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Show all work. Indicate units for all numerical answers.

1. (20 %)

a. Please draw the basic structure of a Carnot cycle in the PV plot, and indicate the process
conditions for the four steps.

b. Please derive the expression for the efficiency () of the Carnot engine. Hint: Finally, you
need only T, (temperature of the cold reservoir) and Ty, (temperature of the hot reservoir)
for your answer.

c. For an ideal gas, derive the energy in each reversible step and prove that the entropy change

d
over the reversible cycle is zero, AS (entropy) = (ﬁ——?{fi =0.

2. (15 %)
To get a sense of the effect of cellular conditions on the ability of ATP to drive biochemical
processes, compare the standard Gibbs energy of hydrolysis of ATP to ADP with the reaction
Gibbs energy in an environment at 37°C in which pH = 7.0 and the ATP, ADP, and P;

concentrations are all 1.0 umol dm. (Hint: the biological standard free energy AG of -31
Jmol''K-! for ATP — ADP+ P +H*) .
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3. For hydrogen atom, ¥/, = T(—] e ® (15 %)
7\ q,

a. Find the probability that the electron in the ground-state (Is) H atom is less than a distance
a, from the nucleus (0<r < a).

b. Define the radial distribution function.

¢. Find the maximum in the radial distribution function for the ground-state of hydrogen and
plot the radial distribution function for the hydrogen atom.

) 2
(hint: _[xzeb"dx =e™ (%+—B—§—+§] )
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Show all work. Indicate units for all numerical answers.

4. Rigid rotator: (15 %)
a. Starting from the Schrodinger equation of the rigid rotator
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Carry out the separation of variables to find the differential equations for 0 and ¢.
b. Show that the solution of the differential equation for ¢ could be expressed as

D(p)= \/;——lgexp (imd)

5. The mechanism of destruction of stratospheric ozone: (15 %)

k
O3+M¢OZ+O+M
-1

0,+0—2-520,
a. Please write down the differential rate equations of [O;] and [O].

b. Please explain the concept of steady state approximation.

¢. By using steady state approximation for [O], please find [O] and the rate law for the
destruction of ozone. (-d[O,]/dt)

d. Please find the rate law for the destruction of ozone (-d[O;]/dt) at high pressure limit. (at
high pressure limit, [M] would be very large.)

6. The probability that a molecule of mass m in a gas at temperature T has speed v is given by

the Maxwell-Boltzmann distribution (20 %)
3/2 .
m ) —m-
S(y=4n w2 2T
2nkT

where k is Boltzmann’s constant.
a. Find the most probable speed and the mean speed.

b. What is the ratio of the probability of finding a molecule moving with three times the
average speed ?
c. How does this ratio depend on the temperature ?

(hint: I: x° exp(—Bx2 )dx = ‘%B 2y
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