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

version of 9/26/2003

Appendix 1b
Gaussian 03W on Dell XPS

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

(Courtesy of Dr. Mircea Gheorghiu. Used with permission.)

This appendix describes the use of Gaussian 03W Density Functional Theory
(DFT) software to calculate hyperfine coupling constants (the isotropic Fermi contact
couplings) for semi-1,4-benzoquinone, methyl-, ethyl-, i-propyl- and #-butyl
semibenzoquinones.

Content:
1. Building benzosemiquinone structures.
2. Calculation of spin-density of semiquinones by DFT.
3. Single input file for multiple jobs.
4. The output file.

1. Building Benzosemiquinone Structures

The Gaussian 03W DFT calculation requires an initial structure that is contained

in cartesian coordinates (in A) or in an input file. The structure can be built interactively
with the GaussView.

To start GaussView, click on "Shortcut to gview."

Shorkcuk bo

gwiew

In GaussView, there are several windows windows design to assist you in
building the geometry for the input file. For example, the main GaussView (see Fig.1)

control panel that contains the menu bar, a large variety of toolbars and the Current
Fragment window.
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The active ViewWindow, in our case G1:M1:V1, will immediately contain the
benzosemiquinone:

=72
Results Windows Help

_.q‘;ﬁ?% Me 72 0o @
§ hw i iR F| DL

B G1:M1:V1 - New

Build Select Flacement -©

Basically to build the semi-1,4-benzoquinone, you have to start from benzene, add two
OH groups, and than strip off the hydrogens. The charge and the spin will be inputed
later.

Screenshot images courtesy of Gaussian, Inc. Used with permission.
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1. Click on the icon with a benzene ring on it. The Select Ring Fragment
appears.

* GaussView 3.08
File Edit WView Calculate Results \Windows Help
m|@|}'ﬂ g ﬁ select Ring Fragment
3 @ - X 9
Sl 0l Sl @

¥ Current Fragment;

Edj
O
=l

1

[

2as
21018
i

1. Click oy M
button d '-.\\ /.-'

the heandl

2. Next click anywhere in the G1:M1:V1 window. The benzene ring is displayed.

Screenshot images courtesy of Gaussian, Inc. Used with permission.
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3. Add the oxygen atoms. Double click on the °C button. Click on “O” than select
at the bottom of the periodic Table the sp® bivalent “oxygen” fragment (S-S-LP-

LP).
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Screenshot images courtesy of Gaussian, Inc. Used with permission.
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4.  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.

H B

[EI wogen Tetravalent [5-5 -LF'-LF']]

B G1:M1:¥1 - New

Buld Select Placement -

5. Click on Delete Atom button (left to the ? button) and delete the two hydrogen
atoms attached to the OH groups.
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Screenshot images courtesy of Gaussian, Inc. Used with permission.
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6. The benzosemiquinone built so far is not necessarily symmetrized D,,. Under
Edit click on the Point Group....
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For example, the G1:M2 Point Group Symmetry window appears. Check the box
Enable Point Group Symmetry. From this window you will learn that your molecule
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Screenshot images courtesy of Gaussian, Inc. Used with permission.
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has C1 symmetry, however you can convert this geometry to Dy, by clicking
Symmetrize. If you do so you will get a D,;, benzosemiquinone.
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Click OK. The current point group is now D,,. Now you are ready to start the
calculation.

2. Calculation of Spin-Density of Alkylsemiquinones by DFT

At this stage, you have to enter the setup to set the calculation parameters and
define the level of theory used.

1. Click on Calculate (GaussView 3.08), then on Gaussian....

File Edit Wiew galn:ulate_ Results wWindows Help
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2. Gaussian Calculation Setup window will appear.

Screenshot images courtesy of Gaussian, Inc. Used with permission.
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8 G1:M1:V1 - Gaussian Calculation Setup

Title: benzozemiquinone D2h
K.eywords; #t opt ub3lyp geom=connectivity epr-ii density=current
Charge/Mul: -1 2 d

JobType | Method | Tite | LikD | Genetsl | Guess | NBO | FEC | Solvation

I Optirnization |

TR

Optimize to a | Minimum % | [] Use GDIS
Calculate Force Constants i_Never w [] Use tight convergence criteria

Additional Femsords: |epr-ii dengity=curnent | Update

|I Submit... J ’ Cancel ] ’ Edit... ] ’ Retain ] ’ Defaults ] ’ Help 1

e The Job Type is optimization

In Method choose ground state, DFT..., Unrestricted, B3LYP. Leave the
Basis Set as 3-21G. It will be edited latter to epr-I1 (this latter basis set is not
an option available from this window). Change Charge to —1 and Spin to
doublet.

