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The 3 laws of thermodynamics

State functions  - Such as V, T, H, S and G are specific values for a defined system. Any change 
in a  functions of state is independent of the route taken.
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Thermodynamic systems are ones in which we consider energy changes in physical or 
chemical systems. The function of thermodynamic state are:

U

H

S

G

Internal energy , U , is the total kinetic and potential energy in a system. As energy 
cannot be created or destroyed we express ΔU as:

 ΔU = Q + W

The change is equal to the sum of heat interchange and work done on (or by) the 
system on the surrounding.

Heat, Q  - The 2 ways we can calculate heat experimentally:

Q  =                             

or if there is a change of state (when T is not changing):

Q  =  m ·  λ

λ is the "latent heat change of state" (J /kg) and gives the energy required/released to 
change the state of a kg of a substance from a specific state to another at the same 
temperature.

Energy absorbed  by a system (endothermic) -->

Energy released  by a system (exothermic) -->

Work , W, in thermodynamics is considered in terms of gas production.  

Work done on the environment --> expansion  or creation  of a gas

Work done by the environment --> compression  of a gas

W  =  -p ·  ΔV     

p = exterior pressure (Pa)

Internal energy will increase when W is a + value caused by a - volume change (the 
environment is doing work on the system).

SI units of work = Pa m3       but 1 Pa m3 is said to = 1 J

Selectividad - Some selectividad questions give work examples using pistons where 
the downwards force and displacement of the piston is given.

W  =  -F ext  ·  Δx     

x = displacement of piston
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Applying the First Law of Thermodynamics in different conditions 

 ΔU = Q + W

As there are no IMF´s in an ideal 
gases, if there is no change in T then 

there will be no change in U.

W  =  -p ·  ΔV     

Isobaric (isobáricos)  Δp = 0  so  W = p ·  ΔV

therefore    ΔU = Qp  p· ΔV

or   Qp = ΔU + p· ΔV

As Qp is the definition of enthapy >  ΔH = ΔU + p · ΔV

(With an ideal gas)

Note: The heat change at constant 
pressure (Qp) is actually our definition 

of enthalpy.

We can further simplify the p· ΔV part to Δn·R·T as the change in volume is directly 
proportional to the change in number of moles. Therefore we can express it as:

ΔH = ΔU + Δn·R·T
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