Felder and Rousseau
Problem 5.5

Use the ideal gas equation of state to estimate the molar volume in m
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/mol and the density of air in kg/ m
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 at 40 degrees Celsius and a gauge pressure of 3.0 atm.

This is a fairly simple ideal gas problem. One thing to be aware of is that the pressure was given as gauge pressure. Since absolute pressure is needed, the atmospheric pressure is assumed to be 1 atm, giving an absolute pressure of 4.0 atm. The temperature needs to be absolute as well. It is easier to convert Celsius to Kelvin than Rankine, so 273.15 is added to the 40 degrees to get 313.15 Kelvins. 
Now, to solve the first part of the problem. First, we need to rearrange the ideal gas law, 
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 into the form needed for this problem. Since we need the molar volume, the gas law becomes: 
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.  Looking up the appropriate gas constant from the book and plugging in the absolute pressure and temperature yields:
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However, this answer is not in the units needed. The problem asked for molar volume in m
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/mol, so we need to perform a simple unit conversion.
1 m
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= 1000L, so the molar volume is equal to 6.42427/1000 = .006424 m
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/mol.

Now on to the second part of the problem. We need to find the density of air in kg/ m
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. There are a couple of ways to go about this. The easiest way is to look up the composition of air in the book (on page 51) and use the average molecular weight of air given (29g/mol). It is also easy to calculate this yourself, knowing that air is made up of 79% Nitrogen (by mole) and 21% Oxygen (by mole). Remember that these molecules are diatomic, and therefore their molecular weights will be twice that of a single nitrogen or oxygen atom. 
Average molecular weight = (.79mol N
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/mol) * (28g/mol N
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) + (.21mol O
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/mol)* (32g/mol O
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) = 29g/mol.

Since density is mass divided by volume, we can divide the average molecular weight of air by the molar volume to solve the problem. First, we need to convert the average molecular weight to kilograms from grams, so we divide the average molecular weight by 1000 to get .029kg/mol. 
Density of air = (.029kg/mol) *(1mol/ .006424 m
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) = 4.514 kg/ m
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