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This booklet is for use in your Science lessons. Please look after it in the same way you would your exercise book and ensure that your presentation is always PROUD. 
Ensure that your booklet is returned to your class book box at the end of the lesson. 

Lesson Breakdown
Lesson 1: Calculating rates of reaction. 
Lesson 2: Factors affecting rates of reaction / collision theory
Lesson 3: RP 1 – Concentration and how it affects the rate of reaction
Lesson 4: RP 1 – Concentration and how it affects the rate of reaction
Lesson 5: RP 1 – Concentration and how it affects the rate of reaction (disappearing cross)
Lesson 6: RP1 – Concentration and how it affects the rate of reaction (disappearing cross)
Lesson 7: Temperature and how it affects rates of reaction. 
Lesson 8: How catalysts and surface area affect rates of reaction. 
Lesson 9: Reversible reactions and equilibrium. 
Lesson 10: The effect of changing conditions on equilibrium (HT only). 


Keystone words

1. [bookmark: _Hlk117900224]Rate
2. Collision
3. Catalyst
4. Activation
5. Equilibrium
6. Reversible

[bookmark: _Hlk138151168]

Lesson 1: Teacher notes
AQA Content
 The rate of a chemical reaction can be found by measuring the quantity of a reactant used or the quantity of product formed over time: 
mean rate of reaction = quantity of reactant used / time taken 
mean rate of reaction = quantity of product / formed time taken 
The quantity of reactant or product can be measured by the mass in grams or by a volume in cm3. 
The units of rate of reaction may be given as g/s or cm3 /s. 
For the Higher Tier, students are also required to use quantity of reactants in terms of moles and units for rate of reaction in mol/s. 
Students should be able to: 
• calculate the mean rate of a reaction from given information about the quantity of a reactant used or the quantity of a product formed, and the time taken. 
• draw, and interpret, graphs showing the quantity of product formed or quantity of reactant used up against time.
• draw tangents to the curves on these graphs and use the slope of the tangent as a measure of the rate of reaction. 
• (HT only) calculate the gradient of a tangent to the curve on these graphs as a measure of rate of reaction at a specific time. 
















































Key direct and explicit teacher explanations: 
Chunking:
a. Measuring rates of reaction through product formed or reactants used up. 
b. Shapes of graphs showing reaction progress. 
c. Using the gradient to determine the rate. 
d. Calculating the rate from the gradient (HT only). 
a. The rate of reaction tells us how fast or slow a reaction is. For example, an explosion has a high rate of reaction, whereas rusting has a low rate of reaction. 
The rate of a reaction can be defined as the amount of product made per unit of time. Alternatively, it can be defined as the amount of reactant used up per unit of time. 
There are many possible units for the rate of reaction. The most common ones at GCSE are g/s and cm3/s. We use the first one if we can measure a mass for a reactant or product. The second is used if a gas is made or used up during a reaction. 
When we calculate the rate of anything (e.g. rate of photosynthesis / a chemical reaction / speed) we always divide by time. 
b and c. The progress of a reaction can be followed if we plot the amount of reactant used up / product made against time. 
[image: Rates of Reactions | CK-12 Foundation]
The gradient of the curve decreases as the reaction proceeds. 
The gradient tells us the rate of the reaction; the steeper the gradient, the faster the reaction. 
In the graph above, you can see that the rate of a reaction is highest when the reactants are first mixed. The rate then decreases. 
The rate of reaction is highest at he start of the reaction because there are the maximum number of reactant particles unreacted. As reactant particles are used up, the rate gets lower. Eventually, all of the reactant particles of at least one reactant are used up so the reaction stops (has a rate of reaction of zero). 
The easiest way to look at changes in gradient is to draw a tangent on the curve at different time points. A tangent is a straight line that only touches the curve at one point. 
d. We can calculate the rate of the reaction by calculating the gradient of the tangent. We do this by dividing change in y by change in x (modelling would be required). 



















Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 1: Rates of Reaction
Objective:  You are learning how to determine the rate of a reaction.
Do Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	


I wasn’t there but I still care: This is the first lesson in the topic so complete the Do Now with everybody else. 





Physical =- no NEW substance formed -relatively easy to reverse
Chemical – new product made – difficult /impossible to reverse
Bubbling/ fizzing/ gas /precipitate,  temperature change, colour change, etc
Any 3 different e.g. combustion, neutralisation, oxidation, etc
Connect
1. [bookmark: _Hlk138425848][bookmark: _Hlk138425747]List three examples of chemical reactions
[bookmark: _Hlk138426086][bookmark: _Hlk138426044]__________________________________________________________________________________________________________________________________________________________________________

2. Describe how you know a chemical reactions has occured​______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Explain the difference between a physical and chemical changes​
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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1.  100/20 = 5g/s
2. 30/3 = 10cm3/s
3. 1000/10 = 100cm3/s
4. 400/4 = 100cm3/min or 400/(4 x60)240 = 1.7cm3/s
5. 250/2.5 = 100g/s




  
What do we mean by the rate of a Chemical Reaction?​
​
The rate of a chemical reaction tells you how fast reactants turn into products.​
​
You can find out the rate of a chemical reaction by either:​
· monitoring the amount of reactants used up over time.​
· measuring the amount of products made over time.​
​
You can calculate the mean rate of reaction after a given time using:​
​
Mean rate of reaction = amount of reactant used up   OR   amount of product made​
                                    time                                                time​
​
The units could be g/s or cm3/s​


Task 1:

Calculate the rate of a reaction from the information below:​
​
1. 100g of solid was made in 20 seconds​
________________________________________________________________________________________________________________________________________________________________

2. 30cm3 gas was made in 3 seconds​
________________________________________________________________________________________________________________________________________________________________
​
3. 1000cm3 of gas was made in 10 seconds​
________________________________________________________________________________________________________________________________________________________________

4. 400cm3 of gas was made in 4 minutes​
________________________________________________________________________________________________________________________________________________________________

5. ​250g of solid calcium carbonate was used up in 2.5 seconds​
____________________________________________________________________________________________________________________________________________________________________________


​
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Task2: 
 [image: A picture containing text, screenshot, line, number  Description automatically generated]


40-60s = 4/20 = 0.2 cm3/s
0-20s = 20/20 = 1.0cm3/s
Draw tangent 
[bookmark: _Hlk138498638][bookmark: _Hlk138498555]Y/X eg 12/44 = 0.25cm3/s

Draw tangent 
Y/X eg 20/40 = 0.5cm3/s
60 s
15 / 15 = 1g/s
(HT)
[image: A graph on a graph  Description automatically generated with low confidence]


Steeper line (1 mark), levelling out at 25 cm3  (1 mark)
Increased surface are of reactant increased rate of reaction
Draw tangent 
[bookmark: _Hlk138498865]Y/X eg 19/4.5 = 23.5cm3/minute

25cm3 / 6 minutes = 4.2cm3/minute
25cm3 / 360 s = 0.07 cm3/s
Zinc sulphate
Task 3: (HT) [image: A picture containing text, screenshot, line, parallel  Description automatically generated]


Lesson 2: Teacher notes
AQA Content
 Factors which affect the rates of chemical reactions include: the concentrations of reactants in solution, the pressure of reacting gases, the surface area of solid reactants, the temperature and the presence of catalysts.
Students should be able to recall how changing these factors affects the rate of chemical reactions.
Collision theory explains how various factors affect rates of reactions. According to this theory, chemical reactions can occur only when reacting particles collide with each other and with sufficient energy. The minimum amount of energy that particles must have to react is called the activation energy. Increasing the concentration of reactants in solution, the pressure of reacting gases, and the surface area of solid reactants increases the frequency of collisions and so increases the rate of reaction.
Students should be able to: 
• predict and explain using collision theory the effects of changing conditions of concentration, pressure on the rate of a reaction.
• use simple ideas about proportionality when using collision theory to explain the effect of a factor on the rate of a reaction.




Key direct and explicit teacher explanations: 
Chunking:
· Collision theory. 
· Predicting the effect of changing pressure and concentration on the rate of reaction.
· Using proportionality with collision theory to explain the effects of changing a condition on the rate of reaction. 
The rate of reaction is dependent upon different factors. These include: 
a. Concentration of reactants in solution.
b. The pressure of reactants that are gases. 
c. The surface area of solid reactants. 
d. Temperature. 
e. Whether a catalyst is present. 
We explain why some factors affect the rate of a reaction using collision theory. 
Collision theory states that chemical reactions only occur when: 
a. Particles collide with each other.
b. Particles collide with sufficient energy. The minimum amount of energy is called the activation energy. 
You came across activation energy in the KS4 Energy Changes topic when you learnt about reaction profiles. 
For example: 
[image: Chemistry GCSE, KS Learning]
The effects of changing the pressure of gaseous reactants and the concentration of reactants in solution can both be explained in the same way using collision theory. The only difference is that in one case the reactants are a gas and in the other they are in solution. 
The concentration of a solutions is a measure of how many particles are dissolved per decimetre cubed of solution. More particles are dissolved at a higher concentration. 
[image: Explore Reaction Rates Worksheet - EdPlace]


















High concentration
Low concentration


At high concentration, there are more reactant particles present per decimetre cubed than at low concentration. This means that the particles have more frequent collisions. If the frequency of collisions increases, product is made faster because the rate of reaction is higher. 
Similarly, at higher pressure, more reactant particles are present per decimetre cubed of reaction mixture. This means that the particles have more frequent collisions at higher pressure so the rate of reaction nis higher. 
We can go a step further than this and say how doubling or tripling the concentration or pressure affects the rate of reaction: 
If we doubled the concentration of a reactant: 
· The number of reactant particles per decimetre cubed also doubles. 
· So, the number of collisions happening every second doubles. 
· So , the rate of reaction doubles. 


Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 2: Factors affecting the rate of a reaction
Objective:  Explain the factors that affect the rate of a chemical reaction
Do It Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	


I wasn’t there but I still care: 
State what rate of a reaction means & recall the equation to calculate it.
[bookmark: _Hlk138501627]
________________________________________________________________________________________________________________________________________________________________________
A reaction is set up between magnesium and hydrochloric acid. After 30 seconds, the magnesium had decreased in mass by 45g. What was the rate of this reaction?

________________________________________________________________________________________________________________________________________________________________________
A reaction is set up between magnesium and hydrochloric acid. After 30 seconds, 81cm3 of gas had been produced. What was the rate of this reaction?

________________________________________________________________________________________________________________________________________________________________________




Rate of reaction = product made (g) / time (s)
Rate of reaction = 81cm3 / 30s
Rate of reaction = 2.7 cm3/s

Rate of reaction = reactant lost (g) / time (s)
Rate of reaction = 45g / 30s
Rate of reaction = 1.5 g/s

[image: A black text on a white background  Description automatically generated with low confidence]
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Tangents 20/6 = 3.3cm3/s
Tangent 26/26 = 1.0cm3/ s
Tangent 18/36 = 0.5cm3/s
Tangent 12/52 = 0.23cm3/s

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Connect
[image: A graph on a graph  Description automatically generated with low confidence]
46cm3
46 s – reactant used up
STOPPED
SLOW
FAST


Collision theory
For a chemical reaction to happen:
· reactant particles must collide with each other
· the particles must have enough energy for them to react
A collision that produces a reaction is called a successful collision. The activation energy is the minimum amount of energy needed for a collision to be successful. It is different for different reactions.
[image: A picture containing circle, clipart  Description automatically generated]
The greater the frequency of successful collisions, the greater the rate of reaction. If the concentration of a reacting solution or the pressure of a reacting gas is increased:
· the reactant particles become more crowded
· the frequency of collisions between reactant particles increases
· the rate of reaction increases
Note that the mean energy of the particles does not change. However, since the frequency of collisions increases, the frequency of successful collisions also increases.
Rates and temperature
The greater the frequency of successful collisions, the greater the rate of reaction. If the temperature of the reaction mixture is increased:
· reactant particles move more quickly
· the energy of the particles increases
· the frequency of successful collisions between reactant particles increases
· the proportion of collisions which are successful increases
· the rate of reaction increases
[image: A picture containing text, screenshot, diagram, line  Description automatically generated]

Rates, concentration and pressure
The greater the frequency of successful collisions, the greater the rate of reaction. If the concentration of a reacting solution or the pressure of a reacting gas is increased:
· the reactant particles become more crowded
· the frequency of collisions between reactant particles increases
· the rate of reaction increases
Note that the mean energy of the particles does not change. However, since the frequency of collisions increases, the frequency of successful collisions also increases.
[image: A picture containing text, line, plot, diagram  Description automatically generated]
Rates and surface area to volume ratio
Dividing lumps
For a given mass of a solid, large lumps have smaller surface area to volume ratios than smaller lumps or powders. If a large lump is divided or ground into a powder:
· its total volume stays the same
· the area of exposed surface increases
· the surface area to volume ratio increases
Lumps vs powders
The greater the frequency of successful collisions, the greater the rate of reaction. If the surface area to volume ratio of a reacting solid is increased:
· more reactant particles are exposed at the surface
· the frequency of collisions between reactant particles increases
· the rate of reaction increases
Note that the mean energy of the particles does not change. However, since the frequency of collisions increases, the frequency of successful collisions also increases.




