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H = Enthalpy

T =Titration

G = Graph

Q = Qualitative analysis

TD = Thermal decomposition

R = Rate

WC = Water of crystallisation heating
Notes on exam papers | have:

Winter series:

W18 to wlOmclusive dlhave 3.1, 3.3, 3.4, 3.5 and 3.6 but no 3.2, so totélhafriants per year
WO09has 3.1 to 3.4 inclusive

w08has 3.1 and 3.2

W07 to w01 only have one version

Summer series

s18 to s10 inclusive all have 3.1, 3,2, 3.3, 3.4, ant8.60 3.6,50 total d 5 variants per year
s09 and s07 has 3.1 and 3.y

s06 to s02 only have one version

Marchseries

Started from 2017 onwards and onlyclades oneversionTZ2 (intended only to be taken in India)
Odd differences between summer and wintenegr

3.2 and3.6 renaming in summer and winter respectively from 2010 onwards

W09 had 4variants, s09 only had 2

Expectatons for each mark category (Paper 3)

(Section 4.2.2 of the CIE 9701 syllabus)
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4.2.2 Expectations for each mark category (Paper 3)

Manipulation, measurement and observation
Successful collection of data and observations

Candidates should be able to:

e setup apparatus
e follow instructions given in the form of written instructions or diagrams

e use their apparatus to collect an appropriate quantity of data or observations, including subtle differences
in colour, solubility or quantity of materials

* make measurements using pipettes, burettes, measuring cylinders, thermometers and other common
laboratory apparatus.

Systematic analysis and knowledge of traditional methods of separation will not be required.

It will be assumed that candidates will be familiar with the following qualitative analysis reactions

(i) the reactions of the following cations: NH,*, Mg*, At**, Ca*, Cr**, Mn?*, Fe**, Fe**, Cu®, Zn**, Ba™*
i) the reactions of the following anions: CO,*, NO,, NO,, SO,*, SO,*, Cr, Br, I"

(iii) tests for the following gases: NH,, CO,, Ci,, H,, O,.

Qualitative analysis notes are printed at the end of the question paper and are reproduced in Section 5.5 of
this syllabus.

The substances to be investigated may contain ions not included in the above list. In such cases candidates
will not be expected to identify the ions but only to draw conclusions of a general nature.

Candidates should not attempt tests on substances other than those specified, except when it is appropriate
to test for a gas.

Exercises requiring a knowledge of simple organic reactions, e.g. test-tube reactions indicating the presence
of functional groups given in the AS Level syllabus, may also be set. This would be for the testing of
observational skills and drawing general conclusions only.

A knowledge of volumetric determinations using the materials listed in Section 4.2.4 will be expected. This
list is not exhaustive, and simple titrations involving other reagents may also be set. Sufficient working

details will be given if appropriate.

Candidates should normally record burette readings to the nearest 0.05cm®. When using a thermometer
calibrated at 1°C intervals, temperature readings should be recorded to the nearest 0.5°C.
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Quality of measurements or observations
Candidates should be able to:

¢ make accurate and consistent measurements and observations.

In qualitative experiments, precise descriptions and comparisons of colour or other observations are
expected. In a titration with a good end-point, candidates are expected to record two titres within 0.10cm’.

Marks will be awarded for consistency and accuracy of readings. In some cases, the candidate’s data or
observations may be compared with information supplied by the Supervisor or known to the Examiners;

in other cases, the award of the mark may be based on the scatter of points on a graph. Candidates are
expected to work to the precision of the apparatus and materials provided. Allowances will be made where
the quality of data is limited by the experimental method required or by the apparatus and materials used.

Decisions relating to measurements or observations
Candidates should be able to:

e decide how many tests or observations to perform

* make measurements that span a range and have a distribution appropriate to the experiment
¢ decide how long to leave experiments running before making readings

¢ identify where repeated readings or observations are appropriate

* replicate readings or observations as necessary

e identify where confirmatory tests are appropriate and the nature of such tests

e select reagents to distinguish between given ions.

