Chemical energetics
IGCSE Chemistry

Exothermic and endothermic reactions

Burning wood is exothermic, releasing heat to the surroundings.

In every chemical reaction, energy is transferred. The reaction is either exothermic or
endothermic, depending on which way the energy moves.

o An exothermic reaction J#\ )7/ gives out thermal energy #HE to the sur-
roundings ¥f#%. So the temperature of the surroundings goes up.

o An endothermic reaction W;# v takes in thermal energy from the surround-
ings. So the temperature of the surroundings goes down.

Examples of exothermic reactions are combustion %% (burning a fuel) and neu-
tralisation Al (an acid reacting with an alkali). An example of an endothermic
reaction is the thermal decomposition 43f# of a compound (breaking it down using
heat).
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An exothermic reaction warms the surroundings; an endothermic reaction cools them

Enthalpy change, AH

The amount of thermal energy transferred in a reaction is called the enthalpy change
J57A%. Tt is written as AH and has these signs:

« AH is negative for an exothermic reaction, because energy leaves the chemicals.
o AH is positive for an endothermic reaction, because energy is taken in.

A Bunsen flame supplies enerqy: enthalpy change AH is the heat transferred at
constant pressure
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Activation energy

Particles do not react every time they meet. The activation energy JH{LfE (E,) is
the smallest amount of energy that colliding filf{# particles i must have before
they can react. It is like a hill the particles must get over before the reaction can
happen.

Reaction pathway diagrams

A reaction pathway diagram fz vV #F#2 K shows how the energy changes as a
reaction happens. Energy is on the vertical axis, and the progress of the reaction is
on the horizontal axis.

o The line starts at the energy level of the reactants S V4.
o It rises over a 'hill’ — the height of this hill is the activation energy FE,,.
o It then falls or rises to the energy level of the products 4= 4.

e The gap between the reactant level and the product level is the enthalpy change
AH.

For an exothermic reaction, the products are lower than the reactants, so energy is
given out and AH is negative.

For an endothermic reaction, the products are higher than the reactants, so energy
is taken in and AH is positive.

energy energy
A exothermic (AH < 0) A endothermic (AH > 0)

reactants

products reactants

reaction progress reaction progress

Ezothermic reactions end lower than they start (AH < 0); endothermic reactions end
higher (AH >0)
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Bonds and energy

Breaking and making bonds transfers energy — the flame supplies it here.

A reaction involves breaking the bonds in the reactants and making new bonds in the
products.

« Bond breaking Wi takes in energy, so it is an endothermic step.
« Bond making Jii## gives out energy, so it is an exothermic step.

The bond energy ##HE is the energy needed to break one mole of a particular bond.
You can use bond energies to find the enthalpy change:

AH = (energy to break all bonds) — (energy released making all bonds)

If more energy is given out making bonds than is taken in breaking bonds, the reaction
is exothermic (AH negative). If less energy is given out, it is endothermic (AH
positive).

Worked example

For the reaction Hy + Cly — 2HCI, use these bond energies (in kJ/mol): H-H = 436,
Cl-Cl = 242, H-Cl = 431.

Bonds broken: one H-H and one Cl-Cl = 436 + 242 = 678.
Bonds made: two H-Cl = 2 x 431 = 862.

AH =678 — 862 = —184 kJ/mol
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The answer is negative, so this reaction is exothermic.

energy
A

separate atoms
H+H+Cl+Cl

break bonds

(in) +678 make bonds

(out) —862

reactants
Hy + Cly

products 2HCI

\J

net: AH = 678 — 862 = —184 kJ/mol (exothermic)

Breaking bonds takes energy in (+678); making bonds gives more out (—862); so
AH = —184 kJ/mol

Exam tips

o Exothermic gives out heat, so the surroundings warm up and AH is negative;
endothermic takes in heat, so the surroundings cool and AH is positive.

« Bond breaking takes energy in (endothermic); bond making gives energy out
(exothermic). Use AH = (energy to break bonds)—(energy released making bonds).

o If more energy is released making bonds than is used breaking them, the reaction
is exothermic. Always check the sign of your final answer.

e« On a reaction pathway diagram, an exothermic reaction ends lower than it
starts; an endothermic one ends higher. The height of the hill is the activation
energy.
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