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1. The high-temperature reservoir supplies the energy to run the engine, which
produces some work and emits the remainder of the energy into a low-temperature
reservoir. Draw a diagram of the type of engine and express its efficiency as a heat
engine. Show that all reversible engines have the same efficiency regardless of their

construction. (20%)

2. The discovery of the element argon by Lord Rayleigh and Sir William Ramsay had
its origins in Rayleigh’s measurements of the density of nitrogen with an eye toward
accurate determination of its molar mass. Rayleigh prepared some samples of nitrogen
by chemical reaction of nitrogen-containing compounds; under his standard
conditions, a glass globe filled with this ‘chemical nitrogen” had a mass of 2.2990 g.
He prepared other samples by removing oxygen, carbon dioxide, and water vapor
from atmospheric air; under.the same conditions, this ‘atmospheric nitrogen’ had a
mass of 2.3102 g. With the hindsight of knowing accurate values for the molar masses
of nitrogen and argon, compute the mole fraction of argon in the atmospheric air on
the assumption that the former was pure nitrogen, the latter a mixture of nitrogen and
argon, and the partial pressure ratio of nitrogen to oxygen in the atmospheric air is
approximately 3.71. (N: 14.01 g/mol, O: 16.00 g/mol, Ar: 39.95 g/mol) (20%)

3. Deduce the relation between the pressure (p) and mass densityr(p) of a perfect gas
of molar mass M. Confirm graphically, using the following data on an ether at 298 K,
that perfect behavior is reached at low pressures, and find the molar mass of the gas?

Suggest a molecular formula of the ether. (20%)

p/(kPa) 12223 2520 3697 6037 8523 101.3
plkgm™) 0225 0456 0.664 1.062 1468 1.734
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4. NO, NO, CO, and ozone are major pollutants in a crowded city. When NO and
NO: are present in sunlight, ozone formation occurs as a result of the photolysis of
NOa:

NO, +hv—43NO+0O———————— 1)
O+0,+M 250, + M ——————— (2)
O, + NO—%—-NO, +0, ———————— (3)

where ji, k2, and k3 are the rate constants of equations 1, 2, and 3, respectively.
Consider the dynamics of a system in which only these three reactions are taking
place. Find a steady-state expression for the ozone concentration. If VOCs (volatile
organic compounds) exist in the system, could you explain the role of volatile organic

compounds in varying the ozone concentration? (20%)

5. Compute the freezing point temperature versus composition curve based on mole
fraction for an ortho-chloronitrobenzene-para-chloronitrobenzene mixture. The
physical properties for this system are given in Table 1. Calculate and mark the
eutectic point. Sketch the liquid-solid phase diagram for this system and state what
substances exist in each region. Assume negligible solid-solid solubility. (20%)

Table 1. Thermodynamic data

‘ ortho-chloronitrobenzene para-chloronitrobenzene
Molecular weight (g/mol) 157.55 157.55

Density (g/mL) 1.368 1.52
Heat of fusion (kJ/mol) 19 20.8

Normal melting point (°C)  32.5 83.5



