Science KS4: Blended Learning Booklet

C6 The rate of chemical change
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Aim to complete four lessons each week. Watch the videos and follow the four part lesson plan
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ZOOM IN...

MY LEARNING JOURNEY: :
Subject: Rate of reaction Year: 10 Unit: C6 .

UP NEXT
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AIMS
Students will build on ideas o
about measuring mass and volume, how a
guantity of reactants forms a quantity 0

pf new products, that some reactions are

faster than other and that some can be
reversible. u
Students will use a range of methods to

measure reaction rates; identify ways of R
speeding up reactions, and use collision
theory and ideas about activation energy A
to make predictions. They will explore
reversible reactions and use Le Chatelier’s
principle to predict the effects of changing
temperatures, pressures and
concentrations on equilibrium systems.
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The importance of catalysts
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WHAT WE KNOW/
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that some reactions are fast and
that some are slow. They will °
have some idea that surface area
affects reaction rate.
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RECOMMENDED READING

1. :Thermodynamics Kept Simple - A
Molecular Approach: by Roland Kjellander,

2.  Reactions: The private life of atoms by
Peter Atkins,

3.  The Chemistry Book: From Gunpowder to
Graphene, 250 Milestones in the History of|
Chemistry by Derek Lowe.
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Lesson 1: C6.1 — Measuring rates

Connection

Have a look at the topic overview and
the C6 zoom in.

Populate what you know and your
personal objectives.

—

Activation

LI: Explain how to measure the rate of a reaction
https://www.youtube.com/watch?v=SPXanyy3-hU
Make a note of the title and the LI

Read pages 194-195

Define the key words on page 174

Draw and label figure 6.2 page 195

uhwh e

Consolidation

Complete and self assess the relevant
past paper question for this topic -
From the C6 DIP file

Extension

Demonstration

Attempt questions 1-6

In 15 mins answer as many questions as you can.

Self mark the questions you have done making any necessary corrections in blue
pen

Challenge yourself to answer as many as you can:

Green questions to GCSE Level 3
Make a note of one thing you

think you understand well and
one thing that you would like to
ask your teacher

Blue questions to GCSE Level 6
Purple questions to GCSE Level 9


https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=SPXanyy3-hU

Answers:Cb6.1 — Measuring rates

Connection

1 NA
2 NA
3 NA

Demonstration
11.6-1.7g.

2 During the first minute. The concentration of hydrochloric acid is greatest at the start of the reaction.
318.4cm3
4 58 seconds (curve becomes horizontal).

5 Keep the total volume of sodium thiosulfate and hydrochloric acid constant. Dilute the sodium thiosulfate. Run
the experiment again and record the time taken for the cross to disappear. Repeat for different concentrations.
Analyse the time data for trends.

6 1. Temperature affects rate and is not controlled (room temperature may vary and the reaction itself is
exothermic). Place the conical flask in a temperature controlled water bath. 2. The end point when the cross
disappears relies on eye sight judgment. Use colourimeter (measures change in intensity of light as it passes
through the precipitate) or data logger. 3. Starting the stopwatch and mixing simultaneously is difficult. So at least
two operators needed.



Lesson 2: C6.2 — Key concept: limiting reactants and molar masses

Connection

Activation

Q1. Describe two ways to measure the

time taken for a chemical reaction LIi: Explain the effect of a limiting quantity of a reactant on the amount of products

_ 1. https://www.youtube.com/watch?v=TKDOyR7WKQQ
Q2. State an advantage of using a black 2. Make a note of the title and the LI
X underneath a beaker to measure the 3. Read pages 196-197
4
5

rate of reaction of sodium thiosulphate
and hydrochloric acid

Define the key words on page 196
Draw and label figure 6.6 page 197

Q3. Describe the trend in the graph on

fig 6.1 page 194 #

Consolidation Demonstration
Complete and self assess the relevant Attempt questions 1-8
past paper questif)n for this topic - In 15 mins answer as many questions as you can.
From the C6 DIP file Self mark the questions you have done making any necessary corrections in blue
pen
Extension Challenge yourself to answer as many as you can:

, ﬁ Green questions to GCSE Level 3
Make a note of one thing you Blue questions to GCSE Level 6
think you understand well and

