Gateway 125,126, 130
Fall 2005
Week 4, Lab 2 p11

Week 4, Lab 2:  9/29:  Molecular Interactions 

1) Intermolecular forces

2) Diet and intermolecular forces

3) Olestra

Reading:  9.6 p 409-418

Group assignments:  A Leader;  B Recorder/Reporter; C Technician/Researcher

Question:  Now that you are familiar with how atoms interact with other atoms in a molecule, what happens when you have molecules interacting with one another?

Data/Fact Gathering:  There are three major types of intermolecular forces:

I.  London Dispersion Forces (also called Dispersion Forces, or London Forces):  

All covalently bonded molecules share electrons among its atoms.  In molecules, electrons reside in molecular orbitals which surround two or more atoms (Figure 1) just like in atoms, electrons reside in atomic orbitals. 

Dispersion forces are related to the polarizability of a molecule or how distortable the molecule’s molecular orbital is.  They are present in all molecules.  Figure 1a shows an unpolarized diatomic molecule; Figure 1b shows a set of polarized diatomic molecules.  Notice how the electrons are no longer equally shared, but one end of the molecule has excess electron density designated with a - (partial negative), while the other end has a deficit of electron density represented by a + (partial positive) charge.

Figure 1:  a) unpolarized diatomic molecule; b) polarized diatomic molecule (source)

a)   [image: image1.jpg]


      b) [image: image2.jpg]8/— o+





In general, it is easier to distort the electron cloud of a large molecule than it is to distort the electron cloud of a small molecule.  The more polarized the molecule, the stronger the intermolecular forces, the higher the boiling point of a substance.

1) Put the following substances in order, from lowest to highest boiling point: CF4, CCl4, CBr4, CI4.

II.  Dipolar-Dipole Interactions:  Dipolar forces occur between molecules that have a dipole.  The oppositely charged ends of the dipoles attract one another as shown for chloroform in Figure 2.
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Figure 2:  Dipolar Intermolecular Forces
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2)  Acetone and chlorine both have the same molecular weight.  Acetone boils at about 58 C, whereas chlorine boils at –34 C.   Explain why there is such a large difference in their boiling points.

Acetone has the following structure:
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III.  Hydrogen Bonding:  Hydrogen bonding is a dipole-dipole intermolecular interaction that is so strong that it gets its own name.  The O-H, N-H, and F-H bonds are highly polar due to the large difference in electronegativity between the atoms that make up the bonds.  Within a single molecule, the electronegative N,O, or F attracts electron density away from the hydrogen it is bonded to, becoming partially negatively charged.  A partially positively charged hydrogen atom from another molecule will then be attracted to this - charge.  The interaction is so energetically favorable (strong) that a dashed line is used to represent this “H-bond.”  Figure 3 shows intermolecular hydrogen bonds in HF.

Figure 3:  Hydrogen Bonding in HF
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3)  Hydrogen bonding can also occur between different kinds of molecules.  For example, hydrogen bonding can occur between the hydrogen of an ammonia molecule and an oxygen of a water molecule.  Draw the Lewis structures for a molecule of ammonia and a molecule of water, and any hydrogen bonding that could occur between them. 

Question  Given three liquids:  water, ethanol, and vegetable oil (Table 1), which ones mix with which others to form homogeneous solutions?

Table 1:  Structure of test liquids

	water
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	vegetable oil
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= C18H32O2


4) Hypothesis:  Write out your hypothesis:

Data Collection through Experimentation

5)  Outline an experimental method for answering the question:  (Try to conserve material by using small volumes)

6) Record your observations:

7) Now, follow these instructions:

Test Tube #1
Add 10 ml of water that has been colored with blue food coloring to a large test tube.  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. 

Test Tube #2
With the same care taken for test tube #1, add 5 ml of blue water, then 5 ml of oil, and then 10 ml of red ethanol.

Record any observations.  (Sketches may be helpful)

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

Evaluate
9) 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. How can you determine which layer is on top?

2) Diet and intermolecular forces 

Question:  Do intermolecular forces play a role in our diets?

Information:  There are three major sources of macronutrients in our diets:  carbohydrates, proteins, and fats. (Figure 4)

Figure 4:  Structures of Major Macronutrients
10)  What types of intermolecular forces are found between molecules of each macronutrient?

11)  Hypothesis:  For a hypothesis about the role intermolecular forces might play in diet?

Experimentation

"In 1958, Roels and coworkers studied a group of Rwandan schoolboys who had low vitamin A levels in their blood.  They divided the boys into three groups.  One group ate 200g of carrots per day,
 containing about 25 mg of beta-carotene, a compound that is equivalent to vitamin A in the body.  A second group of boys received 20 mL of olive oil along with the same amount, 200g, of carrots.  The third group of boys at no carrots but were given 28 mg beta-carotene dissolved directly in the olive oil."3

The following graph shows the blood plasma level of carotenes, the family of compounds related to beta-carotene, in micromoles carotene per liter of plasma vs. time.
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Figure from: http://www.hsph.harvard.edu/Academics/nutr/olestra/fig6.html
Evaluation
12)  What can you conclude from the graph above?

13)  What kind of atoms and bonds would you expect to find in a molecule of beta carotene?

14) Suggest some reasons why the beta-carotene dose may have been more effective in raising blood plasma levels of carotene than the carrots, even when both were given with olive oil. Does that mean that beta-carotene supplements are better for you than carrots?  Why or why not ?

