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3. (10 points) A hemoglobin molecule consists of four adsorption sites, each consisting of
an Fe?t ion surrounded by various other atoms. Consider the situation where each site
can be empty, can carry one Oz molecule, or can carry one CO molecule. For simplicity,
consider one of the sites and take it to be completely independent of the other three. This
system has three possible states: unoccupied, occupied with O,, and occupied with CO.
The energies of these states are € = 0 (unoccupied), e = —0.7 eV (occupied with O,), and
e = —0.8 eV (occupied with CO). Assume 7" = 310 K, and the chemical potential for O, is
1(02) = —0.6 eV and for CO is u(CO) = —0.7 eV.

“(a) Write the grand partition function for this single-site system.
(b) What is the probability of any single site being occupied by Oy?

4. (10 points) A system has non-degenerate energy levels with energy € = (n + %)hw, where
hw = kp K and n is a positive integer or zero. What is the probability that the system is in
the n = 10 state if it is in contact with a heat bath of temperature 100 K? Comment on the
probability that the system is in this state in the low temperature and high temperature limits.

'5.(10 points) A good approximation for the probability density function of a gas is

7 3/2 —-_mv
f(v) = 4r (2 = T) 2 g~m?/2%8T
TKB

“You may wish to recall that

‘(a) What is the mean speed of an oxygen molecule (O3) at 300 K? You may wish to recall
that the molecular weight of an oxygen atom is 16.

(b) For a nitrogen molecule (N3) at 300 K, the answer to 1.A. would be 476 m/s. What is
the ratio of the probability of finding a nitrogen molecule whose speed is 476 m/s at
300 K to the probability of finding a nitrogen molecule with the same speed at 600 K?
You may wish to recall that the molecular weight of a nitrogen atom is 14.




