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Skills Guidance

■ Required practical activities
Required practical 1
Make up a volumetric solution and carry out a simple acid–base
titration

Making up a standard solution
To prepare a standard solution, an accurately known mass must be dissolved in
deionised water and then made up to an accurate volume using a volumetric flask.
When preparing a standard solution a chemical should be used that:
does not absorb moisture from, or lose moisture to, the environment
■ has an accurately known relative formula mass so that the number of moles
dissolved can be determined — a hydrated salt is not used for a standard solution
■ is very pure
■ has a relatively high relative formula mass so that weighing errors are minimised
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■

A standard solution is
a solution for which
the concentration is
accurately known

The procedure for preparing a standard solution (Figure 2) is as follows:
1 Weigh out an accurate mass of a solid in a clean, dry beaker.

2 Add enough deionised water to dissolve the solid, stirring with a glass rod.

3 Transfer the solution with rinsing to a 250 cm3 volumetric ﬂask using a funnel.
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4 Rinse the beaker and glass rod with deionised water and add to the
volumetric ﬂask.

5 Make up to the mark by adding deionised water until the bottom of the
meniscus is on the mark.
6 Stopper the ﬂask and invert to mix thoroughly.

Accurately
weigh solute

Dissolve solute in
small amount of
solvent, warming
if necessary

Stirring
rod

Knowledge check 3

Why is sodium
hydroxide not a suitable
solid for making up a
standard solution?

Tip

When making up a
standard solution, a
larger mass of solid
dissolved gives a
smaller weighing error,
so it will be a more
accurate solution

Transfer to
volumetric flask

Stirring rod

44.21

Insert stopper, invert
and shake

Carefully make up
to the mark on
the flask

Wash
bottle
Rinse into flask
with more solvent

Figure 2 Making up a standard solution
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Required practical activities

Uncertainty in mass measurements
Uncertainty is an estimate attached to a measurement that gives the range of values
within which the true value is thought to lie. This range is normally expressed around
a central value, for example 52.0 ± 0.2.
If a balance measures to one decimal place, the mass will normally have an
uncertainty of ±0.1 g. If a balance measures to two decimal places, the mass will
normally have an uncertainty of ±0.01 g.

Table 1
Balance to one decimal place
% error =

01
× 100 = 10%
1
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Percentage error is calculated using:
uncertainty
percentage error =
× 100
quantity measured
Table 1 compares the percentage error in weighing 1 g using both balances.

Balance to two decimal places
% error =

001
× 100 = 1%
1

The more decimal places a balance reads to, the smaller the percentage error.

When weighing out a smaller mass, the percentage error is more significant. Weighing
out 0.1 g on a balance to two decimal places gives a percentage error of (0.01/0.1) ×
100 = 10% compared with 1% when weighing out the larger mass of 1 g.
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Note that if two mass measurements are taken, as in many experiments, then the
formula for the percentage uncertainty is:
2 × uncertainty in each measurement
× 100
percentage uncertainty =
quantity measured

Knowledge check 4

In an experiment to find the mass of water lost on heating a solid, the
following results were obtained:
mass of crucible + solid before heat = 2545 g; uncertainty = 0005 g
mass of crucible + solid after heat = 2421 g; uncertainty = 0005 g

Calculate the mass of water lost and the percentage uncertainty in this value

Tip
To reduce the
percentage error in
measuring the mass of
water removed in this
experiment record the
mass to two decimal
places or use a larger
mass of hydrated
crystals

Titration method

The titration procedure (Figure 3) is summarised as follows:

1 Rinse the burette with the solution you are going to ﬁll it with. Discard the
rinsings and ﬁll the burette.
2 Rinse a pipette with the solution you are going to pipette into the conical ﬂask.
Using a pipette and pipette ﬁller transfer 25.0 cm3 of this solution into a conical
ﬂask.
3 Add 2–3 drops of a suitable indicator to the conical ﬂask.
4 Add the solution from the burette, with constant swirling, until the indicator just
changes colour. This is a trial titration.

