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
change of configuration

T= -dE/dS

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

u= -dé/dN



Free energy

Entropy

Enthalpy

Helmholtz

Gibbs

Grand Ensemble
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H=U+PV

F=U-TS

G = U+PV-TS=H -TS

G =H-TS+uN



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.
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Free energy and chemical potential

G=6G(T,P) —> G(T,P, fa, g, )

e.g. Phase equilibrium between water and vapor

Define Ma E(B—Ef-)
IMA/1,p. B & Ma

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



Dependence of chemical potential on pressure

1deal :
%W PV = ®RT

dG = -SJ‘Ti' vVdp

6(5) ~ 6(B) = RRT fu ()

- 6% = nRT m (P GO: reference point;
— (ldw} standard free energy

Divide by n M - }"n = RT Im P u%: standard chemical potential

Species A :“#*#:= RTME P,: partial pressure of A

By analogy Un- 1,°=RT *In (n,)



Dissociation

» Chemical equilibrium of reversible
reactions

+ Assembly and disassembly of molecules

» Equilibrium constant and Free energy



Chemical potential and directionality of the chemical
reaction
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aA+sB = cC+dD
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stoichiometry constraint

86 = = [(apy + bHe)~(clig+dpp)] dd

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



Chemical equilibrium constant

 aA+bB — cC+4dD
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Non-ideal system

ackivib, wefticient ¥ < 1
effedive partial presure P —> ¥, Py = 2y

effective tencowtrali ot Ny —> Yala = au

When concentration is low, y Is close to 1.
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Dependence of chemical equilibrium on temperature

K(T) —> K1)

Yan't Hoff equatich
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Application to water

pH of water or buffer solution

_
we know  Koe, = [0

° = $5.8¢ KT consult a biophysical text book
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Application to Tris buffer

p = 3.3 af 20°C
aPK/aT = -0.029K
;ﬁsniazn HUL mixed with =% '?'.ﬂ o.2m Tvis  Add water 260 mf
pH ot 207°C 7

pH aX 39°C 1

buffe  (apati change of pH by addin strong acid or base to
ALy ge of pH by adding s mms 1L 50 mM Tris (20 C)



initial

final

initial
final

Solution for 20 C

-
Tee-H  ———= Tvis + H
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26.8 mM 23.2 mM small quantities
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Solution for 37 C

K = (W) [mris]

O (s 4h)
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Solution for buffering power

.i wmmol HUL +v i,li E'ID.I';"H Tris  buffec

(g W) = (2684 10>x 1o M
[Fes ) = (232 - l.o) % fo"* M

pH st ~ 2.2

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



Isothermal Titration Calorimetry
http://www.microcal.com/technology/itc-animation.asp
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Information from ITC data
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The thermal curve and the binding
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The most important PChem formula for biochemists
DG = -RTInKa (stramge o not 777)
s6G = alH— TaS ( Figure 3.6 Aew £ 57)

AH reflects strength of interaction
with target relative to solvent

ASonf reflects loss of conformational
degrees of freedom upon binding

ASsy reflects the release of water
upon binding



Osmotic pressure can be quantified
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Osmometer showing conditions at
equilibrium. A is a solvent molecule.



Deriving osmotic pressure

g Csolution, P+C1) = fha Cschient, P)
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LB film measurement
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A Langmuir film balance measures surface tension. The force per unit length F/¢ required to
compress a surface containing a surfactant layer is known as the surface pressure Py ,.. The
float is connected to a torsion wire (not shown) to measure the force.



Critical Micelle Concentration (CMC)
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