[image: A picture containing text, screenshot, font  Description automatically generated]
[image: A picture containing text, line, plot, diagram  Description automatically generated]
Catalysts
A catalyst is a substance that:
· increases the rate of a reaction
· does not alter the products of the reaction
· is not chemically changed or used up at the end of the reaction
Only a very small mass of catalyst is needed to increase the rate of a reaction. However, not all reactions have suitable catalysts. Different substances catalyse different reactions.
  Task 1:
Chemical reactions only occur when reacting particles _________with each other with sufficient ________. 
The minimum amount of energy needed for the particles to react is called the ___________ energy, and it is different for each reaction.
If particles collide with ________ energy than the activation energy, they will not react. The particles will just bounce off each other.
The rate of a reaction depends on: 
· the ___________ of collisions between particles
· the energy with which particles collide.



a). Concentration   collisions
b). surface area     collisions
c). Temperature     collide      frequency              energetic   activation
d). catalyst            unused      energy
Task 2:
There are four main factors that affect the rate of reaction. These are: 
C.......................... This is a measure of how crowded the particles are in a solution and the frequencies of c........................ 
S........................ a......................... This is a measure of how much solid is exposed to reaction and therefore how many c............................... take place.
T......................... This affects the energy of the particles and how quickly they c...................... It also affects the f................... with which the particles collide and how e.............................. the collisions are. The energy required for any reaction to take place is called the a......................... energy for that reaction. 
The presence of a c..........................  These speed up a chemical reaction but is u............................. chemically. They work by lowering the activation e..................... for the reaction.
[image: A picture containing text, screenshot, font, diagram  Description automatically generated]
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Task 3:
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TASK 4:
[image: A picture containing text, diagram, screenshot, parallel  Description automatically generated]
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TASK 5 (HT) :
[image: A picture containing text, diagram, line, screenshot  Description automatically generated]
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[image: A picture containing text, screenshot, font, number  Description automatically generated]


(a)  CaCl2 + CO2 + H2O		products in any order	1
balancing: 2 (HCl)		dependent on correct formulae for products	1
(b)  value from graph used to show volume increase	must include a time or volume value	1
values from graph used to show the volume increases less rapidly	must include time interval or volume increment	1
volume or time stated when graph line levels off	allow levels off at 60 (cm3) or 28 to 30 s
allow descriptions in terms of rate of reaction	1	values must be approximately correct

[image: A graph on a graph paper  Description automatically generated with low confidence]

(c)  draw tangent at 15 s	allow draw a straight line on the curve at 15 s		1
calculate gradient		allow correct description of gradient calculation
ignore calculations if given				1
(d)  centimetres cubed per second	allow cm3/s or cm3 s−1 (all lower case)
allow mixture of abbreviations and words, e.g. centimetres cubed/s
do not accept non-SI abbreviations (e.g. sec for s)	1
(e)  (rate) increases as chips get smaller	allow converse				1
(f)  same amount of acid
or
same number of moles of acid		allow same volume of acid /	allow same concentration of acid
allow same mass of CaCO3 / marble chips / allow one reactant is the limiting factor	1
(g)  (surface area of each face = 2 × 2 =) 4					1
(6 × 4 =) 24 (cm2)		allow 6 × student’s value from step 1		1
an answer of 24 (cm2) scores 2 marks
(h)  small(er) chips have large(r) surface area (for the same volume)
allow converse						1
so more frequent collisions		allow more chance of collisions / allow more likely to collide
do not accept reference to speed of particles or energy of collisions
ignore more collisions /ignore more successful collisions		1
(i)   (sloping part is less steep because) reaction is slower			1
due to less frequent collisions
do not accept reference to speed of particles or energy of collisions /ignore fewer collisions	1
fewer acid particles (in same volume)	ignore weaker acid		1
or
(sloping part is less steep because) reaction is slower (1)
there are fewer acid particles (in same volume) (1)
(graph levels off lower) so less gas is produced (1)
allow converse for more concentrated acid
[17]




Lesson 3: Teacher notes
AQA Content
 Required practical 5: investigate how changes in concentration affect the rates of reactions by a method involving measuring the volume of a gas produced and a method involving a change in colour or turbidity. This should be an investigation involving developing a hypothesis.
Required practicals are now allocated more than one day. The first is to complete the experimental and the second is to complete the analysis and evaluation. 
This required practical has two parts, so it is allocated four days. The first two days are for measuring a gaseous product. Days three and four are for the disappearing cross experiment. 
The following need to be addressed in both parts of the required practical: 
a. Make a prediction and support it with correct scientific theory (collision theory). 
b. Write a hypothesis. 
c. Identify independent, dependent and control variables (from a method). 
d. Improving methods for investigations (e.g. add detail to the methos in the RP handbook). 
e. Identifying hazards, risks and control / reduction measures. Risk is identified using the following criteria: 1. The way the hazard causes harm. 2. Likelyhood of exposure to harm. 3. How serious the effects of the hazard would be.
f. Evaluation of data through: identifying anomalies, repeatability, reproducibility, precision. They can also comment on accuracy (this is improved by increasing the number of repeats so the mean approaches the actual value). 
g. Sources of random, systematic and measurement errors. 
h. Improvements that could be made to the method. 
i. Writing a conclusion based on data. 
j. Explaining the conclusion using collision theory. 
k. Comparing the conclusion to the original prediction. 
You will see a lot of the above in multiple RPs. This is to ensure that they get enough exposure to make ensure mastery. 














Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 3: 
Objective: We are learning about one of the three ways to measure the rate of a chemical reaction.
 We are learning how to collect the volume of a gas given off during a chemical reaction.
Do  Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	




Temperature: increase in temp =increase in reaction
Concentration of solution or the pressure of gas: increase in conc or pressure = increase in reaction
Surface area increase in SA = increase in reaction
Presence of a catalyst( a chemical that speeds up a reaction but does not get used up or changed)
I wasn’t there but I still care: 
Rates of reaction The rate of a chemical reaction depends on 4 things: List and explain how. 
All 4 methods depend on increasing the number of successful collisions between the reacting particles.
1)___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2)________________________________________________________________________________________________________________________________________________________________________________________________________________________3)__________________________________
3)___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4)___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




4




Increasing concentration
By heating
Connect
In the chemical industries the rate a reaction occurs at can affect how quickly  a company makes money:
Think bakeries, breweries, cosmetics, shampoos etc. The faster you make a product and get it shipped out, the faster you make money. 
Collison theory helps us to understand and predict the rate of reaction when certain conditions are changed. 
To react, particles need to:
COLLIDE with each other. 
Be in CONTACT with each other.
Have enough ENERGY to collide.
Be moving FAST enough.
We can increase the probability particles will collide by increasing the concentration. Increase concentration = increase rate of reaction
How can we increase the energy particles have?
_____________________________________________________________________________________
_____________________________________________________________________________________
How can we make sure that they are in contact with each other in sufficient quantities?
__________________________________________________________________________________________________________________________










The first thing you need to do is make a prediction/hypothesis. This is saying what you think might happen.
For example, how will concentration affect the rate of reaction.
Your prediction/hypothesis might be:
The stronger the acid the more gas will be produced
The more magnesium ribbon used the faster the rastion




Modelling progress

All substances are made up of particles e.g.  atoms, molecules or ions. Before a chemical reaction can occur, we must get the particles to collide and collide with enough energy to cause a reaction. This is the Collision theory. The more collisions between particles in a given time, the faster the reaction. The minimum amount of energy required to make these collisions happen is called the ACTIVATION ENERGY

[image: ]

The practical: Measuring rates of reaction.
There are three ways to measure rates of reaction. Today we are learning how to measure the rate of a reaction by measuring the volume of gas given off during the reaction.The rate of a reaction can be observed by how quickly the reactants are used up or how quickly the products are formed.
Rate of reaction = Amount of reactant used /or product formed
Time
This is the mean rate of reaction.  To find the rate at a particular point we have to plot a graph and find the gradient at that particluar time.
When the reactant or product we are measuring is a gas we usually measure it in cm3.
Time is measured in seconds (s)
This means that rate is often expressed as cm3/s 


[image: My Bridging Science: Collecting gas for an experiment...]
Length of Magnesium ribbon, temp of surroundings, type of acid, volume of acid
Volume of gas
Concentration of acid
Read the method below and then identify the following variables:
· Independent variable: _____________________________________________________________

· Dependent variable: ______________________________________________________________

· Control variables: ________________________________________________________________ _______________________________________________________________________________














Adding hydrochloric acid to magnesium ribbon makes magnesium chloride and hydrogen. That is the gas we are collecting.
Mg + HCl = MgCl + H 
Always remember wear eye protection.
Method
1. Support a gas syringe with a stand, boss and clamp.
2. Using a measuring cylinder, add 50 cm3 of dilute hydrochloric acid to a conical flask.
3. Add 2 strips of magnesium ribbon to the flask. Immediately connect the gas syringe and start a stop clock.
4. Every 10 seconds, record the volume of gas produced.
5. When the reaction is complete, clean the apparatus as directed by a teacher.
6. Repeat steps 1 to 5 with different concentrations of hydrochloric acid.
7. Record all your results.



See teacher demo of set up. Alternatively lay syringe flat on desk
Make sure measuring cylinder is correct size to allow precise measurement. Ready top of meniscus to ensure volume correct.
Fill in your results tables making sure you do repeats. Leave last column (reproducibility) for another groups results.
Ensure sizes of strips are all equal for each experiment. Have bung ready to go in. practice technique beforehand to make sure it fits.
Ensure you can use stop clock, 0ne person time the other read the volume, practice the routine of every 10 seconds for collection 
Rinse with cold water and tip down sink. Avoid splashing
Use specific concentrations of acid, usually 3 different ones
The method given below is quite good because it includes all of the key steps in a logical order. However, it could be improved because it lacks some detail. This means that it would be hard for another person to reproduce the experiment without asking further questions. 
On the lines under each step, include additional detail that would be useful for the experimenter.
     1.Support a gas syringe with a stand, boss and clamp.
____________________________________________________________________________________________________________________________________________________________________
2. Using a measuring cylinder, add 50 cm3 of dilute hydrochloric acid to a conical flask.
____________________________________________________________________________________________________________________________________________________________________
3. Add 2 strips of magnesium ribbon to the flask. Immediately connect the gas syringe and start a stop clock.
____________________________________________________________________________________________________________________________________________________________________

4. Every 10 seconds, record the volume of gas produced.
__________________________________________________________________________________________________________________________________________________________________
5.. When the reaction is complete, clean the apparatus as directed by a teacher.
__________________________________________________________________________________________________________________________________________________________________
6 Repeat steps 1 to 5 with different concentrations of hydrochloric acid.
____________________________________________________________________________________________________________________________________________________________________

7 Record all your results.
____________________________________________________________________________________________________________________________________________________________________


Using your knowledge of collision theory to make a prediction/hypothesis about how concentration will affect the production of gas, and why you think this:
My hypothesis: __________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________________

The more concentrated the acid the more gas will be produced or the reverse.


Reference to collision theory and more particles more collisions as more are there.



Risk assessment: 
	Hazard
	Risk
	Control /reduction measure

	
	Glass syringe falling on the floor
Cuts, glass on floor damage to shoes and floor.

	Tie syringe to plunger, carry with both hands. Place in middle of desk


	Retort stand could topple

	Cuts bruises to feet. Acid spills and burns.
Broken glass


	Add weight to base of stand. Place in middle of desk


	Spilling acid

	Skins burns, clothes burns, slips on floor



	Put lids on bottles asap after use, mop up spills. Carry safely. Stand up. Eye protection worn.





Results 1: _________________acid concentration
	Time in seconds
	Volume of gas produced (cm3)
	Data from another group: mean volume of gas produced (cm3)

	
	Test 1
	Test 2
	Mean
	

	10
	
	
	
	

	20
	
	
	
	

	30
	
	
	
	

	40
	
	
	
	

	50
	
	
	
	

	60
	
	
	
	


Results 2:_______________acid concentration
	Time in seconds
	Volume of gas produced (cm3)
	Data from another group: mean volume of gas produced (cm3)

	
	Test 1
	Test 2
	Mean
	

	10
	
	
	
	

	20
	
	
	
	

	30
	
	
	
	

	40
	
	
	
	

	50
	
	
	
	

	60
	
	
	
	


Results 3:______________acid concentration 
	Time in seconds
	Volume of gas produced (cm3)
	Data from another group: mean volume of gas produced (cm3)

	
	Test 1
	Test 2
	Mean
	

	10
	
	
	
	

	20
	
	
	
	

	30
	
	
	
	

	40
	
	
	
	

	50
	
	
	
	

	60
	
	
	
	


For each concentration of acid:
1. Identify anomalies by circling them
2. Calculate the mean volume of gas produced
3. Obtain data from another group to complete the final column of each results table

Preliminary conclusion: 
Using your results, and the data you have collected from another group, how does the changing concentration of acid affect the rate of the chemical reaction.
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________















Lesson 4: Teacher notes
AQA Content
Required practical 5: investigate how changes in concentration affect the rates of reactions by a method involving measuring the volume of a gas produced and a method involving a change in colour or turbidity. This should be an investigation involving developing a hypothesis.
Required practicals are now allocated more than one day. The first is to complete the experimental and the second is to complete the analysis and evaluation. 
This required practical has two parts, so it is allocated four days. The first two days are for measuring a gaseous product. Days three and four are for the disappearing cross experiment. 
The following need to be addressed in both parts of the required practical: 
a. Make a prediction and support it with correct scientific theory (collision theory). 
b. Write a hypothesis. 
c. Identify independent, dependent and control variables (from a method). 
d. Improving methods for investigations (e.g. add detail to the methos in the RP handbook). 
e. Identifying hazards, risks and control / reduction measures. Risk is identified using the following criteria: 1. The way the hazard causes harm. 2. Likelyhood of exposure to harm. 3. How serious the effects of the hazard would be.
f. Evaluation of data through: identifying anomalies, repeatability, reproducibility, precision. They can also comment on accuracy (this is improved by increasing the number of repeats so the mean approaches the actual value). 
g. Sources of random, systematic and measurement errors. 
h. Improvements that could be made to the method. 
i. Writing a conclusion based on data. 
j. Explaining the conclusion using collision theory. 
k. Comparing the conclusion to the original prediction. 
You will see a lot of the above in multiple RPs. This is to ensure that they get enough exposure to make ensure mastery. 


















Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 4: 
Objective: You are learning how to interpret your practical data
Do It Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	




I wasn’t there but I still care: 
Last lesson was a practical. Using the data below to calculate a mean volume of gas produced.
Time in seconds
Volume of gas produced (cm3)

Test 1
Test 2
Mean
10
18
20

20
28
27

30
34
35

40
38
39

50
40
41

60
40
41


At which point was the reaction complete? How do you know?
________________________________________________________________________________________________________________________________________________________________________________________________________________________ 



Independent variable = concentration of acid
Dependent variable = volume of gas produced
Control variable = length of magnesium ribbon, type of acid, volume of acid,, same syringe
Surface area
Temperature
Concentration
Presence of catalyst
Connect

1) What 4 factors does rate of reaction depend on?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) In your practical, what were the variables?
· Independent variable: ____________________________________________
· Dependent variable: _____________________________________________
· Control variables: _______________________________________________ ______________________________________________________________



Evaluating the quality of the data. 
a. Repeatability: Look at the trials that you did for this experiment. 
1. Are the data repeatable? ______________________________________________________
2. How do you know this? _______________________________________________________
__________________________________________________________________________
b. Reproducibility: Compare your mean data to that from the other group. 
1. Are the data reproducible? ____________________________________________________
2. How do you know this? _______________________________________________________
__________________________________________________________________________
c. Precision: Compare the data for your trials to the mean value. 
1. Are the data precise? _________________________________________________________
2. How do you know this? _______________________________________________________
__________________________________________________________________________
d. Accuracy: Compare the data from your trials to the mean. 
1. Are the data accurate? ________________________________________________________
2. How do you know this? _______________________________________________________
__________________________________________________________________________
e. Anomalies: Look at your individual trials for each weight used. 
1. Did you have any anomalies? __________________________________________________
2. If you had anomalies, what errors occurred during the experiments that could cause anomalies? _________________________________________________________________
___________________________________________________________________________
By referring to your answers to the questions above, decide whether your data are of high quality. 
Are your data of high quality? ___________________________________________________________
Give at least three pieces of evidence that support your answer:
1. _____________________________________________________________________________
2. _____________________________________________________________________________
3. _____________________________________________________________________________
4. _____________________________________________________________________________
5. _____________________________________________________________________________


On the same graph, for each concentration of hydrochloric acid, plot a graph to show:
· use different colours/symbol for each different concentration of acid.
· volume of gas (cm3) on the y-axis
· time (s) on the x-axis
· draw a curve of best fit for each concentration
[image: A graph paper with a grid  Description automatically generated with low confidence]

From your graph, how could you see that the reaction had completed?
____________________________________________________________________________________________________________________________________________________________________________































The graph levels out and goes flat
In the table the numbers stop changing 




Conclusion
Describe the relationship between the concentration of acid and the rate of the reaction. Use data from your graph to support your conclusion:
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
How do the results of your investigation compare to your initial prediction?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Explain your results, in terms of collision theory.
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Using your graphs, and the following formula, calculate the mean rate of reaction for each concentration of acid in the initial 10 seconds of the reaction:


Concentration 1:
STEP 1: Write the equation: ______________________________________________________________
STEP 2: Substitute the values: ____________________________________________________________
STEP 3: Calculate the answer: ____________________________________________________________

Concentration 2:
STEP 1: Write the equation: ______________________________________________________________
STEP 2: Substitute the values: ____________________________________________________________
STEP 3: Calculate the answer: ____________________________________________________________

Concentration 3:
STEP 1: Write the equation: ______________________________________________________________
STEP 2: Substitute the values: ____________________________________________________________
STEP 3: Calculate the answer: ____________________________________________________________





[image: A picture containing text, line, diagram, screenshot

Description automatically generated]
Errors you have no control over.
The higher the temp/concentration or.surface area, the faster the rate of reaction.
Errors caused by reading measurement s wrong
Errors caused by equipment that affect every reading for example a balance.
Define the three types of error, and identify any you may have had in your investigation:
· Random error: ___________________________________________________________________ ______________________________________________________________________________________________________________________________________________________________
· Systematic error: _________________________________________________________________ ______________________________________________________________________________________________________________________________________________________________
· Measurement error: ______________________________________________________________ ______________________________________________________________________________________________________________________________________________________________

You do














What conclusions can you draw from this graph?
________________________________________________________________________________________________________________________________


[image: A picture containing text, line, screenshot, font

Description automatically generated]Q1. A student investigated the reaction between magnesium and excess hydrochloric acid.A
Steeper slope faster reaction
______________________________________________________________________________________________________________________________________________________

Figure 1 shows the apparatus.
Figure 1
[image: A picture containing text, diagram, line, plan

Description automatically generated]
This is the method used.
1.   Pour 50 cm3 of hydrochloric acid into a conical flask.
2.   Add a piece of magnesium.
3.   Insert stopper and delivery tube and start a timer.
4.   Collect the gas produced in a gas syringe.
5.   Record the volume of gas produced every 20 seconds for 2 minutes.
[image: A black text on a white background

Description automatically generated with low confidence]6.   Repeat steps 1 to 5 with higher concentrations of hydrochloric acid.
(a)  Give the independent variable and one control variable in this investigation.
Independent variable  _________________________________________________
Control variable  _____________________________________________________
(2)
The table below shows the results from the first experiment using hydrochloric acid with a low concentration.
 
	Time in seconds
	0
	20
	40
	60
	80
	100
	120

	Volume of gas in cm3
	0
	48
	72
	90
	97
	98
	98



(b)  Complete Figure 2.
You should:
•   plot the data from the table above (the point 0,0 has been plotted for you)
•   draw a line of best fit.
Figure 2
[image: A picture containing text, screenshot, font, line

Description automatically generated][image: A picture containing text, line, diagram

Description automatically generated]
(3)








(c)  How does the rate of this reaction change with time?
Use the table above.
Tick (✓) one box.
 
	[image: A picture containing text, screenshot, font

Description automatically generated]The rate decreases.
	[image: ]

	The rate stays the same.
	[image: ]

	The rate increases.
	[image: ]


(1)
(d)  The student repeated the experiment using hydrochloric acid with a higher concentration. 
Which statement is correct?
Tick (✓) one box.
 
	The activation energy for the reaction was higher.
	[image: ]

	The magnesium reacted more quickly.
	[image: ]

	The reaction finished at the same time.
	[image: ]

	The total volume of gas collected was smaller.
	[image: ]


(1)
(e)  Temperature also affects the rate of the reaction.
Explain how increasing the temperature affects the rate of the reaction.
You should refer to particles and collisions.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(3)
(Total 10 marks)
[bookmark: _Hlk140523745]
Lesson 5: How does concentration affect reaction rate? A Required Practical
Objective: You are completing a required practical to investigate the affect of concentration of the rate of chemical reaction
Do Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	


I wasn’t there but I still care: 
Use figure 2 to answer the following questions:
			[image: A picture containing receipt, text, line, diagram  Description automatically generated]
(i)      State one conclusion the student could make about the effect of temperature on the rate of the reaction. 
______________________________________________________________
(ii)     Give one reason why the student could make this conclusion.
______________________________________________________________
(iii)    For the hydrochloric acid at 60 °C the student had collected 30 cm3 after 15 seconds. Calculate the average rate of reaction from 0 to 15 seconds.
______________________________________________________________
Rate of reaction = ____________________ cm3 per second



 2
40 °C curve is steeper or correct comparison of data from the graph
the higher the temperature, the greater the rate or at 40 °C rate is faster than at 20 °C  accept the higher the temperature, the faster the reaction




Volume of Na2S2O3, Concentration of Na2S2O3, person declaring cross ‘disappeared’.
Time taken, in seconds, for cross to ‘disappear’.
Concentration of hydrochloric acid
Connect
Collision Theory:

As previously seen, collision theory is used to describe the underlying principle that the rate of a chemical reaction is wholly dependent on the frequency and energy of collisions between reactant particles.  Factors that affect both these variables include temperature, concentration/pressure, surface area and the use of a catalyst.  You will be investigating how changing the frequency of collisions, by manipulating the concentration of a reactant, affects the rate of a chemical reaction.

Sodium thiosulphate solution reacts with hydrochloric acid
sodium thiosulfate + hydrochloric acid → sodium chloride + sulfur dioxide + sulfur 
Na2S2O3(s) + 2HCl(aq) → 2NaCl(aq) + H2O(l) + SO2(g) + S(s)
This reaction forms a cloudy yellow-white precipitate (solid sulfur).  The time taken for this precipitate to form to a given turbidity allows for reaction time, and subsequently rate of reaction, to be calculated.

Task 1:
Investigating rate of reaction by turbidity
Read the method given over the page carefully.  Consider improvements that could be made and identify the following:
1. The independent variable: ________________________________________________________________________________
________________________________________________________________________________
2. The dependent variable:
________________________________________________________________________________
________________________________________________________________________________
3. Control variables: 
________________________________________________________________________________
________________________________________________________________________________
4. Prediction:  How do you think decreasing the concentration of hydrochloric acid could affect the rate of reaction with sodium thiosulphate?  How pronounced do you think this effect will be?
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

The following method is generally good as it includes all of the key steps in a logical order that make it a valid method.  There are, however, opportunities to add further detail so that someone else using the method could reproduce your investigation without the need to ask further questions.
On the lines below each step, include additional guidance for the experimenter.
1. Use a measuring cylinder to place 50cm3 sodium thiosulfate solution into the conical flask.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. Put the conical flask on the black cross. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Put 10cm3 of dilute hydrochloric acid into the small measuring cylinder.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. As you tip this acid into the flask, swirl it gently and at the same time start the stop clock. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5. Looking down through the top of the flask, stop the clock when you can no longer see the cross. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
6. Write the time taken in seconds in the first blank column of the table.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
7. Repeat steps 1 - 4 four times, but in step 1 use the different concentrations of hydrochloric acid.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
8. Repeat the whole investigation (steps 1 – 5) twice more and record the results in the second and third blank columns of the table. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
9. Calculate the mean time for each of the hydrochloric acid concentrations and record it in the fourth blank column, leaving out of your calculations any anomalous values.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Ensure that the measured volume is where the meniscus corresponds to the graduations of the measuring cylinder so systematic errors are not introduced. 
Place the cross at the centre of the base of the flask and assign one person to determine when the endpoint has been reached (a control measure)
Ensure that the measured volume is where the meniscus corresponds to the graduations of the measuring cylinder so systematic errors are not introduced. 

Coordinate this with a team member to avoid any accidents with glassware or chemicals.  
Allows you to establish an accurate value for each concentration.
Assign this role to one individual as different people may have different perceptions of endpoint as it is subjective. 
Resolution should be stated. 
Values for the concentration of this chemical
So that a mean can be established to improve accuracy



Do not touch.  Inform adult to tidy up.
Cuts
Wear googles.  Well ventilated room.  Avoid breathing directly over the top of the flask.
Can cause irritation to the eyes and lungs, particularly to people with asthma 
[image: A picture containing sketch, origami, diagram, white  Description automatically generated]
Hazard
Risk
Control/reduction measure

Hydrochloric acid



Sulfur dioxide


Broken glassware



Recording results:
You will need to repeat each concentration at least twice to be able to evaluate your results for reproducibility.
Use the following results table to record your results.								
Concentration of hydrochloric acid (____)
Time taken for cross to disappear (s)

1
2
3
Mean











































 
Wear googles.
Causes skin and eye irritation
Use the diagram to the left to identify the main hazards in this experiment. Then complete the table below. 
When assessing risk, consider the following criteria:
· 1. The way the hazard causes harm.
· 2. Likelihood of exposure to harm.
· 3. How serious the effects of the hazard would be.


ANOMALY: a value in a set of results which is judged not to be part of the variation caused by random uncertainty.
Results should indicate that there is a decreased (inferred) rate of reaction that has occurred when concentration of hydrochloric acid was decreased.  This is due to the mean reaction time having increased as concentration decreased.
For each concentration of hydrochloric acid:
1. Identify anomalies by circling them. 
2. Calculate the mean reaction time (remember to remove anomalies before calculating the mean). 
3. Obtain mean data from another group. 
HCl concentration (___)
Own data: Mean reaction time (s)
Data from another group: Mean reaction time (s)
















Preliminary conclusion:
Using your results, and comparing them to the other data set you have acquired, how does changing the concentration of hydrochloric acid affect the chemical reaction it has with sodium thiosulphate? Remember, the reason that you have collected data is so that you can use it support statements that you make about your results.
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



Lesson 6: Teacher notes
AQA Content
Required practical 5: investigate how changes in concentration affect the rates of reactions by a method involving measuring the volume of a gas produced and a method involving a change in colour or turbidity. This should be an investigation involving developing a hypothesis. 
Required practicals are now allocated more than one day. The first is to complete the experimental and the second is to complete the analysis and evaluation. 
This required practical has two parts, so it is allocated four days. The first two days are for measuring a gaseous product. Days three and four are for the disappearing cross experiment. 
The following need to be addressed in both parts of the required practical: 
a. Make a prediction and support it with correct scientific theory (collision theory). 
b. Write a hypothesis. 
c. Identify independent, dependent and control variables (from a method). 
d. Improving methods for investigations (e.g. add detail to the methos in the RP handbook). 
e. Identifying hazards, risks and control / reduction measures. Risk is identified using the following criteria: 1. The way the hazard causes harm. 2. Likelyhood of exposure to harm. 3. How serious the effects of the hazard would be.
f. Evaluation of data through: identifying anomalies, repeatability, reproducibility, precision. They can also comment on accuracy (this is improved by increasing the number of repeats so the mean approaches the actual value). 
g. Sources of random, systematic and measurement errors. 
h. Improvements that could be made to the method. 
i. Writing a conclusion based on data. 
j. Explaining the conclusion using collision theory. 
k. Comparing the conclusion to the original prediction. 
You will see a lot of the above in multiple RPs. This is to ensure that they get enough exposure to make ensure mastery. 




Practical work
 

Key direct and explicit teacher explanations: 





















Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 6: How does concentration affect rate of reaction? An evaluation
Objective: You are analysing the data from your required practical to explain how concentration affects the rate of chemical reaction
Do Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	


I wasn’t there but I still care: 

Complete the tables below with results from people who completed the required practical.  You will be required to use data during todays lesson.

