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➢Definition: Capacity to perform work

➢What for? Mechanical, Active transport, Biosynthesis, 
Heat 

➢Types of energy: 
✓1- Kinetic: Energy in the process of doing work or 

Energy of motion

✓2- Potential: Energy content stored in a matter
➢Whether a reaction occurs or not!
➢metabolism vs. energy



➢Metabolism: Sum of all biochemical reactions in living organisms

➢Mainly for energy generation

➢Other purposes:
• Synthesis of building blocks
• Synthesis of macromolecules
• Degradation of biomolecules

➢ Bioenergetics: Energy transformations in the cell



The different free energy terms

➢∆G = the free energy difference  of a system at any condition

➢∆Go = the free energy difference of a system at standard conditions ( 25Co

& 1 atmospheric pressure, 1M concentration of reactants & products, pH = 
7)



Gibbs free energy, ΔG

• this equilibrium is not determined by enzyme but determined by 
thermodynamics. 

• more equilibrium to the A, you will not change the equilibrium by adding 
any amount of enzyme to the reaction.

• What determine the equilibrium between them? Gibbs free energy.
• ΔG which is related to equilibrium constant, can be used to determine if 

the reaction is favorable or not: 
• if ΔG< 0, reaction is spontaneous,
• if ΔG> 0, reaction is not  spontaneous
• if ΔG= 0, reaction is at equilibrium



Standard free energy change ΔGo

• Concentrations of reactants and products = 1 mole/L

• ΔG= ΔGo +  RT ln

•ΔG= ΔGo +  RT  2.3 log 
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Standard free energy change (ΔGo) and 
equilibrium constant Keq

Keq is obtained by dividing [products] by [reactants] when the 
reaction reaches equilibrium

Keq = 
• At equilibrium

0 = ΔGo +  RT ln Keq

ΔGo= - RT ln Keq
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[Reactants]



ΔG & Keq

K'eq
G º'

kJ/mol
Starting with 1 M reactants &
products, the reaction:

104 - 23 proceeds forward (spontaneous)

102 - 11 proceeds forward (spontaneous)

100 = 1     0 is at equilibrium

10-2 + 11 reverses to form “reactants”

10-4 + 23 reverses to form “reactants”

  G = Gº' + RT ln

       = Gº' + RT ln

      Gº' = - RTln

     defining K'eq =

      Gº' = - RT ln K'eq
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ΔGº and Keq

Keq ΔGº
103 - 4.08

102 - 2.72

101 - 1.36

1 0

10-1 1.36

10-2 2.72

10-3 4.08

If  Keq = 1,   then ΔGº = 0

If  Keq > 1,   then ΔGº < 0

If  Keq < 1,   then ΔGº > 0

How much change in delta G 
compared to changes in Keq



Gibbs free energy conditions & ΔG`0 

• ΔG depends on conditions: equilibrium & concentration
• A↔B at equilibrium, [A] and [B] are not changing. ΔG=0.
• If we add more A,  leads to production of B,
• ΔG A-B <0, until you establish the equilibrium.
• If we add more B,  leads to production of A, ΔG B-A <0, until 

you establish the equilibrium, or  ΔG A-B >0.
• Does not matter how much A or B  added, the equilibrium 

depends on the ratio of [B]/[A] not the absolute concentration 
of each species.



Direction of a reaction

• If ΔG A-B =0, ΔG`0 = -RT lin [B]/[A] , so you can calculate the equilibrium 
constant if you know the ratio or the concentrations of A and B.

• A→ B
• If ΔG`0 < 0, then B is favored over A at equilibrium
• If ΔG`0 > 0, then A is favored over B at equilibrium
• So ΔG`0 is the convenient way to determine the direction of the reaction
• ΔG depends on conditions: ΔG`0 and the concentration of B &A
• If ΔG <0, then, the RX is spontaneous, energy is released, 
• If ΔG >0, then, there is no RX without energy input





➢
ATP is the energy currency of the cell
What is a high energy molecule?
Why ATP? 
Has an intermediate energy value, so can be coupled



How ATP hydrolysis  provide energy to make 
unfavorable reactions to occur
For  any polymer synthesis: unfavorable
ATP is hydrolyzed as:
ATP→AMP +PPi HIGHLY FAVORABLE
PPi→2pi ≈ ΔG`0 for both rxs <<0
Two tricks are done here:
• 2 favorable reaction to drive unfavorable polymer synthesis
• keeping ppi concentration very low



Glucose Trapping by Phosphorylation:

ATP→ADP +Pi   ΔG`0 =-7.5 Kcal/mol
Glucose + Pi→ glucose-p  ΔG`0 = 3.3 Kcal/mol , Equilibrium is toward glucose + 

Pi - no trapping. 
If you couple these two reactions:
Glucose + ATP→ glucose-p + ADP ΔG`0 = -4.2 Kcal/mol
ΔG= ΔG`0(glucose → glucose-p) +ΔG`0(ATP → ADP) + ↑

if this is <4.2, favorable
+3.3 + -7.5= -4.2 >-4.2


