
Chemical force
(TIGP nano-science 12/09/2009)

• Free energy and chemical potential

• Free energy and direction of reaction

• Dissociation

• Self-assembly of amphiphiles and 
interface



What is force and generalized forces?
• The variation of energy with respect to position

F = -dU/dx (a single particle situation)

•The variation of system energy with respect to 
change of volume

P = -dE/dV

•The variation of system energy with respect to 
exchange of particle

μ= -dE/dN

•The variation of system energy with respect to 
change of configuration

T= -dE/dS



Free energy

G = U+PV-TS=H -TSGibbs

Helmholtz F = U-TS

Enthalpy H = U+PV

Entropy S

Grand Ensemble G = H –TS+μN



Free Energy change and effective work

Theorem: At constant temperature and 
constant pressure, through reversible process, 
the change of free energy equals effective (non-
expansive) work.



Free energy and chemical potential

e.g. Phase equilibrium between water and vapor

Define

Chemical potential:     the change of free energy upon 
addition into or subtraction of a particle from the system.



Dependence of chemical potential on pressure

G0: reference point;
standard free energy

Divide by n

Species A

μ0: standard chemical potential

PA: partial pressure of A

μA- μA
0 = RT * ln (nA)By analogy



Dissociation

• Chemical equilibrium of reversible 
reactions

• Assembly and disassembly of molecules

• Equilibrium constant and Free energy



Chemical potential and directionality of the chemical 
reaction

We know that if the reaction goes to the right, 
dα must be positive. We also know that if the  
reaction goes to right, dG must be negative.

constant T and P

stoichiometry constraint



Chemical equilibrium constant

of reactants:

of products:



Non-ideal system

When concentration is low, γ is close to 1.



Dependence of chemical equilibrium on temperature



Application to water

pH of water or buffer solution

consult a biophysical text book



Application to Tris buffer

mixed with Add water

change of pH by adding strong acid or base to 
1 L 50 mM Tris (20 C)



Solution for 20 C

small quantities

8.2

26.8 mM 23.2 mM
00.0 mM 50.0 mM small quantities

small quantities

initial

final

initial
final



Solution for 37 C

7.8

8.3

7.7



Solution for buffering power

What if we do the same thing to 5 mM Tris
instead of 50 mM Tris?



Isothermal Titration Calorimetry
http://www.microcal.com/technology/itc-animation.asp



Information from ITC data



The thermal curve and the binding 



The most important PChem formula for biochemists



Osmotic pressure can be quantified



Deriving osmotic pressure

C: concentration of solute



LB film measurement



Critical Micelle Concentration (CMC)