Tip
Measuring cylinders
have limited accuracy
and are not appropriate
for use in titrations
when volumes to one
decimal place are
needed

Practical assessment 11
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Skills Guidance
5 To reduce the effect of random error on titration results, repeat the titration to
achieve 2–3 concordant results, adding the solution dropwise near the end point.
6 Calculate the mean titre from the concordant results.
0

Safety filler

Make sure you remove
the funnel used to fill
the burette before
titrating

20

30

are those that agree to
within 01 cm3

Tip

Burette

10

Pipette

Concordant titre results

Solution of HCl(aq)

40

Tip

50

containing NaOH(aq)

Figure 3 The apparatus used for a titration

Titration results should be recorded in a table. To calculate the mean titre, choose
those titres that are concordant — i.e. agree to within 0.1 cm3. Where this is not
possible, the two titres that have the closest agreement should be used. Readings that
are not concordant are often called outliers, for example the value 22.85 in Table 2.
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Table 2

Trial

reading/cm3

Final burette
Initial burette reading/cm3
Titre/cm3
Titres used to calculate mean
Mean titre

When carrying out a
titration it is useful
to keep the solution
from the first accurate
titration to achieve
consistency by colour
matching
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Conical flask

Pipetted volume of
NaOH(aq) and a few
drops of methyl
orange indicator

2290
000
2290

1

2

3

4550
2290
2260
✓

2285
000
2285

4555
2285
2270
✓

Tip

Titration results should
be recorded to two
decimal places with the
last figure either 0 or 5

2265 cm3

When ungraduated glassware, such as a volumetric flask or a pipette, is
manufactured, the maximum uncertainty is usually marked on the glassware, as
shown in Figure 4.
The uncertainty can be determined for each of the measuring instruments used in a
titration — pipette, volumetric flask and burette.
instrument uncertainty
× 100
% uncertainty =
quantity measured

ISO 648

15
±0.03

ml

Worked example 1
The uncertainty associated with a pipette reading is ±0.06 cm3. Calculate the
percentage uncertainty when using a 25.0 cm3 pipette.

Answer
% uncertainty =

12

instrument uncertainty
× 100 = (0.06/25.0) × 100 = 0.24%
quantity measured

Figure 4 A 15 ml pipette
(1 ml = 1 cm3); the uncertainty
is marked as ±003

AQA Chemistry

9781471885143.indd 12

23/06/17 8:30 AM

Required practical activities
Worked example 2

Tip

a A burette has uncertainty
In a titration, the initial burette reading
was 0.05 cm3 and the ﬁnal burette reading was 22.55 cm3. What is the percentage
uncertainty in the titre value?
b On repeating the experiment, a mean titre value of 22.45 cm3 was recorded. The
uncertainty in the mean titre was ±0.15. Calculate the percentage uncertainty in
the mean titre.
±0.05 cm3.

When calculating the
uncertainty for a titre
reading remember that
the uncertainty applies
for each reading, so 2 ×
instrument uncertainty
is used

Answer

Worked example 3
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a titre value = ﬁnal burette reading − initial burette reading = 22.55 − 0.05
= 22.50 cm3
The overall uncertainty in any volume measured in a burette always comes from
the two measurements, so to ﬁnd the overall uncertainty multiply the uncertainty
by two.
2 × 0.05
percentage uncertainty =
× 100 = 0.44%
22.50
b There is only one value given, the mean titre.
0.15
percentage uncertainty =
× 100 = 0.67%
22.45

Knowledge check 5

What is the
colour change of
phenolphthalein
indicator when a
solution of sodium
hydroxide solution of
unknown concentration
is titrated with
standard sulfuric acid
solution?
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In an experiment a student made two different measurements: 25 cm3 of
hydrochloric acid using a measuring cylinder with uncertainty ±1 cm3 and
0.40 g of calcium carbonate using a balance with uncertainty ±0.01 g. State and
explain whether the balance or the measuring cylinder contributed most to the
measurement errors in this experiment.

Answer

1
× 100 = 4%
25
0.01
percentage uncertainty of balance =
× 100 = 2.5%
0.40
The measuring cylinder contributed most to the measurement errors.
percentage uncertainty of cylinder =

The choice of indicator used in a titration depends on the type of titration (Table 3).