Concentration of hydrochloric acid (____)
Time taken for cross to disappear (s)

1
2
3
Mean


























HCl concn (___)
Own data: Mean reaction time (s)
Data from another group: Mean reaction time (s)




















Specific to their results
Concentration of hydrochloric acid
Time taken in seconds for cross to disappear
Volume of sodium thiosulfate, concentration of sodium thiosulfate, person judging disappearance of cross
Either exclude from mean calculation or repeat trial
Accuracy of dilution (if done)
Measurements of volume using meniscus method
Consistency of judgement for cross disappearance
Connect
Answer the following:

1. Did your results match your prediction?
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
2. What was your independent variable?
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
3. What was your dependent variable?
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
4. What were your control variables?
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
5. Did you obtain any anomalous results in your data set? How did you deal with these?
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
6. What do you feel were the biggest sources of error during your data collection?
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Evaluating the quality of the data
f. Repeatability: Look at the trials that you did for this experiment. 
3. Are the data repeatable?(if you did it again with the same method & equipment, could you get the same result?)____________________________________________________________
4. How do you know this? _______________________________________________________
__________________________________________________________________________
g. Reproducibility: Compare your mean data to that from the other group. 
3. Are the data reproducible? (would somebody else using the same method get the same result?)____________________________________________________________________
4. How do you know this? _______________________________________________________
__________________________________________________________________________
h. Precision: Compare the data for your trials to the mean value. 
3. Are the data precise? (how similar are your results for each concentration?)_____________________________________________________________
4. How do you know this? _______________________________________________________
__________________________________________________________________________
i. Accuracy: Compare the data from your trials to the mean. 
3. Are the data accurate? (how did you establish accuracy?)__________________________________________________________________
4. How do you know this? _______________________________________________________
__________________________________________________________________________
j. Anomalies: Look at your individual trials for each weight used. 
3. Did you have any anomalies? __________________________________________________
4. If you had anomalies, what errors occurred during the experiments that could cause anomalies? _________________________________________________________________
___________________________________________________________________________
By referring to your answers to the questions above, decide whether your data are of high quality. 
Are your data of high quality? ___________________________________________________________
Give at least three pieces of evidence that support your answer:
6. _____________________________________________________________________________
7. _____________________________________________________________________________
8. _____________________________________________________________________________
9. _____________________________________________________________________________
10. _____________________________________________________________________________




Plot your data on the graph paper below. 
· Mean reaction time goes on the y-axis. 
· Concentration goes on the x-axis. 
· You obtain the rate of reaction by using a tangent to calculate the gradient various parts of the graph. 
[image: GRID / GRAPH PAPER A0 A1 A21 Size Metric 1mm 5mm 50mm - Etsy UK]


Conclusion: 
Describe the relationship between the independent and dependent variable
_________________________________________________________________________________
Use data from your graph to support your conclusion
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________

Q1.
A student investigated the rate of reaction between sodium thiosulfate and dilute hydrochloric acid.
The student placed a conical flask over a cross on a piece of paper.
The student mixed the solutions in the flask.
The solution slowly went cloudy.
The student timed how long it took until the cross could not be seen.
[image: A person looking at a test tube

Description automatically generated with medium confidence] 
The equation for the reaction is:
 
	 
	Na2S2O3(aq)
	+
	2 HCl(aq)
	→
	2 NaCl(aq)
	+
	H2O(l)
	+
	SO2(g)
	+
	S(s)

	 
	sodium thiosulfate
	+
	hydrochloric acid
	→
	sodium chloride
	+
	water
	+
	sulfur dioxide
	+
	sulfur


(a)     Explain why the solution goes cloudy.
_________________________________________________________________
[image: A screenshot of a computer

Description automatically generated]_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

(2)



(b)     The student repeated the experiment with different concentrations of sodium thiosulfate.
 
	Concentration of sodium thiosulfate in moles per dm3
	Time taken until the cross could not be seen in seconds

	
	Trial 1
	Trial 2
	Trial 3
	Mean

	0.040
	71
	67
	69
	69

	0.060
	42
	45
	45
	44

	0.080
	31
	41
	33
	 


(i)      Calculate the mean time for 0.080 moles per dm3 of sodium thiosulfate.
[image: A screenshot of a computer

Description automatically generated]_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
Mean = ____________________ seconds
(2)
(ii)     Describe and explain, in terms of particles and collisions, the effect that increasing the concentration of sodium thiosulfate has on the rate of the reaction.
[image: A screenshot of a computer

Description automatically generated]_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
(3)
(Total 7 marks)





Q2.
Some students investigated the effect of temperature on the rate of reaction.
(a)     The students reacted sodium thiosulfate solution with hydrochloric acid.
This is the method used.
1.   Use a beaker to measure 50 cm3 of heated sodium thiosulfate solution into a conical flask.
2.   Measure the temperature of the room.
3.   Put the conical flask on a black cross drawn on a piece of paper.
4.   Start a timer.
5.   Use the same beaker to measure 10 cm3 of hydrochloric acid into the conical flask.
6.   Stop the timer when the cross is no longer visible.
The students repeated the experiment at a different room temperature.
The diagram below shows the apparatus.
[image: A diagram of a flask and a thermometer

Description automatically generated with low confidence]







The method contains errors and does not produce accurate results.
Describe a method the students should use to produce accurate results.
You do not need to write about safety precautions.
[image: A screenshot of a computer

Description automatically generated]_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
(6)














Some students investigated the effect of temperature on the rate of a different reaction.
They recorded the loss of mass from their apparatus at 40 °C
The graph below shows the results.
[image: A screenshot of a computer

Description automatically generated][image: A picture containing text, diagram, line, plot

Description automatically generated]
(b)     Calculate the mean rate of reaction between 1 minute and 3 minutes at 40 °C
Use the graph above and the equation:
[image: A screenshot of a computer

Description automatically generated][image: ]
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
Mean rate of reaction = _______________ g/min
(3)
(c)     Draw a curve on the graph above for the results you would expect at a temperature of 50 °C instead of 40 °C
(2)
(Total 11 marks)

Q3.
A student investigated the reaction between magnesium and hydrochloric acid.
[image: A diagram of a test tube

Description automatically generated with medium confidence] 
The equation for the reaction is:
 
	Mg(s) magnesium
	+
	2 HCl(aq) hydrochloric acid
	 [image: ] 
	MgCl2(aq) magnesium chloride
	+
	H2(g) hydrogen


(a)     Give two observations the student could make during the reaction.
[image: A screenshot of a computer

Description automatically generated]1. _________________________________________________________________
_________________________________________________________________
2. _________________________________________________________________
_________________________________________________________________
(2)
(b)     In this question you will be assessed on using good English, organising information clearly and using specialist terms where appropriate.
The student investigated how the rate of this reaction changed when the concentration of hydrochloric acid was changed.
Write a plan the student could use.
In your plan you should:
•        describe how you would carry out the investigation and make it a fair test
•        describe the measurements you would make.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
[image: A screenshot of a computer

Description automatically generated]_________________________________________________________________
_________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(6)
(Total 8 marks)










Lesson 7: Teacher notes
AQA Content
Increasing the temperature increases the frequency of collisions and makes the collisions more energetic, and so increases the rate of reaction.
Students should be able to: 
• predict and explain using collision theory the effects of changing condition of temperature on the rate of a reaction.



Key direct and explicit teacher explanations: 
Chunking:
· How temperature affects kinetic energy stores and motion of particles. 
· How temperature affects the rate of a reaction. 
Increasing temperature also increases the rate of chemical reactions. 
This happens because: 
· Particles collide more frequently at higher temperature. 
· Collisions are also more likely to be successful as particles are more likely to have the activation energy. 
Collisions become more frequent at higher temperature because: 
a. At higher temperature, more energy is transferred from the thermal energy store of the surroundings into the kinetic energy store of the particles. 
b. The particles therefore move faster because they have more kinetic energy. 
c. The frequency of collisions increases so thew rate of reaction increases. 


Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 7: How Temperature Affects Rates of Reaction
Objective: To be able to explain the effect of changing the temperature of reactant chemicals on the rate of a chemical reaction
Do It Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	




I wasn’t there but I still care: 
[bookmark: _Hlk139226797]You have missed the lesson on the effect of concentration on the rate of the reaction.  This is a required practical and could be on the exam.    Read pages 128-129 of the AQA Chemistry book and answer the following questions.
‘Investigating the effect of concentration on the rate of chemical reaction’ using the chemical reaction:  2Mg(s)  +  HCl(aq)    MgCl₂(aq)  +  H₂ (g)
1. [bookmark: _Hlk139353717] What is the independent variable in this investigation?
…………………………………………………………………………………………..………………………………………………………………..
2. What is the dependent variable in this investigation?  
…………………………………………………………………………………………………………………………………………………………..
3.  For the reaction above explain how you could determine the rate of the reaction?  Describe what equipment could be used to measure this.
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………….
4. Name 3 control variables would you need for the investigation?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..



Connect
[image: ]





[image: ]

Mark scheme for I wasn’t there but still care:

1. What is the independent variable in this investigation?  Concentration of HCl
2. What is the dependent variable in this investigation?   Rate of reaction
3. For the reaction above explain how you could determine the rate of the reaction?  Describe what equipment could be used to measure this.  Collect the hydrogen gas in a measuring cylinder or gas syringe and time how long it takes to complete or work out how much gas collected in 1 minute etc.  You would use a stopwatch for the time.
4. Name 3 control variables would you need for the investigation?  Temperature of acid, volume of acid, mass of magnesium, surface area of magnesium
Connect:
Mark schemes
Q1.
(a)     sodium chloride
1
(b)     points correctly plotted
allow 1 mark if 4 correct
2
correct line of best fit
do not accept straight line
1
(c)     0.38‒0.50
allow for 1 mark for working shown on graph
2
(d)     ≥5 seconds and <8 seconds
1
[7]





The gradient of the line is equal to the rate of the reaction.  The faster the reaction at the higher temperature:
· Has a steeper gradient
· Finishes sooner
Notice that the lines finish at the same volume of gas produced as there are the same number of reactant particles so will produce same amount of product.
Information
Rates and temperature
The greater the frequency of successful collisions, the greater the rate of reaction. 
If the temperature of the reaction mixture is increased:
· the frequency of successful collisions between reactant particles increases
· the rate of reaction increases.  This means the reaction takes less time to complete.  (Common misconception – students often write about time for reaction to complete increasing when the rate increases.  Remember the rate is how fast the reaction is happening.  If it is faster, it will take less time to complete!)

Why do the particles move more quickly when the temperature increases?  
Internal energy of a particle is the total amount of kinetic energy and chemical potential energy of the particle.  When energy is given to raise the temperature, particles speed up and transfer thermal energy store into the kinetic energy store.  This causes the particles move more quickly.  (Links to particle model)
Using graphs to compare rates of reaction
The rates of two or more reactions can be compared using a graph of mass or volume of product formed against time. The graph shows this for two reactions.  [image: A picture containing text, line, plot, diagram  Description automatically generated]



Using tangents to calculate the rate (Higher tier)
1.  Draw a tangent to the curve of where you want to find that rate of reaction.
2.  Pick two points on that tangent line.
3. Work out the difference in the y-coordinates of the two points you picked.
4. Work out the difference in the x-coordinates of the two points you picked.
5. Divide the difference in y by the difference in x.
This gives you the gradient, which is the rate of the reaction
Worked example:
[image: A graph with a line  Description automatically generated with low confidence]
(c)  Determine the rate of reaction at 30 seconds.  Show your working on the graph.  Give your answer to 2 significant figures.
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
Rate =…………………………………………………………………… cm3/s  						(4)


Mark scheme
correctly drawn tangent at 30 s
1
correct value for x step and y step from tangent
allow evidence of use of two points on tangent either on the graph or in the text
1
[image: ] 
allow correct expression using incorrectly determined values from tangent for x step and / or y step
1
correctly calculated and rounded to 2 significant figures
allow a correctly calculated answer to 2 significant figures from an incorrect attempt at rate determination
1


Questions
1.  Complete the sentence: when the temperature is increased the time taken for a reaction to complete  ………………………………………………………………….
2. Complete the sentence:  when the temperature is increased the rate of the setting reaction to complete ………………………………………………………………………………
3. Tick ( [image: ]) two reasons why an increase in temperature affects the rate of reaction.
 
Reason
Tick ( [image: ])
It gives the particles more energy
 
It increases the concentration of the particles
 
It increases the surface area of the particles
 
It makes the particles move faster
 

4.  A student investigated the effect of temperature on the decomposition of hydrogen peroxide.  Hydrogen peroxide decomposes to oxygen and water when a manganese(IV) oxide catalyst is added.
The student measured the time taken to collect 5 cm3 of oxygen gas.
The apparatus shown below was used for the investigation. The reaction was started by shaking the flask so that the manganese(IV) oxide and hydrogen peroxide were mixed.  
[image: A diagram of a tube containing manganese  Description automatically generated with medium confidence]






























































The student did the investigation at two different temperatures. All the other variables were kept constant.  The student’s results are shown in the table.
 Temperature of the
hydrogen peroxide
solution in °C
Volume of oxygen
collected in cm3
Time taken to
collect the oxygen
in seconds
Rate of reaction in
cm3 per second
20
5
40
0.125
25
5
25
 

(a)(i) Calculate the rate of reaction at 25 °C.
…………………………………………………………………………………………………………………………………..
Rate of reaction =…………………………………….. cm3 per second (2)
.(ii)  The teacher said that the student should repeat the investigation to get more results.  Suggest why.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….…………………………………….(1)
(b)     The student concluded that:
‘the rate of reaction increases when the temperature is increased’.
Explain, in terms of particles, why the rate of reaction increases.
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………(2)
























































5.   A student studied the reaction between dilute hydrochloric acid and an excess of calcium carbonate.
calcium carbonate + hydrochloric acid → calcium chloride + water + carbon dioxide
 The student measured the volume of carbon dioxide produced in the experiment.
The results are shown on the graph.

[image: A picture containing pattern, screenshot, square, stitch  Description automatically generated]

(a)  After how many minutes had all the acid been used up?  ______________ minutes (1)
(b)     A second experiment was carried out at a higher temperature. All other factors were the same.
Draw a line on the graph above to show the results that you would expect.    (2)



























(d)  A student investigated the effect of concentration of sodium thiosulfate on the time taken for the reaction at room temperature.
The graph shows the results with a tangent drawn at 0.4 mol/dm3
  
[image: A picture containing text, line, diagram, plot  Description automatically generated]
Calculate the gradient (slope) of the tangent at 0.4 mol/dm3.  Give the unit.
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
Gradient = ……………………………………….  Unit =……………………………   			    (4)






















Mark schemes
Mark schemes
1. decreases
1
2. increases
1
3. it gives the particles more energy  and  it makes the particles move faster
2
4.  ( a) i  0.2
correct answer gains 2 marks with or without working
accept answer in table
if answer incorrect 5/25 gains 1 mark
2
    (ii) any one from:
•        wider range of temperatures (owtte)
•        (repeat at the same temperature) to improve accuracy / reliability
allow to make it reliable / accurate
•        reveal anomalous results (owtte)
allow to eliminate random / human errors / to check results owtte
•        so you can get an average / better average
ignore to make it a fair test / to get better results
ignore precision and validity
1
(b)     any two from:
allow atoms / molecules / they instead of particles throughout
•        particles gain energy / have more energy
ignore increases particles activation energy
•        particles move faster
ignore move more / vibrate more
•        particles collide more
•        more of the particles have the activation energy or more of the collisions are successful (owtte)
ignore increases / decreases activation energy
or
particles collide with more force / harder / more energy
allow more successful collisions
alone for 1 mark
2
5. (a)     6    accept 5.8 – 6
1
(b) steeper curve initially
independent marks
1
levels out at same volume
•      must indicate levelling out
•      if line goes higher than 66 do
       not award this mark
•      diagonal line only = 0 marks
•      if steeper initially and then
       crosses the line and finishes
       correctly, then loses one
1
Q6.  (d)  (concentration) 0.1 and 0.6
and
(time) 15 and 5
allow other correct readings from graph
1
(gradient =)
[image: ]
allow correct substitution of values read correctly from graph
1
(=) 20
allow range 17–23
1
unit: s dm3 / mol
1











Lesson 8: Teacher notes
AQA Content
 Students should be able to:
• predict and explain the effects of changes in the size of pieces of a reacting solid in terms of surface area to volume ratio.

