AP Chemistry
Colligative Properties Problem Set

 1.  A solution is prepared by dissolving 4.9 g sucrose (C12H22O11) in 175 g water.  Calculate the boiling point of this solution.  Sucrose is a nonelectrolyte.
the molar mass of sucrose is 342 g/mole

so the moles of sucrose is 4.9/342 = 0.0143 moles
molality is moles of solute/kg of solution
so molality is 0.0143/0.175 = 0.0818 molal

The boiling point constant for water is 0.51
T = kbm

T = (0.51)(0.0818) = 0.042ºC – NOTE: This is the CHANGE in boiling point. The question asks for the boiling point. The answer to the question, therefore, is 100.042ºC. 
2.  A 2.00 g sample of a large biomolecule was dissolved in 15.0 g of carbon tetrachloride.  The boiling point of this solution was determined to be 77.85ºC.  Calculate the molar mass of the biomolecule.  For carbon tetrachloride, the boiling-point constant is 5.03ºC.kg/mol and the boiling point of pure carbon tetrachloride is 76.50ºC.  

First we need to find T: 77.85 – 76.50 = 1.35ºC
Now we can use T = kbm to find molality:

1.35 = (5.03)(m)

m = 0.268 

Now we know 0.268 = moles of solute/kg of solvent

kg of solvent = 0.0150 

So:

0.268 = x/0.0150

and x = 0.00403 moles

To find the molar mass, we put grams over moles:

2.00/0.00403 = 496 g/mole
3.  What mass of glycerin (C3H8O3), a nonelectrolyte, must be dissolved in 200.0 g water  to give a solution with a freezing point of -1.50ºC?

For this one, T must be 1.50. We use T = kfm to find molality. Use the 0.2000 kg of water to find moles of glycerin, then use the molar mass of glycerin to find mass. 

1.50 = 1.86m

m = 0.806 

0.806 = x/0.2000

x =0.1612 moles
0.1612 moles (92 g/mole) = 14.8 grams 
4.  The freezing point of t-butanol is 25.50ºC and Kf is 9.1ºCkg/mol.  Usually t-butanol absorbs water on exposure to air.  If the freezing point of a 10.0 g sample of t-butanol is 24.59ºC, how many grams of water are present in the sample? 

T = 25.50 - 24.59 = 0.91ºC

Kf = 9.1

0.91 = 9.1m
m = 0.1 molal

0.10 = x/0.010kg

x = 0.0010 moles
grams of water = 0.018 g 
5.  What volume of ethylene glycol (C2H6O2), a nonelectrolyte, must be added to 15.0 L of water to produce an antifreeze solution with a freezing point of -30.0ºC?  What is the boiling point of this solution?  (The density of ethylene glycol is 1.11 g/cm3, and the density of water is 1.00 g/cm3.)
Volume of ethylene glycol:

T = 30.0ºC

30 = 1.86m

m = 16.1 = x/15.0

x = 242 moles

242 moles(62 g/mole) = 1.50 X 104g

1.50 X 104g(1 mL/1.11g) = 1.35 X 104 mL = 13.5 L
Boiling Point:

We CANNOT use the same T of 30.0ºC because the boiling point constant is different from the freezing point constant. We can use the molality we found in the first part of the problem: 16.1 molal

T = 0.51(16.1) = 8.21ºC
so the boiling point is 108.21ºC
