THE ELECTONIC STUCTURE OF MOLECULES
INTRODUCTION:

The aim of this experiment is to be able calculate the properties of molecules.  You will use a program called GaussView in order do this.  The GaussView program will allow you to a) draw molecular structures, b) perform calculations c) view the calculated results.

INSTRUCTIONS FOR USING THE GAUSSVIEW PROGRAM:

Getting Started
The GaussView program can be accessed from the Start menu of your computer.  Make sure to select the most recent edition of the program from the Start menu.
When you open GaussView, two windows will appear, a Template window and a Molecular Structure window.  The Molecular Structure window will appear blank whereas the Template window will display a methane molecule.
The Molecular Structure window is where you draw your structure.   

The Template window is a display window that depicts different pre-existing templates or fragments of molecules that you can copy into the Molecular Structure window.    

In order to copy a template or fragment, first display the desired structure/fragment in the Template window and then click on the Molecular Structure window to import or copy the fragment.  

When a fragment is shown in the Template window, one atom will be designated as Hot.  When an atom in the Molecular Structure window is then clicked, that atom will be replaced with the Hot atom along with the rest of the structure displayed in the Template window.
Tools Needed for Drawing Structures
[image: image1] New – Clicking on the New button will create a new Molecular Structure window.

[image: image2] Element Fragment  – This icon allows you to choose any element you wish from the periodic table (in a variety of hybridization states) and then incorporate it into your structure.
[image: image3] Ring Fragment –  This icon allows you to choose a pre-drawn ring (e.g. cyclohexane) from a library of common ring fragments.
[image: image4] R Group Fragment – Choose from a library of common alkyl groups (e.g. tertbutyl, n-butyl, etc.)
[image: image5] Add Valence – Fills in missing H atoms.
[image: image6] Delete Atom  – Deletes any atom you click on in your Molecular Structure window.
Making Modifications to your Structure
Rotating – Drag the mouse horizontally or vertically to rotate your molecule.

[image: image7] Clean – This icon should be used each time you finish drawing a structure.  It will improve your structure by roughly fixing the atom positions, along with bond lengths and bond angles.
[image: image8] Modify Dihedral – Click on this icon followed by the four atoms in question (atom 1, atom 2, atom 3, atom 4) in order to modify a dihedral angle.  Type in a desired numerical value (rotation occurs around atoms 2 and 3) in the dialog box that appears.
Performing Calculations
After you have drawn your desired structure and fixed it up using the Clean tool, you are ready to perform calculations.
Choose Calculate and then Gaussian Calculation Setup from the drop down menu and then choose Job Type from the set-up menu that appears.  
Choose Energy to calculate the current energy of your molecule or choose Optimize to first improve the geometry of your structure before determining its lowest energy.

Choose the Method tab and set the basis set to STO-3G (in order to conduct the fastest calculation).  If necessary, set the overall charge of the molecule (e.g. +1 for a carbocation).

Click the Submit button.

When prompted, click Save and assign a name to your molecule/calculation.  
When prompted, click OK to run the calculation.
Viewing the Results
When prompted, click OK  to close the Gaussian calculation window.
When prompted, click YES  to open a Result file.  A new Molecular Structure window will now appear displaying the structure of the molecule you have just calculated.

View the Energy or Dipole Moment of your molecule by choosing the Results > Summary drop down menu.

View the Atomic Charges in your molecule by choosing the Results > Charge Distribution drop down menu.  Select the Show Numbers option and deslect the other options.
EXERCISES:

Part A. Rotational Barriers
You will calculate the rotational energy curve for one of the following molecules as assigned by your instructor.
1. 2,3-dimethylbutane (C2-C3)

2. 3,4-diethylhexane (C3-C4)

3. 1,2-dichloroethane (C1-C2)
4. 1,2-dibromoethane (C1-C2) 
5. 1,4-dichlorobutane (C2-C3)

6. 1,4-dibromobutane (C2-C3)

7. 1,1,2,2-tetrafluoroethane (C1-C2) 

8. 1,1,2,2-tetrachloroethane (C1-C2) 
9. 2,2-dimethylpropane (C1-C2)
10. 1,1,2,2-tetrachloropropane (C1-C2) 
11. 1,1,2,2-tetrafluoropropane (C1-C2) 
Start by importing an appropriate alkyl fragment from the fragment library.  Modify it to match your assigned structure.