Catalysts change the rate of chemical reactions but are not used up during the reaction. Different reactions need different catalysts. Enzymes act as catalysts in biological systems. Catalysts increase the rate of reaction by providing a different pathway for the reaction that has a lower activation energy. A reaction profile for a catalysed reaction can be drawn in the following form:
[image: A picture containing text, diagram, line, sketch  Description automatically generated]

[bookmark: _Hlk139029573]Students should be able to identify catalysts in reactions from their effect on the rate of reaction and because they are not included in the chemical equation for the reaction. 
Students should be able to explain catalytic action in terms of activation energy. Students do not need to know the names of catalysts other than those specified in the subject content.
























Practical work
 

Key direct and explicit teacher explanations: 
· How to change the size of solid reactants and its impact on surface area to volume ration. 
· What is a catalyst? 
· The effect of catalysts on reaction profiles (students met reaction profiles in Energy Changes). 
[bookmark: _Hlk139026823]Sometimes reactions involve solid reactants. The rate of reaction still depends upon the frequency of collisions between the reactant particles. However, in a solid, only the particles on the outside can react. So, if you increase the number of particles on the outside, you can increase the rate of a reaction. To do this, you increase the surface area to volume ratio. 
The surface area to volume ratio can be increased by taking a solid and grinding it up into a powder. The total volume of the pieces of solid will remain the same. However, the surface area will increase. This means that there will be more particles exposed to particles of the second reactant so the frequency of successful collisions increases. This increases the rate of reaction. 

[bookmark: _Hlk139029175][bookmark: _Hlk139029176][bookmark: _Hlk139029177][bookmark: _Hlk139029178][bookmark: _Hlk139029179][bookmark: _Hlk139029180][bookmark: _Hlk139029181][bookmark: _Hlk139029182]Catalysts are chemicals that speed up reactions but don’t get used up themselves (they are not a reactant; this means that they aren’t shown in equations). This means that catalysts can be used over and over again; they don’t need replacing very often. 
Examples of catalysts include the use of iron in the Haber Process (making ammonia), metals contained in catalytic converters in motor vehicles and enzymes. Enzymes are called biological catalysts because they are catalysts that are found in living things. 
Catalysts work by enabling the reaction to use a different pathway (but the same products are still made). The new pathway has a lower activation energy. This means that reactant particles are more likely to have successful collisions because particles are more likely to have the activation energy. 



















Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 8: 
Objective: To be able to explain how using a catalyst and the surface area of solid reactants affect the rate of chemical reactions.
Do It Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	


I wasn’t there but I still care: 
You have missed the lesson on the effect of temperature on the rate of the reaction.  This is a required practical and could be on the exam.    Read pages 132-133 of the AQA Chemistry book and answer the following questions.
1. [bookmark: _Hlk139356693][bookmark: _Hlk139356694] What effect does increasing the temperature have on the amount of kinetic energy particles in a reaction have?
……………………………………………………………………………………………………………………………………..
2. Why do reactions happen at a faster rate when particles have more kinetic energy in a reaction?
……………………………………………………………………………………………………………………………………..
3. [bookmark: _Hlk139227161] A reaction happening at 50°C would happen faster than the exact same reaction happening at 20°C.  On a graph showing the rates of these reactions:
a) How would the gradient for the reaction at 50°C be different to that for the 20°C reaction?
………………………………………………………………………………………………………………………………
b)  How would the amount of product produced from the 50°C reaction differ to the 20°C reaction?
…………………………………………………………………………………………………………………………………




Connect
Q1.  Calcium carbonate reacts with dilute hydrochloric acid as shown in the equation below.
CaCO3(s)  +  2HCl(aq)  →  CaCl2(aq)  +  H2O(l)  +   CO2(g)
The rate at which this reaction takes place can be studied by measuring the amount of carbon dioxide gas produced.
The graph below shows the results of four experiments, 1 to 4. In each experiment the amount of calcium carbonate, the volume of acid and the concentration of the acid were kept the same but the temperature of the acid was changed each time. The calcium carbonate was in the form of small lumps of marble. [image: A picture containing line, diagram, plot  Description automatically generated]


(a)     Apart from altering the temperature, suggest a way in which the reaction of calcium carbonate and hydrochloric acid could be speeded up.
….…………………………………………………………………………………………………………………………….(2)
(b)     Which graph, 1 to 4, shows the results of the experiment in which the acid had the highest temperature?
Experiment ……………………………..  Explain fully how you know.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………(2)
c)(i)  In experiment 2, how does the rate of reaction after one minute compare with the rate of reaction after two minutes?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……………………(1)
(ii)     Explain, as fully as you can, why the reaction rate changes during experiment 2.
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………  (2)


I wasn’t there but still care mark scheme:
1. What effect does increasing the temperature have on the amount of kinetic energy particles in a reaction have?  It increases the kinetic energy store in the reactant particles.
2.  Why do reactions happen at a faster rate when particles have more kinetic energy in a reaction?
Increase in the kinetic energy store of the reactant particles causes them to move faster so will increase the frequency of more successful collisions between the reactants particles.
3.  A reaction happening at 50°C would happen faster than the exact same reaction happening at 20°C.  On a graph showing the rates of these reactions:
c) How would the gradient for the reaction at 50°C be different to that for the 20°C reaction?
It would have a steeper gradient.
d)  How would the amount of product produced from the 50°C reaction differ to the 20°C reaction?
The amount of product would be the same as produced at 20 degrees as the same number of each type of reactant particles are in the reaction.
Connect Mark scheme
Q1. (a)     increase concentration of acid;
increase surface area of solid
or grind up the solid;
add a catalyst
any two for 1 mark each
2
(b)     1;
it is the one that makes the gas fastest (steeper curve etc)
(second part is dependant on first) 
for 1 mark each
2
(c)     (i)      faster after one minute, slower after 2 minutes
for 1 mark
1
(ii)     the reactants get used up;
so concentration decreases/less chance of collision
for 1 mark each
2







Remember:  When the surface area of a solid increases this means the size of the solid pieces gets smaller.  Powders have a higher surface area than a lump of a solid (such as metal).  The mass should not decrease as there are the same number of particles.
In each picture you have the same number of solid particles (64) and liquid particles.  Where the size of the solid is bigger in the first picture there is 28 particles on the surface that could collide with the liquid particles.
In the second picture you can see that the same size piece has been broken into smaller pieces.  This results in all the 64 particles being at the surface to collide with the liquid particles.  
The volume of the solid particles remains the same in each situation and the number of solid particles is the same in each reaction, so the mass of solid will remain the same too.
Increasing Surface Area and How it Affects Rate of Reaction
Sometimes reactions involve solid reactants. The rate of reaction depends upon the frequency of collisions between the reactant particles. However, in a solid, only the particles on the outside can react. So, if you increase the number of particles on the outside, you can increase the rate of a reaction. To do this, you increase the surface area to volume ratio.
[image: Factors that Affect Rate of Reaction | Good Science]








[image: A picture containing text, screenshot, line, font  Description automatically generated]




Look at the images below and calculate the surface area ad volume of each block.
	
                       [image: ]





Q1.  The diagram represents the particles in a piece of reactive metal.
				[image: ]
The piece of reactive metal is added to dilute hydrochloric acid. 
(a)(i)      Which particle will probably react first?  Choose from:
•        a particle inside the piece;
•        a particle at the centre of a face;
•        a particle on one of the corners.
…………………………………………………………………………………………………………………………………….……………………  (1
ii)     Explain the reason for your choice.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………(1)


(b) The reaction can be speeded up by making changes to the hydrochloric acid or the solid.
(i)  State two ways to speed up the reaction by changing the hydrochloric acid. In each case explain in terms of particles why the reaction is faster.
1.…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(ii)     What change can you make to the piece of solid to speed up the reaction? Explain in terms of the particles why the reaction is able to speed up.
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………… (2)

Mark scheme
Q1.
(a)     (i)      corners
accept an arrow to any corner				1
(ii)     more (surface) exposed
accept can be attacked from more
directions or more space around it			1
(b)     (i)      1        any two pairs from
         more concentrated
answers may be in either order
do not accept more acid
do not accept more powerful or
stronger (but stronger is neutral)
a reference to sulphuric acid is neutral                    1
          more particles to hit the solid
accept more collisions per second
do not accept more collisions                                  1
2        hotter solution or increasing temperature
  (faster) particles hit more often  or harder
accept particles have more energy
or are more powerful or
more successful collisions                                          1
3        stirring            more surface area exposed or
particles available
accept more collisions per second  do not accept more collisions                              1
(ii)     cut it up or increase the surface area
accept grind it up or powder it  or flatten it do not accept make it smaller
or use a smaller piece
1
        more particles are exposed or available or can react
accept heat it and there are more
successful collisions for both marks
1

































Using A Catalyst to Increase Rate of Reaction
Catalysts are chemicals that speed up reactions but don’t get used up themselves (they are not a reactant; this means that they aren’t shown in equations). This means that catalysts can be used repeatedly; they don’t need replacing very often. 
Examples of catalysts include the use of iron in the Haber Process (making ammonia), metals contained in catalytic converters in motor vehicles and enzymes. Enzymes are called biological catalysts because they are catalysts that are found in living things. 
Catalysts work by allowing the reaction to use a different pathway (but the same products are still made). The new pathway has a lower activation energy. This means that reactant particles are more likely to have successful collisions because particles are more likely to have the activation energy. 
Reaction Profile for using a catalyst

[image: Solved: The following diagram shows the reaction profile of a r ...]

This reaction profile is for an exothermic reaction
1.  Label the parts of the graph 1-4
2. How would this reaction profile look different if a catalyst was used?  Draw a reaction pathway on the profile above for using a catalyst and label it.
































Using A Catalyst to Increase Rate of Reaction
Because catalysts are not part of the chemical reaction, they are not part of the chemical equation.  Some chemical reactions have more than one catalyst.  The best catalyst  or identifying a catalyst in a reaction can be identified from their effect on the rate of reaction.  The most effective catalyst in a reaction would allow the reaction to complete in the shortest time and so will have the highest rate of reaction.  This will either be in the form of quantitative data (rate of reaction) or qualitative data (observations).  However sometimes the catalyst could mean the reaction completes too fast and causes the reaction to be too vigorous and unsafe.  
YOU DO:
Q1.  Copper is used as a catalyst.  Figure 2 shows the reaction profile for a reaction without a catalyst.      
[image: A diagram of energy and progress  Description automatically generated with low confidence] 
(a )Draw an arrow on Figure 2 to show the activation energy.  			  (1)
The reaction profile for the reaction without a catalyst is shown again in Figure 3.
Figure 3 
[image: A diagram of energy and energy  Description automatically generated with low confidence]
































(b )Draw a reaction profile on Figure 3 for the same reaction with a catalyst.           (2)
(c )   What are catalysts in biological systems called?  Tick (✓) one box.
 
Detergents
[image: ]
Enzymes
[image: ]
Polymers
[image: ]
Solvents
[image: ]
Q2.  A student investigated the effect of different catalysts on the decomposition of hydrogen peroxide.  Figure 1 shows the apparatus the student used.  Figure 1
                                                  [image: A diagram of a gas syringe  Description automatically generated with medium confidence]
(a)     Oxygen gas is produced.  Table 1 shows the student’s observations.  
 
Table 1
Catalyst
Observation
Manganese dioxide
A lot of gas and hydrogen peroxide bubbles up into gas syringe
Potato
Steady bubbles of gas
Copper oxide
Few bubbles of gas
Sodium chloride
Very few bubbles of gas
Which is the most useful catalyst? Explain your answer.     (2)
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………...

































(b)  The student did the experiment with four different catalysts.
Give two variables the student should keep constant.  (2)
1. ………………………………………………………………………………………………………………………………
2. ………………………………………………………………………………………………………………………………. 
Q3. ( a) Why are catalysts used in reactions?  (1)
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
Figure 2 shows three different shapes of the same catalyst.  Each catalyst has the same volume.                                              Figure 2
                     [image: A picture containing sketch, design, illustration  Description automatically generated]
( b) Evaluate the effectiveness of the shapes of the catalyst in Figure 2.   (3)
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….…………………………….
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….…………………………….
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
































Q4.  A student investigated the effect of the size of marble chips on the rate of the reaction between marble chips and hydrochloric acid.  This is the method used.
1.  Add 10 g of marble chips into the flask.
2.  Add 50 cm3 of hydrochloric acid, connect the gas syringe and start a timer.
3.  Record the volume of gas produced every 10 seconds.
Figure 1 shows the apparatus.        Figure 1
                                         [image: A picture containing text, diagram, sketch, white  Description automatically generated]


Figure 2 shows the student’s results.     Figure 2

 [image: A graph with a line  Description automatically generated with low confidence]
































       
The table below shows the results of the investigation.
 Relative size of marble chips
Volume of gas produced in cm3 after given time in seconds

10 s
20 s
30 s
40 s
50 s
60 s
Small
35
53
60
60
60
60
Medium
21
39
51
58
60
60
Large
14
29
39
48
58
60

(a )  Give one conclusion about how the size of the marble chips affects the rate of the reaction.  (1)
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……………………………………………………
(b)  Suggest why all three sizes of marble chips produce a maximum volume of 60 cm3 of gas.  (1)
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….………………. 

