Candidates may need to choose how many tests, measurements and observations can be made in the time
available. Candidates will be expected to be able to identify the most appropriate range and distribution of
values. In some experiments a regularly-spaced set of measurements will be appropriate.

Repeated readings of particular quantities are often necessary in chemistry in order to obtain accurate
values and minimise experimental error. Individual readings or observations should be repeated where
they appear to be anomalous. In qualitative analysis experiments, candidates may be expected to identify
appropriate confirmatory tests.
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Presentation of data and observations
Recording data and observations
Candidates should be able to:

e present numerical data, values or observations in a single table of results

e draw an appropriate table in advance of taking readings/making observations, so that they do not have
to copy their results

¢ include in the table of results, if necessary, columns for raw data, for calculated values and for analyses
or conclusions

e use column headings that include both the quantity and the unit and that conform to accepted scientific
conventions

e record raw readings of a quantity to the same degree of precision, and cbservations to the same level of
detail.

As an example of accepted practice in column headings, if the quantity being measured is volume in cm?,
then ‘volume/cm? would be the usual way to write the column heading, but ‘volume in cm® or ‘volume
{cm?)’ would be allowed. Headings such as ‘volume cm® or just ‘cm?®" are not acceptable. The quantity or the
unit or both may be written in words, or appropriate symbols may be used provided that their meaning is
clear and unambiguous in the context (e.g. avoid t, since it may be used for time and for temperature).

Conventional symbols or abbreviations, such as AH for enthalpy change or ppt. for precipitate, may be used
without explanation.

In recording data and observations, if one measurement of mass in a column of raw data is given as 0.06g,
then all the masses in that column should be given to the nearest 0.01g. The degree of precision recorded
should be compatible with the measuring instrument used, e.g. a measuring cylinder calibrated at 1.0cm?®
should normally be read to the nearest 0.5cm®. Observations of qualitative variables such as colour should
be recorded in simple language such as ‘blue’ or "yellow'. Where fine discrimination is required, terms such
as 'pale’ or ‘dark’ should be used, and comparisons made such as ‘darker brown than at 3 minutes’ or ‘paler

green than with 0.2mol dm™".

Display of calculation and reasoning
Candidates should be able to:

¢ show their working in calculations, and the key steps in their reasoning
e use the correct number of significant figures for calculated quantities.

Where calculations are carried out, all the key stages in the calculation should be recorded by candidates,
so that credit can be given for correctly displaying working. Similarly, where observations form the basis for
logical deduction (e.g. the concentration of a solution or the identity of an unknown substance), the steps in
making the deduction should be shown. Where specific observations are used to build a general prediction
or to support a general theory, the candidates should show the sequence of steps used in the inductive
process.

Calculated quantities should be given to the same number of significant figures as (or one more than) the
measured gquantity of least accuracy. For example, if titre volume is measured to four significant figures,
e.g. 23.45cm’, then the corresponding molar concentrations should be given to four significant figures, e.g.
1.305moldm™ or 0.9876 moldm™. However, if the concentration of one of the reactants is given to three
significant figures, then the calculated concentration could be given to three or four significant figures.

For example, if the concentration of alkali in an acid-base titration is given as 0.100moldm™, then the
concentration of the acid may be shown as 0.1305moldm™ or 0.131 moldm™.
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Data layout

Candidates should be able to:

e choose a suitable and clear method of presenting the data, e.q. tabulations, graphs or a mixture of
methods of presentation

e use the appropriate presentation method to produce a clear presentation of the data

e plot appropriate variables on appropriate, clearly labelled x- and y-axes

¢ choose suitable scales for graph axes

e plot all points or bars to an appropriate accuracy

e draw straight lines of best fit or curves to show the trend of a graph.

Generally, candidates are expected to present data in the form in which the key points of the data can

be most easily visualised. For qualitative data this is likely to be a table. For quantitative data this may be
a graph or a table. Candidates should choose scales for the graph axes that allow the graph to be read
easily, such as 1, 2 or 5 units to a 20mm square. Candidates should normally make the best use of the
space available for making their presentation: they should use over half of the length of a grid in both x-
and y-directions so that the data points occupy at least half of the graph grid in both directions. Tables of
qualitative observations should be large enough for all the entries to fit comfortably in the available space.
Lines for tables and graphs should be drawn in pencil.

