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Activity C05: Evaporation and Intermolecular Attractions (Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Phase change
C05 Evaporation.DS
C05 Evaporation
C05_EVAP.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Temperature Sensor (CI-6505A)
2
Ethanol (ethyl alcohol)
10 mL

Test tube, 20 by 150 mm
6
Methanol (methyl alcohol)
10 mL

Protective gear
PS
1-butanol
10 mL



1-propanol
10 mL



n-hexane
10 mL



n-pentane
10 mL



Filter paper (2.5 by 2.5cm)
6



Rubber band, small
2



Tape, masking
1 roll

What Do You Think?

[image: image1.wmf]The purpose of this experiment is to study temperature changes caused by evaporation of several liquids and relate the temperature changes to the strength of the forces of attraction between molecules of the liquid. What do you think the relationship will be between the strength of intermolecular attraction for a liquid and the amount of temperature change caused by evaporation of the liquid?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.
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Background

Evaporation is an endothermic process that results in a temperature decrease. Evaporating molecules carry away thermal energy when they leave a liquid. The amount of temperature decrease is related to the strength of intermolecular forces of attraction. 

Alkanes and alcohols are two types of organic compounds. Alkanes have carbon and hydrogen atoms. The two alkanes used in this activity are pentane, C5H12, and hexane, C6H14. In addition to carbon and hydrogen atoms, alcohols also contain the -OH functional group. Two of the alcohols used in this activity are methanol, CH3OH, and ethanol, C2H5OH. 

Pre-Lab

Complete the Pre-Lab table before beginning the activity. Examine the molecular structure of alkanes and alcohols for the presence and relative strength of two intermolecular forces — hydrogen bonding and dispersion forces. The name and formula are given for each compound. Draw a structural formula for a molecule of each compound and determine the molecular mass of each molecule. Dispersion forces exist between any two molecules, and generally increase as the molecular mass of the molecule increases. Next, examine each molecule for the presence of hydrogen bonding. Before hydrogen bonding can occur, a hydrogen atom must be bonded directly to an N (nitrogen), O (oxygen), or F (fluorine) atom within the molecule. Indicate whether or not each molecule has hydrogen-bonding capability in the pre-lab table.

Pre-Lab Table

Substance
Formula
Structural Formulas
Molecular Mass
Hydrogen Bond
(Yes or No)

ethanol
C2H5OH




1-propanol
C3H7OH




1-butanol
C4H9OH




n-pentane 
C5H12




methanol
CH3OH




n-hexane
C6H14




SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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SAFETY ALERT
Keep flammable substances away from flames.

For You To Do

Use Temperature Sensors to measure the change in temperature of pieces of filter paper that have been soaked in various organic liquids. After measuring the change in temperature for ethanol and 1-propanol, make a prediction for the change in temperature for 1-butanol and n-pentane. Use Temperature Sensors to test your prediction. Then make a prediction for the change in temperature for methanol and n-hexane. Use the sensors to test your prediction.Use DataStudio or ScienceWorkshop to record, display, and analyze your data.

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

2.
Connect the DIN plug of one Temperature Sensor into Analog Channel A and the DIN plug of the other sensor to Analog Channel B on the interface.

3.
Open the file titled as shown:


DataStudio
ScienceWorkshop  (Mac)
ScienceWorkshop  (Win)

C05 Evaporation.DS
C05 Evaporation
C05_EVAP.SWS

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

•
The ScienceWorkshop file has two Digits displays and three Table displays of Temperature versus Time.

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

1.
Wrap the ends of Sensor A and Sensor B with square pieces of filter paper secured by small rubber bands as shown in the diagram. Roll the filter paper around the sensor tip in the shape of a cylinder. (Hint: First slip the rubber band up on the sensor, wrap the paper around the sensor, and then slip the rubber band over the wrapped paper.) The lower edge of the paper should be even with the sensor end.

2.
Stand Sensor A in the ethanol container and Sensor B in the 1-propanol container. Make sure the containers do not tip over. 
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Cut 2 pieces of masking tape, about 10-cm long, to be used to tape the sensors in position during Data Recording.

