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Introduction

This paper allowed students of all abilities to demonstrate what they knew. Many of the questions
were accessible for all students whilst some were able to differentiate the knowledge and
understanding of the most able. The paper began with a question about bonding and shapes of
molecules, part of which was very familiar from GCSE, which appeared to give students some
confidence. Subsequent questions were designed to keep most students engaged for the full time
of the examination, and there seemed to be no issue with students running out of time with most
students attempting the final question. Space did not appear to be an issue with most students
able to answer the questions within the space provided.
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Question 1 (a)

On this question, a number of students were able to respond with answers which mentioned
sharing a pair of electrons, an idea which is common at GCSE level, but must be developed further
for AS. To score, students need to recognise that the bond was an attraction between the nucleii of
the two atoms bonded together and the shared pair of electrons.

This example clearly shows the refinement of the GCSE ideas required at AS level.

1 This question is about covalent bonds.

(a) State what is meant by the term covalent bond.

(2)

ResultsPlus

Examiner Comments

Clearly stating that the bond is the electrostatic
attraction between nucleii and a shared pair of
electrons, this example scored 2.

4 GCE Chemistry 8CHO 01



This question extends an idea encountered at GCSE where the bond between non-metal atoms
involves the sharing of electrons.

/This question is about covalent bonds.

)jﬁ/State what is meant by the term covalent bond.
(2)

ResultsPlus

Examiner Comments

At AS, ideas first encountered at GCSE are refined
and improved. This student has remembered the
basic idea, but has not included any of the
refinement of knowledge which is required here.
To score two marks, this student needed to
mention the nucleii and the attraction between
these and the shared pair of electrons, so this
scores 0.

ResultsPlus

Examiner Tip

A glossary of definitions is a valuable resource for
revision. Careful consideration of definitions is
important to ensure the key elements are present.
A covalent bond requires an attraction between
two nucleii and a shared pair of electrons.

GCE Chemistry 8CHOO01 5



Question 1 (b)

Drawing three dimensional diagrams to show the shape of molecules is an important chemical skill.
Three dimensional shapes involve the use of 'dot' or 'hash' bonds and 'wedge' bonds. These show
the direction of bonds going behind or in front of the plane of the paper respectively. A normal line
shows a bond in the plane of the paper. Many students scored marks for good diagrams, but some
simply did dot-and-cross bonding diagrams or diagrams using just lines which limited their ability to
score marks.

Drawing 3 dimensional diagrams is an important skill needed to show the shape of molecules. A
number of standard bond angles needs to be learnt and applied to both familiar and unfamiliar
molecules.

@m.ﬂw a diagram of the ammonia molecule, clearly showing its shape.
Include any lone pairs of electrons and the value of the bond angle.

N3 (2)

bond angle =

N AT
.—-"'"_:: lou‘..s"
H = 4
H

ﬂ ResultsPlus
Examiner Comments

This student has been taught to use a wedge to
show an atom coming out of the plane of the
paper toward the reader, and a hatched wedge
that suggests the bond is going into the paper
away from the reader. This is an excellent diagram
and scored 1 mark. The bond angle of 107° which
was correct has unfortunately been replaced by
the incorrect angle of 104.5° so this scores 1 mark.

Q ResultsPlus
) Examiner Tip

Learn the standard bond angles and practice
applying them to unfamiliar molecules.
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(b) Draw a diagram of the ammonia molecule, clearly showing its shape.
Include any lone pairs of electrons and the value of the bond angle.
(2)

ResultsPlus

Examiner Comments

This example has the correct bond angle labelled,
but there has been no attempt at a 3 dimensional
diagram so this scores 1 mark.

‘ ResultsPlus
Examiner Tip

Diagrams showing the shape of molecules involve
three types of lines to represent the bonds,
straight lines, wedges and hatched lines. Drawing
diagrams is a difficult skill which comes with
practice.
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Question 1 (d) (i) - (ii)

In part 1 (d)(i), the question asked for the features of the molecules which allowed them to join via a
dative covalent bond. The nitrogen in ammonia has a lone pair of electrons, and the boron in boron
trifluoride is electron deficient, with 6 electrons in its outer shell. The nitrogen can therefore donate
its' lone pair and hence form a dative bond. This question was well answered by many students. In
(d)(ii) many students knew the correct bond angles, but a range of incorrect values were also seen.

This question was well answered by many students, although some did not include all the
necessary detail to achieve full marks. Dative covalent bond formation requires the use of a lone
pair of electrons from one atom and a second atom which is able to accept these electrons.
Nitrogen has the lone pair here and boron is electron deficient, it is two electrons short of a full
outer shell, and so can accept these and share them with the Nitrogen to form the bond.

(d) (i Ammonia and boron trifluoride react to form a compound NH,BF; which
contains a dative covalent bond. Each of the molecules, NH, and BF;, has a
different feature of its electronic structure that allows this to happen.
Use these two different features to explain how a dative covalent bond is formed.
(2)

(ii) During this reaction, the bond angles about the nitrogen atom and the
boron atom change.

State the new H—N—H and F—B—F bond angles.

(2)
H
| l c
W= N8
H F
........................... H=N=H bond 1S
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< / ResultsPlus

| /< Examiner Comments

This example recognises the lone pair on Nitrogen
of the ammonai molecule but does not address
the feature of the boron in boron trifluoride which
allows the bond to form. The diagram of the
product is correct, but no bond angles have been
given so this collects 1 mark in (d)(i) and 0 in (d)(ii).

<A\ ResultsPlus
\ Examiner Tip

The previous two parts of the question lead
through to this final answer. Read the question
carefully to identify what is required. This question
asks for the two features of the molecules which
allow the bond to form.

GCE Chemistry 8CHO 01
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(d) () Ammonia and boron trifluoride react to form a compound NH;BF; which
contains a dative covalent bond. Each of the molecules, NH; and BF;, has a
different feature of its electronic structure that allows this to happen.

Use these two different features to explain how a dative covalent bond is formed.

(i) During this reaction, the bond a
boron atom change.