The accepted scientific conventions for labelling the axes of a graph are the same as for the column
headings in a table of results with both the quantity and the unit shown (where appropriate). Points should
be finely drawn with a sharp pencil, but must still be visible. A fine cross or an encircled dot is suitable; a
thick pencil blob is not. Often it is obvious that the data fall on a straight line or smooth curve, and a line of
best fit (straight or curved) should be drawn. In some cases candidates may be expected to draw two lines
of best fit and find the intersection. Any line of best fit should show an even distribution of points on either
side of the line along its whole length. Any points deemed to be anomalous by the candidate should be
ringed or labelled as such to indicate their exclusion when determining such lines of best fit. Lines should be
finely drawn and should not contain kinks or breaks. Candidates will be expected to extrapolate lines to read
intercepts with axes or other lines or predict values outside the range of the experiment.

Analysis, conclusions and evaluation
Interpretation of data or observations and identifying sources of error
Candidates should be able to:

e describe the patterns and trends shown by data in tables and graphs
¢ describe and summarise the key points of a set of observations
¢ find an unknown value by using co-ordinates or intercepts on a graph

e calculate other gquantities from data, or calculate the mean from repeated values, or make other
appropriate calculations

e determine the gradient of a straight-line graph
e evaluate the effectiveness of control variables
¢ identify the most significant sources of error in an experiment

e estimate, quantitatively, the uncertainty in a quantitative measurement and express such uncertainty in a
measurement as an actual or percentage error

¢ show an understanding of the distinction between systematic errors and random errors.

Descriptions should be precise, giving quotations of figures to support the description and calculated values
where these are appropriate. Unknown values may include a change in temperature found graphically, or a
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change in mass for example. Calculations may involve mean, percentage, percentage gain or loss, rate of
reaction, concentration, molar mass and volume of gases or other appropriate calculations. When a gradient
of a graph is to be determined, the points on the line chosen for the calculation should be separated by at
least half of the length of the line drawn.

Candidates should have experience of looking at experiments and assessing the relative importance of
errors in measurement or in making observations so that they can judge which sources of error are most
important. They should be familiar with simple ways of estimating error, such as the errors intrinsic in
measuring devices or in experiments where limitations of the method introduce errors (e.g. heat loss

when trying to assess enthalpy change). A statement of ‘human errors’ is not acceptable; though there

are occasionally errors arising in the observer’s ability to observe (e.g. in the disappearing cross
experiment) which would be a random error. They should be able to express these errors in standard forms
such as length = 73+ 1 mm, or temperature increase = 14 +£4°C.

Candidates should be able to suggest which of the sources of error described are likely to be systematic
errors, such as those resulting from thermometers that consistently read 1°C above actual temperature, or
reading volumes consistently from the wrong part of the meniscus, as well as those which are likely to be
random errors due to variability of materials, or random variations in room temperature.

Drawing conclusions
Candidates should be able to:

e draw conclusions from an experiment, giving an outline description of the main features of the data,
considering whether experimental data supports a given hypothesis, and making further predictions

e draw conclusions from interpretations of observations, data and calculated values
e make scientific explanations of the data, observations and conclusions that they have described.

Hypotheses that are being tested will be given to the candidates, although hypothesis formulation is in
Assessment Objective 2, and so may be tested in the theory components. Candidates may be required

to prove or disprove hypotheses, using deductions from the data, observations or calculated values.

Simple scientific explanations form a part of such conclusions and therefore form a part of this practical
assessment: candidates will be expected to refer to knowledge and understanding gained in the theory part
of the course in order to provide explanations of their practical conclusions.

Suggesting improvements
Candidates should be able to:

¢ suggest modifications to an experimental arrangement that will improve the accuracy of the experiment
or the observations that can be made

e suggest ways in which to extend the investigation to answer a new guestion
e describe such modifications clearly in words or diagrams.

