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Name _____________________
Class ______________
Date _________


Activity SL08: Heat of Vaporization of a Liquid 
(Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Phase change
C04 Vaporization.DS
C04 Heat of Vaporization
C04_HVAP.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Temperature Sensor (CI-6505A)
1
Acetone
10 mL

Graduated cylinder, 10 mL
3
Isopropyl alcohol (or ethanol)
10 mL

Protective gear
PS
Water, distilled or de-ionized
10 mL

What do you think?

[image: image1.wmf]Which liquid is more efficient (alcohol, acetone, or water) at cooling down an object as a result of evaporation? Is there a relationship between the rate of evaporation and the cooling effect that a liquid exhibits? Is there a relationship between the boiling point of these liquids and their rate of evaporation?

Take time to write answers to the questions in the Lab Report section.

Background

[image: image4.wmf]Have you ever heard of a person that has a high fever getting a “sponge” bath? A common home remedy for bringing down a fever is to use a sponge to apply either water or rubbing alcohol to the skin of the person with the fever. The water or alcohol is normally at room temperature to start. The method takes advantage of basic physical science theory: evaporation follows from the distribution of molecular speeds in a liquid. The faster molecules have enough energy to escape through the liquid surface tension despite the attractive forces of the other molecules. The molecules left behind redistribute the available energy in collisions among themselves. Since the most energetic molecules have escaped, the average energy of the system is less than before and the liquid is now at a lower temperature. In the case of the sick patient this has the effect of reducing the temperature of the body.

You may have already observed this cooling as a result of evaporation in everyday experiences. Here are some examples: 

· Rubbing alcohol feels “cold” to the touch even if it is at room temperature. Rubbing alcohol is often used to “sponge bath” a patient who is suffering from a high fever.

· Acetone, the main component of many fingernail polish removers, also feels “cold” to the touch, even when it is at room temperature. (* Acetone is a toxic substance and should not be placed on the skin and it should only be used in a chemical fume hood)

· Your body uses water (a coating of sweat on your skin) to cool down the body when it is overheating.

What do you think about how the above phenomena takes place?

SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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For You To Do 

Allow equal measures of various liquids to evaporate from the end of a Temperature Sensor and observe the change in temperature using DataStudio or ScienceWorkshop. Use the software to determine the rate of cooling of the three liquids. 

Hint: Use the DataStudio “slope” feature or the ScienceWorkshop “linear fit” feature.

Compare the rate of evaporation of the three liquids.

Pre-Lab

Acetone, rubbing alcohol (isopropyl alcohol). and water are three liquids that have different physical and chemical properties. Differences in physical and chemical properties of these particular solvents make each useful for particular purposes. One of these properties is volatility. A volatile liquid is one that evaporates quickly. Variation in volatility is one of several physical and chemical properties that separate one liquid from another.

Refer to resources such as the Handbook of Chemistry and Physics and find the Boiling Points and Heat of Vaporization values of the liquids. Predict the cooling effects of the various liquids based on this information.

Can you rank the liquids in order from “fastest cooling” to “slowest cooling”?

Fill in the table below with data obtained from a reference resource (such as the Handbook of Chemistry and Physics).

Property
Acetone
Isopropyl alcohol
Water

Molecular mass (g/mole)
58
60
18

Freezing point (˚C)
-94
-79
0

Boiling point (˚C)
57
70
100

Heat of vaporization (cal/g)
134.7
235.3
540

In general, the lower the Heat of Vaporization, the lower the Boiling Point of the liquid, and the more volatile the liquid.

[image: image5..pict]PART I: Computer Setup
1. Connect the interface to the computer, turn on the interface, and turn on the computer. 

2. Connect the DIN plug of the Temperature Sensor into Analog Channel A of the interface.

3. Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C04 Vaporization.DS
C04 Heat of Vaporization
C04_HVAP.SWS

· The DataStudio file has a Workbook display. Read the instructions in the Workbook

· The ScienceWorkshop file has a Graph display of Temperature versus Time.

PART II: Sensor Calibration and Equipment Setup
You do not need to calibrate the Temperature Sensor. 

1.
Put 10 mL of acetone, isopropyl alcohol, and water into separate 10-mL graduated cylinders.

PART IIIA: Data Recording for Acetone
The liquid and the sensor should be at room temperature at the start of the activity. 

1. [image: image6..pict]Place the Temperature Sensor into the cylinder with the acetone until the sensor touches the bottom of the cylinder. When everything is ready, start recording data. Leave the sensor in the liquid for 10 seconds. 

2. After 10 seconds, remove the sensor from the liquid. Hold the sensor vertically. The liquid will evaporate and the evaporation will take about 2 minutes.

3. Continue collecting data until the liquid on the sensor appears to be completely evaporated and then stop recording data. 

4. Rinse the Temperature Sensor.

PART IIIB: Data Recording for Isopropyl Alcohol
5. Repeat the procedure of cooling the Temperature Sensor with alcohol instead of acetone.

6. Rinse the Temperature Sensor.

PART IIIB: Data Recording for Isopropyl Alcohol
7. Repeat the procedure of cooling the Temperature Sensor with water instead of alcohol.

8. Rinse the Temperature Sensor.

9. Dispose of the liquids in the graduated cylinders as directed.

Analyzing the Data
1. Set up your Graph display so it shows the data for the first liquid (acetone).

Hint: Rescale the Graph to fit the data.

2. Use the ‘slope’ feature in the Graph in DataStudio or the ‘Curve fit –linear fit’ feature of ScienceWorkshop to determine the rate at which the liquid cools.

Hint: One way to determine the rate is to compare the change in temperature to the amount of time.

Hint: Use the Smart Tool in DataStudio or the Smart Cursor in ScienceWorkshop. Click and drag the cursor from the beginning point to the minimum temperature.

3. [image: image7..pict][image: image8..pict]Repeat the data gathering process for the other two liquids: alcohol and water. 

Hint: Drag the data run to the Graph in DataStudio, or click on the DATA menu button and select “Run #2” from the data menu in ScienceWorkshop.

Record your results in the Lab Report section.

Lab Report - Activity SL08: Heat of Vaporization of a Liquid

What Do You Think?

Which liquid is more efficient (alcohol, acetone, or water) at cooling down an object as a result of evaporation? Is there a relationship between the rate of evaporation and the cooling effect that a liquid exhibits? Is there a relationship between the boiling point of these liquids and their rate of evaporation?

Data Table: Heat of Vaporization – Liquid

Liquid
Slope ( rate of cooling )

Acetone


Alcohol


Water
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Questions

1.
Rank the three solvents, from low slope to high slope, by the slope of their Temperature vs. Time curve.

2.
How does your ranking compare to their boiling points?

3.
How does your ranking compare to their Heats of Vaporization?

4.
What is the relationship of Heat of Vaporization to the rate of evaporation of these solvents?
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