State the new H—N—H and F—B—F bond angles.
— (2)
\l_

few F-B- f@gm.m ....... o 109:5°

% ResultsPlus
Examiner Comments

This example clearly shows the two features and
both the bond angles and so scores all 4 marks for
these two parts.
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Question 2 (a) (i) - (ii)

Students scored very well on this question. Most knew the answer to part 2(a)(i) and many were
able to state that the number of protons was the same and the number of neutrons different in

part (a)(ii).

2 This question is about hydrogen, the element with atomic number Z = 1,

(a) (i) Hydrogen has two stable isotopes, |H and {H. Complete the table to show the number
of subatomic particles present in the nuclei of these two isotopes of hydrogen.

(1)
H | 0
H ' l
(il) Use the data in the table to explain the term isotopes
(2)

....TL A osn D oen Bap o {'L g Tha Mugns. Hex .

wt«‘H\ ............

ResultsPlus

Examiner Comments

This example has filled in the data correctly in the
table, and then used the data in part (a)(ii) to
explain the meaning of the term isotope. This is an
excellent example scoring 1 mark in part (a)(i) and
2 in part (a)(ii).

ﬂ ResultsPlus
Examiner Tip

An 'Explain' question requires some justification.
Remember that an 'Explain' will therefore need
explanation or justification, and that if data is given
you will usually need to use it in your answer.
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Question 2 (b) (i)

Many students had a good try at answering this question, but some answers did not sufficiently
explain why the value was bound to be greater than 1.0. The simplest way to answer the question
was to suggest that lightest isotopes had an isotopic mass of greater than 1 and so the average
value therefore, could not be less than this.

Estimation is an important skill in chemistry. It can be used to make sure answers to calculations
are in the correct region and allows students to spot clearly incorrect answers and so rework their
calculations. In this question, the idea of both isotopes having a mass greater than one means that
the average must be greater than one was the expected answer. Some students did not express
themselves with sufficient clarity to score the mark. Others did, but also explained why the answer
would be just a little above one. This is a valuable skill, though not worth any marks on this
occasion.

(b) The relative atomic mass of hydrogen in the Periodic Table is 1.0.
This is correct to two significant figures.

The table gives data for the relative isotopic mass and natural abundance of the
two stable isotopes of hydrogen.

H 1.007825 99.9885
H 2.014101 0.0115

(i) Using the data in the table, give a reason why it can be estimated that the
relative atomic mass of hydrogen is greater than 1.0.

ResultsPlus

Examiner Comments

This example mentions both isotopes having an
isotopic mass greater than one so scores the mark.

ResultsPlus

Examiner Tip

Practice estimating answers in all calculations. It is
a very valuable skill, which may save marks if
calculators are used incorrectly.
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Question 2 (b) (ii)

Most students were able to correctly calculate the relative atomic mass, but some were confused
about 4 decimal places, and quoted the value to 4 significant figures instead.

Significant figures and decimal places have increasing importance in AS and A level chemistry. This
calculation was well answered with many able to carry it out, but there was some confusion about
giving the answer to 4 decimal places.

(i) Calculate the relative atomic mass of hydrogen from these data, giving your
answer to four decimal places.

(2)
(rr007828 « GG - S£&S) T (2.016l00 X O Cr/)
__—_-—_'_—_—'—_.__.—_.—_ -

/0 O

=

/007540722
- OO0FO0

\\J:Z ResultsPlus
Examiner Comments

This calculation is perfectly correct except for the
final answer which does have 4 decimal places but
has been incorrectly rounded. This scored 1.

/\
Q ResultsPlus
Examiner Tip

It is good practice to keep calculations in a
calculator until the final answer, which should be
rounded either to the number asked for or to the
precision of the least precise numbers in the
question. Practice makes perfect!

GCE Chemistry 8CHO 01
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It is quite common to see answers which are close to the correct answer in calculations. This is
normally where a mistake has been made in the use of the calculator. Sometimes, as mentioned
previously, estimation can be used to spot these, but on other occasions, this is not possible.

(i) Calculate the relative atomic mass of hydrogen from these data, giving your
answer to four decimal places.
(2)

A, - _" [ (1.009 825 x aa.ag8s) +(2. 0161 x 0 ‘9"5))
f._l!ig (100 b8a?-..)

ResultsPlus

Examiner Comments

In this example, the calculation quoted is perfectly
correct, though not laid out in quite the same way
as the mark scheme. The answer is not correct,
however. We could not see what the mistake was
here, but clearly there has been an error in the use
of the calculator. As a result this scored 1.

ResultsPlus

Examiner Tip

If you have sufficient time, restart calculations
from the beginning to check your answers, or, if
you can see a different method, use this as a
check.
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Question 2 (c) (i)

The definition and equation for ionisation energies is a very common question at AS level. This
example requires an equation. Many were able to give the correct answer but a significant number
were not, more than we had expected. This is probably due to hydrogen being a gaseous element
which caused some confusion. lonisation energy is always removal of electrons from single atoms
or ions. In this case, a single hydrogen atom should have been used.

Another common mistake was to use the equation for ionisation in a mass spectrometer.

(c) (i) Write an equation to fepresent the first ionisation energy of hydrogen.
Include state symbols.
(2)

B Hoxe SH" +e”

,@««"g/\(*ﬁ -
N / ResultsPlus

| /< Examiner Comments

This example is very similar to the ionisation in the
mass spectrometer, but would require a second
electron on the right hand side of the equation.
This could have scored one mark without the
electron on the left hand side or with the correct
state symbols ((g) for both the H and the H") but
unfortunately scored no marks.

A
4
/

&\ ResultsPlus
\\_‘ Examiner Tip

lonisation energy definitions for both first and
subsequent ionisation energies need to be learnt.
The equations follow from the definitions if they
are learnt properly. This is another example of
where a glossary is a valuable tool.

GCE Chemistry 8CHO 01
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The commonest incorrect response in this question was to write an equation involving the loss of

electrons from hydrogen molecules, forgetting that the definition of ionisation energy is the loss of
electrons from gaseous atoms, not molecules.

(c) (i) Write an equation to represent the first ionisation energy of hydrogen.
Include state symbols.

(2)
W —=21" + 94
@ @

ResultsPlus

Examiner Comments

This example goes from hydrogen gas, which is a
familiar diatomic molecule to candidates, to two
hydrogen ions, which they most often encounter in
aqueous acids. This explains the use here of H,
and H*(aq). These were common mistakes and
scored no marks.