(c )  Figure 3 shows eight small cubes, each 1 cm × 1 cm × 1 cm, and one large cube, 2 cm × 2 cm × 2 cm                                                 Figure 3
[image: A picture containing sketch, diagram, design  Description automatically generated] 
Total volume of small cubes = 8 cm3       Volume of large cube = 8 cm3
Total surface area of small cubes = 48 cm2
Calculate the surface area of the large cube.  (2)
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………..
Surface area of the large cube = ……………………………………………………….. cm2
(d)  Explain why the size of the marble chips affects the rate of the reaction.  Give your answer in terms of ‘collision theory’.   (2)
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….. 
 
































(e )   The student repeated the investigation with small marble chips using hydrochloric acid with a lower concentration.  Figure 4 shows the volume of gas produced during the first 40 seconds.
Figure 4
[image: ]
Explain why the results for the lower concentration of acid are different from the results for the higher concentration of acid.  (3)
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..

































Mark schemes
Q1.(a)
[image: A diagram of energy and progress of reaction  Description automatically generated with low confidence] 
ignore arrow heads
1
b)  (curve) starts and ends at same energy levels as existing curve     			1
maximum of curve below  maximum of existing curve
only award if MP1 correct
1
an answer of
[image: A diagram of energy and progress of reaction  Description automatically generated with low confidence] 
scores 2 marks  ignore references to activation energy
(c)   enzymes										1
Q2. (a)     potato     										1
1

































(b)     any two from:
•        concentration of peroxide
•        volume of peroxide
•        temperature
•        mass of catalyst
•        surface area of catalyst                                                                             2
Q3. (a)     changes the rate  or speeds up the reaction                                                                   1
(b)     greater surface area increases catalytic effectiveness                                            1
plus any two from:
•        smaller pellets give higher surface area to volume ratio
•        hole increases surface area
•        ridges increase surface area			                 		2
Q4. (a)  (rate) increases as chips get smaller   (  allow converse)				1
(b ) same amount of acid   or  same number of moles of acid
allow same volume of acid,  allow same concentration of acid,  allow same mass of CaCO3 / marble chips,  allow one reactant is the limiting factor                    1
(c)  (surface area of each face = 2 × 2 =) 4							     1
(6 × 4 =) 24 (cm2)
allow 6 × student’s value from step 1
1
an answer of 24 (cm2) scores 2 marks
(d)  small(er) chips have large(r) surface area (for the same volume)  allow converse   1				
so more frequent collisions, allow more chance of collisions, allow more likely to collide
do not accept reference to speed of particles or energy of collisions, ignore more collisions, ignore more successful collisions         1
(e)   (sloping part is less steep because) reaction is slower  1
due to less frequent collisions  (  do not accept reference to speed of particles or energy of collisions,  ignore fewer collisions )						   1
fewer acid particles (in same volume)  ignore weaker acid   1        or
(sloping part is less steep because) reaction is slower (1)
there are fewer acid particles (in same volume) (1)
(graph levels off lower) so less gas is produced (1)
allow converse for more concentrated acid   

















Lesson 9: Teacher notes
AQA Content
 [image: A screenshot of a cell phone  Description automatically generated with medium confidence]




Key direct and explicit teacher explanations: 
· Defining what reversible reactions are. 
· Decomposition of ammonium chloride – an example of a reversible reaction. 
· Energy changes related to reversible reactions. 
· Equilibrium: Reversible reactions in closed systems. 
Most of the chemical reactions that we study at GCSE are considered to be irreversible reactions. In irreversible reactions, the reactant molecules react to form product molecules. Under normal conditions, the products molecules do not react to form reactant molecules. So, the reaction only works in the forward direction. 
Some reactions are readily reversible if you change the conditions. In these reversible reactions, the reactant molecules react to form product molecules. However, the product molecules can also react to form the reactants. 
An example of this is the thermal decomposition of ammonium chloride. When ammonium chloride is heated it breaks down (decomposes) to form ammonia and hydrogen chloride. 
Conversely, if the reaction mixture is cooled, ammonia reacts with hydrogen chloride and forms ammonium chloride. 
In this example, the forward reaction is endothermic and the reverse reaction is exothermic. It is always the case that if one reaction is exothermic, the opposite reaction will be endothermic. Another example of this uses copper sulphate. 
The copper sulphate that we often make in science is a blue solid. It is blue because it has water in its crystals; we call this hydrated copper sulphate. If we heat it up, we form anhydrous copper sulphate which is white. Anhydrous copper sulphate does not contain water. 
If we add water to anhydrous copper sulphate, we expect the surroundings to get warmer because it is exothermic. The forward reaction is endothermic, so the backward reaction must be exothermic. 

Equilibrium is a special case of a reversible reaction. In this case, the reaction occurs in a closed system; this means that particles cannot leave or enter the container. When this happens, the forward and reverse reactions happen at the same time. Equilibrium is reached when the forward reaction happens at exactly the same rate as the reverse reaction.



















Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 9: Reversible reactions and equilibrium
Objective: Today we are learning about reversible reactions, and what happens when a reversible reaction reaches equilibrium.
Do It Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	




A catalyst is a substance that will increase the rate of a chemical reaction, without being used up itself (it is reusable). It does this by providing an alternative pathway for the reaction with a lower activation energy.
It will increase the frequency of collisions between reacting particles.
Increasing the surface area: volume ratio of a solid will increase the rate of a chemical reaction.
I wasn’t there but I still care: 
Last lesson we learned about how catalysts and surface area can affect the rate of a chemical reaction. Use the AQA Chemistry text book, pages 130-131 (question 1 and 2) and pages 136-137 (question 3), to help you answer the following questions:

1. Describe the effect of increasing surface area: volume ratio of a solid on the rate of a reaction.
______________________________________________________________________________________________________________________________________
2. Explain your answer to question 1, in terms of collision theory.
______________________________________________________________________________________________________________________________________

3. Explain what a catalyst is, and how it effects the rate of a reaction.
_________________________________________________________________________________________________________________________________________________________________________________________________________


Glucose + oxygen  carbon dioxide + water
C6H12O6 + 6O2  6CO2 + 6H2O
Magnesium + Oxygen  magnesium oxide
2Mg + O2  2MgO
Sodium + water  sodium hydroxide + hydrogen
2Na + 2H2O  2NaOH + H2
Hydrochloric acid + sodium hydroxide  sodium chloride + water
HCl + NaOH  NaCl + H2O
Connect
We have looked at word equations and symbol equations many times over various KS3 and KS4 topics.
For the following reactions, write word and balanced symbol equations. I will do the first one with you as a worked example.

WE DO: Hydrochloric acid (HCl) reacts with sodium hydroxide (NaOH) to produce sodium chloride (HCl) and water (H2O).
Word equation: __________________________________________________
Balanced symbol equation: _________________________________________

1. Sodium (Na) reacts with water (H2O) to produce sodium hydroxide (NaOH) and hydrogen (H2)
Word equation: __________________________________________________
Balanced symbol equation: _________________________________________

2. Magnesium (Mg) burns in oxygen (O2) to produce magnesium oxide (MgO)
Word equation: __________________________________________________
Balanced symbol equation: _________________________________________

3. In respiration, glucose (C6H12O6) reacts with oxygen (O2) to produce carbon dioxide (CO2) and water (H2O).
Word equation: __________________________________________________
Balanced symbol equation: _________________________________________


Ammonium chloride ⇌ ammonia + hydrogen chloride
NH4Cl ⇌ NH3 + HCl
Modelling progress
When looking at chemical changes, we tend to distinguish them from physical changes in two ways:
· Chemical changes produce new substances, whereas physical changes do not.
· Chemical changes are not reversible, whereas physical changes are.

However, this is not always true. There are some chemical reaction that are reversible. This is because the products (substances that are made) can also react with each other, to produce the initial reactants. A general equation to show this can be seen below:

A     +     B     ⇌     C     +     D

In the reaction above, A and B react together to produce the products, C and D. 
C and D can also react together, however, with A and B being the products of this reaction.

Instead of the standard arrow used in most word/symbol equations, the symbol ⇌ is used. It is made of two half-arrowheads, one facing in each direction.

When we look at reversible reactions, we talk about “forward” and “backward” reactions. 
· The forward reaction is the one going from left to right (A + B  C + D)
· The backward reaction is the one going from right to left (C + D  A + B)

I DO
Ammonium chloride (NH4Cl) is a white solid. It breaks down when heated, forming ammonia (NH3) and hydrogen chloride (HCl). However, when these two gases are cool enough, they react together to form ammonium chloride.
Word equation: ____________________________________________________________
Balanced symbol equation: ___________________________________________________



WE DO
Copper sulfate is generally seen as a blue crystalline solid. When it is blue, this means it is hydrated (CuSO4.5H2O), with the copper ions surrounded by water molecules. This water can be driven off when copper sulfate is heated, leaving white anhydrous copper sulfate (CuSO4). However, the copper can easily be re-hydrated by adding water.
Word equation: ____________________________________________________________
Balanced symbol equation: __________________________________________________

YOU DO
1. Nitrogen (N2) and oxygen (O2) can react together at a high temperature, to produce nitrous oxide (NO). However, when cool, this nitrous oxide can break down to reform nitrogen and oxygen.
Word equation: ____________________________________________________________
Balanced symbol equation: __________________________________________________

2. In the Haber process, nitrogen (N2) and hydrogen (H2) and reacted to form ammonia (NH3). This is an important industrial process. Ammonia can decompose, producing nitrogen and oxygen.
Word equation: ____________________________________________________________
Balanced symbol equation: __________________________________________________

3. The thermal decomposition of calcium carbonate (CaCO3) produces calcium oxide (CaO) and carbon dioxide (CO2). However, calcium oxide will also react with carbon dioxide to produce calcium carbonate.
Word equation: ____________________________________________________________
Balanced symbol equation: __________________________________________________


Calcium carbonate ⇌ calcium oxide + carbon dioxide
CaCO3 ⇌ CaO + CO2
Nitrogen + Hydrogen ⇌ ammonia 
N2 + 3H2 ⇌ 2NH3
Nitrogen + Oxygen ⇌ nitrous oxide
N2 + O2 ⇌ 2NO
Hydrated copper sulfate  ⇌ anhydrous copper sulfate + water
CuSO4.5H2O ⇌ CuSO4 + 5H2O


Modelling progress
In every reversible reaction, either the forward or backward reaction will be exothermic. This means that energy is released from the reaction into the surroundings.
The opposite reaction will always be endothermic, meaning energy is absorbed from the surroundings.

This occurs because the same amount of energy is transferred, regardless of which way the reaction is occurring.

If we consider the previous example of ammonium chloride. The forward reaction is endothermic. This must mean that the backward reaction is endothermic.

In every reversible reaction, as soon as the forward reaction starts to take place to produce products, the backward reaction will also occur, reforming products. However, initially, the rate of the forward reaction will be greater than the rate of backward reaction. This is because there is a greater concentration of reactants than products. 

As more products are produced, the rate of the backward reaction will increase. This will continue to happen until something called equilibrium has been reached.

KEY DEFINITION – EQUILIBRIUM – A state in which the forward reaction and the backward reaction are occurring at the same rate, and so there will be no overall change in the concentration of either the reactants or the products.

A common misconception is that once equilibrium has been reached, the reactions stop. However, this is NOT TRUE. Both the forward and the backward reactions will continue to take place, but at the same rate.

YOU DO – Complete the following exam questions relating to reversible reactions and equilibrium.
Q1. Fresh water contains low levels of dissolved salts.
Water reacts with anhydrous copper sulfate in a reversible reaction.
The word equation for the reaction is:
water + anhydrous copper sulfate ⇌ hydrated copper sulfate
(a)  How does the equation show that the reaction is reversible?
_____________________________________________________________
_____________________________________________________________
(1)
(b)  Complete the sentences.
Choose answers from the box.
 
blue
green
orange
white
yellow
The colour of anhydrous copper sulfate is ____________________.
The colour of hydrated copper sulfate is ____________________.
(2)
(c)  The figure below shows anhydrous copper sulfate in a sealed container.
[image: A close-up of a container  Description automatically generated with medium confidence]
Suggest one reason why anhydrous copper sulfate is kept in a sealed container.
_____________________________________________________________
_____________________________________________________________
(1)
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Q2. Hydrated copper sulphate is a blue solid. When it is heated, white solid anhydrous copper sulphate is made. This is a reversible reaction.
hydrated copper sulphate [+ heat energy] [image: ] anhydrous copper sulphate  +  water
                      (blue)                                                                (white)
(a)     To make the forward reaction work, the hydrated copper sulphate must be heated all the time. What type of reaction is this?
_____________________________________________________________
_____________________________________________________________
(1)
(b)     Anhydrous copper sulphate can be used in a test for water. What two things will happen when water is added to anhydrous copper sulphate?
1. ___________________________________________________________
_____________________________________________________________
2. ___________________________________________________________
_____________________________________________________________
(2)
(Total 3 marks)
Q3. A company manufactures ethanol (C2H5OH). The reaction for the process is:
C2H4(g) + H2O(g)    [image: ]    C2H5OH(g)            ΔH = −45 kJ per mole
The temperature and pressure can be changed to increase the yield of ethanol at equilibrium.
(a)     Explain what is meant by equilibrium.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
(3)
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(b)     A catalyst is added to increase the rate of the reaction.
Explain how adding a catalyst increases the rate of a chemical reaction.
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
(2)
(Total 5 marks)
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Lesson 10: Teacher notes
AQA Content
 The relative amounts of all the reactants and products at equilibrium depend on the conditions of the reaction. If a system is at equilibrium and a change is made to any of the conditions, then the system responds to counteract the change. The effects of changing conditions on a system at equilibrium can be predicted using Le Chatelier’s Principle. 
Students should be able to make qualitative predictions about the effect of changes on systems at equilibrium when given appropriate information.
If the concentration of one of the reactants or products is changed, the system is no longer at equilibrium and the concentrations of all the substances will change until equilibrium is reached again. If the concentration of a reactant is increased, more products will be formed until equilibrium is reached again. If the concentration of a product is decreased, more reactants will react until equilibrium is reached again. 
Students should be able to interpret appropriate given data to predict the effect of a change in concentration of a reactant or product on given reactions at equilibrium.
If the temperature of a system at equilibrium is increased: 
[bookmark: _Hlk138245487]• the relative amount of products at equilibrium increases for an endothermic reaction 
• the relative amount of products at equilibrium decreases for an exothermic reaction. If the temperature of a system at equilibrium is decreased: 
• the relative amount of products at equilibrium decreases for an endothermic reaction 
• the relative amount of products at equilibrium increases for an exothermic reaction. 
Students should be able to interpret appropriate given data to predict the effect of a change in temperature on given reactions at equilibrium.
For gaseous reactions at equilibrium: 
• an increase in pressure causes the equilibrium position to shift towards the side with the smaller number of molecules as shown by the symbol equation for that reaction 
• a decrease in pressure causes the equilibrium position to shift towards the side with the larger number of molecules as shown by the symbol equation for that reaction. 
Students should be able to interpret appropriate given data to predict the effect of pressure changes on given reactions at equilibrium.



