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Chemistry 163B 

Free Energy 

E&R ( ch 6) 
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                             SYSTEM (only) 
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goals of lecture 

• define Gibbs (G) and Helmholtz (A) free energies 

• show ΔGT,P < 0 and ΔAT,V < 0 for spontaneity 

• differentials dG and dA 

• temperature and pressure dependence of G, A 

• what’s ‘free’ about free energy  
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motivation for G  (spontaneity at const T,P in terms of system) 
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motivation for, A 
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summary 

Definitions: A  U-TS 

                     G  H-TS 

Spontaneity (in terms of properties of system): 

   ΔAT,V   0     (no wother) 

   ΔGT,P   0     (no wother) 
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what’s ‘good for spontaneity’ 

,T P
G H T S 0     

spontaneous:  ΔH < 0 and  ΔS>0   ΔG<0 

disorders 

ΔHsys < 0 

exothermic: 

disorders 

ΔSsys > 0 

system surroundings 
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what’s ‘good for spontaneity’; similarly for ΔA at const T,V 

,T V
A U T S 0     

spontaneous:  ΔU < 0;   ΔS>0 ΔA<0 

disorders 

ΔUsys < 0 

exothermic: 

disorders 

ΔSsys > 0 

system surroundings 
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ΔGT,P= ΔH- TΔS 

ΔH ΔS Spontaneous ?? 

 
(exothermic: disorders surr) 

+ 
(disorders sys) 
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 
(orders sys) 
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(exothermic: disorders surr) 
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(endothermic: orders surr) 

+ 
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yes !! 

no !! 

(reverse spontaneous) 

maybe !! 

maybe !! 
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ΔGT,P=0  

,T P
G H T S 0     

for reversible, equilibrium process 

example: equilibrium phase transition 
 

[HW6 problem #35, sign of ΔG for T ‘around’  TФ] 

with 
,T P

H
G H T S S

T



   




      

S
H T 0

T



 



 
     

 



12 

differential relationships and Maxwell-Euler 

U   internal energy 

H   U + PV 

A   U TS 

G   H TS 
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G, A  what’s “FREE” about free energy ? 

Chem 163B 
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why “free” energy   (E&R eqn 6.9) 
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why “free” energy   (E&R eqn 6.9) 

  (eqn 6.9 E&R)
,

0
T P other

G dw  

,T P other
G dw 

Thus if ΔGreaction < 0  (spontaneous),  the maximum  

wother done ON  surroundings is ΔGreaction  

 

For example wother might be the free energy of a reaction 

converted to electrical work in an electrochemical cell or a neuron. 

ΔG: energy FREE to do work, other than expansion work  

   ,T P other othersystem surroundings
G dw dw   
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motivation for G, A 
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and ΔGreaction for chemical reaction  (HW 7)  
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ΔGreaction and equilibrium (first pass) 

1. ΔG < 0 spontaneous (‘natural’, irreversible) 

ΔG = 0 equilibrium (reversible) 

ΔG > 0 spontaneous in reverse direction 

2. ΔGT= ΔHTΔS 

3. ΔGº all reactants and products in standard states 

4.                       Appendix A at 298.15K (reaction where 

reactants are elements in their most stable form and 

in their standard states, P=1 atm, [conc]=1M, etc)  

 

 

  

5.      

 

 

here ΔG  ΔGreaction  
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    
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-1 Appendix A: G   H  kJin  mol  BUT S  in  K olJ m0 0 0 1 1
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  
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End of Lecture 
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spontaneity (argument II ) 
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and thus: 


