Chapter 20: MOPAC

Key Notes:

MOPAC Basics:
MOPAC stands foMolecularQrbital Package, and is primarily the work of J.P. Stewart, of the U.S. Air
Force Academy. MOPAC is a very popular semi-empirical software package, and it is integrated into
many commercial codes, such as CAChe. MOPAC runs all of the basic semi-empirical methods, including
AM1, PM3, and MNDO/3. It has the ability to run basic quantum chemical calculations: geometry
optimizations, molecular energies, molecular orbitals, vibrational frequencies, coordinate scans,
thermodynamics (thermochemistry), and transition structures. In reporting energies, MOPAC reports heats
of formation (in kcal/mole) instead of energies in hartrees. The North Carolina High School Computational
Chemistry server uses MOPAC7. MOPAC 2003 is a commercial version of the software, while MOPAC7
is still available without charge. MOPAC is a useful tool for calculations on larger molecules, and, as
compared with the other codes on the North Carolina server, runs calculations very quickly.

Running MOPAC Jobs:
MOPAC jobs run from the WebMO interface in exactly the same manner as Gaussian and
GAMESS. The astute user will note that there is no option to chdzssisaset The user simply
chooses the theory B PM3, AM1, or MNDO/3. Bakvanced and thePreview tabs provide the
advanced user with the option to customize and preview input files. Once the job is completed,
clicking on the name of the job or the magnifying glass display¥iiwe Job window with the
text and graphical results. MOPAC jobs run very quickly as compared with Gaussian and
GAMESS. As such, MOPAC is a good choice for large groups of students and/or larger
molecules.

MOPAC Keywords:
MOPAC follows the keyword system found in most computational chemistry software packages.
Keywords allow the user to customize an input file. In a system like WebM®Gtathaard
keywords are built into the pull-down menus, and provide most of the functionality needed by
most users.

Interpreting MOPAC Output:
MOPAC output files are significantly less detailed than that of Gaussian or GAMESS. As such,
MOPAC output files are useful as a resource to help beginning users with interpreting output files.
An annotated output file is included in this chapter.

Troubleshooting MOPAC Jobs:
MOPAC jobs run to completion a majority of the time, and the code is very stable. Error
messages can be found in Thew output file in theJob Manager, and are very specific about
the type of error and keyword remedies to those errors.

MOPAC Basics:

MOPAC is a well-known semi-empirical software package, developed primarily by J. P. Stewart of the U.S. Air
Force Academy. The WebMO server in North Carolina runs MOPAC7, the most recent non-commercial version of
the software. MOPAC 2003 is foubdndledin a number of commercial computational chemistry software

packages, such as FujitsuOs CAChe program. The name has an interesting history, found on the developerOs
MOPAC page:

The name MOPAC should be understood to mean "Molecular Orbital

PACkage". The origin of the name is somewhat unusual, and might
be of general interest: The original program was written in
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Austin, Texas. One of the roads in Austin is unusual in that the
Missouri-Pacific railway runs down the middle of the road. Since
this railway was called the MO-PAC, when names for the program
were being considered, MO-PAC was an obvious contender.

MOPACTY runs several of the basic techniques found in semi-empirical quantum chemical methods:
AM1: the Austin Method 1 (developed at the University of Texas at Austin). AM1 ser =& s

1.

2.

3.

A review of the documentation for MOPAC (available from a variety of sites) lists the followini
capabilitiesof MOPACY. This list is providederbatimhere as a teaching tool. As your

understanding of computational chemistry increases, the terminology on this list, and lists like
are hopefully becoming less daunting! The following list of MOPAC capabilities may be used

empirical methods can only calculate molecules with elements shown in the list at rig
PM3: the Parameterized Model 3, an improved version of AM1. PM3 methods will n

calculate molecules with elements not on the elements list shown here.

MNDO and MNDO/3: these two methods are older semi-empirical methods. The Nc¢

Carolina WebMO server provides access to MNDO/3.

assess your understanding of previous chapters in this Guide.

1.

P NNk

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

MNDO, MINDO/3, AM1, and PM3 Hamiltonians.
Restricted Hartree-Fock (RHF) and Unrestricted Hartree-Fock (UHF) methods.
Extensive Configuration Interaction
a. 100 configurations
b. Singlets, Doublets, Triplets, Quartets, Quintets, and Sextets
c. Excited states
Geometry optimizations, etc., on specified states
Single SCF calculation
Geometry optimization
Gradient minimization
Transition structure location
Reaction path coordinate calculation
Force constant calculation
Normal coordinate analysis
Transition dipole calculation
Thermodynamic properties calculation
Localized orbitals
Covalent bond orders
Bond analysis into sigma and pi contributions
One dimensional polymer calculation
Dynamic Reaction Coordinate calculation
Intrinsic Reaction Coordinate calculation

Running MOPAC Jobs:

Running MOPAC jobs from the WebMO interface follows the standard procedure of:

1.