Practical work
 

Key direct and explicit teacher explanations: 
a. Le Chatelier’s Principle
b. Effect of temperature on position of equilibrium. 
c. Effect of pressure on position of equilibrium. 
When equilibrium is reached, there is a fixed amount of reactants and products in the reaction vessel. This is because the rate of the forward reaction is exactly equal to the rate of the reverse reaction. 
However, if the conditions (e.g. temperature or pressure) are changed, then a new equilibrium position is established. The effects of changing conditions can be predicted by Le Chatelier’s Principle. 
Le Chatelier’s Principle states that if the conditions are changed, then the system responds and tries to counteract that change. 
Concentration of reactant or product
If the concentration of a reactant or product changes, the system will no longer be at equilibrium and the concentration of each substance will change until equilibrium is established. 
For example, if the concentration of a reactant is increased, then more product will be made until equilibrium is reached. Similarly, if the product is removed, more product will be made until equilibrium is reached. 
For example, in the Haber Process, the product (ammonia) is removed by cooling it. This means that more product will be made until equilibrium is reached again. 

Changing temperature
According to Le Chatelier’s Princiiple, if the temperature is increased, the system will try to decrease the temperature. Also, if the temperature is decreased, the system will try to increase the temperature. 
For example, if the forward reaction is exothermic and the reverse reaction is endothermic, the forward reaction will be favoured if we decreased the temperature. This means that more product would be made. 
Conversely, if the temperature was increased, the endothermic reaction is favoured. 
Generally speaking: 
• the relative amount of products at equilibrium increases for an endothermic reaction 
• the relative amount of products at equilibrium decreases for an exothermic reaction. If the temperature of a system at equilibrium is decreased: 
• the relative amount of products at equilibrium decreases for an endothermic reaction 
• the relative amount of products at equilibrium increases for an exothermic reaction. 

Changing pressure
Changing pressure also changes the equilibrium position: 
• an increase in pressure causes the equilibrium position to shift towards the side with the smaller number of molecules as shown by the symbol equation for that reaction 
• a decrease in pressure causes the equilibrium position to shift towards the side with the larger number of molecules as shown by the symbol equation for that reaction. 




















Teacher notes (e.g. key questions, examples, non-examples, explanations)
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Lesson 10: Le Chatelier's Principle
Objective: Students should be able to define Le Chatelier’s Principle and explain how temperature, pressure and equilibrium effect equilibrium.
Do It Now
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	






We will get less C and D

Same amount of energy is transferred in both directions

The products of a reaction can react to produce the original reactants
⇌
Closed system; apparatus prevents the escape of reactants and products
Forward and reverse reactions occur at the same rate
Exothermic
I wasn’t there but I still care: 
1. What is meant by a reversible reaction?
______________________________________________________________________________________________________________________________________
2. Draw the symbol for a reversible reaction
___________________________________________________________________
3. If a reaction is endothermic in one direction, what is it in the other direction?
______________________________________________________________________________________________________________________________________
4. What is meant by the term equilibrium?
______________________________________________________________________________________________________________________________________
5. What needs to happen for equilibrium to be reached?
______________________________________________________________________________________________________________________________________
6. What can be said about the amount of energy being transferred in a reversible reaction?
______________________________________________________________________________________________________________________________________
7. The following reversible reaction occurs: The reaction that makes C and D is exothermic. What happens if we heat up A and B?
____________________________________________________________________________________________________________________________________________



Answers
1. The products of a reaction can react to produce the original reactants.
2. 
3. Exothermic.
4.  Forward and reverse reactions occur at the same rate.	 
5. Closed system; apparatus prevents the escape of reactants and products.
6.  Same amount of energy is transferred in both directions
7. We will get less C and D

        

Connect
Read the below statements and state if they are true or false. If they are false correct them in the space underneath.                       
1. The symbol for a reversible reaction is ⇌		True               False
______________________________________________________________________________________________________________________________________________________________
Burning fuel is a reversible reaction			True               False
2. ______________________________________________________________________________________________________________________________________________________________

3. Energy from chemical reactions is transferred to 	
the surroundings 								True               False
______________________________________________________________________________________________________________________________________________________________
	
4. Burning is an endothermic reaction						True               False
______________________________________________________________________________________________________________________________________________________________

5. Reactions that take in energy from the 
surroundings are exothermic                 					True               False
______________________________________________________________________________________________________________________________________________________________

6. The surroundings become hotter in an 
endothermic reaction								True               False

______________________________________________________________________________________________________________________________________________________________

	







True


False. Burning is not a reversible reaction as the original products cannot be remade






True



False. Burning is an exothermic reaction as it gives out energy to the environment and causes a temperature increase





False. Reactions that take energy in from the environment are endothermic. In exothermic reactions energy exits







In an endothermic reaction energy enters the reaction from the environment. This causes the temperature to decrease







Le Chatelier's principle 
The equilibrium position can be changed by altering the reaction conditions, such as by:
· changing the pressure
· changing the concentration
· changing the temperature
Changing the pressure
In a reaction involving gases, if the pressure is increased, the equilibrium position moves in the direction of the fewer molecules of gas.
There are fewer molecules on the right-hand side of the equation for the Haber process:
N2(g) + 3H2(g) ⇌ 2NH3(g)
If the pressure is increased, the equilibrium position moves to the right. This increases the yield of ammonia in this equilibrium.
Changing the concentration
In a reaction involving solutions, if the concentration of a solute is increased, the equilibrium position moves in the direction away from this solute. For example, bismuth chloride reacts with water in a reversible reaction:
BiCl3(aq) + H2O(l) ⇌ BiOCl(s) + 2HCl(aq)
The concentration of hydrochloric acid can be increased by adding more hydrochloric acid. When this happens, the equilibrium position moves to the left, away from HCl(aq) in the equation.
Changing the temperature
In a reversible reaction, if the reaction is exothermic in one direction, it is endothermic in the other direction. If the temperature is increased, the equilibrium position moves in the direction of the endothermic process. For example, sulfur dioxide reacts with oxygen in a reversible reaction:
2SO2(g) + O2(g) ⇌ 2SO3(g) (forward reaction is exothermic)
If the forward reaction is exothermic, the backward reaction must be endothermic. Therefore, if the temperature is increased, the equilibrium position moves to the left.


1. 

Compromise temperature
A compromise between a reasonable rate of reaction and a decent yield of product is required in industrial processes. The Haber Process is an exothermic reaction in the forward direction so using a low temperature would increase the yield of ammonia. However this would mean a low rate of reaction so a compromise temperature (450 °C) is used.
Change
Equilibrium
Pressure increased
Position moves towards the fewer molecules of gas
Concentration of a reactant increased
Position moves away from that reactant
Temperature increased
Position moves in the direction of the endothermic reaction






Concentration
If you increase the concentration of a reactant, more products will be formed until equilibrium is reached again.
If you decrease the concentration of the products, more reactants will react until equilibrium is reached again.
Overview of Conditions
“If a system is at equilibrium and a change is made to any of the conditions, then the system responds to counteract the change.” 
Temperature
If you increase the temperature, the position of the equilibrium will shift in the endothermic direction, this counteracts the change by absorbing the heat. 
If you decrease the temperature, the position of the equilibrium will shift in the exothermic direction, this counteracts the change by releasing heat. 
Pressure
If you increase the pressure, the position of the equilibrium will shift in the direction which produces fewer molecules. This counteracts the change by lowering the pressure.
If you decrease the pressure, the position of the equilibrium will shift in the direction which produces more molecules. This counteracts the change by increasing the pressure. 

Using your knowledge from the lesson and key words provided answer the following questions: 
Keywords: Change, Conditions, Counteract, Concentration, Temperature, Pressure,
Reactants, Products, Equilibrium, Shift, Restore, Forward, Reverse, Endothermic, Exothermic, Absorb, Release, Heat, Molecules, Fewer, More, Increase, Decrease

I do: 
1. State Le Chatelier’s Principle
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
2. Name the conditions that will affect the position of an equilibrium
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
We Do:
3. Describe what happens when the concentration of a reactant is increased
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________
4. Describe what happens when the concentration of a product is decrease
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________










If a system is at equilibrium and a change is made to any of the conditions, then the system responds to counteract the change



Temperature, concentration, pressure




If you increase the concentration of a reactant, more products will be formed until equilibrium is reached again



If you decrease the concentration of the products, more reactants will react until equilibrium is reached again






You Do:
5. Which reaction is favoured when the temperature is increased and why?
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

6. Which reaction is favoured when the temperature is decreased and why?
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

7. Which reaction is favoured when the pressure is increased and why?
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

8. Which reaction is favoured when the pressure is decreased and why?
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

9. What is an equilibrium
________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________



If you increase the temperature, the equilibrium will shift in the endothermic direction, this counteracts the change by absorbing the heat




If you decrease the temperature, the equilibrium will shift in the exothermic direction, this counteracts the change by releasing heat.




If you increase the pressure, the position of the equilibrium will shift in the direction which produces fewer molecules. This counteracts the change by lowering the pressure




If you decrease the pressure, the position of the equilibrium will shift in the direction which produces more molecules. This counteracts the change by increasing the pressure




Equilibrium is where the rate of the forwards reaction is equal to the rate of the reverse reaction



Complete the exam questions below: 
Q1.
Ammonia is produced when a mixture of nitrogen and hydrogen reacts.
The equation for the reaction is:
N2 (g) + 3 H2 (g) ⇌ 2 NH3 (g)
(a)  Nitrogen is obtained from the air.
The mixture of nitrogen and hydrogen must not contain carbon dioxide and oxygen.
Explain how a sample can be tested to show that carbon dioxide is not present in the mixture.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(b)  A catalyst is used in the reaction.
Explain how a catalyst increases the rate of a reaction.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
The equation for the reaction to produce ammonia is repeated here.
N2 (g) + 3 H2 (g) ⇌ 2 NH3 (g)
(c)  The reaction reaches equilibrium.
Explain how an equilibrium is reached.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)


Q1.
(a)  use limewater
or
use calcium hydroxide solution
1
(which) does not turn milky / cloudy
allow (which) stays colourless
1
(b)  provides an alternative pathway
1
(which has) a lower activation energy
1
(c)  (when) the apparatus prevents the escape of reactants and products
allow (in a) closed system
1
(and the) forward and reverse reactions occur at same rate
1





















(d)  Suggest how the catalyst affects the equilibrium position.
Give one reason for your answer.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(e)  What is the effect of increasing the pressure on the reaction to produce ammonia?
Tick (✓) one box.
 
The yield of ammonia decreases.	 
The yield of ammonia stays the same.	 
The yield of ammonia increases.	 
(1)
(f)   The forward reaction is exothermic.
Explain the effect of increasing the temperature on the yield of ammonia gas produced at equilibrium.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(Total 11 marks)
Q2.
This question is about oxygen (O2) and sulfur dioxide (SO2).
(a)  Give the test and result for oxygen gas.
Test ______________________________________________________________
Result ____________________________________________________________
(2)


(d)  equilibrium position stays the same
allow no effect
1
increases the rate of the forward and the reverse reaction by the same amount
1
(e)  the yield of ammonia increases
1
(f)   yield of ammonia decreases
1
(because) system shifts in endothermic direction
allow (because) system shifts to counteract the change
allow (because) system shifts to transfer in energy (from the surroundings)
1
[11]
Q2.
(a)  glowing splint
1
relights
1





















(b)  equilibrium shifts to right-hand side
allow towards the products
allow in favour of the forward reaction
1
(because) concentration of SO3 decreases
this marking point is dependent on first marking point being awarded
allow pressure decreases
allow to increase the concentration of SO3 allow to re-establish equilibrium
1
(c)  (Mr CaO =) 56
1
(Mr CaSO3 =) 120
1
[image: ] × 120
1
= 15(.0 g)
an answer of 15(.0 g) scores 4 marks
in all approaches allow a correct calculation using an incorrectly calculated Mr
alternative approach A
(Mr CaO =) 56   (1)
[image: ] = 0.125 (moles)   (1)
(mass CaSO3 =) 0.125 × 120   (1)
= 15(.0 g)   (1)
1
alternative approach B
Mr CaO =) 56   (1)
[image: ] = 8 (factor)   (1)
Mr CaSO3 =) 120   (1)
[image: ] = 15(.0 g)   (1)
alternative approach C
Mr CaO =) 56   (1)
Mr CaSO3 =) 120   (1)
[image: ] = 2.14235714 (factor)   (1)
2.14235714 × 7 = 15(.0 g)   (1)


(b)  The reaction between oxygen and sulfur dioxide is at equilibrium.
O2(g) + 2 SO2(g) ⇌ 2 SO3(g)
Some of the sulfur trioxide (SO3) is removed.
Explain what happens to the position of the equilibrium.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(c)  Sulfur dioxide is an atmospheric pollutant.
Sulfur dioxide pollution is reduced by reacting calcium oxide with sulfur dioxide to produce calcium sulfite.
CaO + SO2 ⟶ CaSO3
7.00 g of calcium oxide reacts with an excess of sulfur dioxide.
Relative atomic masses (Ar): O = 16 S = 32 Ca = 40
Calculate the mass of calcium sulfite produced.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
Mass of calcium sulfite produced = ____________________ g
(4)
(Total 8 marks)





















Q3.
(b)  (as pressure increases) the equilibrium position shifts to the right hand side
allow (as pressure increases) the percentage of product / dinitrogen tetroxide / N2O4 increases
1
(because) there are less moles / molecules (of dinitrogen tetroxide) on right hand side
allow (because) there are more moles / molecules (of nitrogen dioxide) on left hand side
1
(c)  (as temperature increases) equilibrium position shifts to left hand side
1
(because the forward) reaction is exothermic
or
(because) the backward reaction is endothermic
1
(so) the percentage of product / dinitrogen tetroxide / N2O4 decreases
1
[5]

Q3. 
Nitrogen dioxide gas reacts to form dinitrogen tetraoxide gas.
The reaction is reversible. The equation for the reaction is:
2 NO2(g)    ⇌    N2O4(g)
(b)     Explain the effect on the equilibrium position of increasing the pressure.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(c)     The graph below shows the change in the percentage of dinitrogen tetroxide (N2O4) in the equilibrium mixture as the temperature of the equilibrium mixture is changed.
[image: A picture containing text, line, diagram, font  Description automatically generated]

 
Explain the effect on the equilibrium position of increasing the temperature.
Use the graph above.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(3)
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sible reactions

IS
9

In some chemical reactions, the products of the reaction can react
to produce the original reactants. Such reactions are called
reversible reactions and are represented

A+B=C+D

‘The direction of reversible reactions can be changed by changing
the conditions.

