
Why do chemical changes happen??

Spontaneous process:

Nonspontaneous process:

A reaction that is spontaneous in one direction…

Chapter 17: Free energy and thermodynamics
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Spontaneity is governed by thermodynamics, the 

energetic relationship between reactants and products.

Kinetics has nothing to do with spontaneity.

Is a nonspontaneous process impossible?

What can be used to predict spontaneity?

Enthalpy (∆H) - heat transferred in a reaction

∆H < 0 :

∆H > 0:

H2O(l) → H2O(s)    ∆H = −6.02 kJ

H2O(s) → H2O(l)    ∆H = +6.02 kJ

H2O(l) → O(g)

Spontaneity
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Entropy is related to the dispersal of energy

localized energy → dispersed energy

solid → liquid → gas

crystalline solid + liquid solvent → solution

Entropy comes from the number of microstates in a 

system - electronic, translational, rotational, and 

vibrational energetic states

More microstates = more energy dispersal =

S = k ln W

H2O(l) → H2O(s)

H2O(s) → H2O(l) 

Entropy
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In both cases...

Ice melting:

Water freezing:

Entropy and spontaneity
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In a spontaneous process, energy is dispersed overall

(not just in the system, but in the universe!)

For a spontaneous process, 

When a system gives off heat, the entropy of the 

surroundings is:

Which surroundings will have the greater increase in 

entropy, cold surroundings or hot surroundings?

∆Ssurr ∝               ∆Ssurr ∝                  ∆Ssurr =

H2O(l) → H2O(s)  ∆H°rxn = −6.02 kJ     ∆S°rxn = −22 J/K

∆Ssys + ∆Ssurr = ∆Suniv

2nd law of thermodynamics
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∆Suniv = ∆Ssys +

To have an equation that's only in terms of the system,

Gibbs Free Energy, an indication of chemical potential 

energy, and the predictor of spontaneity

∆G = −T∆Suniv

∆G =

Gibbs Free Energy
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∆G = ∆H − T∆S

∆H negative, ∆S positive1.

∆H positive, ∆S negative2.

∆H negative, ∆S negative3.

∆H positive, ∆S positive4.

Effect of ∆H, ∆S, and T on spontaneity
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Standard changes can be calculated for any 

thermodynamic property like enthalpy (∆H°), entropy 

(∆S°), or Gibbs free energy (∆G°)

Standard states are 1 atm (g), 1 M (aq), or pure liquid 

or gas in its most stable room-temperature form.

3rd law of thermodynamics: the entropy of a perfect 

crystal at 0 K is zero.

gas  ____  liquid ____  solid

low molar mass  ____  high molar mass

Ar  ____  NO  (molecular complexity)

Relative standard entropies (S°) :

(s)  ____  (aq)

∆S°rxn = ∑nS°pdts − ∑nS°reactants   (n = coefficient)

Standard entropy change for a reaction, 

Calculating entropy changes
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∆G°rxn = ∆H°rxn − T∆S°rxn

Using enthalpy, temperature, and entropy:1.

Standard free energy change for a reaction,

∆H°rxn = −62.2 kJ/mol and ∆S°rxn = −133 J/mol∙K

What is ∆G°rxn at 298 K?

For the tarnishing of silver, 4 Ag(s) + O2(g) → 2 Ag2O(s);

∆G°rxn = ∑n∆G°f,pdts − ∑n∆G°f,reactants   (n = coeff)

Using tabulated ∆G° formation values2.

(The ∆G° formation value is the ∆G for creation of a 

compound from elements in their standard states, 

similar to ∆H° formation values)

∆G° formation for Ag2O(s) = −11.2 kJ/mol

Calculating free energy changes
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The thermite reaction: 2 Al(s) + Fe2O3(s) → 2 Fe(l) + Al2O3(s)

Compound ∆H°f (kJ/mol) S° (J/mol∙K) ∆G°f (kJ/mol)

Al(s) 0 28.32 0

Al2O3(s) −1675.7 50.9 −1582.3

Fe(l) 12.40 34.76 10.0

Fe2O3(s) −824.2 87.4 −742.2

Thermodynamic data:

Using ∆G°rxn = ∆H°rxn − T∆S°rxn1.

Using tabulated ∆G°f (formation) values2.

Calculate ∆G°rxn at 298 K two ways: 

Is the reaction spontaneous or not at 298 K? 

At all temperatures? (if not, which?)

Thermodynamics calculation practice
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The ° in ∆G° means all reactants and products start in 

their standard conditions (1 M, 1 atm, etc).

             H2O(l)  ⇌  H2O(g)   ∆G°rxn = +8.59 kJ/mol at 25° C

  std.

conds:

What is the reaction quotient, Q, for any reaction under 

standard conditions?

Normally, H2O(g) might be only 5 x 10−3 atm at room 

temperature. Q =

This value of Q is _______ than standard conditions.

Formation of the ________ should become somewhat 

more favorable than during standard conditions, and the 

value of ∆G should become more ________.

Calculation of ∆G for nonstandard conditions:

∆G = ∆G° + RT ln Q R = 8.314 J/mol∙K

∆G for nonstandard conditions
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HBrO(aq) + H2O(l) ⇌  BrO−(aq) + H3O+(aq)

Ka(HBrO) = 2.3 x 10−9

What is ∆G° for the following equilibrium?

Is it spontaneous under standard conditions?

If [HBrO] = 0.10 M and [H3O+] = [BrO−] = 6.0 x 10−6 M,

what is ∆G? Is it spontaneous now?

Nonstandard conditions practice
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When a reaction is at equilibrium, Q = K and ∆G = ____ .

∆G = ∆G° + RT ln Q

∆G° = −RT ln K

Calculate the equilibrium constant, K, at 25° C for: 

H2O(l)  ⇌  H2O(g;)     ∆G°rxn = +8.59 kJ/mol

Calculate K at 30° C.

∆G° and the equilibrium constant, K
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∆G° =

∆G° =

ln K = 

−∆  = +  
vap

vap

1
ln

H
P b

R T

When H2O(l) ⇌  H2O(g) is at equilibrium, K = 

(We called that pressure of gas the                               )

The Clausius-Clapeyron equation:

Temperature dependence of equilibrium constant, K
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Visualizing ∆G, K, and Q
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