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Practical activity groups

Measuring change in mass

Tip

A reaction in which a gas is produced may also be monitored by measuring the
mass over a period of time. This method is not suitable for hydrogen, which has a
very low formula mass and the mass lost would be small and difficult to measure.
The apparatus is shown in Figure 27. A graph of mass against time is often plotted.

If a reaction is highly
exothermic, it is
difficult to accurately
determine the rate
because the higher
temperature causes
an increase in reaction
rate, which causes the
reaction to proceed
faster

Cotton wool plug
Reaction mixture
giving off a gas
Solid reactant
in folded paper

Folded
paper
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Reactant in
aqueous
solution

Top pan
balance

Tip

The shape of the graph,
and the calculation
of half-life can be
used to determine the
order The gradient of
tangents at different
concentrations can
give the rate and a rate
against concentration
graph also used to find
the order
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Figure 27 Following the course of a reaction by measuring the change of mass

Measuring change in a reactant or product by titration
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Sometimes samples of the reacting mixture are taken at various times, during the
course of a reaction and the reaction is quenched. This means the reaction is
stopped. Methods of quenching include rapid cooling, adding a chemical to remove a
reactant which is not being monitored or adding a large known volume of water to the
sample. Each sample may then be titrated to find the concentration of the reactant or
product and a graph of concentration against time drawn. See Figure 28.

Graduated
pipette

Standard
solution of alkali

Reaction mixture
containing an acid

Ice-cold water
Quenched sample

Figure 28 Following the
course of a reaction during
which there is a change in
concentration of acids present
by removing measured
samples of the mixture
at intervals, quenching,
then determining the
concentration of one reactant
or product by titration

Practical assessment 45

9781471885648.indd 45

14/06/17 10:00 AM

Skills Guidance
Measuring a coloured reactant or product

Tip

Measurement of a coloured reactant or product can be used for continuous rate
monitoring. A colorimeter measures the colour intensity of a solution. A calibration
curve should be set up first with known concentrations of the reactant or product, so
that colorimeter readings are related to concentration.

An appropriate
coloured filter is used
with a colorimeter
For example, if you
are measuring the
intensity of a blue
solution, you should
use a red filter as the
solution is absorbing
red light The amount
of red light absorbed
relates directly to the
concentration

In the continuous rate method, one experiment is carried out and the colorimeter
readings are converted to concentration using the calibration curve. A graph of
concentration against time is drawn and the shape of this curve can give the order
with respect to the coloured reactant.

Worked example

e

Suggest a suitable method for measuring the rate of each of these reactions:
a CH3COOCH3(l) + H2O(l) → CH3COOH(aq) + CH3OH(aq)
b C4H9Br(l) + H2O(l) → C4H9OH(l) + H+(aq) + Br−(aq)

Knowledge check 31

Magnesium reacts with
copper(ii) sulfate What
method could be used
to determine the effect
of the concentration of
copper(ii) sulfate on the
rate of reaction?

pl

c MgCO3(s) + 2HCl(aq) → MgCl2(aq) + CO2(g) + H2O(l)

Answers
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a This is hydrolysis of an ester and there will be a change in concentration of
ethanoic acid as it is produced in the reaction. Remove samples at intervals,
quench the reaction by cooling and then titrate against alkali to determine the
concentration of acid at different times.
b Use a pH meter to measure the changes in conductivity as the number of
hydrogen ions increases.
c A gas, carbon dioxide, is produced. Carry out the reaction in a ﬂask, with a loose
plug of cotton wool in its neck, on a balance and record the loss in mass at regular
intervals. Alternatively, measure the volume of carbon dioxide in a gas syringe at
regular intervals against time.

Finding the order of reaction

It is possible to find the order for a particular reagent by the continuous monitoring
method. This method works if the reaction involves only one reagent. Alternatively, if
more reagents are present, the reaction can be set up so that the reaction rate depends
solely on one reagent, and all the other reagents are present in such a large excess that their
concentration is nearly constant and so they have little effect on the reaction rate. The
order can be determined from the shape of the concentration–time graph (Figure 29).

Time

Second order
Concentration

First order
Concentration

Concentration

Zero order

Time

Time

Figure 29 Concentration–time graphs
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Practical activity groups
A zero-order reaction has a straight-line graph. For a first-order graph the graph of
concentration against time is a curve. From this graph the half-life of the reaction can
be worked out. If the half-life is constant, then the reaction is first order.
Figure 30 shows a concentration–time graph. From the graph you can see that:
■ time taken for concentration to fall by half from 1.0 to 0.5 is 100 s
■ time taken for concentration to fall by half from 0.5 to 0.25 is 100 s
■ time taken for concentration to fall by half from 0.25 is 0.125 is 100 s

The half-life of
a reaction is the
time taken for the
concentration of one
of the reactants to fall
by half

0.6
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t½ = 100 s

0.8

t½ = 100 s
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t½ = 100 s
0.2
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Reactant concentration/mol dm–3

Hence the half-life is constant at 100 s proving the graph is for a first-order reaction.
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Figure 30 A constant half-life shows that the reaction is first order

Concentration of a reactant

The graph of concentration against time for a second-order reaction is shown in
Figure 31. The half-life for a second-order reaction is not constant. Take the gradients
of tangents taken at points to find the rate.