2.
3.
4,

building the molecule using the Java-based molecular editor
choosing MOPAC as the computational engine

selecting the desired calculation and theory (PM3, AM1, MNDO/3)
ensuring that the charge and multiplicity are set correctly
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Using theAdvanced tab, the user can change other parameters, and type in extra keywords to customize a job. The
Preview/Generate capabilities allow the user to see the actual input file being sent to the MOPAC software. The
input file for our molecular orbital calculation of formaldehyde, usind?ki@ method, is shown below:

PM3 1SCF GRAPH VECTORS BONDS CHARGE=@ SINGLET
Formaldehyde MOs

C 0.0000000 0 0.0000000 @ 0.0000000 0 0 @ @

0 1.2070000 1 0.0000000 @ ©.0000000 0@ 1 @ @

H 1.0832466 1 122.52961 1 0.0000000 0 1 2 @

H 1.0832466 1 122.52961 1 180.00000 1 1 2 3

-h® QN T Q9

A description of each of the lines is as follows (NOTE: we have added the a, b, c notation on the left of the input
file for easy reference. This is not part of a MOPAC input file).
a. The first line describes the specifics of the calculation:

1. PpM3: the theory, or method, to be used. PM3 is the parameterized model 3, the most powerful
semi-empirical method available in MOPAC

2. 1SCF: this keyword tells MOPAC to perform one comple¢df-consistent fieldSCF) calculation.
Hopefully the SCF calculation will converge.

3. GRAPH: this keyword command tells MOPAC to generate data needed to create a variety of
graphics. In WebMO, the graphics are viewable using the MOViewer program, which loads
automatically by clicking on the various magnifying glass icons.

4. VECTORS: this keyword command requests MOPAC to print out all oktgenvectorsor
eigenvaluesfor the molecular orbitals.

5. BONDS: this keyword command asks MOPAC to print outlibad orderinformation found in the
molecule.

6. CHARGE=0: the charge on formaldehyde is still zero!

7. SINGLET: thespin multiplicityof the formaldehyde molecule is 1, otherwise known as a singlet.

b. This is the title of the job, and came from theb Title box in the WebMO interface

c. Lines cthrough f describe the geometry of the molecule, using the MOPAC format. The geometry input
format is similar to &-matrix, along with a&onnection tabl®n each line of the geometry data. Bond
lengths are shown in angstroms (¢), and bond angles and dihedrals are shown in degrees.

d. Geometry continued

e. Geometry continued

f. Geometry continued

MOPAC Keywords:

MOPAC follows the method used by many molecular modeling packages in its use of a keyword notation. As
described earlier, the most basic of these keywords are programmed into the WebMO interface, and are
automatically inserted into the input file when you select an option from a pulldown menu.

There are three general categories of keywords in MOPAC:
1. Control keywords directly affect the chemical results, such as the calculated heat of formatjon ('H
Examples of control keywords are:
a. AM1: use the AM1 method
b. SADDLE: optimize the transition structure by attempting to findatddle point
c. THERMO: perform ghermodynamicsalculation
d. XYZ: instead of using the MOPAC geometry format, use a Cartesian XYZ format for the input
file
2. Outputkeywords, which determine what information will be printed inRlagv Qutput file. Users should
note that the output shown in the WebW@w Job/Calculated Quantities window is not changed if the
user adds in output keywords by hand. Those quantities can only be vieweRawtatput file.
Examples of output keywords are as follows:
a. 1ELECTRON: this prints thene-electron matrix
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DENSITY: print thedensity matrix
GRADIENTS: print all of thegradientsfor the heat of formation calculation
LARGE: prints an expanded output

e. MULLIK: print the Mulliken population analysisiformation
3. Workingkeywords, which affect how the job will be handled by the computer. Examples of working

keywords are as follows:

a. GNORM: this keyword allows the user to modify how precisely a geometry optimization
calculation will be.

b. ITRY=NN: this keyword stands fateration tries and is normally set (defaulted) to 200.
Increasing this value requests that the calculation increase the number of iterations that it performs
in trying to find the lowest energy value.

c. DUMP: this keyword is sometimes useful if calculating a particularly large molecule. With this
keyword, intermediary results ademped to a temporary file, to be used if the job fails at some
point. The default dump time is 14400 seconds (four hours), but can be changed using
DUMP=NN, where NN is time in seconds.

aoo

Interpreting MOPAC Output:

MOPAC has the reputation in the computational chemistry community of having verbose, and helpful, output files.
This reading describes in basic detail the various parts of a relatively simple outplt filest caseghe user of

the North Carolina High School Computational Chemistry server will obtastif not all of his or her calculation
results from the standard output window provided by the WebMO software. There is, however, a great deal of
information contained in thRaw Output file, available in the Job Manager window.

