Sheet #5:  Colligative Properties

1).  A 20.0 mg sample of protein is dissolved in water to make 25.0 mL of solution.  The osmotic pressure of the solution is 0.56 torr at 25.0 oC.  What is the molar mass of the protein?

Osmotic pressure equation: 
 = MRT

In this problem,  = 0.56 torr, R = constant, T = 25 oC and M = ???????

Remember  must be in atm and T in Kelvin.


7.36 x 10-4 atm and T = 298 K
Re-arrange  = MRT to solve for M:

/RT = M or (7.36 x 10-4 atm)/[(0.08206 L atm/mol K)(298 K)]  = 3.0097 x 10-5 M
The problem asks for the molar mass of the protein.  What are the units of MW?  g/mol
Calculate the MW of this protein:

1).  Multiply M by V to yield moles:   (3.0097 x 10-5 mole/L)(0.025 L) = 7.52 x 10-7 mole
2).  Divide grams by moles:  0.020 grams/7.52 x 10-7moles = 27000 grams/mole

2).  Using data from Table 11.6 in your textbook, calculate the expected and actual freezing point and osmotic pressure of 0.050 m FeCl3 solution at 25 oC.  Assume density of final solution is 1.0 g/mL and volume of solution is unchanged by addition of FeCl3.  

Kf = 1.86 oC kg/mol

Key:  FeCl3 is an ionic compound!  We must use  = iMRT and T = iKfm.

Calculations:

1).  iexpected  for FeCl3 = 4
2).  iactual for FeCl3 = 3.4

Freezing Point Calculations:  T = 0.372 oC for expected; 0.316 oC for actual
Osmotic Pressure Calculations:  Need Molarity, not molality.
Assume 1.0 L of solution for simplicity.
(0.050 moles/kg H2O)(1 kg/1 L) = 0.050 M solution of FeCl3
 = 4.89 atm expected; 4.15 atm actual
expected) = 4.89
actual) = 4.15
F.P. (expected) = -0.372



F.P. (actual) =  -0.316