Table 3

Indicator
Methyl orange

Colour in acid Colour in alkali
Red
Yellow

Phenolphthalein

Colourless

Pink

Tip

Titrations suitable for
Strong acid–strong base
Strong acid–weak base
Strong acid–strong base
Weak acid–strong base

Some of the solution from the burette may run down the inside of the conical flask,
rather than into the solution it contains. The addition has been measured by the
burette, so you must make sure that all the solution added has a chance to react.
Sometimes, you can achieve this by swirling the solutions together but deionised water

Remember that
clear is not a colour
Phenolphthalein is
colourless in acid;
it is also clear, but
colourless describes
the colour
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Skills Guidance
can also be squirted down the side of the flask to wash everything into the solution
below. Although the solution is undoubtedly diluted, the amount, in moles, present in
the pipetted solution will not have been changed and it is this that is being titrated.

Worked example 4

Answer
■

■

Rinsing the burette with water before use will make the hydrochloric acid in the
burette more dilute, and so more of it will be needed for reaction, and so a larger
titre value.
Rinsing the pipette/conical ﬂask with water would dilute the potassium
hydroxide, so less hydrochloric acid would need to be added for neutralisation
and a smaller titre value.
Adding extra drops of indicator would not have an effect.
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In a titration 25.0 cm3 of potassium hydroxide solution is added to a conical ﬂask
using a pipette. Three drops of methyl orange indicator are added and nitric acid
added from a burette until the indicator changes colour. Which of the following
would lead to the titre being larger than it should be?
A Rinsing the conical ﬂask with water before adding the potassium hydroxide
solution.
B Rinsing the burette with water before ﬁlling it with hydrochloric acid.
C Rinsing the pipette with water before ﬁlling it with potassium hydroxide solution.
D Adding extra drops of indicator.

Hence the answer is B.

Worked example 5

Describe how you would dilute 25.0 cm3 of oven cleaner to 250 cm3 and safely
transfer 25.0 cm3 of the diluted solution to a conical ﬂask.

Answer
■
■

■

■
■
■

Rinse a pipette with oven cleaner.
Use a safety pipette ﬁller with the pipette to draw up 25.0 cm3 of oven cleaner
and place into a 250 cm3 volumetric ﬂask.
Make up to the mark by adding deionised water until the bottom of the meniscus
is on the mark.
Stopper the ﬂask and invert to mix thoroughly.
Rinse a pipette with the diluted solution.
Transfer 25.0 cm3 of diluted solution using the pipette and safety ﬁller to a
conical ﬂask.

Sometimes solutions that are made up in volumetric flasks are not standard, for
example an indigestion tablet can be reacted with a known excess of acid and the
solution made up to 250 cm3 in a volumetric flask. The method is similar — the
tablet is weighed in the beaker, a volume of acid added and the solution added to a
14
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Questions & Answers
e

3/3 marks awarded Remember that magnesium hydroxide is insoluble but
magnesium sulfate is soluble, and barium hydroxide is soluble but barium sulfate
is insoluble. Adding any soluble sulfate — for example sodium sulfate solution or
sulfuric acid — to the compounds will form magnesium sulfate, which is soluble
and produces a colourless solution, and barium sulfate, which is insoluble and
produces a white precipitate. Note that you must give the full name of the reagent
— it is not sufficient to write ‘add a soluble sulfate’. Alternatively, sodium or
potassium hydroxide solution could be added. Magnesium hydroxide is formed
as an insoluble white precipitate; barium hydroxide is soluble and a colourless
solution remains.

Question 12
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The following method can be used to prepare 1-bromobutane:
■ Place 30 cm3 of water, 40 g of powdered sodium bromide and 21.8 g of
butan-1-ol in a 250 cm3 round-bottomed flask.
■ Add 25 cm3 of concentrated sulfuric acid dropwise, cooling the flask in an
ice bath.
■ When the addition is complete, reflux for 45 minutes and then distil off the
crude
1-bromobutane.
■ Wash the distillate with concentrated sulfuric acid and then with sodium
carbonate solution.
■ Remove the 1-bromobutane layer and add a spatula of anhydrous sodium
sulfate;
swirl and filter.
■ Distil and collect the 1-bromobutane at 99−102°C.

(a) Write the equation for the formation of 1-bromobutane from butan-1-ol and
hydrogen bromide.

(1 mark)

e This reaction is not specifically part of the specification, so simply use
the information in the question. You know the formula of butan-1-ol and of
1-bromobutane, so put these into an equation.
Student answer

(a) CH3CH2CH2CH2OH + HBr → CH3CH2CH2CH2Br + H2O ✓

(b) What is reflux?

