
Spontaneity & Entropy (S) 

!  Entropy (S) is the measure of disorder. 

!  Entropy is a state function.  The change in entropy (ΔS) for a 
process depends only on the entropies of the initial & final 
states. 

!  A spontaneous process occurs naturally and without 
intervention.  

!  A spontaneous process always increases the entropy of the 
universe. 

!  A spontaneous process leads to an equilibrium state. 
 

Thermodynamics - Chapter 20 
Spontaneous Reactions vs.  

Reactant / Product Favorability 

!  Consider the reaction:  A + B " 2 C     K = 1x10-5 

!  Based on the value of K, we would say that this 
reaction is reactant-favored. 

!  However, if we started with ALL reactants, the 
reaction system would spontaneously produce some 
products, until equilibrium is achieved. 

!  Similarly, if we started will ALL products, the 
reaction system would spontaneously produce some 
reactants, until equilibrium is achieved. 

Entropy (S) 

!  Spontaneous reactions result in the dispersal of:  
#  Matter 
#  Energy  
#  or BOTH. 

!  Matter dispersal: 
#  Gas filling a vacuum. 
#  Dissolving a solid. 
#  Liquid vaporizing. 

 

Entropy (continued) 

!  Energy dispersal: 

#  Exothermic reactions involve a release of 
stored chemical potential energy to the 
surroundings.  

#  The stored potential energy starts out in a few 
molecules but is finally dispersed over a great 
many molecules.  

#  The final state—with energy dispersed—is 
more probable and makes a reaction 
spontaneous. 

Relative Entropies 

!  Entropy and States of Matter: 
  S (gases)  >  S (liquids)  >  S (solids) 

S˚(Br2 liq) < S˚(Br2 gas) S˚(H2O sol) < S˚(H2O liq) 

!  Entropy of a substance 
increases with temperature. 

!  Increase in molecular 
complexity generally leads to 
increase in S. 

!  Entropy usually increases 
when a pure liquid or solid 
dissolves in a solvent. 

 

Relative Entropies 



Entropy in Ionic compounds 

! Entropies of ionic solids depend on 
coulombic attractions. 

 So (J/K•mol) 

MgO  26.9 

NaF   51.5 

Mg2+  &  O2- 

Na+  &  F- 

Laws of Thermodynamics 

!  1st Law (review):  The law of conservation of 
energy.  In a chemical or physical process, energy is 
not created or destroyed.  ΔE = q + w 

!  2nd Law:  For a spontaneous process, the entropy of 
the universe increases.  ΔSuniv > 0. 

 

   ΔSuniverse = ΔSsystem + ΔSsurroundings  

!  3rd Law:  The entropy of a perfect crystal at absolute 
zero (0 K) is zero. 

ΔSsystem 

!  The standard entropy (S˚) of a species is its entropy 
under standard thermodynamic conditions: 
#  T = 298.15 K = 25.00 ˚C 
#  PX = 1.000 atm  (for gases) 
#  [X] = 1.000 M  (for solutions) 

!  The standard entropy of the system for a process 
can be calculated from the standard entropies of the 
species participating in the process: 
   ΔSºsystem = Σ(p • S˚P) – Σ(r • S˚R)  

 where p and r are the coefficients on individual 
reactants and products. 

ΔSsystem 

!  Calculate ΔS˚system for the reaction: 

  2 KClO3(s) " 2KCl(s) + 3 O2(g) 

ΔSsurroundings 

!  The entropy change in the surroundings is related 
to the heat flow for a process – the energy 
dispersal.   

!  For an exothermic process, heat flows from the 
system $ surroundings, increasing the kinetic 
energy of the particles in the surroundings, which 
corresponds to an increase in the entropy of the 
surroundings.   

!  In an endothermic process, particles in the 
surroundings slow down, decreasing the entropy 
of the surroundings. 

ΔSsurroundings 

!  Mathematical relationship between heat and entropy: 

!  Calculate ΔS˚surroundings for the reaction: 
   
  2 KClO3(s) " 2KCl(s) + 3 O2(g) 
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ΔSsurr =
qsurr
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   and   qsurr = −ΔHsys

ΔSsurr =
−ΔHsys

T
 



ΔSuniverse 

!  Calculate ΔS˚universe for the reaction:   

  2 KClO3(s) " 2KCl(s) + 3 O2(g) 

 ΔSuniverse = ΔSsystem + ΔSsurroundings  
 
!  Based on these values, 

#  Is the reaction spontaneous at 25˚C? 

#  Is the reaction entropically favored or disfavored? 

#  Is the reaction enthalpically favored or disfavored? 
#  What would be the effect of heating the reaction 

system? 
 

Enthalpy, Entropy, & Spontaneity 

!  A process with a positive ΔS value is entropically 
favorable.  A process with a negative ΔS value is 
entropically disfavorable.   

!  A process with a negative ΔH value is enthalpically 
favorable – it increases the entropy of the 
surroundings. A process with a positive ΔH value is 
enthalpically disfavorable. 

!  Because ΔSsurr =  -ΔH/T, temperature can affect the 
spontaneity of a reaction.    

Enthalpy, Entropy, & Spontaneity 

!  Consider the following possibilities for entropy and 
enthalpy signs: 

ΔSsys ΔHsys ΔSuniv 

+ – + 

– – + 

+ + – 

– + – 
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ΔSsurr =
−ΔHsys

T

Gibb�s Free Energy (G) 

!  Gibb�s free energy is defined as a relationship with 
enthalpy, entropy, and temperature: 

    G = H – TS 

!  G, S, & H are all state functions.  We generally only 
concern ourselves with changes in these functions: 

     ΔG = ΔH – TΔS 

!  The change in Gibb�s free energy is the maximum 
amount of energy available to do work as a process 
occurs. 

