Experiment 1
Manganese-Phosphine 

Professor Johnson


Experiment 1:  Manganese Phosphine Complexes

Addendum on Gaussian Calculations

Using WebMO for experiment 1
These instructions are a supplement to the longer instructions available on he 5-slides about Learning Object created by Lori Watson. Students (and instructors) unfamiliar with using the WebMO interface should read through that document first.  This LO requires the use of WebMO as written, but could be used locally on Gaussian/Gaussview with little modification.

Log on to the WebMO cluster

(inset your WebMO site here)
Username: tbd 
Password: tbd

New job

From the “Job manager” window, hover on “new job” and click on “create new job” at the top menu bar (or simply click on the new job button)

You will get a “Build Molecule” screen that is blank.  You could draw a molecule in here, but because we are running a high level and complicated job, just click on the blue triangle pointing to the right to enter the Gaussian job as a text file.

This brings you to another screen, “Choose Computational Engine.”  Select “Gaussian” and click the blue triangle pointing to the right.

This brings you to the screen “Configure Gaussian Job Options” and there are four tabs.

Under Job Options, give your job a name in the Job name field (perhaps a notebook number for reference).  Then select the “preview” tab, which will bring you to a blank text entry field.

Open the input file (such as “fac input file.txt”) that is provided on the Sakai page and select the text from that file into the field.  Since Gaussian runs fortran code, line spacing is critical.  Make sure that the file ends with a blank line (more than one is ok).  Do NOT further change the input file except for the “title” as described below.  If the input file does not work, do not try to fix it yourself;  ask the instructor for help.  The first 2 lines of the input file consists of some processor options, the functional used (B3LYP) used, and “gen” which refers to the use of a general basis set (see below).  Below these 2 lines is a title line.  Change the title to one that is more descriptive (perhaps a notebook number for reference).  Below the title line is the molecule description in z-matrix format, and the last several lines are the basis sets used (LANL2DZ for “heavy” atoms Mn, P and Br, and 6-311g for C, O and H).  Polarization functions are included for atoms to  better model their behavior.  

This calculation must be done at a relatively high level of theory in order to get the metal-ligand bonding and C-O stretching frequencies to reasonable values.

Now, if you click on the blue triangle pointing to the right, you will get a dialog box asking you if you want to submit the edited input file.  Select OK.  This will begin your job.  The calculations will take anywhere from 1 to 8 hours, or more, depending on resource use at the cluster (just benzene file took more than 30 minutes!).

You can monitor your jobs on the WebMO job manager, or log out and come back at a more convenient time.

In order to calculate the energy differences for the reaction, you must carry out at least four calculations, the starting material (cis mer), two oxidized complexes (cis mer cation  and trans cation) and the predicted product (trans).  The fac input file is included to give an additional manganese carbonyl complex for comparison of IR stretches.

When your jobs are finished, the job name will turn into a clickable link.  Cliking on that link will take you to a results page.  Data on this page includes 

an interactive molecule view

a variety of calculated properties

B3LYP energy, in Hartrees

Partial charges of all atoms

Rotational constants

Vibrational modes


And the results finish with a pithy quote.

You can view the vibrations by clicking on the little movie film icon.  Which vibrations are the most useful ones for your molecule?  Approximately what frequency are they?

Suggested additional calucations

1)  I highly recommend that you also run a calculation to visualize the molecular orbitals involved.  For this calculation, you will want to use a minimal basis set, using only the ground state orbitals “owned” by the atoms in the molecule (in other words, no 3s, 3p or 3d orbitals on carbon).  These higher energy orbitals are used in the high level calculations to get the best possible bonding picture.

In the Job Manager, click on your job to view it.  Select “new job with this geometry” to creat a new job with that geometry.  

Click on the blue triangle pointing to the right.  This brings you to another screen, “Choose Computational Engine.”  Sselect “Gaussian” and click the blue triangle pointing to the right.  Select a job type “Molecular orbitals.”  Now select B3LYP functional and STO-3g as your basis set.  Click the blue triangle again to run your job.  This job will only take a few minutes.  When it is done, you can click on the job name to open it.  Scroll down to see the occupied orbitals in your molecule.  The Mn d-orbitals include the HOMO and LUMO as well as three others near that energy level.  You should get orbitals that look very much like the d orbitals, but of course, they are spread out over the whole molecule.  And, since the molecule has C1 or Cs symmetry, the molecule’s z-axis can point pretty much any direction it wants.

The cations must be iput with +1 as the charge, and “doublet” as the multiplicity, or the calculation will fail.

2)  You may wish to run some simple octahedral molecules for comparison (start, perhaps, with the fac complex).  The better your input geometry, the faster your job will converge.  For additional help, see the instructor.

3)  IR stretches are often scaled by a factor (between 0.8 and 0.95 usually) to bring them close to the experimentally determined values.  If your calculated IR stretches are too large (as they will be), multiply them by a factor to get them in line with your experimental results.  Use the same factor for all the calculations, trying to get as many bands to match as possible.

4)  Using your calculated energies (total energy of the molecule), determine whether your product is in fact the trans isomer as predicted by the rough EH calculations given in the lab manual.
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