15) Why do blood carotene levels seem to level out after a few days of dosage? 

Similar experiments have shown that other carotenoids (plant-derived nutrients with chemical structures similar to carotene) are also absorbed better in the presence of oil.  Other experiments show, moreover that the oil must be digestible.  When indigestible (but safe to eat) mineral oil is given with the carotene, blood carotene levels do not rise.

Experiment 2

Hypothesis:  Vitamins are often classified into two groups:  fat soluble or water soluble groups.  Based on your knowledge of solubility, intermolecular forces, and bond polarity, you should be able to predict the solubility of the following vitamins.  Fill in the table.

	Vitamin
	name
	source
	function
	structure
	Solubility

(fat or water?)

	vitamin A (structure)
	 

 
	 
	 
	 

 

 
	

	vitamin B1 (structure)
	 
	 
	 
	 

 

 
	

	vitamin C (structure)
	 
	 
	 
	 

 

 
	

	vitamin D (structure)
	 
	 
	 
	 

 

 


	

	vitamin E (structure)
	 
	 
	 
	 

 

 
	

	vitamin K)
	 
	 
	 
	 

 

 
	


Experimentation

How would you test the solubility of the vitamins in water or in fat?  One method of measuring the concentration of molecules is UV-vis spectroscopy.  Many molecules will absorb UV and/or visible light.  Light is shown through a sample to a detector that can measure its intensity over a range of wavelengths.  The intensity of light entering the sample is compared to the intensity of light exiting the sample.  This ratio is converted into absorbance.  Absorbance is proportional to the concentration of light absorbing molecules in the solution.

Aromatic molecules (those with a ring of six carbons containing alternating double bonds) typically absorb light in the UV region of the spectrum.  Water and ligroin (C5H12) do not absorb light in the same region of the UV spectrum. 

The experimental set-up:  vitamins are added to a mixture of water and ligroin in a test tube.  The tube is capped and shaken.  The layers of ligroin and water settle out.  Which layer is on top? How do you know?

Each the water layer and the ligroin layer are put into a separate cuvette for analysis in a UV-vis spectrometer.  The data on vitamins A, B1, B2, B6, C, E, and K has already been collected for you.

Evaluation:

16) Were your predictions about vitamin solubility correct?

Vitamins are obviously necessary nutrients that need to be absorbed from the water and the fat in our foods, but can you eat too much of any vitamin?
Excess vitamin A has been shown toxic in people consuming large amounts of carrot juice.  Also, on an Antarctic expedition in 1912, Xavier Mertz was forced to eat the raw liver of his sled dogs for sustenance.  He made it back home alive, but died from the effects or excess vitamin A which caused the total peeling of the skin from his body.
17)  In the body, vitamin D is concentrated in the skin, liver, and kidneys.  Vitamin A is found in the liver and kidneys and in membranes such as the mucus membranes and the retina of the eye.  Excess vitamin A accumulates in the liver, and excess vitamin D in the kidneys.  What can you infer from these facts account the fat content of these tissues?
18)  Which vitamins are you likely to need to eat every day, and why?

19)  Why are deficiencies of vitamin D, E, and K rare, but deficiencies in vitamins C and B much more common?

 

 

20) Answer the questions, “Do intermolecular forces play a role in our diets?” using evidence from the set of experiments that you just discussed.

3) Concerns Over Olestra

Olestra is a fat substitute developed by Proctor and Gamble and used to make Ruffles WOW! Potato chips.

Ruffles WOW! Fat Free Potato Chips
· Serving Size 1 oz (28 g/ about 17 chips)

· Total fat 0 g (Original Ruffles 10 g)

· Total Calories 75 (Original Ruffles 160)

· Ingredients:  potatoes, olestra (Olean® brand), salt, alpha-tocopheryl acetate (vitamin E), vitamin A palmitate, tocopherols (to protect flavor), vitamin K, and vitamin D.

As a group discuss the following questions and be ready to share your opinions with the class.  For more info see:

pdf of the JAMA, 1998, 279, 150-153.
The homepage for Olean® the trademark name for olestra.
Center for Science in the Public Interest
Questions:
1) Why are vitamins A, E, D, and K added to these potato chips?

2)  Should the FDA have approved olestra?

3)  Would you recommend for or against eating a product containing olestra?  
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Fatty acid (linoleic acid)








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


� From Laursen, S; Mernitz, H.  Would You Like Fries with That? The Fuss About Fats in our Diet; Wiley & Sons:  New York , 2000. The study is from Roels, O. A.; Trout, M.; et. al. "Carotene Balances in Boys in Rwanda Where Vitamin A Deficincy is Prevalent," J Nutr. 1958, 65, 115-218.





� From Laursen, S; Mernitz, H.  Would You Like Fries with That? The Fuss About Fats in our Diet; Wiley & Sons:  New York , 2000. The study is from Roels, O. A.; Trout, M.; et. al. "Carotene Balances in Boys in Rwanda Where Vitamin A Deficincy is Prevalent," J Nutr. 1958, 65, 115-218.





� From Laursen, S.; Mernitz, H.  Would You Like Fries with That? The Fuss About Fats in our Diet; Wiley & Sons:  New York , 2000.


� Adapted from Laursen, S.; Mernitz, H.  Would You Like Fries with That? The Fuss About Fats in our Diet; Wiley & Sons:  New York, 2000.
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