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Lab: Molar Mass of a Volatile Liquid

Chemistry/Mrs. Blanski

The California Science Content Standards covered in this lab activity are:

Standard #4 Gases and their properties:

c. Students know how to apply the gas laws to relations between the pressure, temperature, and volume of any amount of an ideal gas.           

e. Students know how to convert between the Celcius and Kelvin temperature scales.

f. Students know how to solve problems by using the ideal law in the form PV=nRT.
Pre-Lab Questions:

1. State the ideal gas law.

2. Algebraically rearrange the ideal gas law to solve for n, the number of moles.

3. Propose a simple method for finding the volume of an irregularly shaped flask.

4. Rewrite the steps of the procedure in your own words.  Use drawing, this will help you to better understands the steps involved.

Background Information:

It is often useful to know the molecular mass of a substance. This is one of the properties that helps characterize the substance. In this experiment, the molecular mass of an unknown volatile liquid will be determined. After vaporizing the liquid, the mass of the vapor is found by first cooling it so that it condenses back into a liquid, and then determining the mass of the condensed liquid.  In this experiment to determine the molecular mass of a volatile liquid, some of the liquid is placed into a 125-mL Erlenmeyer flask. The flask is closed with a small piece of aluminum foil that has a small hole in it. The flask is heated in a bath of boiling water. The liquid will vaporize and the excess vapors will leave the flask through the hole. Since the flask is open to the air, the pressure of the vapor will be the same as the atmospheric pressure. The gas temperature will be that of the boiling water. The volume of the gas, which is the volume of the

flask, can be easily found. The mass of the gas must also be determined. To do this, the flask is quickly cooled so that the vapor condenses back into a liquid, and the mass of the flask, foil, and liquid are found using a balance.

Once all of this information has been collected, the ideal gas law can be used to determine the number of moles of vapor that were present in the flask. With the number of moles and the mass of the gas known, simple algebra can be used to determine the molecular mass using the formula below.


[image: image1.wmf]n

(number of

 mole)

m(mass)

M(molar ma

ss)

=


Chemicals and Materials:

· Unknown volatile liquid

· 125- mL Erlenmeyer flask

· Thermometer

· Ice water bath

· 400-mL Beaker

· buret clamp

· Hot plate                          

· Balance

· Aluminum foil and a pin

Procedure:

1. Put on your safety goggles and lab apron.

2. Record the barometric pressure.

3. Set up a boiling water bath using a 400-mL beaker containing 250 mL of water.
4. Obtain a sample of the unknown volatile liquid.

5. Cut a small piece of aluminum foil (big enough to fit over the mouth of the Erlenmeyer flask) and poke a hole in the middle of it with a pin.

6. Determine the mass of the flask, aluminum foil.

7. Remove the foil cap.  Place a 2.0-mL of the liquid into the flask and replace the foil.

8. Clamp the flask with a single buret clamp.  Transfer the flask to the boiling water bath, immerse, and heat.

9. Monitor the temperature of the water in the 400-mL flask with a thermometer.

10. When the volatile liquid has completely evaporated, remove the flask from the hot water bath and record the temperature of the water (this will be the temperature of the vapor in the flask also).

11. Remove the clamp and carefully place the flask into a beaker of ice water.

12. Once the vapor has condensed (this should only take a few minutes), dry the flask and determine the mass of the flask, aluminum foil, and volatile liquid.

13. Dispose of the contents of the flask according to instructions.  Fill the flask with water.  Pour the water into a 250-mL graduated cylinder, measure the volume, and record.

 Analysis:
1. Determine the mass of the condensed liquid.

2. Determine the volume of the flask.

3. Using the ideal gas law, mass of the condensed vapor, the atmospheric pressure, the temperature while in the boiling water bath and the volume of the flask, calculate the molar mass of the liquid. 

4. Using the molar formula supplied by the teacher, calculate the actual molar mass of the unidentified substance.  Compare the true molecular mass of the substance to the experimentally determined value. Find your percent error. 

Data Table
	Mass of flask and aluminum


	g

	Mass of flask, foil, and condensed liquid


	g

	Mass of condensed liquid


	g

	Barometric pressure 


	mmHg

	Temperature of hot water bath


	°C

	Volume of flask


	mL


Conclusions:

1. Analyze the data. What were some possible sources for error in your measurements?  How would they have affected the outcome of your experiment?

2. What was the molar mass of your unknown volatile compound?
3. It was important that the flask be completely dry before the unknown liquid was added so that water present would not vaporize when the flask was heated. A typical single drop of liquid water has a volume of approximately 0.05 mL. Assuming the density of water is 1.0 g/mL, how many moles of water are in one drop of liquid, and what volume would this amount of water occupy when vaporized at 100 °C and 1 atm?

4. If one drop of water were to be present in you flask, what kind of error would this introduce into your experiment? Give both a quantitative and a qualitative response.

5. In using the ideal gas law, it was assumed that the vapor behaved like an ideal gas.  How would the results be different if the vapor were treated as a real gas?
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