Clean up your structure using the Clean tool and then set your dihedral angel to a useful initial value (e.g. 0o or 180o) using the Modify Dihedral tool.

Calculate the Energy of your molecule and record its energy on the page below.  
Draw a Newman projection for the conformer you have just calculated.
Rotate the molecule using the Modify Dihedral tool and recalculate its energy.
Repeat until you have drawn and calculated the energy of all conformers of your molecule.  Record the energy and conformation structure of each molecule on the templates below.

Use Excel to plot a graph of energy versus dihedral angle.
A. Rotational Barriers



Your Name:
______________________
      Assigned Molecule ____________________
Partner’s Name:______________________
                    
[image: image9.wmf]          
[image: image10.emf]        
[image: image11.wmf]
Angle
           ______00_____               ____600_____
       ____1200___


Energy
           _____________
   ____________
       ___________
        

                        
[image: image12.emf]        
[image: image13.wmf]       
[image: image14.emf]
Angle
           ______1800_____           ____2400_____
       ____3000___


Energy
           _______________
   _____________
       ___________
        

Questions:
1. Compare the energies of the staggered conformers.  Why is one of the staggered conformers most stable?  Why is one of the staggered confomers least stable?
2. Compare the energies of the eclipsed conformers.  Why is one of the eclipsed conformers most stable?  Why is one of the eclipsed conformers least stable?

Part B.  Chair Conformations
Your instructor will assign you a molecule from the list below.  Construct both chair conformers of your molecule and calculate their energies by selecting the Optimize option in the Calculate drop down menu.
1) trans-1,2-dimethylcyclohexane
2) cis-1,3-dimethylcyclohexane

3) trans-1,4-dimethylcyclohexane
4) tertbutylcyclohexane
5) cis-1,3-dibromocyclohexane
6) cis-1,3-dihydroxycyclohexane

7) trans-1,4-dihydroxycyclohexane

8) isopropylcyclohexane
9) trans-1-bromo-2-fluorocyclohexane
10) cis-1-bromo-3-chlorocyclohexane

11) trans-1-bromo-4-chlorocyclohexane

Draw both chair conformations of your molecule on the templates below.  Record their energies and label all relevant gauche interactions.  

                            
[image: image15.wmf]
Energy
 
     _______________ 
                            ________________
(to 4 decimal places)      



Questions:
Calculate the energy difference between the two conformers and convert this energy difference from au units (Hartrees) to kcal/mol (1 au = 627.510 kcal/mol).  
Explain why one conformer is lower in energy than the other.

Part C.  Carbocation Stability

A number of reactions are thought to involve carbocation intermediates (positively charged carbon species).  One example of such a reaction is the addition of HBr to 2-butene:
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In some cases, more than one carbocation may form in a reaction thereby leading to the possibility of more than one product.  An example would be the addition of HBr to 2-methyl-2-butene.  This reaction can produce two carbocations and two products as shown below:
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By investigating the stabilities of the two possible carbocations involved in this reaction, we can predict which product is preferred in the addition of HBr to 2-methyl-2-butene.
Start by drawing 2-methylbutane.  Remove one of the hydrogen atoms to create either the secondary or tertiary carbocation.

Run an Optimization calculation being sure to first set the Charge to +1.

Record the energy of your optimized structure and repeat the same procedure for the other carbocation.
Optimized Energy

________________

________________





    secondary carbon

    tertiary carbon

Questions:
Predict the products for the addition of HBr to 2-methyl-2-butene.
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