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Molecular Orbitals and Spartan
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1.
Starting PC Spartan Pro.

On the Windows desktop, double-click on the Spartan ‘06 icon (big yellow S).  You should also be able to start the program from the Windows Start menu (lower left corner of the screen) by selecting Programs / Spartan ‘06.  Once Spartan launches, under the File menu, choose Open…then browse until you find the folder entitled Local Disk (C:)/Chem212/.  Inside this folder are a large number of Spartan files.  Look in the Diatomics ’03 folder and open up the N2 model.  Under the “Model” menu, check to make sure that “Ball and Wire” is selected so that you can clearly see the nuclei of the two nitrogen atoms.

2.
Orbital energies and coefficients
Under the Display menu, select Output.  You should now see the output file for the MO calculation.  Note, about 22 lines down, that the number of electrons is 14.  Spartan does the calculation on all of the electrons in the molecule, including core electrons.  The MOs will be numbered sequentially from lowest energy to highest energy.  So, to figure out where the HOMO is on the list, count up the total number of electrons in the molecule and remember that each MO will hold 2 electrons.  This means that the HOMO of N2 will be MO#7 and that MO#1 and MO#2 are due to interaction of the nitrogen core 1s orbitals.

Scroll down the output file until you see the list of "Closed-Shell Molecular Orbital Coefficients."  Each MO appears in a separate column, headed by the MO number, the Eigenvalue (a measure of the energy), and the symmetry label.  If you are interested, the column also contains a list of coefficients for each of the atomic wavefunctions that make up a particular MO.  The interpretation of these coefficients is a bit beyond this course.  The important thing to focus on is the Eigenvalue (energy) for each MO.  

In the table on the conference worksheet, record the energies in eV for the occupied MOs and for the LUMO.  Close the output file when you are done.

3.  Open a molecular orbital surface

Under the Display menu, choose Surfaces.  A small window entitled “Surfaces” should appear on the screen.  This is a listing of all of the surfaces that have been calculated for this molecule and that can be visualized.  These surfaces include 3-dimensional boundary surfaces for different MO’s as well as 2-dimensional “Slices” for each MO.  The orbital surfaces and slices are separate displays but have matching names like HOMO, HOMO{-1}, LUMO, etc.  

To display a particular MO boundary surface, click with the left mouse button in the yellow box next to the surface name, e.g. “HOMO”.  A red check mark should now appear in the yellow box indicating that this surface is now displayed on the molecule.  

If the surface you see is solid, rather than mesh, then click somewhere on the MO “blob” with the left mouse button and you should notice a new menu appear at the lower right of your screen that says something like “Style: Solid”.  Choose “Mesh” from this list so that you can “see” inside this boundary surface.  You are now looking at a contour surface of a particular molecular orbital.  This is the surface that results after the atomic orbitals on the two atoms have “melded” together (technically, have undergone constructive or destructive interference).  

On the conference worksheet, draw a cartoon showing which atomic orbitals are “melding” or overlapping to produce the molecular orbital surface.

4.  Probing inside the molecular orbital surface:  The slice!

In the “Surfaces List” window, click on the surface name beginning with “Slice…” that matches the orbital surface you have displayed, e.g. “Slice HOMO”.  A framed image will appear on the screen showing a color map of the values of the wavefunction at each point along the 2-D slice.  Green corresponds to zero or very small values of the wavefunction (and zero or very small values of probability).  Yellow, orange, and red correspond to negative values of the wavefunction (negative amplitude), and bluish-green, light blue, and dark blue correspond to positive values of the wavefunction (positive amplitude).  Bright red and dark blue correspond to the highest probabilities of where you might find the electron in this orbital.  

If you click on the edge of the frame with the left mouse button, it will turn yellow to indicate that the frame is selected independent of the orbital surface.  You should now be able to manipulate the frame with the mouse (left button rotates and right button translates) to probe the electron probability inside of the boundary surface. 

5.  Closing the orbitals and slices

Before continuing on to look at another orbital, click on the HOMO surface name and the matching Slice name in the “Surfaces List” window to uncheck the box and turn off the display.  The screen should now only show the structure of the molecule.

6.  From here on, you may work through the other orbitals in the list at your leisure.  In each case, make sure that you choose the correct slice for the orbital you are looking at.  Although you can choose to look at more than one orbital at the same time, this is often confusing and not very useful after a point.  The goal is that you complete the worksheet (keep it!) and have questions answered before leaving conference.
7.  Ending the modeling session
To quit Spartan, select Exit from the File menu.  Answer No to the question “Save changes?”  Log off the computer.
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MO diagram for N2 according to Spartan calculation
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Conference Activity:  Guiding your Study of MOs on Spartan  

1.  Comparing N2 and CO

Next examine the Spartan model of CO and compare it to your results for N2.  Look at the output file for CO and record the energies for the MOs of CO.  The MO energy diagram for N2 is reproduced below.  On the same energy scale, show how the energies of the analogous MOs in CO compare to N2.
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How do the MO surfaces (shapes) for N2 compare to the analogous MOs of CO?  You might want to draw some cartoons to remember the shapes of the MOs for CO.

Chem 212 Conference:  More Spartan Models
In this conference, we will investigate Spartan models for CO2 and compare these to the MO diagram shown in Figure 5-26 from your text.

Determine the energies of the MOs for CO2
Open the CO2 model in Spartan (look in the Triatomics folder).  Under the "Display" menu, select "Output."  You should now see the output file for the calculation.  Scroll down until you see “Number of electrons.”  This lists the total number of electrons in the molecule (including core electrons).  

How many total electrons are there in CO2?




Scroll down further until you see the list of "Closed-Shell Molecular Orbital Coefficients."  Each MO appears in a separate column, headed by the MO number, the Eigenvalue (a measure of the energy), the energy of the MO in eV, and the symmetry label, followed by a list of coefficients for each of the atomic wavefunctions that make up this particular MO.  OK, here is one weird thing about the list of coefficients:  the basis set "3-21G(*)" used for this calculation includes 2 functions for each valence atomic orbital that contains radial nodes.  So for example, you will see coefficients for 3 different s functions describing the 1s and 2s orbitals on the carbon atom.  Don’t worry too much about that right now.

Figure out which MO on the list corresponds to the HOMO.  Remember that each MO will hold 2 electrons.  

Which MO corresponds to the HOMO in CO2?  

  Energy (eV)?  




Now, using the MO diagram from your text, write down the energies for the MOs that Spartan has calculated.  Pay attention to sets of degenerate orbitals (they will have identical energies).

Are there any differences between the ordering of MOs in your book and what Spartan has calculated?

Examining the MO surfaces for CO2
Display the MO surfaces for the CO2 molecule and compare them to the pictures drawn in the figure from your book.  Note that not all the MO surfaces have been calculated, particularly for the higher energy, empty MOs.

Are there any differences between the Spartan MOs and the cartoons in your text?

Examine the surfaces for HOMO and HOMO-1.  Note that there does not seem to be any electron probability near the carbon atom.  Now look at output file again and confirm that the coefficients for the carbon atomic orbitals are all zero for these two MOs.  In other words, the carbon AOs do not contribute anything to these MOs.  Explain why not.

Assign the Spartan MO names to each of these levels.  Fill in the correct number of valence electrons for N2.
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