Gateway 125,126, 130
Fall 2006
Studio 5b p1

Studio 5b:  10/4/06  Molecular Interactions 

1) Like dissolves like

2) Boiling away

Reading:  9.6 p 409-418; 11.1-11.2 p488-493; 11.4-11.5 p 505-510
Group assignments:  A Technician;  B Leader; C Recorder/Reporter
1) Like dissolves like
Question  Is ethanol more like oil or water?  Of water, ethanol, and vegetable oil (Table 1), which ones mix with which others to form homogeneous solutions?
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Table 1:  Structures of Water, Ethanol, and Oil 
	water
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	ethanol
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	vegetable oil
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= C18H32O2


1) Hypothesis:  Write out your hypothesis:

Data Collection through Experimentation

2)  Outline an experimental method for answering the question:  (Try to conserve material by using small volumes; test your mixes out in narrow vials using as small of volumes as possible to give accurate observations.)
3) Record your observations:

4) Now, follow these instructions:

Vial #1
Add 10 ml of water that has been colored with blue food coloring to a large vial.  Then carefully pour 5 ml of vegetable oil down the side of the tube so that it sits on top of the water. Then very carefully add 5 ml of ethanol that has been colored with red food coloring. 

Vial #2
With the same care taken for vial #1, add 5 ml of blue water, then 5 ml of oil, and then 10 ml of red ethanol to a second vial.

Record any observations.  (Sketches may be helpful)

5)  Shake up both test tubes (do NOT shake vigorously).  Allow them to set for several minutes. Record observations.

Evaluate
6) Explain your observations

a.  describe the similarities and the difference in the molecules (Table 1)

b. using intermolecular forces, explain the solubility that you observed

c. Explain your observations from the colored solutions (#4); how can you determine which layer is on top?
Wash your vials so that they can be reused!________________________________________
2) Boiling away
Question  

How are intermolecular forces related to properties such as boiling point or evaporation?

Data/Fact Gathering 
7) Describe why, at room temperature, propane is a gas, water is a liquid, and salt (such as sodium chloride) is a solid.  Use intermolecular forces in your description.
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8)  Rank the boiling points (the temperature at which the equilibrium vapor pressure of a liquid equals the external pressure on the liquid) of propane, water, and sodium chloride from lowest to highest.

Hypothesis

9)  Write a hypothesis about the relationship between intermolecular forces and boiling point. 
10)  Write a hypothesis about the relationship between intermolecular forces and evaporation (the process of changing from a liquid to a vapor)?

Data/Fact Gathering

11) List the intermolecular forces in each of the liquids in Table 1.
Table 1:   Liquids Evaporation Data
	Liquid
	Structure
	Molecular Weight 

(g/mol)
	Intermolecular Forces
	Temperature Change 

(oC)

	Pentane
	[image: image5.wmf]C

C

H

C

H

H

O

H

H

H

H

H



	72.15
	
	

	Acetone
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	58.08
	
	

	 Ethanol
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	1-propanol
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12)  Your body sweats when you get hot in a process called evaporative cooling.  Why does sweating cool off your body?

Hypothesis
13)  Which liquid in Table 1 will have the greatest change in temperature upon evaporation and why?  Write a hypothesis.

Data/Fact Gathering
Read all directions and plan how to collect your data before beginning.

SAFETY:  All liquids being used in this activity are highly volatile, meaning they evaporate quickly at room temperature.  Keep all vials closed when they are not in use so that unnecessary vapors do not escape into the room.  DO NOT breath in the vapors when standing over the thermometer to record temperatures.

Procedure:

Wrap the end of a temperature probe thermometer with a small piece of filter paper (approx. 1 x 2.5 in) secured by a small rubber band or clothes pin. The paper should be even with the end of the probe.

Soak the end of the probe in one of the liquids for 60 seconds.  Record temperature the temperature at time zero while the probe is still in the liquid.  
Obtain a piece of tape.  Remove the probe from the liquid and begin timing.  Secure the thermometer to the table with the papered end hanging over the edge.  

Record the temperature every 15 seconds for a total of 120 seconds.  Once data collection is complete, remove the filter paper and place it in the waste bucket.  Repeat the procedure until you have data for each liquid.  You should have at least 9 data points for each liquid.

Data table:  (Be sure to give it a number and title.)
14)  Calculate the changes in temperature and fill them in Table 1.
Evaluation

15) Based on the structure of the chemicals:


a) How does the structures, which had the largest temperature change, differ from the others?

b) How does the structure, which had the smallest temperature change, differ from the 

    others?

16) Why do these liquids have different magnitudes of temperature change?  What factors affect evaporation?

17)  Was your hypothesis (Q13) correct?  Explain.

18)  Based on what you have learned in this activity, predict the approximate temperature change associated with the evaporation of methanol, formaldehyde, and 2-propanol.  The structures are provided below.  Where would they fall among the 4 liquids you tested?  You must provide reasoning for your answer in order to receive any credit.

	Liquid
	Structure
	MW (g/mol)
	Forces

Present
	Predicted Temp

change (oC)
	Reasoning

	Methanol
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	Formaldehyde
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� Taken directly from NC State’s Scale-up chemistry  (http://scale-up.ncsu.edu/)
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