Purple questions to GCSE Level 9
one thing that you would like to

ask your teacher



https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=TKDOyR7WKQQ

Answers:C6.2 — Key concept: limiting reactants and molar masses

Connection

1 Any two from:

 The loss in mass in reactants over
time

« The volume of gas produced over
time

* The time for a solution to become
opaque

2 to allow you to compare the times for
different concentrations

To allow you to see when the
measurement was completed

So you know when to stop the timer

3 The reduction in mass decreases
rapidly in the first minute. The rate at
which the mass reduces then gradually
decreases over the next four minutes

Demonstration
1 Rate =50/23.5=2.13cm3 /s

2 a33 cm3 b 65cm3 c As more reactant is used, more of the product is formed. The two are
directly proportional. If the reactant is doubled, the amount of product produced will also
double.

30.0125 gis half of 0.025 g. So half the volume of hydrogen will be collected - about 16.5
cm3 . Use Fig. 6.5. The line should be less steep than the 0,025 g curve and become

horizontal at about 16.5 cm3 .

4 1t is the reactant that limits the amount of product that can be formed. 5 The amount of
product will quadruple.

6 3/24 = 0.125 moles Mg. Ratio Mg:MgCl2 = 1:1. So mass MgCl2 =0.125x95=119¢g
7 These are the formula masses of Mg and MgCl2.

8 a 2 moles since the ratio of Mg:MgCl2 = 1:1. b 4 moles since ratio of Mg:HCl = 1:2.



Connection

Q1. State what is meant when a
substance is added in excess

Q2. Describe what is meant by a
limiting reactant

Q3. Work out the mass of calcium
chloride that would be made from 3g
calcium

—

Lesson 3: C6.3 — Calculating rates

Activation

LI: Calculate the mean rate of a reaction

https://www.youtube.com/watch?v=GCR5xeduq20
Make a note of the title and the LI

Read pages 198-199

Define the key words on page 198

Draw and label figure 6.8 and 6.9 page 198-199

uhwn e

Consolidation

Complete and self assess the relevant
past paper question for this topic -
From the C6 DIP file

Extension

Demonstration

Attempt questions 1-6

In 15 mins answer as many questions as you can.

Self mark the questions you have done making any necessary corrections in blue
pen

Challenge yourself to answer as many as you can:

Green questions to GCSE Level 3
Make a note of one thing you

think you understand well and
one thing that you would like to
ask your teacher

Blue questions to GCSE Level 6
Purple questions to GCSE Level 9


https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=GCR5xeduq2o

Answers:C6.3 — Calculating rates

Connection

1 In excess refers to when enough of a Demonstration

substance is added so that all of the 1 a Slow rate. Long time taken (minutes to hours). b Fast rate. Very short time taken. c Very
other reactant is used up slow rate. Extremely long time taken.

230/50=0.6 cm3 /s

330/20=1.5cm3 /s

4 Editor: Draw construction lines at 40 seconds (vertical) and use the x axis as the horizontal
construction line. Gradient =52/40=1.3 cm3 /s

5 The steeper / larger gradient for the blue line indicates a greater rate of reaction than for
the red line i.e. greater volume collected per unit time.

6 a 20 seconds. Red =26/20 = 1.3 cm3 /s. Blue = 28.5/10 = 2.85 cm3 /s.

3 8.325¢ b 40 seconds. Red = 52/40 = 1.3 cm3 /s. Blue = (70 — 24) / (30 = 0) = 1.53 cm3 /5.

2 A limiting reactant is a chemical that
Is used up in the reaction that limits the
rate of product formation



Connection

Q1. State whether burning thermite
has a slow or fast rate of reaction

Q2. State how to work out the rate of
reaction from a graph

Q3. In a reaction, 70 cm?3 of sulphur
dioxide is produced in 20 seconds.
Calculate the rate

—

Lesson 4: C6.4 — Factors affecting rates

Activation

LI: Identify which factors affect the rate of reactions

https://www.youtube.com/watch?v=-4HXaUBbv04
Make a note of the title and the LI

Read pages 200-201

Define the key words on page 200

Draw and label figure 6.15 page 201

uhwn e

Consolidation

Complete and self assess the relevant
past paper question for this topic -
From the C6 DIP file

Extension

Demonstration

Attempt questions 1-9

In 15 mins answer as many questions as you can.

