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Lightening review of thermodynamicsBiological Thermodynamics

System and Surroundings

A system is defined as the matter within a defined region of space (i.e., reactants, 
products, solvent)

 The matter in the rest of the universe is called the surroundings



Heat and work

Biological Thermodynamics

Work (W) and Heat (Q)

ΔU= W + Q

Work involves the non-random 
movement of particles

Heat involves the random 
movement of particles



The first law

The First Law of thermodynamics

The Energy is conserved

The total energy of a system and its surroundings is constant

In any physical or chemical change, the total amount of energy in the universe remains 
constant, although the form of the energy may change.



Entropy

Biological Thermodynamics

Entropy (S) - a measure of the order of the system

S = k lnN

dS = dqrev/T



The second law
The Second Law of thermodynamics

The total entropy of a system and its surroundings always increases for a 
spontaneous process



The Gibbs free energy

The Gibbs free energy (ΔG)

Biological Thermodynamics

!Stotal = !Ssystem + !Ssurroundings  

!Ssurroundings = -!Hsystem/T 

!Stotal = !Ssystem - !Hsystem/T 

-T!Stotal = !Hsystem - T!Ssystem 

!G = !Hsystem - T!Ssystem 

For a reaction to be spontaneous, the entropy of the universe, ΔStotal, must increase

!Ssystem > !Hsystem/T  or     !G = !Hsystem – T!Ssystem < 0 

The free energy must be negative for a reaction to be spontaneous!



Enthalpy and entropy !G = !H – T!S

Biological Thermodynamics

The Enthalpic term
 Changes in bonding

 van der Waals
 Hydrogen bonding
 Charge interactions

The Entropic term
 Changes the arrangement of the solvent or counterions
Reflects the degrees of freedom
Rotational & Translational changes

∆rG−◦ = −RT lnK



Isothermal titration calorimetryA single experiment is sufficient to obtain all of the thermodynamic components

Isothermal Titration Calorimetry (ITC)
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A single experiment is sufficient to obtain all of the thermodynamic components
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Isothermal titration calorimetry
The amount of power (in microjoules per sec required to maintain a constant temperature difference 

between the reaction cell and the reference cell is measured

Isothermal Titration Calorimetry (ITC)

!T 

Reference Cell Sample Cell 

Syringe 

Constant power  

supplied to reference 

cell heater 

Adiabatic shield 

Power supplied to sample 

cell feedback heater  

proportional to !T 

Output 

Record the amount of power (say in µJ/s) required to maintain a
constant temperature difference between the reaction cell and the
reference cell.



Isothermal titration calorimetry

Isothermal Titration Calorimetry (ITC)

A single experiment is sufficient to obtain all of the thermodynamic components

Exothermic reaction: “negative” peak on ITC

Endothermic reaction: “positive” peak on ITC

Heat absorbed or generated during titration 
directly proportional to amount of bound 
ligand



Isothermal titration calorimetry

Isothermal Titration Calorimetry (ITC)

Simulated binding isotherms for various c values.



Isothermal titration calorimetryIsothermal Titration Calorimetry (ITC)

Displacement ITC to measure high affinities

E = mc
2

Kapp =
Ka

1+ Ka,w[X]



Differential scanning calorimetry

DSC directly measures heat changes that occur in biomolecules
during controlled increase or decrease in temperature, making it
possible to study materials in their native state.

Differential Scanning Calorimetry (DSC)

DSC directly measures heat changes that occur in biomolecules during controlled increase or 
decrease in temperature, making it possible to study materials in their native state

!Cp =
!H2 " !H1

T2 " T1

DSC measures the enthalpy (!H) of unfolding due to heat denaturation.



Differential scanning calorimetry

Differential Scanning Calorimetry (DSC)

In a single thermal unfolding experiment, DSC can directly measure and allow calculation of all 
the thermodynamic parameters  characterizing a biological molecule

Cp,u

Cp,n



Differential scanning calorimetry

Differential Scanning Calorimetry (DSC)



Differential scanning calorimetry

Differential Scanning Calorimetry (DSC)

Ligand binding

RNase with increasing [2!-CMP]



Surface plasmon resonance

Surface Plasmon Resonance (SRP)

Measuring binding kinetics
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