PHASE CHANGE AND FREEZING POINT DEPRESSION

Name:____________________________________________________Period:_________

Prelab

1. Pure cyclohexane (C6H12) freezes at 6.55oC and has a kf of 20.0oC/molal. A solution of an unknown non-dissociating molecular compound X, made by dissolving 5.00g of X in 100.0 g of cyclohexane, has a freezing point of 3.00oC. Calculate the molar mass of X? Show your calculations.

2. A compound analyzes to be 61.17% Cl, 26.72% P, and 12.11% N.  1.2952g of this compound was dissolved in 15.00 ml of benzene (density of benzene = 0.879 g/ml), producing a solution freezing at 4.03oC. Pure benzene has a freezing point of 5.48oC with a kf of 5.12oC/molal. Calculate the empirical and molecular formulas of the compound. Show your calculations.

PHASE CHANGE AND FREEZING POINT DEPRESSION

Objectives: 

· To measure and record the cooling curve for a pure solvent and determine its freezing point.

· To measure the cooling curve for a solution of an unknown compound in the solvent to determine the solution freezing point and from that calculate the change in freezing point brought about by a known amount of the solute. 

· To use the freezing point depression to calculate the molar mass of the solute. To use the mass % composition of the unknown to determine the empirical formula and molecular formula of the unknown solute.

Theory:

Part I. As the temperature of a liquid is lowered, the average kinetic energy of the molecules decreases. When the freezing point is reached, potential energy is released as the substance undergoes a phase change from liquid to solid. The average kinetic energy of the molecules and temperature remains constant until the substance has completely solidified, after which the temperature begins to decrease again. A sample of pure lauric acid (dodecanoic acid CH3(CH2)10COOH) will be melted in a warm water bath and then allowed to cool. The temperature of the substance will be measured using a CBL and temperature probe and a graph of temperature versus time will be displayed on your TI- 83 calculator. The freezing point of the pure lauric acid will be determined from the graph using the INTRSECT program.

Part II. When a solute is dissolved in a solvent, the particles from the solute interfere with the crystallization of the solvent so that the temperature must be lowered below the normal freezing point of the solvent in order to get the solvent to solidify. The difference between the freezing point of the pure solvent and the freezing point of the solution is the freezing point depression. The freezing point depression depends upon the number of particles present in the solution and is thus a colligative property. 

The equation for the freezing point depression is (Tf = ikfm where: 

(Tf is the freezing point depression (the absolute value of the difference between the freezing

     point of the pure solvent and the freezing point of the solution)

i is the number of moles of particles formed in solution per mole of compound that dissolves

     (i = 1 for a nondissocciating molecular compound) 

     (i = the number of ions formed by a completely dissociating ionic compound)

kf is the freezing point depression constant (the number of degrees Celsius that the freezing point of the solvent will be depressed per molal of solution with the units of oC/molal), a constant for a specific solvent

m is the molality of the solution or the number of moles of solute per kg of solvent

A solution of an unknown compound in lauric acid will be prepared. The temperature of the solution will be measured using a CBL and temperature probe and a graph of temperature versus time will be displayed on your TI- 83 calculator. The freezing point of the solution will be determined from the graph using the INTRSECT program. The molecular mass and the molecular formula of the unknown compound will be calculated.

The temperature drop for the pure solvent is usually rapid initially and then levels off at the pure solvent freezing temperature. The temperature of the solvent should not change until the phase change is complete and all of the solvent is in the solid state. The temperature profile or cooling curve for the solution is quite similar initially but as the solvent freezes and the solution becomes more concentrated. This causes the freezing point or temperature to continue to decrease. The intersection of the line formed by initial data and the data once the slope changes is taken to be the freezing point of the solution. It is best to avoid the data at the point where the change in slope occurs since there is likely to be thermal nonequilibrium due to mixing at this point and/or supercooling of the solution. Some solvents and solutions can be cooled to a temperature below the freezing point without solidifying and are called supercooled. If this occurs there will be a slight dip below the freezing temperature and then, once the crystals form, the temperature will rise, and remain constant thereafter for the solvent or continue to gradually fall for the solution.

The normal cooling curve graph for a pure solvent and for its solution is shown below.


Procedure:

Part I: Freezing Point of the Pure Lauric Acid:

1. Calibrate the direct connect temperature probe (see attached instructions).

2. Record the slope and intercept for the calibration in case you need to restart the program. This data can be manually entered under the calibration menu.

3. Select Collect Data from the main menu

4. Select Time Graph from the next menu

5. Enter “15” for the seconds between readings

6. Enter “30” for the number of samples

7. Select Use Time Setup from the next menu

8. Set Y min as “25” and Y max as “80” and Y scl as “10”

9. Add about five grams of lauric acid to a plastic weigh boat and mass the boat and lauric acid to the nearest 0.0001g on an analytical balance. 