Self mark the questions you have done making any necessary corrections in blue
pen

Challenge yourself to answer as many as you can:

Green questions to GCSE Level 3
Make a note of one thing you

think you understand well and
one thing that you would like to
ask your teacher

Blue questions to GCSE Level 6
Purple questions to GCSE Level 9


https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=-4HXaUBbv04

Answers:C6.4 — Factors affecting rates

Connection

1 It would be a relatively fast rate of
reaction

2 Measure the gradient

3 70/20 = 3.5 cm3/s

Demonstration

1 34 seconds

2 As the temperature increases, the time taken decreases and therefore the rate increases.
3 Time taken would decrease and rate would increase.

4 1t is not valid. The aim was to see how concentration affected the rate. The concentration
and temperature change in the 2 experiments so variables have not been controlled.

515¢g

6 As the size of the chips decrease, the time taken to produce a given volume of CO2
decreases and therefore rate increases. In other words increasing surface area increases
rate.

7 Powder: 2.2/0.8 = 2.75 g/min. Small chips: 2.2/4.6 = 0.48 g/min. Single chip: 2.2/7.6 = 0.29
g/min.

8 The same mass of calcium carbonate and concentration of hydrochloric acid was used each
time.

9 e Increase temperature. Rate would increase.

e Increase concentration of HCI. Rate would increase.

e Increase surface area of Mg (use Mg powder for instance). Rate would increase.




Lesson 5: C6.5 — Required practical: Investigate how changes in concentration affect the rates of reactions by a

Connection method involving the production of a gas and a method involving a colour change
Q1. State two factors that affect the Activation
rate of reaction LI: Plan experiments to test hypotheses
. dv= i9i

Q2. Explain how using smaller marble ; I'I\1/Itt|cl)<s.//www.v]?u|;cub.e.lcoméwatctl.v N5p06i9ilmo
chips in their reaction with acid 3' R d de d notezgztzg;lt eandthe
increases the rate of reaction ’ ea. Pages i

4. Define the key words on page 202
Q3. Explain how increasing 5. Draw and label figure 6.16 page 202
temperature increases the rate of

reaction #

Consolidation Demonstration

Complete and self assess the relevant Attempt questions 1,2,3,4,6,7,11,12,14,15

past paper questign for this topic - In 15 mins answer as many questions as you can.

From the C6 DIP file Self mark the questions you have done making any necessary corrections in blue
pen

Extension Challenge yourself to answer as many as you can:

. ﬁ Green questions to GCSE Level 3
Make a note of one thing you Blue questions to GCSE Level 6
think you understand well and

Purple questions to GCSE Level 9
one thing that you would like to

ask your teacher



https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=N5p06i9ilmo

Answers:C6.5 — Required practical — rates of reaction

Connection

1Temperature

Concentration of reactants
Pressure of reacting gases
Surface area of reactant solids
Presence of catalysts

2 As the surface area has been
increased

3 Increasing temperature increases the
kinetic energy of the particles which
will increase the likelihood of
successful collisions and thus the rate
of rate of reaction

Demonstration

1 The higher the temperature, the greater the number of successful collisions and the
greater the rate.

2 Temperature.

3 Concentration (and volume) of acid. The identity of the acid e.g. hydrochloric acid. Mass of
Mg and its particle size (e.g. ribbon or powder).

4 The volume of gaseous hydrogen produced per time is being used to follow rate. A gas
syringe is a convenient and accurate way of measuring gas volume

6 The effect that increasing temperature has on the rate of reaction between calcium
carbonate and hydrochloric acid.

7 45 cm3 at 30 o C is anomalous. This point should be discarded.

11 The evidence supports their conclusion. Increasing temperature increases the rate of
reaction between calcium carbonate and hydrochloric acid. The experiment was carried out
twice at each temperature with similar results so the experiment is repeatable. This gives
validity to their conclusion.

