GAS DENSITIES AND MOLAR MASSES
A. Density of a gas at STP.

1. The formula D= M/V is used at STP with M being equal to the molar mass and V being molar volume of a gas (22.4 liter/mole). Recall Avagadro’s Principle for Gases (1811)- equal volumes of all gases at the same condition contain the same number of molecules.
2. Molar mass can also be solved based on given information.
3. Examples

a. What is the density of CO2 (g) at STP?

 
D  =  M  =  44 grams/mol   =  1.96 g/l



         V
       22.4 liter/mol


b. What is the molar mass of a gas having a density of 0.76 g/l at STP?




M  =  DV  =  (0.76 g/l)(22.4 l/mol)  =  17.0 g/mol

B. Density of a gas at non-STP.

1. The ideal gas law can be used to find both density and molar mass when the conditions are non standard.
2. Moles (n) of a gas can be substituted with m  that is,      mass      ,    giving PV = mRT

        M             molar mass                             M
3. Since D = m/V, this becomes M = DRT   or  D = MP
          P
       RT

4. Alternatively, the combined law could be used adjust the volume to standard conditions in order to solve using 22.4 liter/mol.

5. Examples

a.  A gas has a volume of 150 ml and a mass of 0.35 g at a pressure of 100 kPa and 

     293oK. What is the molar mass of the gas?



M =  DRT  =  (0.35/.150)(8.314)(293)   =  56.8 g/mol



P
          100

b.  What is the density of argon gas at a pressure of 0.725 atm and a temperature of

      25oC?



D =  MP  =  (39.9)(0.725)    =  1.18 g/liter


        RT        (0.0821)(298)

C. Practice

1. What is the density of oxygen gas at STP?

2. What is the molar mass of a gas that has a mass of 0.82 g and a volume of 220 ml at STP?

3. A gas has a mass of 0.62 g occupying 0.24 liters. The pressure is 98.2 kPa and the temperature is 15oC. What is the molar mass of the gas?

4. What is the density of an ammonia gas sample (NH3) if the pressure is 0.928 atm and the temperature is 63oC?

5. What is the molar mass of a gas if 0.427 g occupies a volume of 125 ml at 295oK and 0.96 atm?

