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Energy changes in reactions

Energy changes in reactions
During a chemical reaction, there is always an energy change.

Exothermic reactions

Exothermic reactions give out energy.

These reactions can be described as:

reactants + products = energy

The total energy is the same on each side of the arrow, in a reaction. So in
exothermic reactions, the products have lower energy than the reactants. This is

shown on the energy level diagram on the right.

A
reactants
Other examples of exothermic reactions
. ? energy
All these are exothermic: o given out
a
_ the neutralisation of acids by alkalis. 4 products
"1 the combustion of fuels.

& Anenergy level diagram for an
exathermic reaction. The products have
lowwer energy than the reactants.

Endothermic reactions

Endothermic reactions take in energy from their surroundings.

Other examples of endothermic reactions products
F 3
" reactions that take place in cooking. & -
. 2 in from the
[l photosyntheSIS. ® cpan surroundings

A Anenergy level diagram for an
endothermic reaction The products have
higher energy than the reactants.

1 Isit exothermic or endothermic? 3 Naf)+ Cl (g — 2NaCl )
a theburning of 2 candle The energy change for this reaction is — 822 4 kI
b the reaction betwaen sodium and water What can you conclude about the reaction?
¢ the change from raw eqg to fried egg 4 Draw an energy level diagram for

2 Which unit is usad to measure energy changes? a anandothermic reaction b an exothermic reaction



Explaining energy changes

Making and breaking bonds
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In a chemical reaction, bonds must first be broken. Then new bonds form. Breaking

bonds takes in energy. Making bonds releases energy.
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If the energy taken in to break bonds is less than the energy

released in making bonds, the reaction is exothermic.

If the energy taken in to break bonds is greater than the

Energy released in making bonds, the reaction is endothermic.

Calculating the energy changes in reactions

So let's calculate the energy change for those reactions on page 116.

1 The exothermic reaction between hydrogen and chlorine
H—H+Cl—C — 2H-(

Energy in to break each male of bonds:

1 xH—H 436 kJ
1 x C1—Cl 242Kk]
Total energy in 678 kI

Energy out from the two moles of bonds forming;
2 xH—C(l 2 X431 = 862 kJ

Energy in — energy out = 678 kJ — 862 kJ = —184 kJ

So the reaction gives out 184 kJ of energy, overall.
Its energy level diagram is shown on the right.

2 The endothermic decomposition of ammonia

Bond energy (k1 / mole)
H-H 436
=1 247
=] 431
et 346
=0 612
0 352
E—H 413
O=0 498
O—H 464
N=N 946
M—H 391

Calculating energy changes 0 :

The calculation s abways:
gnergy in - energy out

honds broken

i
anergy in

energy

Hy tg) +Cls (g)
overall, energy OUT i

enerqy
out

184k ¥ Y

y 2HCI {g)

A For the hydrogen/chlorine reaction.
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Combustion of Methane
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progress of reaction
Figure 6.19 Braaking and forming bonds during the combustion of methane.

+« Calculate the energy change for the combustion of Methane. Use the table from the
previous page and (C=0):803 KJ/mol

+ Calculate the Heat change for the formation of (i) Water (ii) Ammonia

Activation Energy

activation

CHaig) + 203(a) energy (Ea)

energy/kl

COzig + 2H0m

progress of reaction
Figure 6.20 Energy level diagram for methane/oxygen.

The minimum energy needed for a reaction to take place is called the Activation Energy.
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Energy from fuels

A fuel is any substance we use to provide energy.

The fossil fuels
The fossil fuels - coal, petroleum (oil), and natural gas (methane) - are the main fuels used

around the world. We burn them to release heat.

1xygen combine without burning,
L out as an electric current. flow of electrons

the current can be
used to light a home
or power a car

The hydrogen fuel cell

In the hydrogen fuel cell, hydrogen
and oxygen combine without

burning. Hs {ah from tank —5 =— O, {g) from air

: H H the electrolyte is hot the carbon electrodes
It Isa redOX reaction. The energy IS potassium hydroxide solution } [ contain a catalyst
given out as an electric current. H0 (g == = 1,0 (g)

wiater vapour driven out

Fractions from the fractional distillation of Crude oil
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