16  GCE Chemistry 8CHO 01



Question 2 (c) (ii)

Students were able to score well here, though full marks was relatively rare. There are a number of
factors which affect the value of ionisation energies, and it is important that students are aware of
these and are able to select the most important depending on the comparison being made. They
include the distance of the electron from the nucleus, the charge on the nucleus, the number of
shielding electrons and the number of electrons in the orbital. This question required students to

compare hydrogen with helium and then with lithium.

(i) The sequence of the first three elements in the Periodic Table is hydrogen,
helium and then lithium.

Explain why the first ionisation energy of hydrogen is less than that of helium,
but greater than that of lithium.
(4)

\')['_\N{V'\ \'\vs h-e & qf‘g,u-f \(\D& &N\, \«-«-I {am,, mg.
...... 5 \\... w:\w L\ ? LL\ A3 muac\o) var \\mn \L\,

e b 1 SR DU W Mo
NL ﬁuLw}' oy vv&w"— 4& ;\ymg S0 Ot aneroy

e W'mQ. "’a LeDnws \L-i.\

b oo e o U 3,

9»5¢°\'t-f'huc O A,\«p@c ,Lw-w«rﬂf M &\L‘ OV g&m

. awu uﬁ- sn.-} ....... (!—*K«l-rm A v N, s’\.-uk\ T\ﬂ‘ men \L
nM‘K«. nvc\tb’& M«Q \L‘R Aﬁ;m

mQ s ?39?33(& '\.f 0. jl" e \udl Lan e nems
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N

J
-

N/ (ResultsPlus
ﬁ/\e Examiner Comments

This is an example of a response that does not
include a statement concerning the electronic
structures of hydrogen and helium. Comparing the
two by saying that the electrons were both in the
first energy level scored one of the marks but was
not included here. The comparison of hydrogen
with lithium was good so this scored 3 marks.

4

&34\ ResultsPlus
\

) Examiner Tip

Always make sure that all factors are considered
when answering questions on ionisation energy. It
is a good idea to start by stating where the
electrons are relative to each otherin a
comparison.




(ii) The sequence of the first three elements in the Periodic Table is hydrogen, g (5
helium and then lithium. T’

Explain why the first ionisation energy of hydrogen is less than that of helium, L
but greater than that of lithium.

(4)

...../{ydfbg&' and Jw,&m ........... both. dowe one Shell,

dnser Lo ﬁ.am«éw . o eﬂegy ./z:gmmt ,L('a _______
Jemove ik .. Aighe jus’r LOﬂt&aJ:tm .......... enegy.

#:Z ResultsPlus
Examiner Comments

This answer did compare hydrogen with helium
successfully, and recognised that there was an
extra shell of electrons for lithium, but did not
mention the important factor of shielding, so this
too scored 3 marks.
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Question 2 (d)

Hydrogen's electronic structure leads to the position above lithium being sensible, whilst the
difference in chemical reactivity and the fact that it is not metallic are obvious barriers to this
position. Many students were able to score 2 marks here, but relatively few scored all 3.

(d) Hydrogen can be placed in several different positions in periodic tables. One is
immediately above lithium in Group 1. Another is in the centre of the first row, as
shown in the Periodic Table on the back cover.

Criticise the position of hydrogen immediately above lithium by giving
one reason in favour and two against.

(3)

ResultsPlus

Examiner Comments

This was a very common type of response. The
student scores 2 marks for the comments
regarding the similarity of the outer electron
structure and the fact that hydrogen is not an alkali
metal, but the final point about the different
properties is too imprecise to score the third mark.

20 GCE Chemistry 8CHO 01



Question 3 (c) (i)

This question was very well answered, demonstrating the familiarity with the practical work in
titrations required. Some students omitted trailing Os on the value 4.60 and so lost one of the

marks.

Some students read the numbers upside down, and so found volumes of 5.40 and 33.65.

(c) (i) Complete the table of results for titration number 1, using the diagrams to

find the initial and final burette readings.

Table of results

—l
s -

Initial reading

(2)

— #3?‘35
s

2235

Final reading

GCE Chemistry 8CHO 01
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\ / ResultsPlus
/\ Examiner Comments

This student has read the scales the right way, but
has made a slip with the final volume and has
overwritten the correct answer and changed it to
33.35 instead of 32.35. The calculation is correct,
however, so 1 mark is scored.

<O\ ResultsPlus
\ Examiner Tip

Practical work is a very important component of an
AS in chemistry. Examinations at this level will have
a number of questions which test skills associated
with practical work such as this one.




(c) (i) Complete the table of results for titration number 1, using the diagrams to

find the initial and final burette readings.

Table of results

E=N

T[T

Initial reading

$I|||||[\If

Final reading

(2)

Examiner Comments

This is an example of a candidate who has read the
scale from the bottom up. This scores one mark
for a correct subtraction from incorrect volumes.

1 336 SL{O tg-28

2 28.05 1.10 26.95

3 37.65 10.20 27.45

4 32,05 5.00 27.05
ResultsPlus

GCE Chemistry 8CHO 01
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Question 3 (c) (iii)

Students who could make a start on this calculation generally scored very well, with most quoting
the answer to 3 significant figures. Marks could be scored no matter which of the values were
selected in part (c)(ii).

(iii) Calculate the concentration, in moldm™, of the potassium hydroxide solution,
giving your answer to an appropriate number of significant figures.
(3)

N= v C2 NXION
VOO ——
Vv
C =00 X 1000
T < Q. 14¢S md lobm
H, 84, 4 2 ON o -3
Ve Bem? W.n‘ ~ 015 mﬂoolm
s O~0f nd W’ =Sy, ——————
Nz 0.002
To-cﬁms
P
I~ 2

C.o0l! 0.y

ResultsPlus

Examiner Comments

This student has used the incorrect mean titre of
27.30 cm®. This has already lost them one mark so
is not penalised again. This calculation is entirely
correct using this volume and so scores 3 marks.
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(iil) Calculate the concentration, in moldm™, of the potassium hydroxide solution,
giving your answer to an appropriate number of significant figures.

C‘;A“ He SOy => 25 Cm~
M o O §FOOmddn?