In Title window type the a Name for your job.

Solvation should be None.

In Additional keywords, add the keywords density=current.

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

Screenshot images courtesy of Gaussian, Inc. Used with permission.

ESR Appendix 1b-8



tchk=semiquinone-mg.chk

Fmem= 6 M

tnproc=1

#T opt uhSlgpfepr_II geom=connectivity density=current

bhenzosemigquinone DZh

-1z

C

C 1 E1l

C 2 Bz 1 a1

C 3 B3 2 Az 1
C 4 E4 3 A3 2
C 1 ES 2 b 3
H 1 E& & LS 5
H 2 E7 1 Le &
H 4 ES 3 AT 2
H 5 ES 4 LS 3
C 3 E1i0 2 LS 1
C & Ei1l 1 A10O 2

3. Type a “T” after the pound sign to make #T instead of # (T is keyword for
terse printing).
4. Replace ub3lyp/3-21g (or any other basis set) with ub3lyp/epr-IL.

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 (o electrons
and [ 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 Barone' 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.

! Barone, V. in Recent Advances in Density Functional Methods, Part I, Chong, D. P., Ed., World
Scientific Publ. Co.: Singapore, 1966.
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5. Save the file (File) and Exit.
6. The RunGaussian window appear. Click on Okay button.

benzozemiquinone D2h
1z # opt ub3lyp geom=connectivity epr-ii density=current
Mult; -1 2

Jpe | Method | Title | Link0 | General | Guesz | MWEO FBC
: Nome

paoint S ave: [ Dor't save

riquinone-mg.gj

(o [ o=

The calculation will start immediately. Details regarding the actual processing is
displayed in the GaussView 3.08 window.

(& Gaussian 03 Revision-B.04

File Process LUtiities Wiew Help

[» ] [on] ][]
e e |

I
Active.Jab: | L5 33SEMIQUINONE-MG.LOG Output File: [ SEMIQUINOME-MG LOG

Run |
Progress:

!Ilerativel_l,l Salving the Seli-Conziztent Field Equations

Screenshot images courtesy of Gaussian, Inc. Used with permission.

To complete the run strating from the builder geometry, it takes ca. 10 minutes
for benzosemiquinone D»y, ca. 2 hours for methylbenzosemiquinone, ca. 5.5 hours for
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ethylbenzosemiquinone, ca 9 hours for the i-propylbenzosemiquinone and ca 15 hours for
t-butylsemibenzoquinone. Budget your time wisely. Sign up for calculation as early as
possible.

You can run a multiple job file. See the next discussion (Single input file
for multiple jobs).

3. Single Input File for Multiple Jobs.

The input file to submit, for example, three calculations is displayed next in blue
(on the web site) Berlin Sans FB fonts to differ from the regular text. Suggestions:

1. Start with the benzosemiquinone file (perhaps saved under a different name).
2. Build methylbenzosemiquinone. Save the input file.
3. Leave a line after the last information regarding the benzosemiquinone. Type in

(correctly) the link line, the check file name, and the route line.

4. Leave a line as space.

5. Open the file with the second molecule. Copy and paste the title, charge, multiplicity
and the geometric information concerning the second molecule in the multi jobs input
file.

6. For the third (next molecule) go to step 1 through step 5.

7. 1If the new molecule is the last input, add the NoSave command (see the example
below).

