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Another Look 
at Freezing Temperature

In the experiment, “Freezing and Melting of Water,” you saw that the temperature of pure water remained constant at its freezing temperature as it froze and melted. Using a computer-interfaced Temperature Probe, you will now observe what happens when a different pure substance, phenyl salicylate, freezes. Using a second Temperature Probe and sample, you will also see the effect on freezing temperature when a small amount of another substance, benzoic acid, is dissolved in the phenyl salicylate.

OBJECTIVES

In this experiment, you will

· Observe what happens when phenyl salicylate freezes.

· See the effect on the freezing temperature when a small amount of benzoic acid is dissolved in the phenyl salicylate.

MATERIALS

	computer
	ring stand

	Vernier computer interface
	2 utility clamps

	Logger Pro
	test tube with phenyl salicylate

	2 Temperature Probes

1 liter beaker
	test tube with phenyl salicylate & benzoic acid

2 crystals of solid phenyl salicylate

	thermometer (optional)
	


PROCEDURE

1.
Obtain and wear goggles.

2.
Connect the probes to the computer interface. Prepare the computer for data collection by opening the file “03 Another Look Freezing” from the Chemistry with Vernier folder of Logger Pro.

3.
Fill a 1 liter beaker about 4/5 full with water at a temperature in the range 30–32°C. This temperature can be obtained by blending hot and cold tap water. This water temperature should be measured with a thermometer or Temperature Probe. Place the 1 liter beaker on the base of the ring stand.
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Figure 1

4.
Obtain 2 crystals of solid phenyl salicylate to use in Step 9.

5.
Identify the Channel 1 and Channel 2 Temperature Probes. The Channel 1 Temperature Probe will be used with pure phenyl salicylate, and the Channel 2 probe with the benzoic acid-phenyl salicylate mixture. Note: Plan ahead for quick positioning of the probes and test tubes in Step 7!

6.
When everything is ready, use two utility clamps to obtain test tubes containing the two hot liquids from your teacher. While one team member obtains the melted phenyl salicylate, another can get the melted benzoic acid-phenyl salicylate mixture. Fasten the utility clamps at the top of the test tubes to carry them back to your lab station. CAUTION: Be careful not to spill the hot liquids and do not touch the bottom of the test tubes.
7.
Immediately insert the Channel 1 Temperature Probe into the hot phenyl salicylate and the Channel 2 probe into the hot benzoic acid-phenyl salicylate mixture. Then attach the clamps to the ring stand with the test tubes still above the water. About 30-45 seconds are required for the probes to warm up to the temperature of their surroundings and give correct temperature readings. During this time, watch the live temperature values displayed in the meter. When the temperatures start to drop, click [image: image2.png]


 to begin data collection. Lower one test tube, then the other, into the water bath as shown in Figure 1.

8.
Make sure the water level outside the test tubes is higher than the liquid levels inside the test tubes. The Channel 1 probe is now monitoring the phenyl salicylate as Temperature 1, and the Channel 2 probe is monitoring the benzoic acid-phenyl salicylate mixture as Temperature 2. If the temperature at the start of the graph was not above 50°C for either one of your Temperature Probes, obtain two more samples and begin again.

9.
With a very slight up and down motion of both probes, continuously stir the liquids during the cooling. Hold the tops of the probes and not their wires! If no solid appears in either test tube by the time the temperature drops below 39°C, add a crystal of solid phenyl salicylate to the liquid(s) with no solid. 


10.
When either probe begins to stick in the phenyl salicylate, stop stirring. Continue on with the experiment until both temperatures have dropped below 31°C or until 20 minutes have passed. Click [image: image3.png]


 to end data collection or wait for it to end automatically after 20 minutes.


11.
When you have finished collecting data, if a Temperature Probe has frozen into the phenyl salicylate, use the hot water bath provided by your teacher to melt it out. Do not attempt to pull the probe out—this might damage it!


12.
Return the test tubes containing the phenyl salicylate and the benzoic acid-phenyl salicylate mixture to the places directed by your teacher.


13.
To print a graph of temperature vs. time for the two cooling curves:

a. Label each curve by choosing Text Annotation from the Insert menu, and typing “Phenyl salicylate” (or “Benzoic acid-phenyl salicylate”) in the edit box. Then drag each box to a position near its respective curve. Adjust the orientation of the arrowhead by clicking and dragging it to the desired position.

b. Print a copy of the graph. Enter your name(s) and the number of copies of the graph you want.


14.
Proceed directly to Step 1 of Processing the Data.

PROCESSING THE DATA


1.
Find the freezing temperature of pure phenyl salicylate:

a. To hide the curve of the Channel 2 probe, click the Temperature vertical-axis label of the graph, and choose Temperature 1.

b. Move the mouse pointer to the beginning of the graph’s flat part. Press the mouse button and hold it down as you drag across the flat section to select it.

c. Click on the Statistics button, [image: image4.png]


. The mean temperature value for the selected data is listed in the statistics box on the graph. Record this value as the freezing temperature of pure phenyl salicylate in your data table. 

d. To remove the statistics box, click on the upper-left corner of the box.


2.
Find the freezing temperature of the benzoic acid-phenyl salicylate mixture:

a. Click the Temperature vertical-axis label of the graph and choose Temperature 2.

b. To find the freezing point of a mixture, you need to determine the temperature at which it first started to freeze. Unlike pure phenyl salicylate, your data may show a linear, but gradually decreasing change in temperature during the time period when freezing takes place. Move the mouse pointer to the beginning of the graph’s sloping linear sloping section. Press the mouse button and hold it down as you drag only the sloping linear region of the curve.

c. Click on the Linear Fit button, [image: image5.png]


. A regression line will fit the section of data you selected. 

d. Choose Interpolate from the Analyze menu. A vertical cursor now appears on the graph. As you move the mouse pointer along the regression line, the cursor’s x and y coordinates are displayed in the floating box (x is time and y is temperature). Move the cursor left along the regression line to the point where it intersects the initial steep temperature drop of the cooling curve—this is the temperature when freezing began. Record the initial freezing temperature of the mixture in your data table. 

3.
How are the curves on the two graphs different? You should see at least two effects that dissolving benzoic acid in phenyl salicylate had on the freezing process.

4.
Based on this lab, what method could a chemist use to determine whether an unknown liquid is pure or has an impurity dissolved in it?

DATA TABLE

	Freezing temperature, phenyl salicylate
	°C

	Freezing temperature, benzoic acid-phenyl salicylate mixture
	°C


Chemistry with Vernier
3 - 

3 - 

Chemistry with Vernier
Chemistry with Vernier
3 - 


