Ch 19: Chemical Thermodynamics

Review: 1st Law of Thermodynamics

· In any process energy is 

· When a system changes from one state to another ((E = 


), it can

· T and internal energy,  
, are state functions 

· q and w are 

· But why does a reaction occur in a particular direction?

19.1: Spontaneous Processes

· Reversible reaction: 

Ex: 

· Irreversible reaction: 
Ex: 

Spontaneous reaction: 
Ex: 

19.2: Molecules & Probability

· Spontaneity of a reaction is related to the 

Ex: 2 gas molecules are placed in a two-chambered container, yielding
· There is a 
probability that one molecule will be in each chamber, and a 
, or  probability that both will be in the right chamber.

With 3 molecules:  there is a 
probability that one molecule will be in one chamber and two in the other, and only a 
, or 

, probability that all 3 molecules will be in the right chamber.

· As the number of molecules increases to 100, a 


distribution of probable states, called a 


distribution, is observed.

· Expanding this to 1 mole of molecules, there is only a

probability that every molecule will be in the right chamber.

· The 


distribution is so 


that we often forget that it is a distribution at all, thinking of the

This demonstrates that:

· The most probable arrangements are those in which 

· Processes in which the disorder of the system increases tend to occur

· These probability distributions apply to the 

and 

of molecules, and thus can predict the most probable flow of

· We call a process 


if it produces a more 

outcome, and 


if it produces a less

Entropy (S)

· A measure of 

· S is a 

· For a reversible process that occurs at constant T:

· Units: 

2nd Law of Thermodynamics

The entropy of the universe ___________ in a spontaneous process and _______ _________ in a reversible ________________ process.

· S is not 


; it is either

· Reversible reaction: SUNIVERSE 

· Irreversible reaction: SUNIVERSE
Examples of spontaneous reactions:

· Gases expand to fill a container

· Ice melts at room temperature

· Salts dissolve in water

19.3: 3rd Law of Thermodynamics

The entropy of a


How to predict S:

· Sgas
S

S

· More gas molecules

Ex: Predict S for the following reactions:

a. CaCO3 (s) → CaO (s) + CO2 (g) 


b. N2 (g) + 3 H2 (g) → 2 NH3 (g)



c. N2 (g) + O2 (g) → 2 NO (g)

 

19.4: Standard Molar Entropy

· Standard state (º):
· Units = 
· Hf
However,

· See Appendix C for list of values.

Where n and m are

19.5: Gibbs free energy (G)

· Represents combination of two forces that drive a reaction:

· Called “free energy” because (G represents maximum 

Determining Spontaneity of a Reaction:

If (G is: 

· 19.7: Free Energy & Temperature

· G depends on

(H

(S
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19.8: Free Energy & Equilibria

· The value of (G determines where the system stands with respect to

(G

Reaction outcome


-
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