
The chemical potential, 𝜇
only for chemists?

• Ch. 2.6, pp 79-83: entropy of mixing
• Ch. 3.5, pp 115-121: diffusive equilibrium and the chemical 

potential
• Ch. 5.1, 𝜇 = 01
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• Ch. 5.2, 
• 𝐺 = ∑, 𝑁,𝜇,
• ideal gas: 𝜇 𝑇, 𝑃 = 𝜇> 𝑇 + 𝑘𝑇𝑙𝑛 5

5A
• ideal mixture: 𝜇 𝑇, 𝑃, 𝑥 = 𝜇> 𝑇, 𝑃 + 𝑘𝑇𝑙𝑛 𝑥
• Grand potential

• Ch. 6.7, 𝜇 = 06
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,   𝐺 = 𝑁𝜇

• Thursday: Ch 7.1, open systems & the Gibbs factor
• Next week: Ch 7.2-7.6, quantum statistics, semi-conductors...



Ensembles

• An ensemble is the set of possible microstates 
corresponding to the macroscopic variables that 
are fixed
• NVE: Microcanonical
• NVT: Canonical
• µVT: Grand canonical



Ensembles
Microcanonical, (NVE) kept constant

Number of microstates: Multiplicity  Ω
Probability of a microstate: P = 1/Ω
Entropy: S = k lnΩ

Es, Ns, Vs

Q

ER, NR, VR

Canonical, (NVT) kept constant
Exchanges Q with (NVE) reservoir to keep T constant
Boltzmann factor: 𝑒PQR8
Partition function: sum over all possible microstates: 𝑍 = ∑, 𝑒PQR8
Probability of a microstate: 𝑃, = T.UVW8

C
Free energy: Helmholtz, 𝐹 = −𝑘𝑇 ln 𝑍

Grand canonical, (µVT) kept constant
Exchanges Q & particles with (NVE) reservoir to keep T & µ constant
Gibbs factor: 𝑒PQ(R8PZ28)
Gibbs sum: sum over all possible microstates: 𝑍1 = ∑, 𝑒PQ(R8PZ28)

Probability of a microstate: 𝑃, = T.UV(W8U\]8)
C^

Free energy: Grand potential, Φ = −𝑘𝑇 ln 𝑍1 = 𝑈 − 𝑇𝑆 − 𝜇𝑁
Es, Ns, Vs

Q

ER, NR, VR

particles



Hemoglobin
O2 uptake



Non-cooperative model



O2 saturation of hemoglobin

Tissue at rest

Lungs, sea level

working
muscles

Lungs, Everest



Simple Matlab script to calculate the curves

%% Noninteracting binding sites
kT=1;
eps=1;
a=exp(eps/kT);
mu=1;
lam=exp(mu/kT);
l=0:0.01:lam;
Zg=1+a*l+a*l.^2+a*l.^3+a*l.^4;
P0=1./Zg;
P1=a*l./Zg;
P2=a*l.^2./Zg;
P3=a*l.^3./Zg;
P4=a*l.^4./Zg;
Y=P1+P2+P3+P4;

%% Pauling
J=1;
eJ=exp(J/kT);
lam=0.5;
Pp0=1;
G0=1;
G1=a*l;
G2=a^2*l.^2*eJ;
G3=a^3*l.^3*eJ.^3;
G4=a^4*l.^4*eJ.^6;
Zp=G0+G1+G2+G3+G4;
Pp0=G0./Zp;
Pp1=G1./Zp;
Pp2=G2./Zp;
Pp3=G3./Zp;
Pp4=G4./Zp;
Yp=Pp1+Pp2+Pp3+Pp4;
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