PART IIIA: Data Recording – Ethanol and 1-propanol
1.
After the sensors have been in the liquids for at least 45 seconds, start recording data. (Hint: Click ‘Start’ in DataStudio or click ‘REC’ in ScienceWorkshop.) 

2.
Observe the Digits displays until the temperature stabilizes. 

3.
Record this temperature as the initial temperature of each liquid. Then simultaneously remove the sensors from the liquids and tape them so the sensor tips extend 5 cm over the edge of the tabletop as shown in the diagram.

4.
Stop data recording at 200 seconds.

5.
Dispose of the filter paper as directed by your teacher.

Analyzing the Data for Ethanol and 1-propanol
1.
Set up the Table display to show ‘Statistics’ for the temperature data for ethanol and 1-propanol. 

2.
Record the minimum and maximum temperature for ethanol (sensor A) and 1-propanol (sensor B). Subtract the minimum temperature from the maximum temperature to determine ∆T, the temperature change during evaporation.

Make a Prediction for 1-butanol and n-pentane
1.
Based on the ∆T values you obtained for ethanol and 1-propanol, plus information in the Pre-Lab exercise, predict the size of the ∆T value for 1-butanol. (Hint: Compare its hydrogen-bonding capability and molecular mass to those of ethanol and 1-propanol. It is not important that you predict the exact ∆T value; simply estimate a logical value that is higher, lower, or between the previous ∆T values.) 

2.
Record your predicted ∆T, then explain how you arrived at this answer in the space provided. 

3.
Make a prediction for n-pentane and record your predicted ∆T and explanation.

PART IIIB: Data Recording – 1-butanol and n-pentane
1.
Test your prediction by repeating the data recording procedure using 1-butanol for Sensor A and n‑pentane for Sensor B.

2.
Start recording data. Record the initial temperature of each liquid. Then simultaneously remove the sensors from the liquids and tape them so the sensor tips extend 5 cm over the edge of the tabletop as shown in the diagram.

3.
Stop data recording at 200 seconds.

4.
Dispose of the filter paper as directed by your teacher.

Make a Prediction for methanol and n-hexane
1.
Using your measured ∆T values, predict the ∆T values for methanol and n-hexane. Compare the hydrogen-bonding capability and molecular mass of methanol and n-hexane to those of the previous four liquids. 

2.
Record your predicted ∆T, then explain how you arrived at your answer.

3.
Test your prediction by repeating the data recording procedure using methanol for Sensor A and n-hexane for Sensor B.

PART IIIC: Data Recording – methanol and n-hexane
1.
Test your prediction by repeating the data recording procedure using 1-butanol for Sensor A and n‑pentane for Sensor B.

2.
Start recording data. Record the initial temperature of each liquid. Then simultaneously remove the sensors from the liquids and tape them so the sensor tips extend 5 cm over the edge of the tabletop as shown in the diagram.

3.
Stop data recording at 200 seconds.

4.
Dispose of the filter paper as directed by your teacher.

Analyzing the Data
Complete the Data Table and answer the questions in the Lab Report section.

Lab Report - Activity C05: Evaporation and Intermolecular Attractions

What Do You Think?

What do you think the relationship will be between the strength of intermolecular attraction for a liquid and the amount of temperature change caused by evaporation of the liquid?

Data Table: Evaporation

Substance
T2 
(°C)
T1
(°C)
∆T (T2–T1)
(°C)




ethanol









1-propanol




Predicted
∆T (°C)
Explanation




1-butanol







n-pentane







methanol







n-hexane







Questions

1.
N-pentane and 1-butanol have almost the same molecular mass, but significantly different ∆T values. Explain the difference in ∆T values of these substances, based on their intermolecular forces.

2.
Which of the alcohols studied has the strongest intermolecular forces of attraction? The weakest intermolecular forces? Explain using the results of this experiment.

3.
Which of the alkanes studied has the strongest intermolecular forces of attraction? The weakest intermolecular forces? Explain using the results of this experiment.

4.
Plot a graph of ∆T values of the four alcohols versus their respective molecular masses. Plot molecular mass on the horizontal axis and ∆T on the vertical axis. How does molecular mass correspond to ∆T?
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