
Molecular Modeling of Bond Type, Polarity, and Resonance Using Models 360
Part A: Investigating how type of C-C bond affects bond angle and bond length.

Please go to the website http://faculty.pasadena.edu/drmack/classes/Chem_1A_files/SA-MPart1.htm or use the shortcut http://goo.gl/4jHpw to access the directions for the activity.
After you have completed the directions online for part 1, proceed with the directions below in Part B.  

All of the molecules that you viewed in this exercise can be viewed in more detail by going to http://www.chemeddl.org/resources/models360/.  The database includes over 700 molecules that you can explore on your own.  You can use the advanced search to search by a particular shape.  For instance, if you want to view molecules that are trigonal pyramidal, click on the “Advanced” tab on the top of the page.  Then click on “VSEPR shape.”  Then check the box for “AX3E1 trigonal pyramidal.”

Part B: Investigating polarity. 
First draw the shape of the molecules or ions listed in the table on your lab report and draw the net dipole as well.  Then, you will need to record the value of the dipole moment for all of the species listed in the table on your lab report.  To do this, go to http://www.chemeddl.org/resources/models360/.

To find the first molecule, type in its name “ethyne” into the box following the word “find” on the top right of the webpage.  As you type, the possible chemical species will be displayed below the box.  Click on the correct one which is “Ethyne HCCH.”  
On the right of the black box that displays the molecular model, check the box to the left of “molecular dipole.”  A grey number will be displayed in the upper right hand corner.  That represents the value of the dipole moment in Debye (D).  The larger this number, the more polar the molecule.  If the value of the dipole is close to zero then your molecule is nonpolar.  If your molecule is polar meaning it has a dipole that is larger than zero, then the dipole is represented by an orange arrow.  Remember the arrow points to the partially negative end of the molecule.  If the molecule is polar, rotate it so that you can see which direction the arrow is pointing.  If your dipole is a small enough number, then the dipole may be too small to see.  
Record the value of the dipole moment on your report sheet.  Also, if the molecule is polar, check and make sure the dipole moment that you drew is the same as the orange arrow.  If it is not the same, draw the new arrow in a different color of pen.  
Next click the box next to “bond dipoles.”  This will display the dipoles for each bond in grey rather than the net dipole for the entire molecule in orange.  You may have to rotate the molecule to see all of the dipoles.  You will also want to rotate the molecule to visualize whether the arrows cancel each other out.  You may have to zoom in or out to be able to view the entire grey arrow.  To do this, hold the shift key down while moving the mouse up and down.  Remember if there is no orange arrow, then the grey arrows must cancel out.  

Looking at these grey bond dipoles will help you visualize what is happening when you do the second part of the activity.  

Perform the same steps for all of the molecules listed on the report sheet.  For all of the other molecules, you will be able to type the formula into the box following the word “find.”  You don’t need to worry about subscripts or capital letters.  So for the second molecule, just type “ch3f.”  As you type, the possibilities will be displayed below the box.  Click on the correct one which is “Fluoromethane CH3F.”  If your molecule or ion isn’t showing up, keep typing and it will eventually show up.  For IF5, you will need to type “f5i” and then click on “Iodine_pentafluoride F5I.”  For XeF4, you will need to type “f4xe” and then click on “xenon_tetrafluoride F4Xe.”
Part C: Investigating resonance.

You will be comparing 2 compounds to investigate their resonance.  First you need to fill out your data table for ozone.  Do this by drawing the Lewis structure for ozone in the first column of the data table. Verify your answer by searching for ozone in Models360.

To look at the bond lengths, check the box for "Bond Length" for each molecule. It does not matter which bond is considered the first or second bond. You may have to rotate the model to see the bond lengths.

Now uncheck the box for “Bond Length” and check the box for "Bond Angles." You may have to rotate the model to see the bond angle.

To find the dipole moment, uncheck the box for “Bond Angles” and check the box for “Molecular Dipole.” In the upper right-hand corner of the black box that contains the molecule, you will see grey writing that indicates the dipole in the units of Debye (abbreviated with a D). The larger this number, the more polar the molecule. You will also visually be able to see the dipole as an orange arrow. Remember the arrow points to the partially negative end of the molecule. Rotate the molecule so that you can see which direction the arrow is pointing.

Now find the partial charges. Uncheck the box for “Molecular Dipole” and click on the button for “Partial Charges.” One partial charge will be displayed for each atom in the molecule. The partial charges will either be positive or negative depending on whether it is a partial positive or partial negative charge, respectively. For the outside atoms, it does not matter which one is considered 1st or 2nd. To remove the partial charges from the molecule, you will need to click on “Labels off” right next to “Partial Charges.”
Repeat the same thing for the carbonate ion whose data belongs to the second data table. Once again you don’t need to worry about which bond or angle is considered first, second, or third. Also you only need to record the partial charges for the oxygen atoms but not the central carbon.

