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Regents Biology Laboratory Investigation

MODELING CHEMICAL COMPOUNDS
Background Information


Everything in the world is made up of atoms.  This paper, your desk, you, marmosets, emus, cupcakes, bunnies, trees and even teachers are all made of atoms.  The cool part about the whole thing is that the only difference between, say, you and a cupcake, is the way that these atoms are put together.  There are 118 elements on the periodic table (not all of which occur naturally), and simply putting them together in different ways can make absolutely anything there is.

Atoms can interact in many different ways.  One of the most spectacular ways that they can do so is by either losing or gaining something from their nuclei.  This, of course, is called a nuclear reaction, and it releases a tremendous amount of energy.  Unfortunately, much of this energy is in the forms of radioactivity.  Since we won’t be doing any of these reactions in our classroom, we’re not going to concern ourselves with the nucleus today.  We will, instead, focus on the electrons.

You know by know that electrons exist in energy levels.  Niles Bohr came up with this idea in the early 1900s.  It states that the electrons that are orbiting an atom are certain distances away from the nucleus, and as such have different amounts of energy.  The first, and least-energetic level can hold only two elections.  The next one holds eight, and the one after that eight as well.  Since most of what living things are made out of is from the first part of the periodic table, we won’t worry about what the energy levels after that can hold.  You can look it up if you’re interested, or try to figure it out by looking at the periodic table!

The reactions that we will be dealing with in class have to do with the electrons of an atom.  Since they are whizzing around the outside, they are easier to move around between atoms or share.  These electrons are what give the chemicals of which we are made their peculiar properties.
 
The driving point behind this investigation is that atoms love to have a full outer ring – valence shell – of electrons, and they will go to great lengths to achieve that goal.  That means that they can react with another atom to either gain or lose the proper number that they need to in order to fill their valence shells.  That, in a nutshell, is what a chemical bond is all about.
Purpose

The purpose of this investigation is to acquaint you with the various ways in which atoms can hook themselves together.  You’ll be able to see why certain atoms can form certain numbers of bonds, and also why some atoms are very reactive, while some prefer not to be bothered at all.  At the very least, you’ll probably figure out how to build a doggie out of the model kits.
Materials

PENCIL                                        Atomic Models


Procedure


Before you proceed, check out the chart below.  You’ll need to fill it out so you know what parts in the model kit represent which atoms or bonds.  Your teacher will help you complete it.  MAKE SURE you fill it out completely and neatly so you can refer to it later!
	Model Part
	Represents

	
	

	
	

	
	

	
	

	
	

	
	


Table 1.  Model parts and their real-life counterparts.  

PART I – WATER

In this section, you’ll explore the fantastic properties of water, which are important, because life depends on it!

1.  Using your model kit, construct a structural model of four water molecules.  Remember that the molecular formula of water is H2O.


2.  Note that your water molecule is “bent.” This is how the atoms of the molecule are actually arranged.

3.  Using a scrap of paper, draw three hydrogen bonds.  Remember that a hydrogen bond is shown by three dots (●●●).  
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4.  Put the water molecules together using the hydrogen bonds and make sure that they are in the right place.  Have your teacher initial the box to starboard to show that you’ve done it correctly.
QUESTION 1:  Why is it important that water can stick to itself?

QUESTION 2:  Aside from oxygen, with what other atoms can hydrogen form a hydrogen bond?
QUESTION 3:  What kind of bonds do the sticks in your water molecules represent?


5.  Take your water molecules apart, and put the bits back in your model kit.

PART II – Larger molecules

In this section you will be modeling some larger molecules, including hydrocarbons.  These contain a lot of energy because of all the bonds that they have.  These are molecules that are not naturally found in living things.  Note that there are many different definitions for the word “organic,” but here, we shall refer to “organic” as meaning “came from a living thing.”

1.  Make two structural models of methane, which is the principal component of natural gas.  The molecular formula for methane is CH4.
QUESTION 4:  Is there any way to hook these molecules together, such as in water?  Why or why not?
QUESTION 5:  What is the maximum number of bonds that one atom of carbon can form?


2.  Disassemble your methane, and make a model of ethane.  Ethane’s molecular formula is C2H6.  

3.  There is a molecule that is related to ethane, called ethene.  The only difference between the two is that there is a double covalent bond, not a single covalent bond, between the two carbons.  Make a model of ethene now.  You will need to use springs instead of sticks to make the double bond.
QUESTION 6:  What is the molecular formula of ethene?


4.  There is yet another molecule that is related to ethene, called ethyne.  The only difference is that this time there is a triple covalent bond between the two carbons.  Make a model of ethyne now.  Ethyne is more commonly known as acetylene, which is used in cutting torches.  
QUESTION 7:  What happens to the number of hydrogen atoms in the molecule every time you add another bond between the carbons?

QUESTION 8:  Which molecule, ethane or ethyne, do you think has more energy?  Why?
QUESTION 9:  Is ethane organic or inorganic?  Why?

QUESTION 10:  There is another molecule with three carbons, called propane.  Do you think it has more or less energy than ethane?  Why?


5.  Disassemble your molecule, and put the parts back in your model kit.


You’re now going to make an organic molecule called a fatty acid that is used by animals to store energy.  Figure 1 shows two examples of fatty acids.  Note that one of them has a double bond between the carbons, and one has only a single bond.  All single bonds make a saturated fatty acid, as it is holding all the hydrogen that it can.  The insertion of a double bond makes it unsaturated, because it could hold more hydrogen.  

6.  Make a model of butyric acid, the saturated fatty acid shown to starboard.  

QUESTION 11:  Why do you think fatty acids are so good at storing energy?

QUESTION 12:  Fatty acids make up fats, like those in the food we eat.  Water will not combine with these fats, so are fats polar or non-polar?  How do you know?

7.  Disassemble your molecule, and put it back in the model kit.

8.  Finally, make a model of glucose.  Glucose has the molecular formula of C6H12O6.  Ask your teacher for help in getting started…but see how much you can fit together on your own.  Remember how many bonds each atom can form!  Have your teacher initial in the box to starboard when you’re done.


9.  Disassemble all your parts and put them neatly back in the box.

Analysis
QUESTION 13:  Why can carbon form only four bonds?

QUESTION 14:  How many more electrons does hydrogen need to have a full valence shell?

QUESTION 15:  How many bonds can oxygen form?  Why?
QUESTION 16:  Where is the energy stored in a molecule?

QUESTION 17:  Name two things about this lab that you would change if you could.
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Figure 1.  Saturated and unsaturated fatty acids.
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