C5 — Energy Changes

Exothermic Reactions

- Energy transferred to the surroundings
- Temperature of the reaction mixture increases
- This energy is transferred to the surroundings

Examples include: [
- Hand warmers )%
- Combustion reactions L
- Respiration

- Neutralisation reactions

- Self-heating cans.

Exothermic

Endothermic Reactions

- Energy absorbed from the surroundings

- Temperature of reaction mixture often
decreases

- Energy is transferred from the
surroundings

Examples include:

- lce packs (injuries)

- Reaction of citric acid and
sodium hydrogen carbonate

- Thermal decomposition

of calcium carbonate

Endathsrmic

Energy change of reactions (HT)

During a reaction:

- Energy is absorbed in order to break bonds

in the reactants Q—O# Q-O

- Energy is released when bonds are made in
the products. Q_O # O_O

Bond energy = the amount of energy that is
released when a bond is made or that is
needed to break a bond

Reaction Profiles — Exothermic

- Energy level diagrams show difference in energy
between reactants and products.

- Exothermic = Energy of products is lower than
reactants (energy is released)

- Activation Energy = minimum amount of
energy needed to start the reaction.

- Energy change = the difference in
energy between reactants and products.
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Reaction Profiles — Endothermic

- Energy level diagrams show difference in energy
between reactants and products.

- Endothermic = Energy of products is higher than
reactants (energy is absorbed)

- Activation Energy = minimum amount of
energy needed to start the reaction

- Energy change = the difference in
energy between reactants and products.
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exam!

Reaction Progress

Calculating energy changes (HT)
Overall energy change = difference between
energy needed to break bonds and the energy
released when bonds formed.
To calculate energy change :
Energy change =bonds broken — bonds formed
H, + F. > 2HF
H-H F—F H_F

. !

Bond Bond Energy /
kJ mol?
F—F 158
H—H 436
H—F 568
Bonds broken = Bonds formed
436 + 158 2 x568
593 1136

Overall energy change =593 - 1136
= -543 kJ/mol Exothermic

More energy is released in bond making than is
required for bond breaking.




C5 — Energy Changes

1. Which way is energy transferred
in an exothermic reaction?

2.  What happens to the temperature
of the reaction mixture in an
exothermic reaction?

3. State two examples of exothermic
reactions.

Which way is energy transferred in
an endothermic reaction?

What generally happens to the
temperature of the reaction
mixture of an endothermic
reaction?

State two examples of
endothermic reactions.

Higher Tier only

1. Interms of energy, what
happens for bonds to be
broken?

2. Interms of energy, what
happens when bonds are
formed?

1. Define activation energy.

2.  Onthe graph below, draw and
label the :
* overall energy change
. activation energy

reactants

energy (kJ)

products

reaction (time)

What does an energy level diagram
show?

On the graph below, draw and label
the :

* overall energy change

. activation energy

products

energy (kJ)

reactants

reaction (time)

Higher Tier only
1. Define overall energy change.

2. How do you calculate energy
change?

3.  Why, in terms of bond breaking
and making, is a reaction
exothermic?

4. Why, in terms of bond making
and breaking, is a reaction
endothermic?




C5 — Energy Changes — Required Practical — Temperature Changes

Hypothesis
The energy change in the reaction between acid and alkali depends on the

volume of alkali added.

Equipment
*  Polystyrene cup and lid

*  Thermometer

e 250cm?3 beaker

*  Measuring cylinder
* Liquid reactants

Method (example for hydrochloric acid and sodium hydroxide)

1.  Using measuring cylinder to measure 30cm? hydrochloric acid and
put in polystyrene cup

2. Stand cup inside beaker to make stable.

Use a thermometer to measure the temperature of acid and record.

4.  Using measuring cylinder — 5cm3 sodium hydroxide = polystyrene
cup

5.  Fitthelid and gently stir with thermometer through hole.

6. When reading stops on thermometer, record temperature in table.

7.  Repeat, each time adding 5cm3 more sodium hydroxide up to a
maximum of 40cm?.

8.  Calculate the temperature change on each attempt.

9. Repeat the experiment 3 times and calculate a mean temperature
change for each volume of sodium hydroxide.

w

Variables

Independent — Volume of sodium hydroxide

Dependent — Temperature change

Control — Volume of hydrochloric acid, concentration of acid,
concentration of sodium hydroxide

Common questions

Q1) Why do you use a polystyrene cup and lid?

A1) Because polystyrene cups are insulators, which reduces
heat loss in the experiment, making the results more accurate.

Q2) Why should you calculate the temperature change, instead
of just using the final temperature?

A2) Because the initial (starting) temperature of the acid may
have been different.

Q3) Why is it important to stir the mixture?
A3) To make sure all of the reactants have reacted and to get a
uniform temperature.

Q4) Why is the experiment conducted 3 times?
A4) So that anomalies can be seen and removed and a mean
calculated

Energy changes could also be investigated using:

1. Changing the mass of metal added to acid and measuring
the temperature increase

2. Changing the type of metal added to acid and measuring
the temperature increase

3. Dissolving different masses of potassium nitrate into
water and observing the temperature decrease.




C5 — Energy Changes Required Practical — Temperature Changes

1. Write a method to investigate how the volume of
sodium hydroxide affects the change in temperature
when reacting with hydrochloric acid (6 marks)

2. For the investigation above, name the :
Independent variable :

Dependent variable :

2 control variables :

3. Why do you use a polystyrene cup and lid instead of
a beaker?

4. Why should you calculate the temperature change,
instead of just using the final temperature?

5. Why is it important to stir the mixture?

6. Why do we do repeat readings?
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