Gateway 125,126, 130
Fall 2006
Studio 5b p8

Studio 5b:  10/4/06  Molecular Interactions 

1) Like dissolves like

2) Boiling points
3) Surface tension

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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	vegetable oil
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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 sit 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 points
Question  

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

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. 
Data/Fact Gathering
11) List the intermolecular forces of each of the molecules in Table 2.
Table 2:  Boiling Point Data
	
	Structure
	Molecular Weight

(g/mol)
	Intermolecular Forces
	Boiling point (oC)

	butane
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	pentane
	
[image: image6.wmf]H

C

H

H

C

C

H

H

C

H

C

H

H

H

H

H

H


	72.1
	
	36.1

	hexane
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	methoxy-ethane
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	diethyl ether
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	methoxy butane
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	acetone
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	2-butanone
	
[image: image12.wmf]H

C

H

H

C

C

H

H

C

H

H

H

O


	72.1
	
	80

	3-pentanone
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	1-propanol
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	1-butanol
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	1-pentanol
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12)  What is the physical state (solid, liquid, gas) of each of these molecules at room temperature (22oC)?  Do any liquids boil below body temperature (37oC)?
13) Explain the relationship between intermolecular forces and boiling points in this set of molecules.  What trend do you observe?

14) How are molecular weight, intermolecular forces, and boiling points related?

15) Is the relationship between molecular weight and boiling point linear?  If so, use it to predict the boiling point of octane (CH3(CH2)6CH3).
16)  Hydrocarbons (molecules composed of hydrogen and carbon) can have isomers (molecules with the same molecular formula, but a different structure) such as those of pentane shown in Table 3.  How is boiling point affected by the structure of the molecule?
Table 3:  Isomers of pentane

	
	Structure
	Molecular Weight

(g/mol)
	Intermolecular Forces
	Boiling point (oC)

	pentane
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	2-methylbutane
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	1,2-dimethylproane
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3) Surface Tension
17) Will the following objects float on water?  Straw, wood, weights, paper clips, pop bottle caps, rings.  Explain why or why not:

18) Fill a 250 mL beaker with as much water as possible (add water with a water bottle until water is about to pour over the edge).  How many paper clips can you float?

Q:  Why can paperclips float on water?   

A:  Surface tension:  “Surface tension is caused by the attraction between the molecules of the liquid, due to various intermolecular forces. In the bulk of the liquid each molecule is pulled equally in all directions by neighboring liquid molecules, resulting in a net force of zero. At the surface of the liquid, the molecules are pulled inwards by other molecules deeper inside the liquid, but there are no liquid molecules on the outside to balance these forces. (There may also be a small outward attraction caused by air molecules, but as air is much less dense than the liquid, this force is negligible.) All of the molecules at the surface are therefore subject to an inward force of molecular attraction which can be balanced only by the resistance of the liquid to compression. Thus the liquid squeezes itself together until it has the lowest surface area possible.”

19) What intermolecular forces create the surface tension in water?

20) Obtain a second set of paperclips from your GSI and see how many of them you can float.

The set of paperclips that you obtained from your GSI had been rubbed with dish soap, a surfactant.  Surfactants are chemicals that have hydrophilic (water loving) heads and hydrophobic (water fearing) tails.  They are often represented as shown in Figure 1.
Figure 1:  Diagram of a surfactant
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Surfactants can be used in cleaning.  The hydrophilic head of a surfactant will dissolve in water, while the tail will penetrate dirt and grease to carry it away from skin and fabric as represented in Figure 2.

Figure 2:  Soap washing a grease spot away
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21)  What are the intermolecular forces within the micelle?  What intermolecular forces are at work between the water and the micelle?  Draw a picture/s.
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� Taken directly from NC State’s Scale-up chemistry  (http://scale-up.ncsu.edu/)


� Wikipedia. Surface tension.  � HYPERLINK "http://en.wikipedia.org/wiki/Surface_tension" ��http://en.wikipedia.org/wiki/Surface_tension� (accessed May 2005).
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