Second order

Unequal half-lives
Time

Tip
If the half-lives show
that a reaction is not
first order, it may be
second order, but this
needs to be checked
by finding the rate at
different points Some
reactions may have a
fractional order

Figure 31 A graph of concentration against time
for a second-order reaction
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Questions & Answers

Question 6
When an ionic solid dissolves in water, there may be a temperature change.
A student placed 100 cm3 of water in a polystyrene beaker and then recorded the
temperature. He powdered some hydrated copper(ii) sulfate, CuSO4 .5H2O, and
then dissolved approximately 2.10 g of it in the water and recorded the final
temperature.
Mass of hydrated copper(ii) sulfate added = 2.07 g
Initial temperature = 18.0°C
Final temperature = 17.8°C
Specific heat capacity of water is 4.18 J °C−1 g−1

(a) Dissolves faster ✓

pl

Using a mortar and pestle ✓

[2]

e

(a) Why and how is the hydrated copper(ii) sulfate powdered?

e A mortar and pestle is used to grind up solids. A powder has a greater surface
area and reacts or dissolves faster.
(b) Describe, stating the equipment used, how the student could accurately
determine the mass of hydrated copper(ii) sulfate added.

[3]
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(b) Use a top-pan balance reading to two decimal places. ✓

Weigh solid in weighing boat, add solid to water and reweigh weighing boat. ✓

Subtract values. ✓

e

The recorded value is to two decimal places, so a top-pan balance which reads
to two decimal places must be used. When using a balance, it is best to measure
the solid in a weighing boat, add to the reaction, and then reweigh the weighing
boat and subtract the values.

(c) Calculate the enthalpy change on dissolving the hydrated copper(ii) sulfate
in the water.

[1]

(c) Energy absorbed by water = q = mcΔT = 100 × 4.18 × 0.20 = 84.0 J ✓

e When working out the enthalpy change it is always the mass of water which is
used — 100 cm3 of water has a mass of 100 g since the density of water is 1 g cm−3.
The temperature change can be used in °C; there is no need to convert to kelvin.
The units of enthalpy change are joules.
(d) Calculate the enthalpy change, in kJ mol−1, on dissolving 1 mole of hydrated
copper(ii) sulfate in water.

[3]

e

When calculating the Mr of hydrated copper(ii) sulfate, remember to include the
five moles of water of crystallisation.
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Question 8
(d) Mr = 63.5 + 32.1 + (4 × 16.0) + (5 × 18) = 249.6 ✓
2.07
= 0.00829 ✓
Moles of hydrated copper(ii) sulfate used =
249.6
0.00829 mol produces 84.0 J
8 4
= 10132.69 J mol−1 = 10.133 kJ mol−1 ✓
1 mol produces
0.00829
	∆H = −10.1 kJ mol−1
(e) The actual value is −11.7 kJ mol−1. State one source of error in the student’s
experiment and suggest how it could be reduced.

[2]

Use a lid/Use more insulation. ✓

Question 7

e

(e) There are energy transfers to and from the surroundings. ✓

B
No change

C
D
Effervescence Effervescence

No change

No change
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A
Sodium carbonate No change
solution
Silver nitrate
Precipitate
solution

pl

Some hydrochloric acid was added to some sodium carbonate solution in one test
tube and silver nitrate in another test tube. Which letter gives the correct
observations?

[1]

Precipitate

The answer is D. ✓

e

When an acid is added to a carbonate, effervescence results. The anion in
hydrochloric acid is chloride and it will form a precipitate with silver nitrate
solution.

Question 8

Which of the following is a correct statement about the test for bromide ions in solution?
A

Add AgNO3(aq), white precipitate formed, soluble in dilute ammonia solution

B

Add AgNO3(aq), cream precipitate formed, soluble in dilute ammonia solution

C

Add AgNO3(aq), white precipitate formed, soluble in concentrated ammonia solution

D

Add AgNO3(aq), cream precipitate formed, soluble in concentrated ammonia solution

[1]

The answer is D. ✓

e Bromide ions form a cream precipitate with silver nitrate solution. The
cream precipitate is not soluble in dilute ammonia but is soluble in concentrated
ammonia solution.
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Questions & Answers

Question 9
(a) A solid compound was dissolved in deionised water. Dilute nitric acid was
added, followed by silver nitrate solution. A white precipitate was observed,
which dissolved when ammonia solution was added.
(i) Name the ion that has been identified during this test. 
(ii) Write the simplest ionic equation for the formation of the white precipitate.
(iii) Explain why dilute nitric acid is added to the solution before silver
nitrate solution.

[1]
[1]
[2]

(i) Chloride ✓
(ii) Ag+ + Cl− → AgCl ✓

e

(iii) Nitric acid reacts with/removes carbonate/hydroxide ions. ✓
Carbonate ions would give a white precipitate/false test for chloride
ions. ✓
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e Silver nitrate solution is the key to this question as it is used to test for halide
(chloride, bromide and iodide) ions. Chloride ion gives a white precipitate. Be
careful that you do not write down chlorine ion — this is incorrect. The dilute nitric
acid is added to remove any carbonate ions, which would give a white precipitate
of silver carbonate, Ag2CO3. This would be a false positive test for chloride ions.
Learn the observations carefully in terms of the colour of the precipitates and
whether they redissolve in ammonia solution.
(b) It is possible to distinguish between BaCl2(aq) and MgCl2(aq) by adding an
aqueous reagent to a sample. Give a suitable aqueous reagent that could be
added separately to each compound. Describe what you would observe in
each case.

[3]

e These are both group 2 compounds, You need to think about identification tests
and about the solubility of group 2 compounds.
(b) Add some aqueous sodium sulfate or sulfuric acid (any named soluble
sulfate). ✓
A white precipitate forms for barium chloride solution. ✓
Whereas the solution remains colourless/No reaction for magnesium
chloride solution ✓ or

Add sodium or potassium hydroxide solution. ✓

The solution remains colourless/No reaction for barium chloride solution.
✓
A white precipitate occurs for magnesium chloride solution. ✓
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