12 They repeated their experiment twice at each of the temperatures and obtained similar
14 They would need to place the conical flask in a thermostatted water bath so that the
temperature was constant throughout the run. They could place the magnesium in a small
tube in the conical flask. The open end of the tube would be above the acid level. To start
the reaction, the conical flask could be tipped so that the acid made its way into the tube.
This would avoid losing hydrogen through replacing the bung at the start.

15 Carry out the experiment with different metals and different acids. Extend to carbonates
and metal oxides.




Lesson 6: C6.6 — Factors increasing the rate

Connection
Q1. State why a gas syringe is used to Activation
collect gas LI: predict the effect of changing conditions on the rate of reaction
: v=
Q2. State what gas is given off when ; rl\'ﬂttis'//www-vful;fub_e-lcoméwatctl- v=OttRV5ykP7A
magnesium is added to the 3' A a de a ”0t9284t2§;|t e and the
hydrochloric acid - ea. pages -
4. Define the key words on page 204
Q3. Explain how to test for the gas in 5. Draw and label figure 6.18 and 6.19 page 205
the answer to question 2

—

Consolidation Demonstration

Complete and self assess the relevant Attempt questions 1-10
past paper question for this topic -

In 15 mins answer as many questions as you can.
From the C6 DIP file

Self mark the questions you have done making any necessary corrections in blue
pen

Extension Challenge yourself to answer as many as you can:

. ﬁ Green questions to GCSE Level 3
Make a note of one thing you Blue questions to GCSE Level 6
think you understand well and

Purple questions to GCSE Level 9
one thing that you would like to

ask your teacher



https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=OttRV5ykP7A

Answers:C6.6 — factors increasing the rate

Connection

1 Using a gas syringe is
more accurate way of
collecting gas than merely
counting bubbles — it allows
you to see what volume has
been released

2 Hydrogen gas

3 The test for hydrogen is to
hold a lit splint inside a test
tube of the gas and if
present, hydrogen will burn
with a squeaky pop

Demonstration

1 21 seconds (when the line becomes horizontal).

2 Metal and acid e.g. magnesium and hydrochloric acid.

3 The limiting reactant has been used up so there are no more collisions between the reactant particles. No more
product is produced and rate drops to zero.

460/10=6cm3 /s

5 Table 6.2: 13 cm3 . As the concentration of hydrochloric acid increases, a greater volume of hydrogen is collected in 10
seconds. Rate increases. Table 6.3: 13 cm3 . As the temperature increases, a greater volume of hydrogen is collected in
10 seconds. Rate increases.

6 65 cm3 . The same concentration of HCl was used and it was in excess. The same mass of Mg was used.

70

i 40°C =
5§ /
’

B %0+ i
H .
8 40- ¥
b
g 0 e
2 S 20c
S 20
§ 10

o-f AR T 1 g

o 1020 30 4 s 60

Time (seconds)

8 a When twice the mass (moles) of magnesium was used, twice the volume (moles) of hydrogen were produced. b The
gradient is greater for the reaction with higher mass. So the rate is greater for the higher mass.

9 The final volumes for the 2 masses are 33 and 66 cm3 . 0.0495 g is halfway between the 2 masses. Therefore the final
volume will be 49.5 cm3 . The curve will have a gradient in between the red and the blue curve.

10 a CaCO3 (s) + 2HNO3 (aq) = Ca(N03)2 (aqg) + H20 (l) + CO2 (g) b The rate of reaction has increased (approximately
doubled) between experiments 1 and 2 (0.37 cm3 /s and 0.71 cm3 /s). The total volume has doubled which suggests
that the concentration of nitric acid has doubled. Calcium carbonate must have been in excess.



Connection

Q1. State what will happen to the rate
of reaction if the concentration of the
reactants is increased

Q2. Explain why increasing the rate
does not increase the amount of

product formed

Q3. Describe how the gradient on a

graph would change if the rate of #
reaction was increased

Lesson 7: C6.7 — Collision theory

Activation

Ll: Describe a reaction by particles colliding

https://www.youtube.com/watch?v=eSInl1xHvh4
Make a note of the title and the LI

Read pages 206-207

Define the key words on page 206

Draw and label figure 6.23 and 6.24 page 207

uhwnNeE

Consolidation

Complete and self assess the relevant
past paper question for this topic -
From the C6 DIP file

Extension

Demonstration

Attempt questions 1-4

In 15 mins answer as many questions as you can.

