COOLING CURVE FOR t-BUTANOL

Objective: To measure and record the temperature change as t-butanol is cooled from its boiling temperature to as near 0(C as possible and to determine the transition temperatures where boiling and freezing occur. To calculate the heat associated with both phase changes of a pure substance and raising or lowering the temperature (average kinetic energy) of the solid or liquid.

Summary of Theory: As you heat a solid to its melting temperature, the average kinetic energy (KE) is increased. As you heat the solid to melt it, causing a phase change, the thermal energy being added is stored by the substance as increased potential energy (PE). The temperature remains constant during the phase change. As you heat a liquid from its melting temperature to its boiling temperature, its average KE is being increased. As you heat a liquid at its boiling temperature, its PE is being increased. Once the phase change is complete, then additional thermal energy heats the gas/vapor to some temperature higher than its boiling temperature.  The curve comes out looking like the diagram below with the y axis being the increasing temperature and the x axis the time of heating the sample. This heating curve is unique for each pure substance and the plateau regions represent melting and boiling temperatures.





The time required to complete each part of the heating process depends on the amount of heat that needs to be absorbed and the rate at which the heat source supplies energy to the sample (J/sec)

The heat absorbed for each part of this transition of the solid t-butanol to the t-butanol vapor can be calculated as follows:

Q = heat
c = specific heat

Heat the solid to its melting temperature:

Q1 = (mass in g)(csolid)((T) 

(T= Tfinal -Tinitial
Melting the solid:
Q2 = (moles)((Hofusion)

No temperature change occurs.

Heating the liquid to its boiling point:
Q3 = (mass in g)(cliquid)((T)

(T= Tfinal -Tinitial

Boiling the liquid at its boiling temperature:
Q4 = (moles)((Hovaporization)

No temperature change occurs.

Heating the gas/vapor to its final temperature:

Q5 = (mass in g)(cgas)((T)

(T= Tfinal -Tinitial

The total heat requirement for the 5 changes is:

Q total = Q1 + Q2 + Q3 + Q4 + Q5

Substance specific information provided from the CRC handbook follows:

Density of liquid t-butanol is 0.789g/ml at ( 25(C

(H fusion = 6.71 kJ/mol

(H vaporization = 39.1 kJ/mol

csolid = 2.30 J/g(C

cliquid = 3.35 J/g(C

cgas = 1.93 J/g(C

The structure of t-butanol is 
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Procedure: 
1. Obtain and wear safety goggles.

2. Plug the CBL temperature probe into the adapter cable in Channel 1 of the CBL. 

Connect the CBL to the TI-83+ calculator with the link cable using the port on the bottom edge of each unit. Firmly press in the cable ends. Plug the AC adapter into the CBL.

3. Turn on the CBL unit and the TI-83+ calculator. Press [PRGM] and select HEAT. Press [ENTER].

4. The name of program (prgm HEAT) will appear. Press [ENTER].

5. For the seconds between points, enter 20. Press [ENTER].

6. Pour 5.0mL of t-butanol into a 15x120 mm test tube.

7. Place the temperature probe into the test tube.

8. Using a test tube clamp, hold the test tube in a 250mL beaker of boiling water.

9. Wait a few minutes to allow the t-butanol to start to boil and the temperature probe to reach the temperature of the boiling t-butanol.

10. Press [ENTER] on the calculator. The temperature will be displayed on the CBL and the data graphed on the calculator.

11. Once the CBL has collected 4-5 points to establish the boiling point (the graph should be horizontal at this point), remove the test tube from the boiling water bath using the test tube clamp and transfer it to a 250mL beaker containing about 150 ml of room temperature water.

12. Place the test tube in the middle of the beaker and clamp it to a ring stand. The water level in the beaker should be above the level of the t-butanol in the test tube and the test tube should not be resting on the bottom of the beaker.

13. With a small up and down motion of the temperature probe, continuously stir the 

t-butanol as it cools. Let the t-butanol cool in the room temperature bath until it starts to

solidify. Stir the water bath to promote even cooling.

14. Add ice to the water bath until the t-butanol freezes and the temperature starts to drop.

Stop stirring the t-butanol once it starts to freeze and there is resistance in moving the temperature probe. Continue stirring the water bath to promote even cooling. Let the temperature drop as low as it can during the data collection time. 

15. When the CBL unit display shows that it is DONE, press the TRACE on the calculator and use the arrow keys to find the boiling and freezing point of the pure t-butanol. This should be where the temperature has leveled off to form the two plateaus in the cooling graph. Record the boiling and freezing point of pure t-butanol in the Data Table (round to the nearest 0.1oC).

16. To see the table of the data, press the [STAT] key on the calculator. EDIT should be highlighted. Press [ENTER] The Time should be in [L 3] and the Temperature in [L 4].

17. Use a warm water bath to melt the probe out of the solid t-butanol. Do not attempt to

pull the temperature probe out of the solid because this might damage it. Rinse the probe with acetone into a waste beaker and dry the probe with a paper towel. Return the test tube containing the t-butanol to the place directed by your teacher

COOLING CURVE FOR t-BUTANOL

Data Table

NAME________________________________________________ Period______

Lab Partner___________________________________________ Course______

Density of liquid t-butanol is 0.789g/ml at (25(C

(H fusion = 6.71 kJ/mol

(H vaporization = 39.1 kJ/mol

csolid = 2.30 J/g(C

cliquid = 3.35 J/g(C

cgas = 1.93 J/g(C

Results:

Volume t-butanol ______mL

Boiling Point______(C

Melting Point______(C

(Show calculations)

1. Calculate the mass of your sample:



______g

2. Calculate the heat lost as the sample is cooled from its boiling point to its freezing point, Q1.








Q1 = 
______kJ

3. Calculate the heat lost as the sample freezes, Q2.








Q2 = 
______kJ

4. Calculate the heat lost as the sample cools from its freezing point to 10(C, Q3.








Q3 = 
______kJ

5. Calculate the total heat lost during the cooling of the sample, Q1 + Q2 + Q3 = Qtotal.

6. Label the following cooling curve.

a) Label the axes as temperature ((C) and time (sec). 

b) Label the 5 parts of the curve along the straight lines as solid, liquid, gas, melting, boiling.

c) Label the temperature axis at the melting point temperature and boiling point temperature.


STATEMENT OF CONCLUSIONS: 

The CRC values for t-butanol are:  Boiling point, 83.0(C and Melting point, 25.5(C. Compare your results for the melting point and boiling point to these values.
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