




Heat is a form of energy. Heat always transfers or 
flows from a higher temperature object to a 
lower temperature object. 



Gas at 300 K  
particles have 
higher average 
kinetic energy

Gas at 100 K  
particles have 
lower average 
kinetic energy

The absolute temperature in Kelvin (K) is directly 
proportional to the average kinetic energy of the 
particles in a substance. 



Heat is a measure of the total energy of a substance and 
therefore depends on the amount of substance present.
Temperature is a measure of the average kinetic energy of 
the particles in a substance.

Both beakers of water have the 
same average kinetic energy but 
the bigger beaker of water has 
more heat. 

50oC

50oC



Which has more heat?
Which has the higher temperature?





Chemical reactions either release heat (exothermic)  
or absorb heat (endothermic). 

C6H12O6



For a chemical reaction that takes place at constant 
pressure, the heat absorbed or released is known as 
enthalpy (H).  
Enthalpy can be thought of as the heat content of a 
substance. 
The enthalpy of a substance cannot be measured –
only a change in enthalpy can be measured. 
The term ΔH is the change in enthalpy that occurs 
when a chemical reaction takes place. 



Standard enthalpy change of reaction is the enthalpy 
change of a reaction carried out under standard 
conditions (100 kPa) with everything in its standard 
state. 

The standard state is the normal, most pure stable state 
of a substance measured at a pressure of 100 kPa. 





The system is the 
reactants and products 
(the chemical reaction).
The surroundings 
consist of everything 
else outside of the 
system (including the 
reaction mixture). 

Exothermic Endothermic



In an exothermic reaction, heat     
flows from the system to the 
surroundings.
The temperature of the reaction 
mixture and the surroundings 
increases as heat is released. 
Examples of exothermic reactions 
include combustion and 
neutralisation. 



ΔH is negative 
Products have lower 
enthalpy than 
reactants.
Products are more 
energetically stable 
than reactants.



In an endothermic reaction, heat 
flows from the surroundings to     
the system.
The temperature of the reaction 
mixture and the surroundings 
decreases as heat is absorbed.
Examples of endothermic reactions 
include photosynthesis and thermal 
decomposition reactions. 



ΔH is positive 
Reactants have lower 
enthalpy than 
products.
Reactants are more 
energetically stable 
than products.



Exothermic reaction Endothermic reaction 

Enthalpy change (ΔH) negative positive 

Which has lower 
enthalpy? products reactants 

Which is more 
energetically stable? products reactants 

Heat absorbed or 
released? released absorbed 





Enthalpy changes can be 
measured using a simple  
calorimeter.
The heat absorbed or 
released raises or lowers 
the temperature of the 
solution.



q – heat (J)
m – mass (g)

c – specific heat capacity 
(J g-1 oC-1 )



Specific heat capacity is the amount of heat required 
to raise one gram (or kilogram) of a substance by one 
oC (or K).  

Substance Specific heat capacity (J g-1 oC-1)
Water 4.18

Copper 0.390
Aluminium 0.900

Iron 0.450







The literature value for the enthalpy change of 
combustion (ΔHc) of methanol is –726 kJ mol-1

% error = −𝟏𝟏𝟏𝟏𝟏𝟏 −(−𝟕𝟕𝟕𝟕𝟕𝟕)
(−𝟕𝟕𝟕𝟕𝟕𝟕)

× 𝟏𝟏𝟏𝟏𝟏𝟏 = −𝟕𝟕𝟕𝟕%
Systematic errors: 
Heat loss to the surroundings; not all heat 
transferred to the water; incomplete 
combustion of methanol.





The enthalpy change for a chemical reaction is 
independent of the route by which the chemical 
reaction occurs.

ΔH3 = ΔH1 + ΔH2



(6 × – 394) + (3 × – 286)

ΔH3 = – 3222 kJ  ΔH2 = – 3268 kJ  

ΔH16C(graphite) + 3H2(g) C6H6(l)

6CO2(g) + 3H2O(l)

ΔH3 = ΔH1 + ΔH2



(6 × – 394) + (3 × – 286)

ΔH3 = – 3222 kJ  
ΔH2 = – 3268 kJ  

ΔH1

ΔH3 = ΔH1 + ΔH2 = – 3222 + (3268) = + 46 kJ mol-1

6C(graphite) + 3H2(g) C6H6(l)

6CO2(g) + 3H2O(l)



(6 × – 394) + (3 × – 286)

ΔH3 = – 3222 kJ  ΔH2 = – 3268 kJ  

ΔH16C(graphite) + 3H2(g) C6H6(l)

6CO2(g) + 3H2O(l)

ΔH1 = ΔH3 + ΔH2



ΔH3 = – 3222 kJ  ΔH2 = – 3268 kJ  

ΔH1

ΔH1 = ΔH3 – ΔH2 = – 3222 – (– 3268) = + 46 kJ mol-1

6C(graphite) + 3H2(g) C6H6(l)

6CO2(g) + 3H2O(l)



ΔH3 = – 3222 kJ  

ΔH1

Y = – 788 + (– 572) + 1411 = + 51 kJ mol-1



ΔH3 = – 3222 kJ  ΔH2 = – 3268 kJ  

ΔH1

– 1411 = – 788 + (– 572) – Y





ΔH3 = – 3222 kJ  ΔH2 = – 3268 kJ  

ΔH1
The standard enthalpy change of combustion (ΔHo

c) is the 
enthalpy change when one mole of a substance is burned 
completely in oxygen under standard conditions.