»moles = 2L 5 x0 ©80C
(00O
- O-OC)Zmﬁ

(3)

7 KOH
C - '/:—:ooo

17

so-07¢07H
(e~ O 07 mot oln”>
A aisy
1, KO —

ResultsPlus

Examiner Comments

This example finds the number of moles of sulfuric
acid correctly, but then does not multiply by 2 to
give the moles of potassium hydroxide. Their
concentration is half of that expected. They have
then quoted the answer to only one significant
figure so this response is worth one mark.

GCE Chemistry 8CHO 01 25



(iii) Calculate the concentration, in moldm™, of the potassium hydroxide solution,
giving your answer to an appropriate number of significant figures.

W, 50, + 2KOH = 50, « 24,0

(3)

0.02¢ J«m‘ 0.029 Clmhri
0 ofmdds Ol mdds

M QniCmd () M Ul et

Ll"x io
Q .O'l."l

= O\ Imd Jon

ResultsPlus

Examiner Comments

This otherwise perfectly correct answer only scores
2 marks as the final value is given to 4 significant
figures.

ResultsP
Examiner Tip

The correct number of significant figures to use is
the same as the smallest number of significant
figures in the data in the question, or one less.

us
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Question 4 (a) (i) - (ii)

This question was also well answered in general. The expected answers in part (i), sulfate(Vl) and
carbonate were often seen, with sulfate(lV), a perfectly correct answer which is less commonly
covered in this specification, also seen regularly.

Incorrect answers tended to revolve around halide ions, particularly chloride ion which does give a
white precipitate under the correct circumstances (with acidified silver nitrate solution).

4 An ionic compound contains a metal cation and a non-metal anion in a 1:1 ratio, and
water of crystallisation. The compound can be represented as MN.xH,0, where x is
the number of moles of water of crystallisation per mole of MN.

A sample of MN.xH,0 was dissolved in distilled water to produce a colourless
solution, with a concentration of about 0.5moldm™, 2cm’ of the resulting solution
was transferred to each of two test tubes.

The following tests were carried out to identify the ions present.

(a) Test1 @ SO 3 -
(i) Addition of a few drops of a solution of barium chloride to one of the test or
tubes gave a white precipitate. » SU !P ha le @@ rbmabe
Identify, by name or formula, tweo possible anions that would give this result. K

seb@Adiks ulphare °oF, Coubanake (1
B bl

WA

(i) Addition of 1cm® of dilute hydrochloric acid to the test tube in (a)(i) resulted
in no further change.

Give the formula of the anion.
(1)

e SUlphake o SO BT

GCE Chemistry 8CHO 01
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A

\ / ResultsPlus
//\ Examiner Comments

This student clearly knows the identity of the
possible ions and scores the mark in part (a)(i).
Unfortunately they have the wrong formula for the
ion. The correct answer for part (a)(ii) was the
sulfate (VI) ion, SO,2-. This is the sulfate (IV) or
sulfite ion, which would give a white precipitate
initially, but would dissolve in the presence of the
hydrochloric acid.

&4\ ResultsPlus
\ Examiner Tip

Learn the formula of the complex anions such as
sulfate (VI), sulfate (IV) and carbonate including
their charges.




Question 4 (b) - (c)

The expected response here was the magnesium ion, though beryllium ions also give no flame test
colour. Where students could make a start on the calculation in part (c) they scored well, with a
fairly large proportion using the alternative values offered in brackets. The expected values of 7 (or
6 for the alternative) were commonly seen, although students scored a range of marks, with

answers using a variety of methods.

Various methods were possible for the solution of this problem. Three methods were given in the
mark scheme, but various combinations and alternatives were also possible.
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(b) Test 2
A flame test on a sample of solid MN.xH,0O gave no change in the flame colour.

Give a possible identity of the cation, M.
(1)

......................................... ;Mo%mﬂ-m

(c) Heating the hydrated compound results in the formation of the anhydrous ionic
solid MN by the following reaction:

MN.xH,0(s) — MN(s) + xH,0(g)

Heating a sample of the hydrated compound reduced the mass to 48.9% of its
original value,

Use this information and your answer to (a)(il) and (b) to calculate the value of x.

CoCl,.yH,0 in which the sample reduced in mass to 54.6% of its original value.

Note: If you have been unable to identify MN, you may use this hydrated compound,
Mbw‘ Use this information to calculate the value of y.

(4)

2423+ 321+ 406D
= 120 4

120.4 + = (2+16)
120-4 + 18

O.4%q (1204 +18x) = 1204

120, 4 +18x =246-216
[Foc = 176. 8
%= (.9

x= 7
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< / ResultsPlus

| /< Examiner Comments

This perfectly correct solution scores full marks.
This answer would have benefitted from a little
annotation to show what was being calculated. For
example, labelling the first line as 'Relative formula
mass of magnesium sulfate' would have been
helpful.

<A\ ResultsPlus
\ Examiner Tip

Clearly laid out calculations, preferably with some
annotation to show what is being calculated, will
lead to the best results. It helps to clarify the
candidates thoughts as well as making seeing
where marks can be awarded more
straightforward.

GCE Chemistry 8CHO 01
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(b) Test 2
A flame test on a sample of solid MN.xH,0O gave no change in the flame colour.

Give a possible identity of the cation, M.
(m

(c) Heating the hydrated compound results in the formation of the anhydrous ionic
solid MN by the following reaction:

MN.xH,0(s) = MN(s) + xH,0(g)

Heating a sample of the hydrated compound reduced the mass to 48.9% of its
original value.

Use this information and your answer to (a)(ii) and (b) to calculate the value of x.

CoCl,.yH;0 in which the sample reduced in mass to 54.6% of its original value.
Use this information to calculate the value of y.

[ Note: If you have been unable to identify MN, you may use this hydrated compound, ]

32 GCE Chemistry 8CHO 01
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< {ResultsPlus
‘/\ Examiner Comments

This example uses the expected method of finding
the number of moles of anhydrous magnesium
sulfate and of water and then finding the ratio of
these moles to give the value of x. The formula
mass of magnesium sulfate is not that expected
using data from the periodic table, but many
candidates are award the sulfur has a relative
atomic mass of 32 to 2 significant figures rather
than the 32.1 given in the periodic table. This is not
penalised. Unfortunately this candidate has
inverted the percentages so gets an answer of 6
instead of 7 and so scores 3 marks for the
calculation. The identification of the ion in (b) is
perfectly correct and so scores 1.

