EXPERIMENT  12


COLLIGATIVE PROPERTIES

Molecular Weight Determination by Freezing Point Depression
INTRODUCTION

A solution is a homogeneous mixture (has a constant composition throughout) which consists of a 

dissolved substance, the solute, and a dissolving medium, the solvent. 

A solute need not to be a solid. It can be a gas, such as carbon dioxide, CO2, or a liquid, such as 

ethylene glycol (antifreeze in car's cooling system). If the solution contains two liquids, the liquid 

that is in the greater amount is called the solvent. The most common solvent is water.  Knowing

the actual strength of a solution is more useful than knowing in general terms if it is dilute or

concentrated.  The concentration of solutions can be described quantitatively in many ways, such

as molarity, molality, and mole fraction.

Some properties of a solution depend on the concentration of particles, such as molecules or ions

in the solution, rather than on particular characteristics of the molecular or ionic substance. These

properties are called colligative properties. The number of particles in a solvent can affect the

freezing or boiling point of solvent. To express the effect of concentration on freezing point or

boiling point, molality is used in place of molarity. Molality (m) is the number of moles of solute

per 1 kilogram  (or 1000 grams of solvent.  For example, a two molal (2 m) solution contains two

moles of solute dissolved in 1 kilogram of solvent.

Example 1  

Calculate the molality of a solution prepared by dissolving 36.0 g of glucose, C6H12O6, in 400.0 g

of water.

Solving Process 

Convert grams of glucose to moles of glucose. The molecular mass of glucose is 180.0 g.


Moles = (36.0 g) / (180.0 g/mol) = 0.200 mol glucose

The molality expression gives the number of moles of solute (glucose) per one kilogram of 

solvent (water).

            Molality = (moles solute/ kg solvent) =  (0.200 mol) / ( 0.400 kg) = 0.500 m

When a solute is dissolved in a solvent, the vapor pressure of the solvent is reduced. The amount

of the reduction depends upon the number of solute particles in a given amount of solvent. Since 

both the freezing point and the boiling point of a liquid depend on its vapor pressure, introduction

of a solute in a solvent will change the solvent's freezing and boiling points. The freezing point of

the liquid is lowered (freezing point depression or lowering) by the addition of a solute. In contrast,

the addition of a solute increases the boiling point of a liquid. The change in freezing point and 

boiling point is directly proportional to the concentration of the solute particles.

One mole or 6.02 x 1023 particles of a molecular solute (non-ionic) dissolved in 1000 grams of water 

(making 1 molal solution) lowers the freezing point of water by 1.86 0C. This temperature interval 

(1.86 0C) is the molal freezing point depression constant for water which is expressed as Kf  =

1.86 0C/m.  If the solute is an ionic compound total number of ions released per formula of the solute

will determine the “effective molality”. For example, one mole of the ionic solute, NaCl, contains 2

moles of solute particles (1 mole of Na+ and 1 mole of Cl(  ions). The effective molality of a solution

prepared by dissolving 1 mole of NaCl in 1 kg solvent is 2 m. In this solution, the freezing point of

water is lowered by 2 x 1.86 0C. 

Similarly one mole of a molecular solute dissolved in 1000 grams of water (making  molal solution)

raises the boiling point of water by 0.512 0C. This temperature interval (0.512 0C) is the molal 

boiling point elevation constant for water, expressed as Kb = 0.512 0C/m. One mole of the ionic solute,

BaCl2, contains 3 moles of solute particles (1 mole of  Ba2+ and 2 moles of Cl( ions).  Therefore, the

boiling point of water that contains 1 mole of BaCl2 per 1 kg of water is raised by 3 x 0.512 0C.

Boiling point and freezing point constants for water can be used to calculate:

1.   the freezing point of the solution

2.   the boiling point of the solution

3.   the molecular mass of the solute from the freezing point or the boiling point

MOLECULAR MASS CALCULATIONS

The molecular mass (molar mass) of a solute can be determined by changes in the freezing point 

or boiling point. The freezing point method is more practical because of the greater temperature

interval involved. It also can be more accurately measured since the boiling point is more sensitive

to atmospheric pressure changes than the freezing point.

In this experiment, you will use glacial acetic acid, HC2H3O2, as the solvent. Glacial acetic acid

has a freezing point of 16.7 0C and a Kf  value of 3.9 0C/m. Since the measured freezing point of a

substance depends upon its purity, the atmospheric pressure, and the calibration of the thermometer,

you must first determine the freezing point of your sample of pure glacial acetic acid under the

conditions of this experiment. Then, after adding a measured quantity of an unknown solute to the

solvent, you will measure the freezing point of the solution.