8. Leave to empty lines at the end.

%chk=semiquinone.chk

%mem=6MW

%nproc=1

#T opt ub3lyp geom=connectivity epr-ii density=current

benzosemiquinone D2h

-1 2
insert the geometry of benzosemiquinone

--link1--
%chk=semiquinone.chk
#T opt ub3lyp geom=connectivity epr-ii density=current

methyl benzosemiquinone

-12
insert the geometry of methylbenzosemiquinone

-=link1--
%chk=semiquinone.chk
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%NoSave
# opt ub3lyp geom=connectivity epr-ii density=current

t-butyl benzosemiquinone

-12
insert the geometry of t-butylbenzosemiquinone

4. 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-
benzoquinone output file. The couplings are found in column 5 in values of Gauss. Here,
because all hydrogens are equivalent (group Day), the coupling constant value is equal at
—2.39 Gauss. Also information regarding the optimized geometry of the anion radical is
also available.

Symmetry BZU  KE= 4.4912504227850+01
Symmetry B3U  KE= 5.B8462138362520+00
Isotropic Fermi Contact Couplings

Atom a.u. MegaHertz Gauss 106-47 cm-1
1 <(13] -0. 00042 -0.47178 -0.16834 -0.15737
2 (13 -0. 00042 -0.47178 -0.16834 -0.15737
3 C(13) -0, 00895 =10, 05950 -3, 58962 -3.35562
4 C(13] -0, 00042 -0, 47178 -0.16834 -0,15737
5 C(13) -0, 00042 -0.47178 -0.1a834 -0.15737
6 C(13) -0, 00895 -10. 05550 -3. 58962 -3.355862
7 OH(LD -0, 00150 —-f., 70870 —-2.39383 —2.23778
3 H(L1) -0, 00150 -6, 70870 -2.39383 —-2.23778
9 H{LD -0, 00150 -6, 70870 -2.39383 —-2.23778
10 H{LD -0, 00150 -0, 70870 -2.39383 —2.23778
11 of17) 0.03557 -21. 56538 —7.069508 -7.19344
12 of(17) 0.03557 -21.56538 -7.685%506 -7.15344

All calculations in Gaussian03W end with a proverb. Here is a superb sample:
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Baa -0.5756 41,651 14,8642 13.893 0.0000 0.0000 1.0000
12 ©¢17) Ebb -0. 5669 41,018 14,636 13.682 0.0000 1.0000 0.0000
BCC 1.1425 -82.6869 -29.498 -27. 573 1.0000  0.0000 0.0000

1|1 UNPC-UNK | Fopt |UB3LYP|EPR-TIT |CEHA402 (1-, 20 | PCUSER |16-5ep-2003 |0 [# O
PT UB3LY¥P GEOM=COMWECTIVITY EPR-II DENSITY=CURRENT||benzosemiguinone D
2h||-1,2|C,-1.2300173355,0.,-0.6900845267 | C,-1.2300173355,0.,0.6900845
267|c,0,,0.,1.4758944703|C,1. 2300173355, 0., 0. 6900845267 |C,1. 2300173355
,0.,-0.6900845267|C,0.,0.,-1.4758544703|H, -2.16841832335, 0., -1. 25162165
22|H,-2.1641832335,0.,1. 2516216522 |H, 2. 1641832335, 0.,1. 2516216522 |H, 2.
1641832335,0.,-1. 2516216522 |0, 0. ,0.,2. 7468855669 |0, 0., 0., -2. 74609855650
| |wersion=x86-win32-G03RevE. 04 |State=2-B2G|HF=-381, 5936519 | 52=0. 7817a7
[52-1=0.|524=0. 750042 | RMSD=6.115-008| RMSF=1.179a-004 |Dipole=0.,0.,0. |
PG=002H [C2"(0lcl.c1oll, sc(C4H41] ]| | &

IT IS A SIMPLE TASK TO MAKE THIMNGS COMPLEX,

BUT A COMPLEX TASEKE TO MAKE THEM SIMPLE.

Job cpu time: O daws 0 hours 9 minutes 52.0 seconds.

File lengths (MEytes): RwF= 44 Int= 0 D2E= 0 cChk= O Scr= 1
Mormal termination of Gaussian 03 at Tue Sep 16 14:10:17 2003,

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

Hsx RO
R =H, Me, t-Bu
Hy Hip
Ome
Benzosemiquinone
R is the substituent DTF: B3LYP/EPR-II Your data
R=H
H,
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Benzosemiquinone

R is the substituent

DTF: B3LYP/EPR-II1

Your data

R=Me

H,

H;

Hy

average CH3

R=isopropyl
H,
H;
Hy
CH

average CHj3
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