GCE Chemistry 8CHO 01
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Mistakes in identitifying the metal ion in part (b) would obviously lead to incorrect answers to the
calculation. Transfer errors were allowed and so calculations with incorrect metals could still score
full marks.

(b) Test2
A flame test on a sample of solid MN.xH;O gave no change in the flame colour.

Give a possible identity of the cation, M.
(1)

....................................... Aoy SWEC.

(c) Heating the hydrated compound results in the formation of the anhydrous ionic
solid MN by the following reaction:

MN.xH,0(s) — MN(s) + xH,0(qg)

Heating a sample of the hydrated compound reduced the mass to 48.9% of its
original value.

Use this information and your answer to (a)(ii) and (b) to calculate the value of x.

Note: If you have been unable to identify MN, you may use this hydrated compound,
CoCl,.yH,0 in which the sample reduced in mass to 54.6% of its original value,
Use this information to calculate the value of y.

(@)
AgNoy - X W0 6)—n  AgNO3 () + 4 0 (3)
% e~ UB-Aa 3 = sld% M,0
Ne hNoy = 1éa.4 (losame  one mole used )

“ Me Aam,...n,o T ATl

. we Ho = \73F.54

*
Y
0
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< / ResultsPlus

| /< Examiner Comments

This candidate has lost the mark in (b) for
identifying the metal ion as silver and for
identifying the anion as nitrate ion also. Their
calculation for the formula of hydrated silver
nitrate, from the data given, is perfectly correct
and so scores full marks in (c).

<A\ ResultsPlus
\ Examiner Tip

Clearly laying out your calculation, as in this
example, allows markers to understand how the
question is being answered and makes the
awarding of full marks easy for correct
calculations.
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Question 5 (a) (i)

This question was testing the ability of the students to understand practical instructions and
interpret chemical equations. A familiarity with this type of synthetic practical work involving the
reactions of acids would be a great advantage here.

5 Astudent made crystals of a metal chloride, JCl,.6H,0, by reacting the
metal carbonate, JCO,, with hydrochloric acid, HCl(aq). The product was purified.
Procedure

Step 1 150cm’ of hydrochloric acid, concentration 0.80 moldm™, was transferred to a
400 cm’ conical flask. The flask was warmed gently using a Bunsen burner.
A spatula measure (about 1.0g) of metal carbonate was added to the acid.

Step 2 When the reaction in Step 1 was finished, more metal carbonate was added
until the metal carbonate was in excess.

Step 3 The resulting mixture was filtered into an evaporating basin.

Step 4 The evaporating basin was heated using a Bunsen burner to concentrate the
solution, The concentrated solution was allowed to cool and crystallise.

Step 5 Once crystal formation was complete, the resulting mixture was filtered for a
second time.

Step 6 The resulting white crystals were rinsed with a small volume of ice-cold water.

The equation for the reaction between the metal carbonate and hydrochloric acid is
JCO4(s) + 2HCl(ag) — JCly(aq) + H,O(l) + CO,(g)

(@) (i) Describe two observations that the student might make which show that the
reaction in Step 1 has finished.

(2)

e SIS NNAOL | BXEP CARRTY v sa e . 2 . CO2
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<7 ResultsPlus

Examiner Comments

This is an example where two points have been
made, but both are covering the same idea - that
of gas no longer being produced, so this example
scores 1 mark.

G\

& \ ResultsP
N Examiner Tip

Use the number of marks available for each item

as a guide to how many points you need to make.
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Many candidates recognised that the gas given off, carbon dioxide, could be tested for using
limewater. This was not mentioned in the description of the experiment, however, and rarely
scored a mark as a result.

5 A student made crystals of a metal chloride, JCL,.6H,0, by reacting the
metal carbonate, JCO,, with hydrochloric acid, HCl{aq). The product was purified.

Procedure

Step 1 150cm’ of hydrochloric acid, concentration 0.80 moldm ™, was transferred to a
400cm’ conical flask. The flask was warmed gently using a Bunsen burner.
A spatula measure (about 1.0g) of metal carbonate was added to the acid.

Step 2 When the reaction in Step 1 was finished, more metal carbonate was added
until the metal carbonate was in excess.

Step 3 The resulting mixture was filtered into an evaporating basin.

Step 4 The evaporating basin was heated using a Bunsen burner to concentrate the
solution. The concentrated solution was allowed to cool and crystallise.

Step 5 Once crystal formation was complete, the resulting mixture was filtered for a
second time.

Step 6 The resulting white crystals were rinsed with a small volume of ice-cold water.

The equation for the reaction between the metal carbonate and hydrochloric acid is

JCO,(s) + 2HCl(aq) — l_ic‘:lzl[alq] + H,0(l) + CO,(g)
k.26
(a) (i) Describe two observations that the student might make which show that the

reaction in Step 1 has finished.
(2)

ResultsPlus

Examiner Comments

This answer has recognised the carbon dioxide
would be formed in the reaction, but not that it will
cease being formed at the end of the step when all
of the added metal carbonate has reacted and so
scores no marks.
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Question 5 (a) (ii)

This part of the practical technique was well understood and familiar to the majority of students, or
they were able to interpret the instructions correctly.

Question 5 (a) (iii)

Again a question testing an understanding of why practical techniques might be used. This was
much more challenging, and the use of ice cold water to wash off soluble impurities was not
commonly understood. The instructions tell the students that it is being used to rinse the crystals,
so simply washing the crystals was not sufficient to score the mark. Much more commonly
recognised was the idea that the crystals would dissolve if the water was hot or in large volume.

(iil) Explain the use of a small volume of ice-cold water in Step 6.
(2)

........ e 90 te  cPystads. Aon . Assolve
________ Old  shopo ML Corstnls frowm

ResultsPlus

Examiner Comments

This response covers the point about avoiding
redissolving the crystals so scores 1 mark.

Q ResuitsPlus
Examiner Tip

Familiarity with practical techniques and the ability
to apply your knowledge and understanding to
these is an important part of AS chemistry.
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Question 5 (b)

This calculation provided very good differentiation with most students being able to score 1 or 2
marks and only the better students being able to score all 5 marks. There were two methods; one
finding the molecular mass of JCl, and thus the atomic mass of ] and the second finding the mass of

Jin the sample and hence the atomic mass. Both methods finished by students selecting the
element which has the closest mass to their calculated value.