You can calculate the molecular weight (MW) of the solute from these relationships:

1.    Freezing point lowering, Tf , =  Tf 0  ( Tf  =  Kf m x n, where Tf 0 is the freezing point of the

       pure solvent, Tf  is the freezing point of the solution, m is the molality with respect to the solute,

       and n is the number of solute particles formed in solution (for example, n = 2 for NaCl).
2.    moles of solute  =  (grams of solute) / (MW of solute) = g / MW

3.    kg of solvent  =  (grams of solvent) / (1000 g/kg)

4.    molality of the solution, m  =  (moles of solute) / (kg of solvent)

By substitution, we can derive the following equation for simple determination of molar mass by

using freezing point depression:









(Kf )(gsolute) (n)

  
MWsolute  =


     where n is the number of moles of solute particle(s) per mole of solute.

 ADVANCE \u 4 (Tf )( kgsolvent)

Example 2

Calculate the freezing point of a solution containing 3.60 g of glucose, C6H12O6 , in 50.0 g of water. 

The molecular mass of glucose is 180.0 g/mol, the normal freezing point of pure water, Tf 0, is 0.00 0C,

and Kf for water = 1.86 0C/m.

Answer

First calculate the molality of the solution:

molality  =  (3.60 g) / (180.0 g/mol)(0.0500 kg)  =  0.400 m

Then calculate Tf :


Tf  =  Kf m x n  =  (1.86 0C/m)(0.400 m)(1)  =  0.744 0C.

The freezing point of the solution is lowered  by 0.744 0C. To determine the freezing point of the solution, subtract the change in the freezing point from 0.00 0C (the freezing point of pure water):

 
Tf  = Tf o ( Tf    or    Tf   =  Tf 0  ( Tf   =   0.00  0C  (  0.744  0C   =   (0.744 0C.

 
The freezing point of the solution is  (0.744 0C.

Example 3 

What is the molecular mass of an organic compound if a solution of 3.25 g of the compound

in 125.0 g of water has a freezing point of  ( 0.930 0C?

Answer 

First calculate the freezing point change, Tf :

 
Tf  =  Tf 0 ( Tf    =   0.00 0C  (  ((0.9300C)   =   0.930 0C.


For non-ionic organic compounds, n=1.  Therefore,




(Kf )( gsolute) (n)            (1.86 0C/m)(3.25 g)(1)

MWsolute   =   


    = 



     =   52.0 g/mol
      


(Tf )(kgsolvent)             (0.930 0C)(0.1250 kg)

Verify that the proper units of molecular weight, g/mol, do indeed result from the calculation.
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    Figure 1.  Freezing curve for a pure solvent and solution.

EXPERIMENTAL PROCEDURE

Part I. Determination of the Freezing Point of Glacial Acetic Acid

1.   Prepare an ice bath by filling a styrofoam coffee cup 2/3 full with crushed ice and a small

      amount of water.  You can use two cups, one inserted inside the other, for better insulation,

      and you may want to place the cups in a beaker (400 or 600 mL) for better support.  

2.   Obtain an empty, dry large test tube (20 x 150 mm) and add 10.0 ml (density = 1.049 g/mL) of

      glacial acetic acid using a 10 mL pipet. Place a thermometer in the test tube and record the

      temperature under time = 0 seconds on the data sheet.

3.   Insert the test tube deep into the ice bath, carefully stirring the solution continuously with the

      thermometer, and record the temperature every 30 seconds on the data sheet.  Note the initial

      temperature at which solid first appears in the glacial acetic acid. If you need to repeat the

      process, you may warm up the glacial acetic acid in a water bath and go to step 3.  After

      recording the temperature for 300 seconds (5 minutes), warm the test tube back to  room

      temperature with a water bath and save for Part II.

4.   Using graph paper, plot temperature (Y) versus time (X) and determine the freezing point of

      the glacial acetic acid (see Figure 1).

Part II.  Determination of the Molecular Weight of an Unknown Compound

1.   Obtain a sample of unknown solid from your laboratory instructor and record its identification
      number on the report form. The unknown is a molecular organic compound (not ionic) so we

      know that n = 1.  Weigh about 0.500 g of the unknown on a weighing paper and record its weight

      on the report sheet.

