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USING FREEZING-POINT DEPRESSION TO FIND MOLECULAR WEIGHT

Introduction

Freezing-point depression is the process by which the freezing point of a solvent is reduced or lowered on addition of a solute in the solvent. This could be illustrated by the addition of a salt in water where the freezing point of water is reduced to -21[image: image2.png]


. Freezing-point depression is a colligative property of solutions which depends on the concentration of the solutes in the solution. Increasing the concentration of solutes would mean an increase in the freezing point depression. Some of the dissolved solutes could be electrolytes, which dissociates into ions in the solution resulting to solution that conducts electricity or non-electrolytes, solutes that don’t dissociate into ions (Gammon & Ebbing, 2007). The equation that is used to describe the change in freezing point from pure solvents to solution is:
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(Non-électrolytes)
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(Electrolytes)

Where [image: image8.png]AT



 is the freezing point depression, Kf is the freezing point depression constant for a particular solvent and m is the molality of the solution in mol solute/kg of  solvent.

A graph of the freezing point against the solute concentration in the solution would be a straight line showing the direct proportionality. The freezing point depression has always been used to calculate the molecular weight of substances.

Apparatus and reagents

Ring stand, Bunsen Burner, water bath, Temperature Probe, 400ml beaker, tap water, benzoic acid, lauric acid, test tube, Lab Quest
Procedure
1. The temperature probe was connected to the LabQuest and New was chosen from the File Menu. The sensor was then setup.

2. The data-collection rate was changed to 1 sample /second and the data-collection length changed to 600seconds.

3. 300ml tap water with temperature of 20-25[image: image10.png]


was added to a 400ml beaker and placed on a ring stand.

4. The utility clamp was used to obtain a test tube containing hot, melted Lauric acid. The utility clamp was then fastened at the top of the test tube.

5. The temperature probe was inserted into the hot lauric acid then the utility clamp fastened to the ring stand so that the test tube is above the water bath.

6. Data was collected. The test tibe was lowered into the water bath with water level outside the test tube higher than the lauric acid level inside the test tube.

7. The lauric acid was stirred for ten minutes duration of the experiment.

8. After the data was collected, the Lauric acid was melted using hot water bath and the temperature probe removed.

9. The freezing temperature was determined by finding the mean temperature in the portion of the graph with constant temperature.

10. The data was stored by tapping the File Cabinet icon.

11. A test tube containing melted solution with 1g of benzoic acid dissolved in 8g of lauric acid was obtained. The precise masses of benzoic acid and lauric acid were recorded. Steps 3-8 were repeated.

12. After step 8 was completed, the data pair was examined on the displayed graph. The freezing point of the benzoic acid-lauric acid solution is determined by finding the temperature at which the mixture initially started to freeze. As the examined line is moved, the temperature and time values are displayed to the right of the graph. The initial freezing temperature of the solution was located and the freezing temperature recorded in a table.

Results and Calculation
The data obtained was as follows:

	Mass of lauric acid
	8.02g

	Mass of benzoic acid
	1.03g

	Freezing temperature of pure lauric acid
	31.18[image: image12.png]




	Freezing temperature of benzoic acd-lauric acid mixture
	


Calculated results

	Nolality (m) [image: image14.png]



	7.97mol/kg

	Moles of benzoic acid
	0.0639

	Experimental molecular weight of benzoic acid
	16.119g/mol

	Accepted molecular weight of benzoic acid from the formula C6H5COOH
	122.12g/mol

	% discrepancy between experimental and accepted values
	32.0%


Discussion

This experiment illustrates another method of calculating the molecular weight of substances. The concentration of the solute in the solution is calculated and then multiplied by the freezing point depression constant of the solvent. The chemical identity of the solutes and their mass do not affect the freezing point depression of the solution and so they were not involved in the calculation. The experimental results differ from the expected values by 32%. This shows there may be errors involved during the process or in the calculations. Mistakes made when measuring the time and the temperatures may have led to this discrepancy. Also, errors in calculations may be the cause of the big difference observed.

Conclusion

From the above observed results and calculations, it can be deduced that the freezing point depression is calculated from the Raoult’s Law and the Clausius-Clapeyron Equation to write the equation of the Blagden’s Law that was used.
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