It was quite common for students to score the first three marks, but then to make an incorrect

subtraction for the fourth mark. If this occured, the fifth mark could still be scored by looking up
the atomic mass found on the Periodic Table.

(b) The student obtained a mass of 14.26 g of hydrated crystals.

Assuming that the percentage yield is 100%, use the information in the procedure
to give a possible identity of J.

A0z +2HCN 0 + RO ¥COq9 @

’1‘3"““" 1500 1%.26
Q0 .%0
AcC — n =0 % S
Theo 00 = \00 KA = 0 "Lﬁ%o
2n - -%S
Treg v\00 = n= O .06
\ui@, F00 =100
1L 26 =x¢
MOSS

MOJ]Mr

26 =Me Me =237 66
0. 06 Mr = 2239

228 - (2%x2ASS)
) Me=\p17
= Erbum
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‘v| < Examiner Comments

This example does not subtract the mass of water
from calculated formula mass of the compound,
giving a mass which is 108 g mol-1 too large.
Erbium is the element which has this mass so the

final mark could be scored, so this was awarded 4
marks.
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Question 5 (c) (i)

This question was basically in two parts: one to explain the surprising lack of colour in the crystals
and the second, the use of the flame test.

Some students attempted to do only one of these two tasks. The expected metal was Nickel, a
transition metal, which would be expected to have coloured compounds as this is a property of
transition metals. This mark was relatively rarely scored, but the second mark, for using the flame
test to identify the cation present, was much more accessible.

(c) The student was surprised by the white colour of the crystals of JCl,.6H,0 in Step 6.
This did not agree with the possible identity for J from the calculation in (b).
The student decided to perform a flame test on the crystals.

(i) Explain why the student was surprised and decided to carry out a flame test.
' (2)

eath mekod  g\ves o dishnct  colour whea

............. bvnk <o cold be used {0 e Sure Lxacldy

ResultsPlus

Examiner Comments

This response scores the second of the available
marking points by stating why the flame test would
be carried out.
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Question 5 (c) (iii)

Students who successfully made a start to this question could often find the percentage yield
correctly. Most gave the answer to 2 significant figures.

1 mark would have been scored in part (c)(i) by this response for knowing that cobalt, a transition
metal, should give coloured crystals.

(c) The student was surprised by the white colour of the crystals of JCl,.6H,0 in Step 6.
This did not agree with the possible identity for J from the calculation in (b).
The student decided to perform a flame test on the crystals,

(i) Explain why the student was surprised and decided to carry out a flame test.
(2)

Clobgudh N e bbb, weagmA apek

(i) The flame test colour was crimson red. Identify J. o
B A bariumGM
B B calcium
# C lithium

® D strontiumned

(iii) Calculate the actual percentage yield of the reaction, which produced 14.26g
of crystals.

Give your answer to two significant figures.

S G, 6H g @
for - @ANTLL 66 :\W@i& =IS-"(‘{63

'y
Wetzs = 0 .0¢

(4-1e
o K —— = 8.4

16 A6
= 9907, (3-5€)
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< / ResultsPlus

| /< Examiner Comments

The identification of strontium in the multiple
choice question is correct and the subsequent
calculation fully correct up to the final answer,
which is quoted to 3 significant figures, where the
question clearly asks for 2. This therefore scored 1
of the two marks.

<A\ ResultsPlus
\ Examiner Tip

Read the question carefully, particularly for
calculations which are often required to be given in
particular numbers of significant figures, decimal
places or to appropriate numbers of significant
figures.




(¢) The student was surprised by the white colour of the crystals of JCl,.6H,0 in Step 6.
This did not agree with the possible identity for J from the calculation in (b).
The student decided to perform a flame test on the crystals.

(i) Explain why the student was surprised and decided to carry out a flame test.
(2)

(i) The flame test colour was crimson red. Identify J.

B4 A barium
¥ B calcium
B C lithium

® D strontium

(iii) Calculate the actual percentage yield of the reaction, which produced 14.269
of crystals.

Give your answer to two significant figures.

NS 7 mdg% AN V)26 L
~ Q0b A m :
AL %’SB(:S

A Us e
oo 99 9%
FCESS o 947

(2)

ResultsPlus

Examiner Comments

In this answer a mistake, perhaps in the reading of
the number on the calculator, has been made in
the calculation of the relative formula mass. It
should be 266.6. The subsequent calculation using
this incorrect value is correct and the answer
quoted to 2 significant figures so this scores 1
mark.
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(c) The student was surprised by the white colour of the crystals of JCl,.6H,0 in Step 6.
This did not agree with the possible identity for J from the calculation in (b).
The student decided to perform a flame test on the crystals.

(i) Explain why the student was surprised and decided to carry out a flame test.

(2)
s 13 decaust e Shdent.... B wnld bt
.............................. txputed 0. Cyshals b ke elewied
(ii) The flame test colour was crimson red. Identify J.
(1)
B A barium
B B calcium
B C lithium
B D strontium
(iii) Calculate the actual percentage yield of the reaction, which produced 14.26g
of crystals.
Give your answer to two significant figures.
(2)
006 % Ly Cl.64,0
, actual
yeld s  — >))15%
yhoord @
R 4
- 1_’..--"" ¥14
) . Z(
7
7y-21877
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ﬁ/\e Examiner Comments

In this example the metal chosen in the multiple
choice question is lithium, which is incorrect. The
subsequent calculation of the theoretical yield is
correct but then, perhaps because it correctly
calculates the answer is greater than 100%, the
calculation of the percentage yield is inverted. This
scores 1 mark for the calculation of the theoretical
yield.
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Question 6 (a) (i)

Very few did not score here. This aspect of AS chemistry has clearly been particularly well taught
and well understood by almost all students.

Question 6 (a) (ii)

This question required students to recognise that the two elements had the same outer shell
electron structure and that this lead to their similar chemical reactivity. Many were able to do this.

(ii) Explain why iodine and chlorine have many similar chemical reactions.