10. Transfer the solid to an 18x150mm test tube and remass the weigh boat. Calculate the mass of the lauric acid.

11. Place the test tube in a water bath that has been heated to about 60oC and completely melt the sample. Place the temperature probe in the molten compound and wait a few minutes for the probe to come to temperature equilibrium with the molten compound. Center the probe in the sample. It is important that the probe does not touch the sides of the test tube during the data collection. 

12. Remove the test tube from the bath and clamp it in the small three-prong clamp. 

13. Press [ENTER] to collect data. Allow the sample to cool in the air while stirring constantly with the probe until the contents of the test tube freeze solid. Continue collecting data until the CBL shows DONE. The graph will appear. You can use the arrow keys to trace the graph and get an estimate for the freezing point. 

14. Press [ENTER]. Select [NO] for repeat run. Select [QUIT] to exit CHEMBIO.
15. Melt the sample. Save the data as the program FPSOLV (see the attached instructions). Do not take the probe out of the lauric acid and lay it on the desk. Since this will cause a loss of solvent mass.

16. The solvent freezing point may be easy to determine from the plateau on the graph or the constant readings in the list. Run the saved program to put the lists in L1 and L2 and use the INTRSECT program to determine the freezing point of the solvent.
Part II: Freezing Point of the Solution

1. Melt the lauric acid from Part I in the 50-55oC water bath. Add about 0.75g of the unknown compound to a plastic weigh boat and mass the boat and unknown to the nearest 0.0001g on an analytical balance. 

2. Transfer the unknown to the molten lauric acid and remass the weigh boat. Calculate the mass of the unknown compound. Keep the mixture in the water bath and stir gently with the probe until the unknown is completely dissolved. Allow the probe and solution the reach temperature equilibrium with the water bath.

3. Restart CHEMBIO. Under the calibration menu, select Manual Entry and enter the slope and intercept for the original calibration.
4. Select Collect Data from the main menu

5. Select Time Graph from the next menu

6. Enter “15” for the seconds between readings

7. Enter “45” for the number of samples

8. Select Use Time Setup from the next menu

9. Set Y min as “25” and Y max as “80” and Y scl as “10”

10. Remove the solution from the water bath and press [ENTER] to collect data. Stir with the temperature probe during the cooling process to promote good mixing and even cooling. Continue collecting data until the CBL shows DONE. The graph will appear.

11. Press [ENTER]. Select [NO] for repeat run. Select [QUIT] to exit CHEMBIO.

12. Store the data from this cooling curve as the program FPSOLN. Melt your sample in the warm water bath. Place your molten solution in the “waste container” as instructed. Scrub the tube with hot water and rinse it with acetone.

13. Run the saved program to put the lists in L1 and L2 and use the INTRSECT program to determine the freezing point of the solution. 

14. Load your data to Graphical Analysis to print the graphs of the solvent and solution cooling curves. 

15. Calculate the empirical formula of the unknown from the mass percent composition provided.

16. Calculate the molecular mass using the decrease in the freezing point of pure lauric acid by the solute. Calculate the molecular formula of the unknown compound (solute). 

kf of lauric acid is 3.9oC/molal. Assume that your unknown is a non-dissociating molecular compound (i= 1).

To store data to a Program:

Assume the data that you want to store is in two lists in Stat on your calculator. The ChemBio temperature data is time in L1 and temperature in L2.

1. Press [PRGM] on your calculator.

2. Select NEW in the program menu and press [ENTER].

3. Input a program name that you can remember later and press [ENTER].

4. Press [RCL], [L1], then [ENTER]. The list of entries in L1 will be displayed. Do not press [ENTER] again at 

    this point.

5. Press [STO], [L1] and press [ENTER]. This names the list that the data will be written to when the program is 

    run.

6. Press [RCL], [L2], then [ENTER]. The list of entries in L2 will be displayed. Do not press [ENTER] again at 

    this point.

7. Press [STO], [L2] and press [ENTER]. This names the list that the data will be written to when the program is 

    run.

8. Press [QUIT] to leave the program.

9. When you go to the program you have created and run it, you will have your data in L1 and L2.

10. The data must be in L1 and L2 to use the INTRSECT program.

INTRSECT PROGRAM

The program INTRSECT finds the point of intersection of two lines.

In using the program the left and right keys are used to set the boundaries for the points to be included in the linear regression line. This is done for the first and second parts of the graph and is illustrated in the diagram below.











The program will give the coordinates of the intersection point. To use the program, the data must be in L1 (the x value, time) and L2 (the y value, temp). 

To run the INTRSECT program:

Press [PRGM].
Use the down arrowkey to find the program INTRSECT. Press [ENTER].

When the program name appears press [ENTER].