For example:
heat

ammonium chioride —— ammonia + hydrogen chioride
ool

4622 y changes and reversib

I a reversible reaction is exothermic in one direction, itis
‘endothermic in the opposite direction. The same amount of energy
is transferred in each case. For example:

hydrated  gngogmermic  anhydrous

copper  SMENEMIE copper
sufate  enomermic  sufate  * Water
(blue) (white)

4.6.2.3 Equilibrium

When a reversible reaction occurs in apparatus which prevents the
‘escape of reactants and products, equilibrium is reached when the
forward and reverse reactions occur at exactly the same rate.




image99.jpeg
Anhydrous
copper
sulfate





image100.png
Q1.
(a)

(the symbol) =
allow description of reversible sign

white
must be in this order

blue

to prevent reaction with water vapour (in the air)
allow to prevent reaction with maisture.
allow to keep water aut
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Q2.

(a)  endothermic (reaction)

accept thermal decomposition

(b)  gives out heat (energy)
accept exothermic (reaction)

turns hlue
accept goes to hydrated copper sulphate

]
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Q3.
(a)  the forward and backward reactions occur
allow reversible

at (exactly) the same rate

ina closed system
allow therefore the concentrations / amounts of the reactants
and products remain the same
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(b)

(a catalyst) provides an altenative pathway

with lower activation energy
or
(a catalyst) lowers the activation energy (1)

so less energy is needed to react or more particles react (1)
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Example 2:
Calculate the rate of the reaction at 20 seconds.
Stop 1

You need to craw a tangent to the curve at the specified time (a straight ine that just touches.
the curve at that point).

50,

¥
301
&
S0
glﬂA
0
o T @ % @ o s P s % w0
e i sucons
stop2

‘Then construct a right angled triangle, using the tangent as s longest side. Choose two
points which you can easily read the Values for from the axes s the comers for the triangle.
and make the triangle as large as possible to reduce measurement errors.

50

s
§
<30
&
)
£
gm
T % % @ % @ o . % 1o
e nsecons
steps

Calculate the gradient of the tangent using the equation:

o - Changeiny

et e ngen X
change in y = 48.cm® - 28 om’ = 20cm®
change inx=34s - 105 =245

e 200m’

os3emls
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b Calculate the mean rate of the reaction after 15 seconds.

(2marks)

& After how many seconds has the reaction finished?

(1 mark)

3 The graph below shows how much hycrogen was given off during the reaction
between magnesium ribbon and hydrochioric acid.

40

"
&

5

volume of gas in cm®
N
8

0
0 20 40 60 8 100 120

time in seconds.
Calculate the rate of the reaction at:

I 20seconds

(2marks)

i 40 seconds.

(2marks)

b Show by calcuiation that the mean rate between 40 and 60
Seconds s siower than the mean rate between 0 and 20
seconds.

(2marks)
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Student follow up

4 Zinc reacts with sulurc acid 0 produce a sat and hydrogen gas.

A student investigates how the size o the pieces of Zinc used n reaction affect the rate
of the reaction.

He reacts 2.0 of zinc granules with an exoess of sulfri acid and measures the volume.
of hydrogen given of.
30

25

volme ofgasinem’

GITHNETIENEIESTTR T GTeTs
time i minutes

2 Name the salt produced i this reaction.

(1 mark)
b Calculate the mean rate of the reaction up fo the time the reacton
is complete.
(3marks)
& Calculate the ate of the reaction at 3 minues.
(2marks)

‘The student repeats the experiment using 20 of powdered zinc.

@ 1 Sketch aline on the graph to show the results you would
expect with the powdered zinc. (2marks)

i Explain your reasoning behind the line you have sketched.

(3 marks)
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Rate of reaction Amount of product made (g or cm?)
(g/s) or (cm3/s) = Time (s)
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Rate of reaction Amount of reactant lost (g or cm?)
(g/s) or (cm3/s) = Time (s)
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Look at the graph and then answer the questions.

ok of g )

o T T T T T T T T T T

1 Wite fast on the graph ihere the reacton is going quickly.
2. Wit ‘siow’ on the graph where the reactionis going siowy.
3 Wit ‘stoppedon the graph where the reaction has stopped.

4 How much gas was produced in this reaction?

5 Atwhat fime did the reaction come to a stop? Why did he reaction stop?

6 Galculatethe rate o reacton at the folowing poins. Make Sure you Show your working out
+ 10seconds
+ 20seconds
+ 30seconds

+ a0seconds
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Comparing two reactions - the higher the temperature, the greater the rate of reaction
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or high pressure

Low concentration
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Comparing two reactions - the higher the concentration or pressure, the greater the rate of

re
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Chemical reactions only occur when reacting particles collide with each other with
sufficient energy.

The minimum amount of energy needed for the particles to react is called the
activation energy, and it is different for each reaction.

If particles collide with less energy than the activation energy, they will not react.
The particles will just bounce off each other.

The rate of a reaction depends on:
+ the frequency of collisions between particles
+ the energy with which particles collide.
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2. braw lines on these graphs to show how the rate of each reaction changes.

Volume of Volume of
s
produced
m)
Time 5] Time 5]
Oraw a line for a reaction happening ot Draw a lin

a high temperature and aline for one:
at a low temperature. Label each line.

e for a reaction happening at a
high concentration and a lin for one at a
low concentration. Label each line.

Volure of
g
prod
)

e ()

Volure of
g
produced
)

e (5

Oraw a line for a reaction with a
catalysts and one without. Label each

Oraw a line for a reaction happening with
a big surface area and a line for one at a
small surface area. Label each line.
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A student investigated the rate of eacton between calcium carbonate (marble chips) and
hydrochlorc acid

The student used the apparatus shown in Figure 1.

Figure 1

M\ =

/H \ |—Maasuring cyinder
NN\ o ,

Hydrochioric acid / \ \\\L; 1. -

Calcium carbonate
(marble chips)

—
+—Carbon doxice.

The student
+ recorded the volume of gas collected every 5 seconds

* repeated the experiment using hydrochloric acid at diferent temperatures.

The equation for the reacton i:

CaCO(s) + 2HCI@a) —> CaCligg) + HON + COg)

(@) The student plotied results fo the hydrochioric acid at 20 °C and 40 °C on a graph

Figure 2 shows the student’ graph.

Figure 2

50 100 150 200 250 300
Time in seconds

Use information from Figure 2 to answer these questions.

(@ State one conclusion the student could make about the effectof temperature:
on the rate of the reaciion
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() Give one reason why the student could make this conclusion.

)

) For the hydrochioric acid at 60 °C the student had collected 30 cm* after 15
Seconds.

Calculate the average rate ofreaction fiom 010 15 seconds.

Rate of reaction = om* per second
)

(8] The student then investigated how the surface area of marble chips affected the
rate ofreaction

@ Which two variables shoukd the student keep constant?

Tick () two boves.

Amount of ater in the trough

Goncentration of acid

Mass of marbl chips

Size of marbie chips

Volume of measuring cylinder

@

(i) Explain, i terms of paricles and callsions, the effect that increasing the
suriace area ofthe marble chips has on the rate ofreaction.
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() Give one reason wihy the student could make this conclusion.

)

() For the hydrochlorc acid at 60 °C the student had collected 30 cm* after 15
Seconds.

Calculate the average rate of reaction flom 010 15 seconds.

Rate of reaction = om* per second
)

(®)  The student then invesfigated how the surface area of marble chips affected the
rate ofreaction.

@ Which two variables shoud the student keep constant?

Tick () two boves.

Amount of ater in the trough

Goncentration of acid

Mass of marble chips

Size of marbie chips

Volume of measuring cylinder

@

(i) Explain, i terms of paricles and callsions, the effect that increasing the
suriace area ofthe marble chips has on the rate of reaction.
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(©)  Calcium carbonate s a catalystforthe industral producton of biodiesel

Give one reason why using a catalystreduces coss.

)
(Tota1 8 marks)
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Q2

@ 0
)
@
® 0
)

the higher the temperature, the greater the rate
a1 40 °C rate is faster than at 20 °C.

acoept the higher the temperature, the foster the resction

40°C curve is steeper
acoept the 40 °C line becomes horizontal sooner
acoept st higher tempsratures the reaction finshes sooner.
‘acoept reacton finishes sooner ot 40 °C
coept st higher temperatures the gas is produced faster

correct comparison of data from the graph

Goncentration of acid
Mass of marble chips

increases rate
incorrect reference to energy = max 1

(because of more frequent colisions (betvieen pariicles)
scoept partices are more kel to collde.
ignore more collsions.
fgnore more successful collsions

(©  any one from

increases rate of reaction
reduces energy required
lower temperature can be used

catalystis not used up.

=
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A student investigated the effect of he size of marble chips on the rate of the reaction
betueen marble chips and hydrochioric acid

This s the method used.

1 Add 10 of marble chips nto the flask.

2. Add 50 e of hydrochloric acid, connect the gas syringe and starta imer.
3 Record the volume of gas produced every 10 seconds.

Figure 1 shows the apparatus.

Figure 1
G
b
—
(@) Gompiete the equation fo he reacton.
Cacos + HCl—
@
Figure 2 shows th students resuls.
Figure 2
vorn
s
o

(6) Describe the trend shown in Figure 2

Use values in your answer





image42.png
@
(©) Desciibe how you would use Figure 210 find the rate of the reaction at 15 seconds.

You do not need to do a calculaton.

@
(@) Give the unts for the rate oftis reaction
m
The table below shaws the resulfs of the investigation.
Relative size | Volume of gas produced in cm* after given time in
of marble seconds
chips 10s | 205 | 30s | 40s | 50s | 60s
smat BEEEIEIERE
egium 21 |3 | st | ss | e | e
Large 14 | 29 [0 | 4 | s [ e
(€) Give one conclusion about how the size ofthe marble chips affecs the ate of the.
reaction.
m

(0 Suggest why al three sizes of marble chips produce a maximum volume of 60 ¢
ofgas

)
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(@) Figure 3 shows eight small cubes, each 1 om x 1 cm x 1 cm, and one large cube,
Zemx2cmx2em

Figure 3

0

000
O00dd
0 O

“Total volume of small cubes = & e Volume of arge cue = 8 e

Total surface area of small cubes

8 o

Caleulate the surface area of the large cube.

Sutace area of the large cube e

(h) Explain why the size of the marble chips affects the rate of the reaction

Give your answer interms of ‘colision theory’

@

@
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(@ The student repeated the investigation with small marole chips using hydrochiorc:
acid wih a lovier concentration.

Figure 4 shous the volume of gas produced during the first 40 seconds

Figure 4

Higher concentration
of acid

Lower concentration
of acid

Volume

o
ndms

2 E) [y
Time in seconds

Explain why the results for the lower concentration of aci are diferent fom the.
results forthe higher concentration of acid

@
(Total 7 marks)
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1.Which experiment shows the fastest reaction rate,
aorb?

3
D

Volume gas / cm?

12 3 45 6 7 8 910 111213 14 15 16 17 18 19 20 21 22

time (s)
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(@

independent
concentration (of hydrochioric acid)

control
any one from:

temperature (of hycrochioric acid)
volume of (hydrochioric) acid
lengih of magnesium
Surface area of magnesium
allow same mass of magnesium alow same form
of magnesium
ignore amaunt
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() the rate decreases

(@) the magnesium reacted more quickly

(@) rate increases
allow reacton happens faster

(because) partices have more enexmy
allow (vecause) particies move faster

o (secause) mors parteshaveener
greater than the activation enemy i

(50) more frequent colisions
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Figure 2
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Time in seconds
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z an attempt at measuring rate and / or an attempt at fair festing
- Level 3 (5-6 marks)
Aworkable plan including change of concentration and measurement of rate
and fair testing
Examples of chemistry points made in the response could include:
B Plan:
= +  add magnesium to acid
3 + ftime reaction / ‘count bubbles’ / measure volume of gas
= +  change concentration / ‘volume' of acid
z Control Variables:
S
= . amount / mass / length / same ‘size’ of magnesium
B + volume / amount of acid
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Q1.

 

A student investi

gated the effect of concentration on the rate of the reaction between sodium 

thiosulfate and dilute hydrochloric acid.

 

Figure 1

 

shows the apparatus the student used.

 

Figure 1

 

 

(a)

    

 

The symbol equation for the reaction is:

 

Na

2

S

2

O

3

 

+ 2HCl 

à

 

2NaCl + SO

2

 

+ H

2

O + S

 

Complete the word equation for the reaction.

 

 

 

sodium 

thiosulphate

 

+

 

hydrochloric 

acid

 

à

 

______________

 

______________

 

+

 

sulfur 

dioxide 

 

+

 

water

 

+

 

sulfur

 

(1)

 

(b)

    

 

The table shows the results.

 

 

 

Concentration of 

sodium thiosulfate in 

mol/dm

3

 

Time for student to no 

longer see the cross 

in seconds

 

0.10

 

41

 

0.20

 

21

 

0.30

 

20

 

0.40

 

10

 

0.50

 

8

 

Plot the data from the table on 

Figure 2

.

  

Draw a line of best fit.
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Figure 2

 

 

(3)

 

(c)

    

 

The student determined the time for a concentration of 0.15 mol/dm

3

 

What is the concentration when the reaction is 20 seconds faster?

 

You should show your working on 

Figure 2

.

 

___________________________________________________________________

 

Concentration = ____________________ mol/dm

3

 

(2)

 

(d)

    

 

Estimate the time taken

 

for the reaction when the concentration of sodium thiosulfate is 

0.60 mol/dm

3

 

___________________________________________________________________

 

Time taken = ____________________ s

 

(1)

 

(Total 7 marks)
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