Self mark the questions you have done making any necessary corrections in blue
pen

Challenge yourself to answer as many as you can:

Green questions to GCSE Level 3
Make a note of one thing you

think you understand well and
one thing that you would like to
ask your teacher

Blue questions to GCSE Level 6
Purple questions to GCSE Level 9


https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=eSInI1xHvh4

Answers:C6.7 - Collision theory
Connection Demonstration

1 Increasing pressure means there are more particles per volume. Therefore there are
more collisions and more successful collisions. The rate increases.

1 The rate of reaction will increase

2 Despite product being formed 2 ¢ HClI molecules move faster as the temperature increases.

more quickly, the total amount of e This means that the proportion of HCl molecules that have an energy equal to or
product formed at the end of the greater than the activation energy increases.

reaction will be the same as there e So the number of successful collisions with magnesium increases and the rate of
was no change to the amount of reaction increases.

reactant added * Also, as temperature increases, the increased kinetic energy means that there are

more collisions with magnesium.
3 the gradient will become steeper _ _

3 Increasing concentration of HCl means there are more molecules per volume.
Therefore there are more collisions and more successful collisions. The rate increases.

41x106/5x1010=2x10-5s



Connection

Q1. State what happens to particlesin a
reaction when the temperature is
increased

Q2. State one way to increase the
frequency of collisions

Q3. Explain why increasing the pressure
of reacting gases will increase the rate of

reaction. Answer in terms of coIIision#
theory

Lesson 8: C6.8 — Catalysts

Activation

LI: Explain what is meant by activation energy

https://www.youtube.com/watch?v=m 9bpZeplQM
Make a note of the title and the LI

Read pages 208-209

Define the key words on page 208

Draw and label figure 6.27 page 209

uhwnNeE

Consolidation

Complete and self assess the relevant
past paper question for this topic -
From the C6 DIP file

Extension

Demonstration

Attempt questions 1-4

In 15 mins answer as many questions as you can.

Self mark the questions you have done making any necessary corrections in blue
pen

Challenge yourself to answer as many as you can:

Green questions to GCSE Level 3
Make a note of one thing you

think you understand well and
one thing that you would like to
ask your teacher

Blue questions to GCSE Level 6
Purple questions to GCSE Level 9


https://www.youtube.com/watch?v=ApvxVtBJxd0
https://www.youtube.com/watch?v=m_9bpZep1QM

Answers:C6.8 - Catalysts
Connection

1 When the temperature is
increased, the kinetic energy of the
particles increases and so particles
are moving more quickly and so
more likely to have successful
collisions

2 One way to increase the
frequency of collision is to increase
the concentration of the reactants

3 If the pressure of reacting gases
increases then there will be more
particles crowded in the same
volume, this will mean there will be
more collisions and so more chance
of successful collision and rate of
reaction will increase

Demonstration

1 e Magnesium chloride: Not a catalyst. No decrease in time to collect 100cm3 of gas.
e Copper chloride: Not a catalyst. Although time was reduced (greater rate), it did not
remain unchanged at the end (it was a different colour). In fact Zinc displaces copper
ions to form copper. It is the copper that acts as a catalyst.

e Copper: It is a catalyst. There was a decrease in time to collect 100cm3 of gas.
Copper remained unchanged at the end of the reaction.

2 Zn(s) + H2S04(aq) - ZnS04(aq) + H2(g) Editor: Write Cu (s) over the arrow to show
the catalyst.

3 Vanadium pentoxide provides an alternative reaction pathway with lower activation
energy. So a greater number of molecules have an energy equal to or greater than the
activation energy. The number of successful collisions increases and so does the rate.
2502 + 02 2503

4 a 2H202(aqg)—> 2H20(l) + 02(g)

b Catalase. Provides and alternative reaction pathway with lower activation energy.

c 75 kJ/mol. Any value greater than 58 kJ/mol since catalysts lower activation energy.
d Hydrogen peroxide is toxic to cells. Catalase increases the rate of decomposition so it
prevents the cells being damaged.




