
Spontaneity of Reactions

and
Coupled reactions



electrolysis of water

Spontaneity of Reactions
Spontaneous Reaction: reaction that will continue to completion 

without further energy input once initiated

oxidation of glucose
6CO2  +  6H2OC6H12O6  +  6O2

(reverse reaction is not spontaneous)

Nonspontaneous Reaction: reaction that can only continue as long 
as it receives a continual energy input

2H2  +  O22H2O

example: 

example: 

electrolysis

... when electricity is turned off reaction stops



Spontaneity of Reactions

Entropy (S )

Temperature (T )

A measure of randomness of a system 

A measure of molecular motion 

(increases in S tend towards spontaneity)

(increases in T tend towards spontaneity)

✦ Many chemical reactions that are exothermic (i.e. give off heat) 
occur spontaneously

Three factors determine if a reaction is spontaneous or not:

Total value of energy of a system Enthalpy (H )
(decreases in H tend towards spontaneity)

So, how do you know if a reaction will be spontaneous?



✦ If absolute value of H can’t be measured then what good is it?
✦ Not value of H that matters, it’s how it changes during a 
reactionThe∆H ) can be measured.
✦ Change in enthalpy (∆H ) can be measured

Enthalpy (H )

When ∆H is positive  - reaction is endothermic
When ∆H is negative - reaction is exothermic

Although you won’t have to in this course!

“Total value of the energy of a system” 

✦ Impossible to calculate enthalpy of a system
✦ Total of all kinetic and potential energy in system
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∆G = ∆H - T∆S

✦ Gibb’s free energy (G) - energy in system that can do useful work
✦ Example: before combustion, free energy in gasoline higher 
than in products of combustion.

Spontaneity of Reactions

Spontaneity can be determined mathematically with Gibb’s free 
energy equation: change in 

enthalpy

product of 
temperature and 

change in entropy
difference 
between

-change in 
free energy =

When ∆G is positive - reaction is nonspontaneous

When ∆G is negative - reaction is spontaneous



Biochemical Coupling
✦ Nonspontaneous reactions require continual input of energy - 
metabolically expensive
✦ To conserve energy spontaneous reactions used to “drive” 
nonspontaneous reactions

For example:
Synthesizing an ATP molecule is a nonspontaneous reaction (∆G = +31kJ)

ADP + Pi ATP ∆G = +31kJ
(1,3 BPG) ∆G = -49kJ(3 PG) + Pi

Reaction can be coupled to a spontaneous reaction (∆G = -49kJ)

Overall, coupled reaction will be spontaneous         (∆G = -18kJ)

∆G = -18kJ

✦ Biochemical coupling of reactions  occurs on surface of enzyme