Once you have the data tables filled out, start answering the questions. When you are ready, explore the program further while you wait to do the next part of the activity. 
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Part A: Investigating how type of C-C bond affects bond angle and bond length.
	Molecule
	 Lewis Structure
	Type of C-C bond(s) (Ex: single bond)
	C-C

Bond Length 
	C-H

Bond Length (round to 2 sf)
	Name of Shape
	Predicted Bond Angle
	Actual Bond Angle(s)

	Ethane (CH3CH3)
	
	
	
	
	
	
	

	Ethylene

(CH2CH2)
	
	
	
	
	
	
	

	Ethyne

(CHCH)
	
	
	
	
	
	
	


	Molecule
	 Lewis Structure
	Type of C-C bond(s) (Ex: single bond)
	C-C

Bond Length 
	C-H

Bond Length (rounded to 2 sf)

	Propane

(CH3CH2CH3)
	
	
	
	

	Propene

(CH3CHCH2)
	
	1. 
	
	

	
	
	2. 
	
	

	Propyne

(CH3CCH)
	
	1. 
	
	

	
	
	2. 
	
	


1. Notice all the values for bond length for the single C-C bonds.  Are they the same or different?  It will help you to determine this if you round each number to 2 significant figures.  If they can be considered the same, what is the value rounded to 2 significant figures?  If they are different how far apart are they?

2. Now do the same analysis with the double C-C bonds.  Are they the same or different?  If they are the same, what is the value?  If they are different how far apart are they?

3. What about the triple C-C bonds? Are they the same or different?  If they are the same, what is the value?  If they are different how far apart are they?

4. What happens to the C-C bond length as the C-C bond changes from a single to a double to a triple bond?  To determine this, look at your values of the C-C bond in the previous 3 questions.  Also compare the first column of structures on the webpage.  How does the distance between the carbons compare in ethane versus ethyne?  Do the same visual analysis for propane versus propyne?  You may need to rotate the molecules so the carbons are in similar orientations.  Also in propyne, compare the distance between the first 2 carbons and the last 2 carbons.  Are they different or the same?  What is the trend that you see in all of the molecules?
5. What happens to the C-H bond length as the C-C bond changes from a single to a double to a triple bond?  Is there a significant difference in the C-H bond lengths or are they pretty similar?  To tell if there is a significant difference, round each bond length to 2 significant figures.

6. Look at the last 3 columns of your first data table – shape and predicted and actual bond angles.  

a. Do the bond angles exactly match what you had learned in class for each shape or is there a slight difference?

b. If there is a slight difference, suggest why they vary from the predicted bond angles?  
Part B: Investigating polarity. 

	Molecule
	Drawing Shape (with net dipole)
	Dipole Moment 
	
	Molecule
	Drawing Shape (with net dipole)
	Dipole Moment 

	C2H2
	
	
	
	ClF3
	
	

	CH3F
	
	
	
	PO43–
	
	

	SO2
	
	
	
	IF5
	
	

	CO32–
	
	
	
	ClO3–
	
	

	SF6
	
	
	
	CS2
	
	

	BF3
	
	
	
	XeF4
	
	

	CH2O
	
	
	
	C2H3Br
	
	

	XeF3Cl
	
	
	
	
	
	


Part C: Investigating resonance.
Ozone (O3)

Draw the Lewis structure of ozone.  Make sure you include both resonance structures:

	Bond Distance 

1st bond
	Bond Distance 

2nd bond 
	Bond Angle
	Dipole Moment
	Partial Charges

	
	
	
	
	1st outside atom
	Center atom
	2nd outside atom

	
	
	
	
	
	
	


Carbonate (CO32–) 
Draw the Lewis structure of carbonate.  Make sure you include all 3 resonance structures:

	Bond Distance 
	Bond Angle
	Dipole Moment
	Partial Charges on O

	1st 
	2nd 
	3rd 
	1st 
	2nd 
	3rd 
	
	1st 
	2nd 
	3rd 

	
	
	
	
	
	
	
	
	
	


1. Compare the bond distances for all of the bonds within ozone.  Do the same thing for carbonate.  What do you notice?

2. Compare the bond distances for all of the bond angles within carbonate.  What do you notice?

3. Compare the partial charges for all of the oxygen atoms within carbonate.  What do you notice?
4. Why are all the bond distances, bond angles, and partial charges the same?   
5. The average single O-O bond has a bond length of 1.309 Å.  The average double O=O bond has a bond length of 1.085 Å.  How do your bond lengths in ozone compare to these values?  
6. Calculate the bond order of ozone.  

7. How does your bond order match the analysis you did in question 5.
8. Is ozone polar or nonpolar? __________  Look at the value of the dipole moment in your data table.  Is it consistent with your answer? ______  Explain.
9. Is carbonate polar or nonpolar? __________  Look at the value of the dipole moment in your data table.  Is it consistent with your answer? ______  Explain.
10. Check the box for “Molecular Dipole” when viewing both ozone and the carbonate ion (uncheck any other boxes that are checked and make sure no partial charges are showing by clicking on the button next to “Labels off”).  Which compound has the orange arrow? ____________ Why does the other compound not have the orange arrow?
11. Add up all the partial charges in ozone.  Add up all the partial charges in carbonate (including carbon which is not in your table).  Compare the sum of the partial charges to the overall charge of the molecule or ion.  What do you notice?
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