    ΔG = wmax 
 

Free Energy & Spontaneity 

!  We can show that:   ΔGsystem = –TΔSuniverse  

!  Based on this relationship, we can conclude:  

#  A reaction is spontaneous  when ΔGsys < 0  
(negative). 

#  A reaction is non-spontaneous  when ΔGsys > 0  
(positive). 

Calculating ΔG˚reaction  

!  ΔG˚reaction may be calculated in two ways: 

#  Using ΔG˚ = ΔH˚ – TΔS˚ 

#  Using ΔG˚formation values and the equation:  

 ΔG˚rxn = Σ(p • ΔG˚f,products) – Σ(r • ΔG˚f,reactants)  
 where p and r are the coefficients for products and reactants. 

  

 ΔG˚formation is the free energy change for the 
formation of 1 mole of a compound from its 
elements in their standard states. 



Calculating ΔGreaction 

!  Calculate ΔG˚rxn for the reaction we worked with 
previously: 

    2 KClO3(s) " 2KCl(s) + 3 O2(g) 
  
 A)  Using ΔG˚ = ΔH˚ – TΔS˚ 

 
 B)  Using ΔG˚formation values 

!  ΔG is very temperature dependent, as we can see 
from the equation: ΔG = ΔH – TΔS. 

#  ΔH and ΔS are also temperature dependent, but 
not nearly as much as ΔG.  

#  We can use this equation to calculate ΔG at any 
temperature (if ΔH and ΔS are known). 

 

!  Using ΔG˚formation values, we can calculate ΔG only 
at 25˚C. 

Calculating ΔGreaction 

Vaporization 

!  Consider the vaporization of liquid bromine: 
  Br2(l) " Br2(g)  

A.  Is this process spontaneous at 298 K? 

B.  What is the boiling point of liquid bromine? 
 

Free Energy & Pressure 

!  For a gas,  G = G˚ + RT ln(P) 
  where G = free energy of the gas at pressure, P 
  and G˚ = free energy of the gas at 1 atm pressure. 

!  Considering the relationship: 
  ΔG˚rxn = Σ(p • ΔG˚f,products) – Σ(r • ΔG˚f,reactants) 
 and the above equation, we can show: 
      ΔG = ΔG˚ + RT ln(Q) 

#  ΔG˚ = free energy of the reaction under standard 
conditions (every gas at 1 atm)  

#  ΔG = free energy of the reaction under non-standard 
pressure conditions 

#  Q = reaction quotient 

ΔG = ΔG˚ + RT ln(Q) 

 ΔG = ΔG˚ + RT ln(Q) 

#  ΔG˚ = free energy of the reaction under standard 
conditions (every gas at 1 atm)  

#  ΔG = free energy of the reaction under non-standard 
pressure conditions 

#  Q = reaction quotient 

#  This equation works only for 298 K, because ΔG˚ is 
calculated for standard temperature.  To use this 
equation for other temperatures, you must calculate a 
ΔG˚(T) value corrected to that temperature.  

Free Energy & Equilibrium 

!  A reaction system will proceed in the direction to 
achieve the lowest free energy possible.   
 When ΔG = 0, the system is at EQUILIBRIUM. 

 
!  Consider the equation:  ΔG = ΔG˚ + RT ln(Q)    

 under equilibrium conditions: ΔG = 0 and Q = K.   
    0 = ΔG˚ + RT ln(K)   

!  Rearranging:  ΔG˚ = –RT ln(K)   
  

 Note:  Because ΔG˚ is calculated for standard temperature, 
this equation can only be used to calculate Keq at 298 K. 



Keq and non-standard temperatures 

!  Combining equations for ΔG˚, we find:  

–RT ln(K) = ΔH˚ – TΔS˚ 
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Keq and non-standard temperatures 
 
 
 
This form of the equation is useful, but if the concept 
of slope is applied, then K and temperature can be 
related for 2 different temperatures using ΔH. 
 
 
 
   

€ 

slope =
−ΔH
R

=
ln K2( ) − ln K1( )

1 

T2

 −  1 

T1

$ 

% 
& 

' 

( 
) 

  

€ 

ln(K) =
−ΔH
   R

 1
T
$ 

% 
& 

' 

( 
)  +  ΔS

R
 

  

€ 

ln K2

K1

" 

# 
$ 

% 

& 
' =

−ΔH
R

1 
T2

 −  1 
T1

" 

# 
$ 

% 

& 
' 

Free Energy, K, &  
Reactant or Product Favorability 

!  If ΔG˚sys > 0 (positive value), then K < 1, 
and the process is reactant-favored.   

!  If ΔG˚sys < 0, (negative value), then K > 1, 
and the process is product-favored.   

!  If ΔG˚sys = 0,  then K = 1. 

Free Energy & Spontaneity 

!  If ΔGsys > 0 (positive value), then Q > K, 
and the process is non-spontaneous as 
written.  The reaction will proceed to the 
left. 

!  If ΔGsys < 0, (negative value), then Q < K 
and the process is spontaneous as written.  
The reaction will proceed to the right. 

!  If ΔGsys = 0, then Q = K, and equilibrium 
exists. 

ΔSsys ΔHsys ΔGsys 

+ – 

– – 

+ + 

– + 

Spontaneity & Free Energy 
�G = �H – T�S 


