
Oxygen transport in the 
body
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O2 1. What is/are the system(s)?
2. What are the reservoirs?
3. What ensembles should we use?
4. What is exchanged and what 

controls the equilibrium?

blood transport



Haemoglobin is a large molecule with 4 sites where O2, can 
bind with binding energy εO2. 
Let si = 1 when site i is occupied and si = 0 when site i is 
empty. 
We assume that each of the adorption positions on the 
hemoglobin molecule are equivalent and indistinguishable.

(a) What is the total binding energy of the oxy-
haemoglobin (o-Hgb) system?



The hemoglobin molecule can exchange O2 with 
reservoirs (lung and tissue) where there is a certain 
temperature and concentration of O2 fixing the 
chemical potential µ of O2 in that reservoir.

(b) Write down an expression for Gibbs sum for O2 in a 
hemoglobin molecule. Explain the symbols and the 
limits of the sums.

• What are the states?
• What are the Gibbs factors of each state?



What is the probability, P(1), that one, and only one, O2 
molecule is adsorbed onto a hemoglobin molecule?

What is the probability P(4)?



def P_noncooperative(x, pp0):
G0 = 1
G1 = x * pp0
G2 = x**2 * pp0**2
G3 = x**3 * pp0**3
G4 = x**4 * pp0**4
Zp = G0 + G1 + G2 + G3 + G4
Pn0 = G0 / Zp
Pn1 = G1 / Zp
Pn2 = G2 / Zp
Pn3 = G3 / Zp
Pn4 = G4 / Zp
return Pn0, Pn1, Pn2, Pn3, Pn4
x=1
l = np.arange(0.01, 1, 0.01)
[Pn0, Pn1, Pn2, Pn3, Pn4] = P_noncooperative(x, l)
plt.figure(1)
plt.plot(l, Pn0, label=’$P_0$’, linewidth=3)

What does the plot tell us?



II. PAULING’S MODEL OF HEMOGLOBIN

In addition to the site binding energy in the simple model 
Pauling included a cooperative effect that can be 
expressed as a bond with energy δ between occupied 
sites. The total binding energy of the oxy-haemoglobin 
(o-Hgb) system can be expressed:

Write an expression for Gibbs sum



def P_pauling(y, z, pp0):
G0 = 1
G1 = z * pp0
G2 = z**2 * pp0**2 * y
G3 = z**3 * pp0**3 * y**3
G4 = z**4 * pp0**4 * y**6
Zp = G0 + G1 + G2 + G3 + G4
Pp0 = G0 / Zp
Pp1 = G1 / Zp
Pp2 = G2 / Zp
Pp3 = G3 / Zp
Pp4 = G4 / Zp
return Pp0, Pp1, Pp2, Pp3, Pp4
y=1
[Pn0, Pn1, Pn2, Pn3, Pn4] = P_pauling(y, x, l)
plt.figure(1)
plt.plot(l, Pn0, label=’$P_0$’, linewidth=3)





How do we calculate the mean <N>?

(k) Find an expression for the amount of oxygen delivered to the tissue per unit volume of 
blood when the concentration of hemoglobin in the blood is cHgb.