2.   Carefully add it to the test tube containing the glacial acetic acid (re-warmed back to room

      temperature) from Part I.  Stir the mixture until the entire unknown has dissolved. Replace the

      thermometer and record the temperature (time = 0) on the data sheet.

3.   Insert the test tube deep into the ice-water mixture, stirring the mixture continuously, and record

      the temperature every 30 seconds on the data sheet as before.  Mark the initial temperature at

      which solid first appears in the mixture. To repeat the process you may warm up the mixture in a

      water bath back to room temperature and start at step 3.

4.   On your graph paper, plot temperature versus time and determine the freezing point of the mixture

      as before (see Figure 1).

NOTE  - Some supercooling may occur before freezing. Supercooling results when a solution cools

               below its normal freezing point without freezing.  To prevent supercooling, steady stirring 

               of the liquid is required.  Once solid begins to form, further crystallization usually occurs

               rapidly without supercooling.

NOTES
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REPORT FORM



Name  _______________________________




        



Instructor  ___________________________

Date  ________________________________


Unknown Number  _______

1.  Volume of glacial acetic acid



___________ mL

2.  Mass of glacial acetic acid (show calculation)

___________ g        ___________ kg

3.  Freezing point of pure glacial acetic acid (Tf 0) from graph   ________ 0C

4.  Mass of unknown used 




___________ g

5.  Freezing point of the solution (Tf) from graph

___________ 0C

6.  Tf  (#3 - #5)





___________ 0C

7. Molecular weight of unknown


 
___________ g/mol

    
    (show calculation)     

Data - Temperature vs Time

Glacial Acetic Acid





	Time (sec)
	0
	30
	60
	90
	120
	150
	180
	210
	240
	270
	300

	Temperature (oC)
	
	
	
	
	
	
	
	
	
	
	


Solution (Glacial Acetic Acid +Unknown)

	Time (sec)
	0
	30
	60
	90
	120
	150
	180
	210
	240
	270
	300

	Temperature (oC)
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EXPERIMENT  12 - Colligative Properties

Review Questions and Exercises


Name __________________________
Due before lab begins. Answer on a separate sheet of paper.

Date ___________________________
1. Define the following terms:

solute



solvent



solution

2. What safety rules must be observed during this experiment?

3. Why is a molality concentration scale used in the context of colligative properties and not the more common concentration scale molarity?

4. Assume that you have a solution of an unknown solute in cyclohexane. If the solution has a freezing point depression of 9.50 0C, what is the molality of this solution? (The freezing point depression constant for cyclohexane (Kf) is 20.4 0C/m).

5. Cyclohexanol, C6H11OH, is sometimes used as the solvent in molecular weight determination by freezing point depression. If 0.253 g of benzoic acid, C6H5COOH, dissolved in 12.45 g of cyclohexanol, lowered the freezing point of pure cyclohexanol by 6.55 0C, what is the molal freezing point constant (Kf) of this solvent?

6. Calculate the freezing point of 0.1 m  aqueous solutions of   a)  NaCl
    b) Glacial acetic acid

7.   Calculate the boiling point of 0.1 m aqueous solutions of     a)  BaCl2         b)  sucrose

8. What is supercooling?  How can it be minimized?

9.    Distinguish between non-volatile and volatile substances.  Give two examples of each.

10.  When 0.49 g of a molecular compound was dissolved in 20.00 g of cyclohexane, the freezing point of 

       the solution was lowered by 3.9 0C.  Determine the molecular mass of this compound.

       (Kf = 20.4 0C/m)

EXPERIMENT  12 - Colligative Properties

Post- laboratory Questions and Exercises


Name _____________________
Due after completing lab. Answer in the space provided.









Date ______________________

1. Define the following terms:      

Molality

           Colligative properties

           Freezing point depression

2. What was the objective of this experiment and how was it achieved?

3.  0.2436 g sample of an unknown substance was dissolved in 20.0 ml cyclohexane. The density 

      of cyclohexane is 0.779 g/ml. The freezing point depression (Tf) was 2.5 0C. Calculate the molar

            mass of the unknown substance.  

4. How many moles of solute particles are there in one mole of the following substances?  (n = ?):

a) sodium sulfate, Na2SO4
   b) naphthalene, C10H8
c) sodium phosphate, Na3PO4
5. How many grams of ethylene glycol, C2H5(OH)2, must be dissolved in 200.0 g of water to lower the freezing point to –29.75 0C?  
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