C2H5OH(l) + 3O2(g) → 2CO2(g) + 3H2O(l)



ΔH2 = – 3268 kJ  

ΔH1
ΔHo = ∑ΔHo

c (reactants)     ∑ΔHo
c (products)

C2H4 (g) + H2 (g) → C2H6 (g)

ΔHo
c

C2H4 -1411
H2 -286

C2H6 -1561

ΔHo = (– 1411 + – 286) – (– 1561)

ΔHo = –136 kJ mol-1



ΔH2 = – 3268 kJ  

ΔH1
2.90 g of butane, C4H10, are burned in excess oxygen 
releasing 143.5 kJ of heat. 
Calculate the enthalpy change of combustion of butane. 
Convert from mass in grams to amount in mol: 

n(C4H10) = 𝟕𝟕.𝟏𝟏𝟏𝟏
𝟓𝟓𝟓𝟓.𝟏𝟏𝟕𝟕

= 0.0499 mol
0.0499 mol of butane produces 143.5 kJ of heat.

1 mol of butane = 𝟏𝟏𝟕𝟕𝟏𝟏.𝟓𝟓
𝟏𝟏.𝟏𝟏𝟕𝟕𝟏𝟏𝟏𝟏

= –2876 kJ 

ΔHc = –2876 kJ mol-1





The enthalpy change when one mole of a compound 
is formed from its elements in their standard states 
under standard conditions. 



Elements (O2) have a ∆Hf
o value of zero. 







The standard enthalpy changes of three combustion 
reactions are given below in kJ.

Calculate the ∆H for the following reaction:









Average bond enthalpy is the energy required to 
break one mole of bonds in a gaseous molecule 
averaged over similar compounds. 
Bond breaking is endothermic – energy is required 
to break a bond.
Bond formation is exothermic – energy is released 
when bonds are formed.





2 × 346 kJ 
8 × 414 kJ

4004 kJ

5 × 498 kJ 

2490 kJ

6 × 804 kJ 

4824 kJ

8 × 463 kJ 

3704 kJ

ΔH = 6494 – 8528 = – 2034 kJ mol-1



1 × 158 kJ 
4 × 391 kJ

1722 kJ

1 × 498 kJ 

498 kJ

1 × 945 kJ 

945 kJ

4 × 463 kJ 

1852 kJ

ΔH = 2220 – 2797 = – 577 kJ mol-1



Enthalpy changes calculated using average bond 
enthalpies are often different to the actual value.

Average bond enthalpies are calculated by calculating 
the energy required to break the same bond in similar 
compounds and then averaging the value – the actual 
bond enthalpy value may be different.  







UV-A  400–315 nm
UV-B  315–280 nm
UV-C  280–100 nm



The ozone layer absorbs 100% of 
UV-C radiation and 95% of UV-B 
radiation.
Only 5% of UV-A radiation is 
absorbed by the ozone layer. 
UV-A and UV-B can damage the 
DNA in skin cells which can cause 
skin cancer and premature aging.   



An oxygen free radical reacts with a molecule of oxygen 
to form ozone. 

O2(g) → O•(g) + O•(g)
UV

<240 nm

O•(g) + O2(g) →O3(g)

An oxygen molecule dissociates in the presence of UV 
radiation to form two oxygen free radicals. 



An ozone molecule reacts with an oxygen free radical to 
form molecular oxygen. 

O3(g) → O2(g) + O•(g)
UV

<330 nm

O3(g) + O•(g)→2O2(g)

An ozone molecule dissociates in the presence of UV radiation 
to form an oxygen molecule and an oxygen free radical. 



O2(g) → O•(g) + O•(g)
UV

<240 nm

O3(g) → O2(g) + O•(g)
UV

<330 nm

This reaction absorbs UV radiation with a wavelength of 
between 100 nm and 240 nm. 

This reaction absorbs UV radiation with a wavelength of 
between 240 and 315 nm. 



The ozone layer protects the Earth from harmful 
high energy UV radiation. 
The rate of formation of ozone is equal to the 
rate of the destruction of ozone (steady state). 
In this process, harmful high energy UV radiation 
is absorbed. 





Ozone, O3, exists as two resonance structures.

The bonds in ozone are of equal length and equal strength 
(bond order 1.5).
The bonds are broken by UV radiation with a wavelength 
of 330 nm and below (UV-B).



The bonds in ozone are intermediate in strength 
and length between a single and a double bond 
(bond order 1.5).

The bonds in O3 are broken by UV radiation with 
a wavelength of < 330 nm. 



The oxygen molecule has a double covalent 
bond between the oxygen atoms (bond order 2). 

The double covalent bond in O2 is broken by UV radiation 
with a wavelength of 242 nm and below (UV-C).



O2(g) → O•(g) + O•(g)
UV

<240 nm

O3(g) → O2(g) + O•(g)
UV

<330 nm

This step absorbs higher energy UV-C radiation. 

This step absorbs lower energy UV-B radiation. 



The double bond in O2 is stronger than the 
bonds in O3 so it requires more energy to 
break the bond in O2 than the bonds in O3



Molecule Bond order λ UV radiation (nm) 
O2 2 < 240
O3 1.5 < 330

The stronger double bond in O2 requires higher 
energy UV radiation (shorter wavelength) to break. 
The weaker bonds in O3 require lower energy UV 
radiation (longer wavelength) to break. 
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