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What energy is being 
harvested? 
Chemical reactions occur 

when concentrations 
change to accommodate 
energy differences 
between molecules. 

Equilibrium occurs at some 
mixture of A and B when energy is 
equalized. 
The final concentrations are 
achieved at equilibrium.



Reaction energies
At constant 
temperature and 
pressure, we refer 
to this energy as 
Gibbs Energy, 
after J. Willard 
Gibbs. To
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ΔG is the change in energy 
as a reaction tends 
towards equilibrium



Energy quantitatively 
describes reaction 
favorability and direction
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Reaction 
can go 
forward 
from left 
to right

Reaction does 
not occur 
(occurs at equal 
rates in both 
directions)

Reaction 
can go in 
reverse, 
from right 
to left



ΔG = +
Reaction 
does not 
occur

Chemical reactions 
can be coupled 
together



ΔG = +
Reaction 
does not 
occur

ΔG = -
Coupled 
reaction 
does 
occur

Chemical reactions 
can be coupled 
together

Summed reaction:
X + A      Y + B



The cellular membrane 
can separate charge

Generally, electrons go in 
and protons go out, but 
this could be different… 

Nega%ve	
charge	in	

Or	posi%ve	
charge	out	
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Favorable 
reaction

Bacterium

How do cells use their 
membranes to couple 
chemical reactions?

~5nm 
across

~1000nm 
across



Chemical reactions can 
be coupled together



Chemiosmosis couples 
reaction energies



Net Reaction:

Not favorable alone

but favorable together

Chemiosmosis couples 
reaction energies



Some examples of 
how biology does this

Nega%ve	
charge	in	
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Bacteriorhodopsin: 
a light driven pump
In this case, light provides 

the energy.



Electrogenic Pumps
The movement of electrons 

can be coupled to the 
movement of protons. 
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Electrogenic Pumps
The movement of electrons 

can be coupled to the 
movement of protons. 

àIt’s possible to put charge 
into the membrane
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The Redox Loop
Where electrons and 

protons are 
picked up and let 
go makes a big 
difference. 
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The Redox Loop
Where electrons and 
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Proton consumption offers 
a way of building up a 
charge difference
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Many mechanisms to move 
charge across the 
membrane.



Many mechanisms to move 
charge across the 
membrane.

ATPase



Were any of these 
important for the 
origin of life? 



Were the first life 
forms cellular? 

What type of 
membrane would they 
have had? 

How would they have 
pumped?
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