ResultsPlus

~ Examiner Comments

This was a typical correct answer. As well as the
third statement, which contains both the marks,
two additional statements have been made. These
are both factually correct so do not penalise the
student. This scored both marks.
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Question 6 (b) (i)

This was another item where many students scored both the available marks.

(b) Members of the same group sometimes react in different ways.

lodine and chlorine react differently with thiosulfate ions, S,0%".
lodine gives 5,07, whilst chlorine gives SO,

() Complete the table by identifying the oxidation numbers of sulfur in the three
sulfur-containing ions. (xxa) t (-2 Xe) = 2
(2)
{(Xx4) + (-12) = "2 IOCxq - |

<, .

S0y

-8 = -2 S=5

2.
~2 X4 SO;” b
. sor (% g2 .S

ResultsPlus

Examiner Comments

This student has unfortunately failed to include a
sign with their oxidation numbers, and so only
scored 1 of the 2 marks.

ResultsPlus
Examiner Tip

Signs should always be included with answers to
calculations of oxidation number and in other
situations such as energy changes.
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(b) Members of the same group sometimes react in different ways.

lodine and chlorine react differently with thiosulfate ions, 5,05 .
lodine gives S,0%", whilst chlorine gives SO;".

(i) Complete the table by identifying the oxidation numbers of sulfur in the three
sulfur-containing ions.

(2)

L2
5,08 + 2 —6 e
C\ oy +& ~&+ Xxz2-2
+ S:0¢” +25 —re+ Rz
ResultsPlus

Examiner Comments

In this example, the candidate has used an
algebraic expression to calculate the answers.
Unfortunately, they have not done this correctly in
the second part. The expression is correct but the
answer to it is not. This has 2 correct out of 3 so
scores 1 mark.
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Question 6 (b) (ii)

Recognition that iodine gained an electron was common.

(i) The equation for the reaction of iodine with thiosulfate ions is

25203- + 1, =21 + 5402'

State, in terms of electrons, why iodine is classified as an oxidising agent in
{ I ——

this reaction.

@bewﬁfl\‘gungded*w& ............................................................... .

ResultsPlus

Examiner Comments

This was a typically correct response.

4 ResultsPlus
Examiner Tip

Again, reading the question carefully is vital.
Explaining why a species acts as an oxidising agent
can be done in terms of electrons or in terms of
oxidation numbers.

“'\‘jl."i -'\L{'lb "Z
- 4

Ut
o -

-
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(ii) The equation for the reaction of iodine with thiosulfate ions is
25,03 + I, = 2I" + S,0%

State, in terms of electrons, why iodine is classified as an oxidising agent in
this reaction.

(1)

_feduces. itseld fron. O 4o
Or\d O d.ses DH\Q; element [ Molecwdes.

ResultsPlus

Examiner Comments

This answer is in terms of oxidation numbers so
does not score a mark.
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Question 6 (b) (iii)

Many students were able to deduce that chlorine was a stronger oxidising agent as the oxidation
number of the sulfur went higher that it did with iodine as shown by these two typical examples.

(iii) Use your answer to b(i) to show that chlorine is a stronger oxidising agent
than iodine.
(1)

............. Beowre (hosot ooy Beosovget Yoy SO O peany B oNdase Brve iy

T toct Odiling.

ResultsPlus

Examiner Comments

This response received 1 mark

(iii) Use your answer to b(i) to show that chlorine is a stronger oxidising agent
than iodine.

...... he Sulpher.. mert b

(1)

ResultsPlus

Examiner Comments

This response received 1 mark
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Question 6 (b) (iv)

This equation was quite well answered. lonic half-equations are always challenging at this level
except for the most straightforward examples. Many students were able to deduce the correct
species from description of the experiment, but then some failed to correctly balance the
equations, often having either 8 hydrogen ions or 10 electrons. Students need to remember to
balance the charge on both sides of the equation after they have balanced the different types of
atoms.

(iv) Chlorine reacts in aqueous solution with 5,03 to give SO
The ionic half-equation for the reaction of chlorine is

Cl, + 2¢” = 2CI°

Write the ionic half-equation for the reaction of aqueous $,03™ to give SO; .
State symbols are not required.
ﬂ_ I {2]

e
U N ace ¥ W
N NAY: \V I S AN o C‘\&l\ TG ¥ \u:ﬁ‘

M)+ Wy o WM N L RN

ResultsPlus

Examiner Comments

This response has 6 waters instead of 5 and 10
electrons instead of 8 so scores 1 mark for
identifying the correct species.

(iv) Chlorine reacts in aqueous solution with 5,03 to give SO;".
The ionic half-equation for the reaction of chlorine is

Cl, + 2™ - 2CU

Write the ionic half-equation for the reaction of aqueous 5,03 to give SO
State symbols are not required.

B 50, 50—/ 12 oy

Examiner Comments

This one has only 2 electrons produced so also
only scored one mark for the species identification.
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Question 6 (b) (v)

Relatively few students were able to score this mark, although it was common for those who had

scored both marks in part (b)(iv) to score this mark as well.

(iv} Chlorine reacts in aqueous solution with S,03" to give SO; .
The ionic half-equation for the reaction of chlorine is

Cl, + 2¢” - 2Cl”

Write the ionic half-equation for the reaction of aqueous 5,03 to give SO;".
State symbols are not required.
(2)

A -
SO~ S}..Ga - 156\(1 + ot t S
L
(v]j Use your answer to (b)(iv) and the half-equation for chlorine, to write the

overall ionic equation for the reaction between chlorine and thiosulfate ions.
State symbols are not required.

(1)

- 1‘
¢y « e - ‘Sl—{)ﬂ ~ S)_c’g —_—D }'SGI, 41loM <« e ol

ResultsPlus

~~ Examiner Comments

This student has combined the two half-equations

but has not multiplied the chlorine to chloride half-
equation by 4 and then cancelled the electrons, so

does not score the mark.

‘ ResultsP
Examiner Tip

Full equations, and the half-equations which can
be used to produce them, should be balanced. The
equations should have the same number of atoms
and the same charge on both sides. Full equations
never have uncancelled electrons.
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Question 7

This 6 mark question was accessible to most students, but resulted in a good range of marks being
scored. The most common of the indicative points to be missed was the idea that the same number
of electrons would result in a very similar contribution to the boiling temperature from London
forces for all three molecules. As a result 5 indicative points was a quite common score for good
students.

