MOLECULAR MASS AND FORMULA OF A VOLATILE LIQUID

Name:______________________________________________________ Period:________

Prelab

1.
In an experiment designed to determine the molecular mass of a volatile liquid, the following data was gathered:


Mass of flask/cover/vapor


95.771 g

Mass of flask/cover



94.737 g


Vapor temperature



98.5 (C

Volume of flask



265 mL

Barometric pressure



758 mmHg

Use this data to find the molecular mass of the liquid.

2.
Given the following data concerning the elemental analysis of the liquid from #1 above, determine the empirical and molecular formulas of the liquid.


C = 10.05%

H = 0.840%

Cl = 89.20%

MOLECULAR MASS AND FORMULA OF A VOLATILE LIQUID
Objective:
To determine the molecular mass and molecular formula of unknown volatile liquid.

Background and Theory:
The simplest and most direct determination of vapor density employs the method first used by J. B. Dumas.  In the Dumas method, a quantity of the volatile liquid or solid compound to be investigated is introduced into a premassed flask, which has only a pinhole or capillary opening to the atmosphere.  The flask is then heated to some known temperature above the boiling point of the compound.  The formation of vapor purges the air originally present in the flask through the pinhole.  When the sample has been thoroughly vaporized, the flask will be filled with essentially pure vapor that will be at the known atmospheric pressure.  The heating of the flask is then stopped and the flask quickly cooled to room temperature.  The vapor will condense and the air rushing in to fill the flask will prevent escape of the vapor.  The flask is remassed, and from the difference in initial and final mass, the mass, m, of the vapor required to fill the flask at a specific temperature and pressure may be found.

The equation of state for an ideal gas, PV = nRT, where P is the pressure, V, the volume, n, the number of moles of gas, R, the gas law constant, and T, the Kelvin temperature, may be used to calculate the molecular mass of the compound.

Procedure:

1. Work in a well-ventilated area due to the volatile nature of the substances being used.  Set up a water bath (1000 or 2000mL beaker) and begin heating this water to the approximate boiling point of your unknown.  Put enough water in the beaker to hold the entire Erlenmeyer flask used to contain the unknown liquid.

2. Obtain a clean, dry 125mL Erlenmeyer flask and cover the neck of the flask with a piece of thick (freezer) aluminum foil.  Trim the edges of the foil so that it neatly covers the lip of the flask but does not extend far down neck. Obtain a length of fine copper wire long enough to wrap around the neck of the flask and also be twisted to hold the aluminum foil in place. Do not attach the foil and wire to the flask.

2. Mass the dry, empty flask with its foil cover and the piece of wire to the nearest milligram.

3. Obtain approximately 10mL of the unknown liquid in a clean, dry graduated cylinder and record the unknown number.  Add 3-4mL of the liquid to the flask.  Cover the flask with the aluminum foil. Make sure that the foil cover is tightly crimped around the neck of the flask. Twist the wire around the neck of the flask to hold the foil in place. Punch a single small hole in the foil with a pin.

4. Observe the temperature of the water bath and adjust it to the boiling point of the liquid.  Immerse the flask containing the unknown in the water bath so that most of the flask is covered with water.

5. Watch the unknown liquid carefully.  You will observe condensation of the vapor as it comes in contact with the cooler glass at the top of the flask.  Some vapor may condense on the foil cover.  The amount of liquid placed in the flask is in large excess compared to the amount than will be necessary to fill the flask with vapor.  Excess vapor will escape through the pinhole made in the cover of the flask.

6. When it appears that all of the liquid has vaporized, continue to heat for a brief time until no further condensation occurs, (2 minutes.  Measure and record the temperature of the water bath, which will be assumed to be the temperature of the vapor in the flask. The vapor should have reached thermal equilibrium with the water bath at this point in time. Do not heat the flask for a long time after the liquid has vaporized or the vapor may continue to diffuse through the opening and be replaced by air. Record the barometric pressure in the room.

7. Carefully remove the flask and quickly cool it by running cold water over it or immersing it in a beaker containing cold water.  When the flask has cooled completely to room temperature, carefully dry the outside of the flask and foil to remove any droplets of water. Be sure to blot any water that might be caught under the edge of the foil. Mass the covered flask to the nearest milligram.

8. Repeat the procedure two more times by adding another 3-4mL sample of your unknown liquid to the clean dry flask.  These measurements should result in vapor masses that are within 0.05 g of one another.

9. Determine the volume of the flask by filling it with water. Pour the water in the flask into a graduated cylinder to find its volume.

10 The molecular mass may be calculated from the data obtained.  Determine the average molecular mass. The following elemental analysis of the unknowns will allow you to determine the empirical formula.  Use the empirical formula and the experimentally determined molecular mass to find the molecular formula.

	Unknown No.
	%C
	%H
	%O
	Approx. Boiling Pt. (oC)

	1
	85.63
	14.36
	
	81

	2
	62.04
	10.41
	27.55
	56

	3
	54.5
	9.1
	36.4
	77

	4
	52.2
	13.0
	34.8
	78

	5
	37.5
	12.5
	50.0
	65

	6
	60.0
	13.0
	26.7
	82

	7
	60.0
	13.0
	26.7
	97


MOLECULAR MASS AND FORMULA OF A VOLATILE LIQUID

Name:___________________________________________________ Period:_________

Lab Partner:______________________________________________ Course:_________

Data Table
Unknown Number:__________________________

	
	Trial 1
	Trial 2
	Trial 3

	Mass of flask, foil, wire, and vapor (g)


	
	
	

	Mass of empty flask, foil, and wire (g)


	
	
	

	Mass of vapor (g)


	
	
	

	Temperature of Vapor (water bath) (oC)


	
	
	

	Temperature of Vapor (water bath) (K)


	
	
	

	Volume of the flask (mL)


	
	
	

	Volume of the flask (L)


	
	
	

	Barometric Pressure (mmHg)


	
	
	

	Barometric Pressure (atm)


	
	
	

	Experimental Value for the Molecular Mass (g/mol)
	
	
	

	Average Value for the Molecular Mass

(g/mol)
	
	
	

	True Value for the Molecular Mass

(g/mol)
	
	
	

	Percent Error for the Molecular Mass


	
	
	

	Empirical Formula


	
	
	

	Molecular Formula


	
	
	


Calculations: 

Show your calculations for the molecular mass for one of the trials and your calculations for the empirical and molecular formulas for your unknown. Use the back side of this page.

Questions:

1.
How can the ideal gas law be used to determine the molecular mass of a liquid?

2.
Is the vapor really “ideal”? If not, would the calculated molecular mass be too high or too low? Explain your answer.

3.
Did the vapor completely condense into the liquid?  If not, how would this affect the calculated molecular mass?

4.
Why is it not necessary to be precise in the amount of liquid added to the flask? 

5. What is necessary in terms of the amount of volume of liquid added to the flask?

6.
The following mistakes were made when carrying out the experiment. What effect (increase, decrease, or no effect) does each have on the calculated molecular mass? Explain your answer.


a.
 Part of the flask containing the liquid is not immersed in the hot water bath,


b.
 10mL of liquid was used instead of the recommended 3-4mL,

c. After removing the flask from the water bath, it was left for several hours before measuring it’s mass,
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