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• When binding occurs, energy is 

exchanged through heat (q) and 

work (w)

• First law of thermodynamics: 

Energy is conserved

• dUsystem = -dUsurroundings

• Is this obvious?

• dU = dq + dw

• Note sign convention

• What is dq?

• What is dw?

• (-Pext dV)

• (F dx)
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• kB = 1.4 10-23 J K-1 = Boltzmann constant
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• For reactions occurring at constant pressure, but not constant volume, it 

is convenient to define Enthalpy as:

• H = U + PV

• dH = dU + Pdv + VdP

• dH = dU + PdV

• Noting that P is constant

• Since dU = dq + dw = dq - PdV

• dH = dq

• Heat released by a reaction at constant pressure (e.g. bench 

top conditions)

• So H is just energy, but with a correction for PV work under bench 

top (constant pressure) conditions

dq = 0

dw = -PextdV

dU = dq+ dw = -PextdV

dT = ?
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e0 = 8.854 ×10-12C2 ×N -2m-2

e = relative dielectric constant of medium

Ubond =
1

2
Kb r- r0( )
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d »
10 nm

ionic strength mM( )
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Gaussian distribution

Statistical definition of entropy

S = kB lnW
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lnW = -N pi ln pi
i=1

t

å

pi =
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Ntotal

S = kB lnW = -NkB pi ln pi
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Stirling’s
approximation

Ergodic system

This system is NOT 
ergodic during 
expansion

Reversible work & thermodynamic 
definition of entropy

wrev = -
nRT

VV1

V2

ò dV

Pint =
nRT

V

dV = Adx

PA = FÞ PdV = Fdx

Area = A
Movement = dx

For isothermal process:

wrev = -qrev

DS =
qrev

T

S = kB lnW = -NkB pi ln pi
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DS =
qrev

T
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DS = DSA + DSB

VA = NAVm;VB = NBVm;NA +NB = N

DSA = NAkB ln
V2
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Entropy of mixing: binary mixture
W =

N!

NA!NB!
;   N = NA +NB
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lnW = N lnN -NA lnNA -NB lnNB

lnW = NA +NB( ) ln NA +NB( ) -NA lnNA - NB lnNB
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DS =
qrev

T

dS =
dqrev

T

dqrev =CpdT    (constant pressure)

dS =
CpdT

T

DS =
CpdT

TT1

T2
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If no change in multiplicity, then:
pu

p f
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If change in multiplicity, then:
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equationy probabilit  theintoty multipliciin  changes factors   STU 


