Chemistry 231 Assignment #3 (due Tuesday, 04 October, in class)
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The molar heat capacity of CO; gas at 1.00 bar pressure and temperature Tis given by the
polynomial expression

Com/ K" mol™) = ag + ai(TIK) + ax(T/K)?
with constants ap=18.86, @1 =0.07937 and a; =-0.00006783.

5.00 moles of CO is heated from 300 K to 450 K at 1.00 bar. Assuming the gas is ideal, an
excellent approximation at this pressure, calculate ¢, w, AU and AH,

Jet aircraft cruise at altitudes of about 10 km where air is very cold, about —40 °C. But the air
pumped into the cabin for passengers and crew to breathe must be “air conditioned”, i.e. cooled !

Why is it necessary to cool the air?

Assuming ideal gas behavior, calculate ¢, w, AU and AH for the reaction
CHi(g) + 202(g) > COxg) + 2H:0()
carried out at 25.0 °C and 1.00 bar. Use the following standard enthalpies of formation:

AHw®(CHs, g) = -74.81 kI mol”'  AH;:%(COy, g) = —393.509 kJ mol!
AHu®(O2,8) = 0 AHw(H20, 1) = —285.830 kJ mol-!

(Note that the molar volume of liquid H>O is negligible compared to the gas molar volumes.)

10.0 moles of helium (Cym = 3R/2) initially at 1.00 bar and 300 K is adiabatically compressed to
a final pressure of 9.00 bar using a constant 9.00 bar external pressure. Calculate the final

temperature, AU and AH.

Suppose you want to produce liquid nitrogen at 1.00 bar pressure by reversibly and adiabatically
expanding compressed N2 gas initially at 300 K. Estimate the minimum initial pressure of N2

that must be used.

Data: Cym = 5R/2. Nitrogen gas at 1.00 bar condenses to form liquid N at 77 K, the
standard boiling point.

In class we used the test for an exact differential to show that dg = CWdT + pdV for an ideal
gas is not the differential of a function, illustrating that the heat g is path-dependent (not a state
function). Use the test for an exact differential to decide if S defined by
as = Sar - Py
/g T
is a state function or path-dependent for an ideal gas.
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