(1 mark)

(b) Repeated boiling and condensing of a reaction mixture to ensure that
reaction takes place without the contents of the flask boiling dry ✓.
(c) State three changes made to the apparatus set-up to change from reflux to
distillation.

(3 marks)

(c) Add a still head ✓; add a thermometer ✓; condenser moved from upright to
sideways position ✓; receiver on end of condenser ✓. (Any three)

Practical assessment 75
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Questions & Answers
e

3/3 marks awarded Reflux means that the condenser is in the vertical
position. For distillation the condenser is sideways, and a still head connector and
receiver need to be used. You should be able to draw this apparatus, and also to
describe it.
(d) Suggest why sodium carbonate solution is added to wash the distillate,
rather than sodium hydroxide solution.

(2 marks)

(d) Sodium carbonate solution is a weaker alkali than sodium hydroxide solution ✓.
Sodium hydroxide solution would hydrolyse the halogenoalkane ✓.
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e 2/2 marks awarded First think of the difference between sodium carbonate
solution and sodium hydroxide solution — the sodium carbonate is a weaker
alkali. Halogenoalkanes can be hydrolysed by strong alkali, hence it is better to
add sodium carbonate solution, which neutralises the acid impurities but does not
hydrolyse the product.
(e) Describe practically how the distillate is washed with aqueous
sodium carbonate.

(4 marks)

e Washing of an organic liquid to purify it is carried out in a separating funnel.
Ensure that you mention safety precautions, such as release of pressure. This
method must be learned in detail.
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(e) Add the distillate to a separating funnel with a portion of aqueous sodium
carbonate ✓.

Stopper and shake, inverting the funnel and opening the tap to release the
pressure ✓.

Allow the separating funnel to stand until the layers settle and separate.
Remove the stopper and open the tap, to run off the bottom layer into a
beaker. Run off the second layer into a separate beaker and discard the
aqueous layer ✓.
Place the organic layer back into the separating funnel and repeat the
process, using another portion of the aqueous solution ✓.

(f) Without using densities, how would you determine which layer is the aqueous
layer during washing?

e

(1 mark)

Remember that an aqueous solution is a solution in water.

(f) Add water to the separating funnel. The layer that increases in size is the
aqueous layer ✓.

Question 13
Ethanol is oxidised to ethanoic acid by heating under reflux using acidified
potassium dichromate(vi) solution. What is the reason for heating under reflux?

76

(1 mark)
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A

To allow efficient mixing of the solutions.

B

To boil the mixture at a higher temperature.

C

To ensure even heating.

D

To prevent any substances escaping.

Student answer
The answer is D ✓.

Question 14
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e 1/1 mark awarded Reflux means the water-cooled condenser is in the vertical
position. Mixing of the solutions could be achieved by shaking or agitation — the
vertical condenser does not help with this. It does not allow the mixture to boil
at a higher temperature — impurities added would do this, and anti-bumping
granules are needed to ensure even heating. The reason for reflux is to ensure
that any volatile liquids do not escape, hence answer D is correct.
(a) A student carried out an experiment to determine which of a chloroalkane,
bromoalkane or iodoalkane hydrolysed fastest when heated with silver
nitrate in ethanol. Describe an experimental method he could use. Ensure
that it is a fair test.

Student answer
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(a) Any two fair-test marks:

(6 marks)

■
■

■

Use haloalkanes with the same chain length ✓.

Equal amounts of ethanol, silver nitrate mixture in each test tube and
equal volumes of haloalkane ✓.
All tubes at the same temperature ✓.

Any four methods marks:
■

■

■

■

Place (equal volumes of) each haloalkane in separate test tubes and
place in a water bath at 50°C ✓.
Heat a test tube of a mixture of ethanol and aqueous silver nitrate in the
same water bath ✓.
When all test tubes have reached the same temperature add (equal
volumes of) the mixture to each haloalkane and start the clock ✓.
Time how long it takes for each precipitate to form ✓.

e 6/6 marks awarded In this reaction the haloalkane hydrolyses and halide ions
are produced. Hence, a precipitate of silver halide gradually appears when the
halide ions react with the silver nitrate. The rate of precipitation is a measure of
the rate of hydrolysis. You may name the haloalkanes used, e.g. chlorobutane,
bromobutane and iodobutane, or refer to the fact that they have the same chain
length, for a fair test. Note that a water bath must be used to heat because of the
flammable nature of ethanol.
Practical assessment 77
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