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Thermodynamics: A collection of laws and principles describing the 
flow and interchange of heat, energy and matter in a system of 
interest. 

Thermodynamics allows us to determine whether a chemical process 
or reaction will occur spontaneously (in the direction written). 

Thermodynamics does not tell us about rates (that’s kinetics!).

WHAT IS THERMODYNAMICS?
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Thermodynamics matters!

Thermodynamics tells us which reactions will go 
forward and which ones won’t.



Thermodynamic Concepts:

The system is the portion of the universe we are concerned with; everything else is the 
surroundings. The system + surroundings = universe 

Isolated system: 
No exchange of energy or matter

Closed system: 
Energy exchange occurs

Open system: 
Energy or matter exchange occurs

Isolated system
Closed system



• The system:  the portion of the universe with which 
we are concerned

• The surroundings: everything else
• Isolated system cannot exchange matter or energy
• Closed system can exchange energy
• Open system can exchange either or both



In thermodynamics, the internal energy of a system is the energy contained within the 

system, excluding the kinetic energy of motion of the system as a whole and the 

potential energy of the system as a whole due to external force fields.

Internal energy - Wikipedia
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First law of thermodynamics:

Energy is neither created nor destroyed; the energy of the universe is a constant.
The total internal energy of an isolated system in conserved.

E  = E2 – E1 = q + w

q – heat absorbed by the system from surroundings
w – work done on the system by the surroundings

Mechanical work is defined as movement through some distance caused by the 
application of force

Internal energy is independent of path and represents the present state of the system and is 
referred to as a State function



The First Law of Thermodynamics
The total internal energy of an isolated system is conserved.

•E (or U) is the internal energy - a function that keeps track of heat 
transfer and work expenditure in the system
•E is heat exchanged at constant volume
•E is independent of path
•E2 - E1 = E = q + w
•q is heat absorbed BY the system
•w is work done ON the system 
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Entropy in solvation: solute

•When molecules go into solution, their entropy increases
because they’re freer to move around
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Entropy in solvation: Solvent

•Solvent entropy usually decreases because solvent 
molecules must become more ordered around solute
•Overall effect: often slightly negative
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Entropy matters a lot!

•Most biochemical reactions involve very small ( < 10 kJ/mol) 
changes in enthalpy
•Driving force is often entropic
•Increases in solute entropy often is at war with decreases in 
solvent entropy.
•The winner tends to take the prize.
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Apolar molecules in water

•Water molecules tend to form ordered structure 
surrounding apolar molecule
•Entropy decreases because they’re so ordered
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Binding to surfaces

•Happens a lot in biology, e.g.
binding of small molecules to relatively immobile protein 
surfaces
•Bound molecules suffer a decrease in entropy because they’re 
trapped
•Solvent molecules are displaced and liberated from the protein 
surface



FREE ENERGY
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Free Energy

• Gibbs: 
Free Energy Equation
G = H - TS

• So if isothermal, G = H - TS
• Gibbs showed that a reaction will be spontaneous (proceed to 

right) if and only if G < 0
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Free energy and equilibrium

•Gibbs: Go = -RT ln Keq

•Rewrite: Keq = exp(-Go/RT)
• Keq is equilibrium constant;
formula depends on reaction type

•For aA + bB cC + dD,
Keq = ([C]c[D]d)/([A]a[B]b)
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Spontaneity and free energy

•Thus if reaction is just spontaneous, i.e. Go = 0, then Keq = 1
• If Go < 0, then Keq > 1: Exergonic
• If Go > 0, then Keq < 1: Endergonic
•You may catch me saying “exoergic” and “endoergic” from time 
to time:
these mean the same things.
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Free energy as a source of work

•Change in free energy indicates that the reaction 
could be used to perform useful work
•If Go < 0, we can do work
•If Go > 0, we need to do work to make the reaction 
occur
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What kind of work?

•Movement (flagella, muscles)
•Chemical work:
•Transport molecules against concentration gradients
•Transport ions against potential gradients

•To drive otherwise endergonic reactions
•by direct coupling of reactions
•by depletion of products