You will be asked if the data is in L1 and L2. Press [ENTER].
Yes will be highlighted. If you have the data in L1 and L2, press [ENTER]. 

If the data is not in L1 and L2, select NO. Transfer the data to L1 and L2 and run the program again.

Follow the prompts for setting the left and right boundaries for each part of the graph, using the right and left arrow keys.  After each selection, press [ENTER].
The program will then display the two selected portions of the graph as lines and the coordinates of the x and y values of the intersection point will be displayed. Record the temperature which is the freezing point. Press [ENTER]. Done will appear.

PHASE CHANGE AND FREEZING POINT DEPRESSION

Name: ____________________________________________Period: _________

Lab Partner ________________________________________Course:_________

Data Table

Attach a Graphical Analysis graph for the cooling curve for the solution to the report.

Part I: Phase Change - A Cooling Curve of a Pure Compound

	Mass of weigh boat and lauric acid
	g

	Mass of weigh boat after transfer
	g

	Mass of lauric acid
	g

	Freezing point of pure lauric acid from visual inspection
	oC

	Freezing point of pure lauric acid from INTRSECT
	oC


Part II: Freezing Point Depression Determination of Molecular Mass

	Mass of weigh boat and unknown compound
	g

	Mass of weigh boat after transfer
	g

	Mass of unknown compound
	g

	Freezing point of the solution from INTRSECT
	oC

	Freezing point depression((Tf)
	oC

	Mass percent composition of the unknown
	

	Empirical formula of the unknown
	

	Experimental molecular mass of the unknown
	g/mol

	True value of the molecular mass
	g/mol

	Relative Percent error in the molecular mass
	%

	Molecular formula of the unknown
	


Show your calculations for the empirical formula, experimental molecular mass and the molecular formula. 

Questions:

1. If some of the lauric acid is spilled after it is massed, how will the freezing point of the pure lauric acid be affected (Increase, decrease, or remain the same)? Explain your answer.

2. How will loss of the lauric acid affect the freezing point of the solution, assuming that the mass of the unknown is correct (Increase, decrease, or remain the same)? Explain your answer.

3. How will loss of the lauric acid affect the calculated molecular mass of the unknown, assuming that the mass of the unknown is correct (Increase, decrease, or remain the same)? Explain your answer.

Direct Connect Temperature Probe Calibration

I. Set up the calculator and CBL for Temperature measurement:

1. Connect the CBL unit to the TI-83+ calculator with the unit-to-unit link cable using the I/O ports

    located on the bottom edge of each unit. Press the cable ends in firmly.

2. Connect the CBL DIN adapter to the end of the Vernier standard temperature probe (metal) and plug the

    adapter into channel 1, CH 1, on the CBL unit. Plug the CBL voltage adapter into the bottom of the 

    CBL.

3. Turn on the CBL unit and calculator. The CBL system is now ready to receive commands from the 

    calculator.

II. Calibration Procedure:
Make sure the CBL unit and the calculator are turned on. 

1. Press [PRGM] on the TI-83+. Using the arrow keys, highlight the program CHEMBIO. Press 

   [ENTER].
2. (Display should read “prgmCHEMBIO”)  Press [ENTER].

3. (Display should read “VERNIER SOFTWARE...”)  Press [ENTER].

4. Select SET UP PROBES by using the arrow keys to highlight this choice. Press [ENTER]. If you

   get the ***Link Error*** message check all link connection and  make sure CBL is turned on. Press 

   [ENTER]. 

5. The display should read “Enter number of probes.” You are using only one probe, therefore press [1] and

   [ENTER]. The CBL display should show three dashes.
6. You are using the temperature probe, therefore, select Temperature. Press [ENTER].
7. You should have your probe connected in channel one, CH 1, therefore, press 1 and [ENTER].

8. The display should now show a Calibration Menu. You want to select Perform New by using the 

    arrow keys to highlight this choice then press [ENTER]. The message “Use [CH View]Button on CBL 

    to Monitor Voltage When Stable Press CBL Trigger” will appear.

9. Place the temperature probe in a mixture of ice and water. Swirl the probe and  thermometer in the ice bath for

   a few minutes until they reach thermal equilibrium. When the voltage reading on the CBL has stabilized, press

   [Trigger] and “0” for the reference value in the calculator. Press [ENTER].
10. Place the temperature probe in a boiling water bath. Swirl the probe and thermometer in the water bath for a 

      few minutes until they reach thermal equilibrium. When the voltage reading on the CBL has stabilized, press

      [Trigger] and enter “100” for the reference value in the calculator. Press [ENTER].
11. The calculator will show values similar to a slope (55) and intercept(-18) of the calibration line. Press [ENTER].
12. Write down the slope and intercept for potential use in Manual Entry later.

13. You should now be back at the Main Menu display on the calculator.
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