Candidate’s suggestions should be realistic, so that in principle they are achievable in practice, although they
may include the use of apparatus that is not available to the candidate (e.g. a colorimeter). The suggestions
may relate to the apparatus used, to the experimental procedure followed, to the nature of the observations
or how they were made. Candidates may include improvements that they have actually made while carrying
out the experiment, such as repeating readings. The suggested medifications may relate to sources of

error identified by the candidate or to other sources of error. Extensions of the investigation should only be
proposed in order to permit the answering of a specified new guestion.
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Additionalinformation not usually given ihég mark shemes

AS Chemistrny2017s/TZ1/Paper 3/

Mark allocation

e e

Skill Minimum | Breakdown of marks Question | Question | Question | Total
mark 1 2 3 mark
allocation
Statement Minimum
Marks
Manipulation, measurement and | 12 marks | Successful collection of c 8 1 9 10
observation (MMO) data and observations
17
Quality of measurements
and observations Q 2 3 2 5
Decisions relating fo
measurements of De 2 1 1 2
observations
Presentation of data and 6 marks Recording data or R 2 1 1 2
observations (PDO) observations
[71
Display of calculation and
reasoning Di 2 1 2 3
Data layout L 2 1 1 2
Analysis, conclusions and 10 marks | Interpretation of data or
evaluation (ACE) observations and | 4 3 5 1 9
[16] identifying sources of error
Drawing conclusions Con 5 3 3 6
Suggesting improvements Imp 1 1 1
Total 14 12 14 40

Marking Advice to examiners

(found at the start of he mark scheme)

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the
specific content of the mark scheme or generic level descrptors for a question. Each question paper and mark scheme will also comply with thess
marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
« the specfic content of the mark scheme or the generic level descriptors for the question

« the speciic skills defined in the mark scheme or in the generic level descriptors for the question
« the standard of response required by a candidate as exemplfied by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

« marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the
scope of the syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the
question as indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently £.g. in situations where candidates have not followed instructions or in the application of generic level
descriptors.
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GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may
be limited according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or
grade descriptors in mind.

Exam questions

Q# 1/ AS Chemistry/2018NWZ5/Paper 3/
Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show yourworking and appropriate significant figures in the final answer to each step of your calculations.

1 In this experiment you will determine the percentage purity of a sample of impure anhydrous
sodium carbonate. You will use two different methods to measure the enthalpy change of reaction
when a sample of impure anhydrous sodium carbonate reacts with excess dilute hydrochloric acid.

FA 1 is a sample of the impure anhydrous sodium carbonate.
FA 2 is 2.00moldm= hydrochloric acid, HCL
FA 3 is a second sample of the impure anhydrous sodium carbonate used in FA 1.

(a) Method 1
e Weigh the container with FA 1. Record this mass.
mass of containerwith FA1= ... g

e Support one of the plastic cups in the 250 cm?® beaker.

Use the measuring cylinder to place 25cm? of FA 2 into the cup.

Measure the temperature of the FA 2 in the cup. Tilt the cup if necessary so that the bulb
of the thermometer is fully covered. Record this temperature at time £ = 0.

Start the stopclock and leave it running for the whole experiment.

Measure and record the temperature of FA 2 in the cup every half minute for 2 minutes.
Att= 2% minutes tip all the FA 1 into the cup. Stir the contents of the cup.

Measure and record the temperature of the contents of the cup at { = 3 minutes and then
every half minute up to { = 9 minutes.

e Weigh the container with any residual FA 1. Record this mass.

mass of container withresidual FA1= ... g

<2 |8|B|~=
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(b) (i) Onthe grid on page 3, plot a graph of temperature (y-axis) against time (x-axis). You should

21 H|=

PatrickBrannac

choose a scale that allows you to plot 2°C above the maximum temperature reached.

On your graph, draw two straight lines of best fit. One line is for the temperature before
adding FA 1 and the other line for the cooling of the solution once reaction is complete.

Extrapolate these two lines to t = 2;— minutes. [4]
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