Chemistry 231 Assignment #3 (due Tuesday 13 October, in class)
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a) Air at 25 °C and 1.00 bar is compressed reversibly and adiabatically to 1/9 of its initial
volume. In class, we showed the compressed air is hof (445 °C). But the compression is
adiabatic: no heat flows into the air as it is compressed. So why does the air get so hot? Explain.

b) If helium is compressed in this process, instead of air, helium gets hotter (1020 °C)! Why?

If the valve on the tank of compressed carbon dioxide in the Chem 231 lab is opened, the
expanding gas produces a jet of solid white particles resembling snow! Explain.

For an ideal gas (¥ = nRT/p), evaluate the following partial derivatives of the volume:
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This Question illustrates the useful rule 6*f(x,y)/dxdy = 0*fx,y)/Oyox.

5.00 moles of liquid water at its normal boiling point (100 °C, 1.00 atm) evaporates to form
water vapor at the same temperature and pressure. Calculate g, w, AU and AH.

Data: Use 40.7 kJ mol-" for the enthalpy of vaporization, 0.958 g cm=* for the density of liquid water.

The First Law applies to chemical processes too! Calculate g, w, AU and AH for the combustion
of methane at 25 °C and 1.00 bar.

CHa(g) + 202(g) = CO2(g) + 2H20()
Data at 25 °C, 1.00 bar:  AHn°(CHs, g) = —74.8 kJ mol-!
AHp(CO2, g) = —393.5 kJ mol-!

AHn#(H,0,]) = —285.8 k] mol-!
density H,O()) = 0.997 g cm™3

5.00 L of helium initially at 16.0 bar and 300 K expands adiabatically to 40.00 L and 0.500 bar.
a) Is the expansion reversible? Briefly justify your answer.

b) Calculate g, w, AU and AH

a) The isothermal compressibility is defined as x = —V"!(8V/0p)r. Why is there a minus sign?
b) In terms of the density (» = mass per unit volume), show ¥ = 5 (6p/0p)r .
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