom had three bond pairs and one lone pair of electrons. Many answers included
statements about maximum separation and minimum repulsion without it being clear what
was causing the repulsion. Use of these terms does not automatically get a mark unless
they are in a meaningful context. The trigonal planar shape was reasonably well known if
not well spelt.

(v) The bond angle around each carbon atom in a carbon-carbon double bond is
about 120°, Explain the reason for this bond angle and state the name of the
shape around each carbon atom.
(3)
Reason waﬂkhﬁi%m%%}&ﬁamm
fmmewM%O“i
_______________________________________________________ T “‘Bﬂ"ﬁi?l&m ax
Results+lus
Examiner Comments
This scored the second and third marks, but the answer omits to give the
number of bonds or regions of electron density which are repelling each other.
(v) The bond angle around each carbon atom in a carbon-carbon double bond is
about 120°. Explain the reason for this bond angle and state the name of the
shape around each carbon atom.
(3)

Examiner Comments

This scored the third mark only. There is no reference to bonds
or electrons, so no explanation of what is causing the repulsion.
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Question 21 (d)

This proved to be a lot easier than 21c (iv) but it suggested that some candidates are not
sure how to interpret and count the carbon atoms in skeletal formulae.

(d) Complete the diagram below to show the skeletal formula of retinoic acid.
{1}

ResultsPlus

Examiner Comments

This candidate is probably unsure where the C of the COOH
group should be shown.
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Question 21 (e)

This reaction was well known although candidates should be told that safety precautions
specific to the chemicals involved are required and not just general ones such as the need
for lab coats and goggles.

*(e) Retinoic acid and retinol both have OH groups. Suggest one chemical reagent
that you could use to test for the presence of an OH group which would work for
both compounds. You may assume that both organic compounds are dissolved
in suitable solvents,

Give the positive observation for the test and state one necessary experimental
precaution that you would make to reduce the risk from carrying out this test.
(3)

REAGENE .. Y1 BOELA . b B oot et e

eBGENYE e

Precaution .. P4 5. .(%....ea Y2451V E. . G2 . W e  ENEVEE oo

ResultsPlus

Examiner Comments

This candidate scored the first two marks only.

Examiner Tip

When you are asked for a safety precaution try to find something
specific for the reaction. Wearing a lab coat and goggles are
routine precautions, and something extra is expected.
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Paper Summary

Advice to candidates:

e make sure you know the meaning of frequently used terms such as functional group,
homologous series, molecular formula;

e practice using skeletal formulae and make sure you know where the C atoms are in
them;

e show your working in calculations so that if you make a mistake you have a chance of
scoring some part marks;

e read the question very carefully! This advice is given every exam series but careless
reading is one of the most common reasons for losing marks.

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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