*7 The compounds hydrogen fluoride, water and methane, all have simple molecular
structures, but they have significantly different boiling temperatures,

Discuss the reasons for the differences in the boiling temperatures of the three
compounds, using the data in the table and the Pauling electronegativity values in
the Data Booklet.

CH, -161.5 10
H;O 100.0 10

HF 19.5 10

(6)
Lok | od | hwooges  fleonidt | poby ek | nudtgen

Lty depee B flaie | kg o creoXe
LClelcroneaivn | texite &.,m,.,,j O PG
Aeere »Safonzeztween L huowhen ) .

LHoons,  womperee) by wetls - ool ewen

..F..........,.‘.............‘.............‘..‘.
Ak,
Wﬂm'twhzwd;ww o oke | foing

mﬁqwefwreaqu@bmweww,
hwhogen Hwoncle | end ford | Wed e SVeele | reqeres  odl. .,

5
O REL 00 PN kot R0, e R ”
‘Wv

e 5 s S - SO -egwa,f Y7 S
Mutle.fam/”{t S

L™

weal | poloat) @ o Riﬂr_ gaw}hm _ u‘cﬂ”ﬁ el @e.u. o At
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ResultsPlus

Examiner Comments

This is a typical example of a student who missed
just the first indicative point concerning the same
number of electrons giving the same London
forces. There is no additional incorrect reasoning
and the logic linking the points together is good so
this student scores 3 for the indicative points and 2
for logic and reasoning and so scores 5 marks.
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*7 The compounds hydrogen fluoride, water and methane, all have sim
structures, but they have significantly different boiling temperatures.

Discuss the reasons for the differences in the boiling temperatures
compounds, using the data in the table and the Pauling electronegativlg values in
the Data Booklet.

CH, -161.5 10
H;0 100.0 10
HF 19.5 10

(6)

~For_Mmathone, the £dechio ngotivity difforoh@ (5. @k, v Ha0. .

{tg}*qmmu{‘wsﬁ.hsw,mw ..... thg........
most. polar boncs, with vho. mesh comsg.-choltebar. MM Eongyy,
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ResultsPlus

Examiner Comments

This candidate made an excellent attempt at this
qguestion. All the 6 indicative points were scored
but then, unfortunately, the final sentence
contradicts the final indicative point concerning the
amount of energy needed to separate the
molecules. This meant the response could only
score 5 out of 6 marks.

ResultsPlus
Examiner Tip

In a six mark question in chemistry, there are 6
indicative points which need to be made. You
should aim to make six points and link them
together to complete your argument.
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Question 8 (a) (ii)

Provided that they had read the question with care and gave diagrams showing all the electrons
rather than just the outer shells, this question was well answered. Some students did not know,
and could not work out, what isoelectronic meant and so only scored marks for the diagrams.

(i) Draw dot-and-cross diagrams of the ions in sodium fluoride, showing all the electrons.

Use your diagram to explain why the ions are described as isoelectronic.
- T ' = (3)

<)

ResultsPlus

Examiner Comments

This student needed to read the question a little
more carefully. All the electrons need to be shown,
as the question links the structure to isoelectronic
which is the same number of electrons.

4 ResultsPlus
Examiner Tip

Always read the question with care, and preferably
twice, to make sure you are answering the correct
question!
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(i) Draw dot-and-cross diagrams of the ions in sodium fluoride, showing all the electrons.

Use your diagram to explain why the ions are described as isoelectronic.

)

(3)

ResultsPlus

Examiner Comments

This candidate completed the electronic structures
of the ions but could not link this to the idea of
them being isoelectronic. Consequently 2 marks
were scored.
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Question 8 (a) (iv)

This question was well answered by those students who knew the correct trend. This should have
also helped them if they were struggling with the idea of what isoelectronic meant in part (a)(ii).

(iv) Explain your answer to (a)(iii) in terms of the structure of the ions.

....................... dRCAnRS . S A AR b S AAREE D M OIS i

ResultsPlus

Examiner Comments

This is an example of a student who was able to
describe how and why the ionic radius of the
isoelectronic ions changed. Both marks were
awarded.
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Question 8 (b)

The final question proved challenging as many students did not recognise there were two factors to
consider, the charge on the ion and its radius, and did not read the question carefully enough and
so did not use the examples they had been given of lithium, potassium and calcium fluoride to
explain their answers. Some students clearly knew the factors involved but did not answer the
question they had been set.

(b) The strength of ionic bonding in different compounds can be compared by using
the amount of energy required to separate the ions. Some values for this energy
are given in the table.

LiF 1031
KF 817
CaF, 2957

Using the data provided, explain how changes in the cation affect the bond
strength in an ionic compound.
(2)

............. The M&,Wbmmm

ooy cohsity 5ath_ums Lﬁmmc&m -------- @mwg@
thaiged. cots.. (..zglla“rmﬁ‘ﬂ j

GCE Chemistry 8CHO 01

63



64 GCE Chemistry 8CHO 01

\ / ResultsPlus
/\ Examiner Comments

This student clearly knows and understands the
factors which will result in different amounts of
energy being required to separate the ions.
Unfortunately, the question requires the
discussion to be in terms of the data provided for
full marks to be awarded. This has not happened
here so this scores 1 mark.

4R\

&H\ ResultsPlus
\ Examiner Tip

It cannot be said too often. Read the question
carefully!
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Paper Summary

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

It has been suggested many times before, but students should read questions with great care,
particularly at the beginning of the exam when nerves will be apparent, and at the end when
tiredness is playing a part. Marks can easily be lost by not identifying what is being asked

Clarity on the unstructured calculations is important. Providing labels such as "The number of
moles of ammonia is...." will demonstrate to the examiner exactly what is being calculated and
will help them award method marks in the event of an incorrect final answer.

Whilst a knowledge of GCSE chemistry is an important starting point, many questions will require
some demonstration of a refinement of these ideas. The same question might appear in a GCSE
or an A level paper but the answers, though similar, will not be the same.

Further practice of the longer six mark questions which require the identification of 6 key
indicative points should be a priority for all students.

Multiple choice questions should never be left blank. Usually one or two answers can be
eliminated as unlikely so try to narrow down your choice.
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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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