
Appendix 1 

Density Functional Theory Calculation of Isotropic Fermi 
Contact Couplings of Alkyl Semibenzoquinones 

This appendix describes the use of Gaussian 98W software for running Density 
Functional Theory (DFT) calculations of hyperfine coupling constants (the isotropic 
Fermi contact couplings) for alkyl substituted semibenzoquinones. This appendix 
describes the building of the semibenzoquinones molecules for the Gaussian 98W input 
file, the running of the calculation, and reading of the output file.  

1. Building Alkyl Semibenzoquinone Structures 

The Gaussian 98W DFT calculation requires an initial structure that is contained 
in Cartesian coordinates in an input file. The structure can be built interactively with the 
GaussView, which saves the input file. To start GaussView, click on "Shortcut to gview."
 

In GaussView, there are three windows design to assist you in building the 
geometry for the input file: (i) GaussView 2.1, (ii) Builder and (iii) View1 (see Fig.1). 

WARNING NOTICE: The experiments described in these materials are potentially hazardous and require a high level
of safety training, special facilities and equipment, and supervision by appropriate individuals. You bear the sole
responsibility, liability, and risk for the implementation of such safety procedures and measures. MIT shall have no
responsibility, liability, or risk for the content or implementation of any material presented. Legal Notice 

Screenshot images courtesy of Gaussian, Inc.  Used with permission.
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(Courtesy of Dr. Mircea Gheorghiu. Used with permission.)

http://ocw.mit.edu/OcwWeb/web/terms/terms/


First, let us build the semi-benzoquinone: 

1. 	 Click on the Æ Rings button in the Builder window and the larger fragment 
button directly beneath it.  The Select Ring Fragment screen will appear.  Select 
the benzene ring. 

2. 	 Put the mouse arrow on the View1 surface and right-click.  If necessary, drag the 
ring to center using Shift-Left button. 

3. Click View (GaussView 2.1) and click Labels. All atoms become numbered (see 
below). 

4. 	 Add the oxygen atoms.  Double click on the Element button (Builder). Select 
Element table will pop-up. Click on “O”. Click on any hydrogen from the 
benzene ring, an OH will be inserted.  Click on the hydrogen from the para 
position. A second OH will be attached. 
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5. Click on Delete Atom button (Builder) and delete the two hydrogen atoms 
attached to the OH groups. 

6. Cick on File (GaussView 2.1), than on Save….  Save the file in 
d:/GaussView/5.33 directory. 

2. Calculation of Spin-Density of Alkylsemiquinones by DFT 

Now you have created the starting structure for the calculation.  Now enter the 
setup to set the calculation parameters and define the level of theory used. 

1. Click on Calculate (GaussView 2.1), then on Gaussian. Gaussian 
Calculation Setup window will appear. 

Screenshot images courtesy of Gaussian, Inc.  Used with permission.
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2. In Title window type the a Name for your job. 
3. Change Charge to –1 and Spin to doublet. 
4. The Job type is optimization. 
5. In Method choose unrestricted B3LYP. Leave the Basis Set as 3-21G. It 

will be edited latter to epr-II (this latter basis set is not an option available 
from this window). 

6. Solvation should be None. 
7. In General Options leave all boxes unchecked. 
8. In Additional, add the keywords density=current. 
9. Now we want to make extra changes to the input file, which is being written 

with these parameters.  Click on edit… button. Save the file in d:/5.33 
directory. 

10. A notepad file will pop-up. Now is time for the final editing: 

Screenshot images courtesy of Gaussian, Inc.  Used with permission.
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11. Type a “T” after the pound sign to make #T instead of # (T is keyword for 
terse printing). 

12. Replace ub3lyp/3-21g (or any other basis set) with ub3lyp/epr-II. 

For the time being, please ignore the first three lines.  For the time being, the 
first significant is the fourth line, the so-called route line, which begins with the 
keyword “#”. Here “T” is keyword for terse output printing.  The keyword “opt” 
requests optimization of the geometry of molecule.  Electronic structure of the 
radicals (open shell system) are calculated in the unrestricted model (a electrons 
and b electrons are handled separately).  The keyword “u” prepending the method 
keyword, requests open shell calculation.  The method of calculation, density 
functional theory, is “b3lyp” that stands for Bethe-style-3 parameter DFT using 
the Lee-Yang-Parr correlation functional.  The keyword for the basis set used in 
the calculation is “epr-II”. This basis set was designed by Barone1 and are 
optimize for the computation of the hyperfine coupling constants by DFT 
methods. Other keywords will be available consulting the main reference that will 
be on the computer Table. 

13. Save the file (File) and Exit. 
14. The RunGaussian window appear. Click on Okay button. 

The calculation will start immediately. To complete the run, it takes ca. 30 
minutes for semibenzoquinone, XX minutes for methyl- semibenzoquinone and XX 
minutes for t-butyl-semibenzoquinone.  Budget your time wisely.  Sign up for calculation 
as early as possible. 

3. The Output File

The output (or LOG) file for the b3lyp/epr-II calculation will provide you with the 
isotropic Fermi contact couplings.  This file should be saved with the same name as your 
input file with a .LOG extension.  In the figure below is an example of the semi

1  Barone, V. in Recent Advances in Density Functional Methods, Part I, Chong, D. P., Ed., World 
Scientific Publ. Co.: Singapore, 1966. 

Screenshot images courtesy of Gaussian, Inc.  Used with permission.
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benzoquinone output file.  The couplings are found in column 5 in values of Gauss.  Here, 
because all hydrogens are equivalent (group D2h), the coupling constant value is equal at 
–2.39 Gauss. Also information regarding the optimized geometry of the anion radical is 
also available. 

All calculations in Gaussian98W end with a proverb. Here is a superb sample: 

ESR Appendix 1-6 



Table. The calculated hyperfine coupling constant, aH, (in gauss), according to equation 
10 and your data. 
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Benzosemiquinone 

R is the substituent DTF: B3LYP/EPR-II Your data 

R= isopropyl 

H2

 H3

 H4 

CH 

                average CH3 

ESR Appendix 1-8 


