Chemistry 231 Assignment #2 (due Tuesday, 24 September, in class)
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For an ideal gas, we proved (dU/d V)r = 0. Use this result to prove (8 U/dp)r is also zero for an
ideal gas, which shows the internal energy of an isothermal ideal gas is constant.

Hint: ou) _ (oUar _(5_1]_) o
o)  \ovae)  \ov)\a)

The First Law states that the internal energy (U) is a function of the state variables of a system.
If U is a state function, then why is the enthalpy (U + pV) also a state function?

2.00 L of helium (assumed to be an ideal gas) initially at 300 K and 5.00 bar expands
isothermally to a final volume of 8.00 L.

a) Calculate AU, AH, w and g if the expansion is reversible (Pextemal = p).
b) Calculate AU, AH, w and q if the expansion is irreversible with pexternal = Pfinal.
¢) Use parts a and b to illustrate U and H are state functions.

d) Use parts a and b to illustrate w and g are path-dependent (nof state functions).

The graph on the next page shows the molar heat capacities of He, H> and HO plotted against 7.
a) Cpm for He is independent of the temperature and equal to SR/2. Why?

b) Cpm for Hz is larger than Cpm for He. Why?

¢) Cpm for HO is larger than Cpm for Ha. Why?

d) The heat capacities of H> and H2O increase as the temperature is raised. Why?

Calculate ¢, w, AU and AH for the combustion on one mole of propane at 25 °C and 1 bar.
C3Hs(g) + 502(g) = 3CO02(g) + 4H20(g)

Data:  AHm°(C3Hs, g) = —103.9 kJ mol™ AHi®(CO2, g) = —393.5 kJ mol™
AHm°(02,g) = 0 AH(H20, g) = —241.8 kJ mol™!

Hint: Recall that the enthalpy change of a chemical reaction if the enthalpy of formation

of the products minus the enthalpy of formation of the reactants.

5.00 moles of liquid water are heated from 20 °C to 85 °C at 1.00 bar.
a) Why is it an excellent approximation to assume AV, and therefore w, are zero?

b) Calculate ¢, AU and AH. Data: Cpn®(H20,1)=7531] K1 mol~!
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Heat capacities of He(g), H2(g) and H20(g) for Question 4
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Usually in PSC 3072 or PSC 3020:

Mondays 9:30to 11:00 am
12:30 to 2:30 pm
Tuesdays 9:00 to 10:00 am
11:30 am to 1:00 pm
Thursdays 10:30 am to noon
Wednesdays 12:30 to 2:00 pm
Fridays 12:30 to 2:00 pm
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