Counting the Number of Molecules in the Room
Have teams of students measure the dimensions of the room in cubic meters.  Provide students with room pressure, temperature, and R, and let them calculate n, using PV = nRT.  Then, they can use Avagadro’s number to calculate the number of molecules of air in the room.

Example:  my huge room measures about 12.34 m X 8.67 m X 4.65 m.  Since there are 1000 L in 1 m3, the volume of my room is about 4.65 x 105 L.

On a typical day, the pressure was 761 mm of Hg and the temperature was 23oC, or 296 K.  Using R = 62.4 L . mm/mol . K

N  =  PV   =     (761 mm)(4.65 X 105 L)       X  6.02 X 1023  =  1.15 X 1028 molecules

         RT        (62.4 L . mm/mol . K)(296 K)

Calculating the Number of Atoms Needed to Write Your Name
Each student takes a piece of chalk and weighs it.  Then, have them write their names on the blackboard (big and full name).  Weigh the chalk again, and knowing that chalk is CaCO3, they can calculate the number of atoms it took to write their names.  There are 5 atoms per formula unit of CaCO3.
Example:  Chalk weighs 6.35 grams before writing, and 6.27 grams after writing, so 0.08 gram was needed to write a name.  

The molar mass of CaCO3 is 100.1 g/mol, so:

0.08 g   X    mol      X  6.02 X 1023  formula units   X        5 atoms       =  2.4 X 1025 atoms
   1          100.1 g
          mol

         formula unit


