
Topic 4: Energetics (SL)

https://www.youtube.com/course?list=EC40E1D9490EB0D969


5.1 Measuring energy changes



Energy: The ability to do work

Work = Force x Distance
= 1N x 1m = 1N•m 

("newton-meter")



However,  the SI unit for energy
is the joule (J), where

1 J =1 N•m



Chemical Potential Energy:
Energy stored within a substance 
due to its composition or bonding; 
this energy is released or 
absorbed as heat during chemical 
reactions.



Heat:  kinetic energy transfer.

Heat only moves in one direction:

 Higher
temperature —>

 Lower
temperature



Enthalpy (H):
The total heat content of a 
system.

Cannot be measured without a
chemical change taking place.



Heat of Reaction (∆H):
The energy change that takes 
place in a chemical reaction.

Note: All chemical reactions 
involve an energy change!

∆H = H(products) - H (reactants



Energy diagrams:

products 
are more 
stable

reactants 
are more 
stable

The lower the energy state, 
the more stable the substance.



Thermochemical Equations:

Examples:

N2(g) + O2(g) +180 kJ—> 2NO(g)

2NO(g) + O2(g) —> 2NO2(g) + 112 kJ

N2(g) + O2(g) —> 2NO(g)   ∆H= +180 kJ1.

2NO(g) + O2(g) —> 2NO2(g)   ∆H= -112 kJ2.

or

or

Any chemical equation that includes the 
heat change that took place.



Calorimetry: The science of 
measuring heat flow.

Calorimeter



Heat:  kinetic energy transfer.

Heat only moves in one direction:

 Higher
temperature —>

 Lower
temperature



Specific Heat (c)
[or Specific heat capacity]:

The heat energy required to raise 1 
gram of a substance 1°C.

For water c = 4.184 J/g°C
(= 1 calorie)



 SPECIFIC HEATS OF SOME COMMON SUBSTANCES  
AT 298.15 K

Substance Specific  heat J/(g K)

Water (l ) 4.18

Water (s) 2.06

Water (g) 1.87

Ammonia (g ) 2.09

Benzene (l ) 1.74

Ethanol (l ) 2.44

Ethanol (g) 1.42

Aluminum (s ) 0.897

Calcium (s ) 0.647

Carbon, graphite (s ) 0.709

Copper (s ) 0.385

Gold (s) 0.129

Iron (s ) 0.449

Mercury (l ) 0.140

Lead (s ) 0.129



Heat Transfer Equation:
Heat = (specific heat)(mass)(∆T)

or
q = cm∆T



5.2 Hess’s law
(and enthalpies of formation)



Hess’s law: 
The enthalpy change in a 
reaction is equal to the sum of 
enthalpy changes for the 
individual steps in the process.



Standard Enthalpy

of Formation (    *):
The change in enthalpy that 
accompanies the formation of one 
mole of a compound from its 

constituent elements.

 (*25°C, 100 kPa, 1 M solution)

*



Like Hess’s law,        can be used to 
calculate the enthalpy change for a 

chemical reaction...

This can be summarized:
∆Hrxn =∑∆Hf(products) - ∑∆Hf(reactants) 



Enthalpy of combustion, ∆Hc 
The heat released when one mole 
of an substance undergoes 
combustion.



Enthalpy of solution, ∆Hsolution 
The heat change that occurs 
when one mole of a compound 
dissolves (usually in water).



5.3 Bond enthalpies



Bond Enthalpy:
the energy necessary to break a covalent 
bond in a gaseous molecule;
always endothermic (∆H = +).

Note: when bonds form, atoms go from 
a high energy state to a low energy 
state, which is exothermic (∆H = - ).



Bond Enthalpies also can be used to 
calculate ∆H for a given chemical 
reaction:

∆H = ∑(∆Hbond)
Where,
Reactants: ∆Hbond = +
Products: ∆Hbond = -


