Chemistry Lecture #103: Gibbs Free Energy
We can predict if a chemical reaction will occur spontaneously by
looking at the ∆H and ∆S of a reaction.
∆H = -,spontaneous

∆H = +, non-spontaneous

∆S = +, spontaneous

∆S = -, non-spontaneous.

If a reaction has ∆H = - and ∆S = +, the reaction will be
spontaneous.

This is a reaction where energy is released and the

products are more random than the reactants, making a reaction
highly likely.
If a reaction has ∆H = + and ∆S = -, the reaction will not be
spontaneous.

This is a reaction where energy must be added, and

the products will have greater order than the reactants.

This

type of reaction will not occur spontaneously.
But what if a reaction releases energy, which favors spontaneity,
and decreases randomness, which opposes spontaneity?

Or, what

if a reaction absorbs energy, which opposes spontaneity, but
increases randomness, which favors spontaneity?
In circumstances where ∆H and ∆S oppose each other’s influence
on spontaneity, we can use the Gibbs free energy formula to
calculate the spontaneity of a reaction.

1|Page

Chemistry Lecture #103

∆G = ∆H - T∆S
∆G = change in Gibbs free energy (kJ/mol)
∆H = change in enthalpy for the reaction (kJ/mol)
T = Temperature in Kelvins
∆S = change in entropy for the reaction (kJ/mol K)
If ∆G = negative, then the reaction will occur spontaneously.

If ∆G

is a positive number, then the reaction will not be spontaneous.
A reaction at 298 K has a change in enthalpy of -80.7 kJ/mole
and a change in entropy of -0.0963 kJ/mol K.
Gibbs free energy.

Find the change in

Is the reaction spontaneous?

Solution
In this reaction, ∆H = -80.7 kJ/mole.

Since ∆H is negative, energy is

being released and the reaction will tend to be spontaneous.
∆S = -0.0963 kJ/mol K.

But,

A negative change in entropy means that

the products are less random and more orderly, reducing the
likelihood of spontaneity.
Substituting the values into the Gibbs free energy formula, we get
∆G = ∆H - T∆S
∆G = -80.7 – (298) (-0.0963)
∆G = -80.7 + 28.6974
∆G = -52.0 kJ/mole.
Since ∆G is negative, the reaction will occur spontaneously.
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Another way to calculate ∆G is to use a thermodynamic
properties chart like the one below.
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We can use the chart to find ∆G for a reaction by putting ∆Gf
values into the equation
∆G = ∑∆Gf(products) - ∑∆Gf(reactants)
∆G = change in Gibbs free energy for the reaction
∑∆Gf(products) = sum of the change in Gibbs free energies of
the products
∑∆Gf(reactants) = sum of the change in Gibbs free energies of
the reactants.
Using the thermodynamic properties chart, find ∆G for the
reaction
2BiCl3(cr) +

3H2S(g)

Bi2S3(cr) +

6HCl(g)

Solution
∆Gf(products) (kJ/mole)
Bi2S3(cr)

∆Gf(reactants) (kJ/mole)

= -141

BiCl3(cr) =-315 x 2 = -630

HCl(g) = -95.3 x 6=-571

H2S(g) = -33.6 x 3 = -100.8

∑∆Gf(products) = -712.8

∑∆Gf(reactants)

= -730.8

Notice that we multiply the ∆Gf of each substance by the
coefficient in front of it in the balanced equation.

For example,

the ∆Gf of HCl is multiplied by 6 since the balanced equation has
6HCl.
∆G = ∑∆Gf(products) - ∑∆Gf(reactants)
∆G =

-712.8 – (-730.8)

∆G = 18 kJ/mole.
Since ∆G is positive, the reaction will not occur spontaneously.
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