Readers are invited to skim this particular section, returning to it as needed for reference.

Comments or output information that is pertinent ardeolid, embedded in the output. The actual output file is
shown indented, using a slightly different font. MOPAC files do not have large sections describing legal issues,
citation suggestions, as are found in Gaussian and GAMESS:

This shows that you are using MOPAC, Version 7, still in the public domain:

3k 3k 3k 2k 3k 3k ok %k ok ok 2k 3k ok ok %k 5k ok ok sk ok 3k 3k ok ok ok %k ok ok >k sk ok ok %k 3k ok ok %k ok 3k >k 5k ok ok %k 3k 3k ok %k ok 3k 3k 3k ok ok %k 5k ok >k 3k ok Kk 3k 3k ok ok %k 5k ok >k %k >k Kk ok ok *k *k %k ok k

*k MOPAC (PUBLIC DOMAIN) *k

3k 3k 3k 3k 3k 3k ok %k 5k 3k 3k 3k 3k ok 3k 5k 3k >k 5k 5k 3k 3k 5k 3k >k %k 5k 3k >k 5k 5k 3k 3k 5k 3%k >k %k 5k 3k >k 5k 5k %k >k 5k 3%k >k %k 5k %k 3k 5k 5%k >k %k 5k %k >k 3k 5k %k >k 5k 5%k >k %k 5k %k >k %k 5% %k %k 5k %k %k %k k ¥k

PM3 CALCULATION RESULTS

3k 3k 3k 3k 3k 3k ok %k 3k 3k 3k 5k 3k 3k 3k 5k 3k 3k %k 3k 3k 3k 5k 3k >k %k 3k 3k 3k %k 3%k >k 3k 5k 3%k >k %k 3k 3%k 3k %k 3%k %k 3k 5k 3%k >k %k 3%k 3%k 3k %k 3%k >k %k 5k 3%k >k %k %k %k 3k %k 5%k >k %k %k 3%k 3k %k % %k %k %k %k %k %k k k

* MOPAC: VERSION 7.00 CALC'D. Sat Jul 8 08:56:41 2006

This section shows the keywords that WebMO automatically entered from the pulldown menus. In this job,
we requested a molecular orbitals calculation using the PM3 Hamiltonian, on the molecule formaldehyde,
with a charge of 0 and a spin multiplicity of singlet:

* VECTORS - FINAL EIGENVECTORS TO BE PRINTED

* BONDS - FINAL BOND-ORDER MATRIX TO BE PRINTED
* GRAPH - GENERATE FILE FOR GRAPHICS

* SINGLET - SPIN STATE DEFINED AS A SINGLET

*

* CHARGE ON SYSTEM = @

*

*T= - A TIME OF 14400.0 SECONDS REQUESTED

* DUMP=N - RESTART FILE WRITTEN EVERY 14400.0 SECONDS
* 1SCF - DO 1 SCF AND THEN STOP

* pM3 - THE PM3 HAMILTONIAN TO BE USED
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This next section repeats your control line and title from your input file:

PM3 1SCF GRAPH VECTORS BONDS CHARGE=@ SINGLET
Formaldehyde MOs

This next section shows the geometry of the molecule, with bond lengths in angstroms (A) and bond angles in
degrees. The geometry is shown with a MOPAC coordinate system as well as in Cartesian (XYZ)
coordinates. The reader is encouraged to try to decipher the notational system being used here:

ATOM  CHEMICAL BOND LENGTH BOND ANGLE TWIST ANGLE

NUMBER  SYMBOL (ANGSTROMS) (DEGREES) (DEGREES)
@9) NA:I NB:NA:I NC:NB:NA:I NA  NB NC
1 C
2 0 1.20695 * 1
3 H 1.08324 * 122.52865 * 1 2
4 H 1.08324 * 122.52865 * 180.00000 * 1 2 3

CARTESIAN COORDINATES

NO. ATOM X Y z
1 C .0000 .0000 .0000
2 0 1.2070 .0000 .0000
3 H -.5825 .9133 .0000
4 H -.5825 -.9133 .0000

The point group symmetry of the molecule — C,, — is identified:

MOLECULAR POINT GROUP  : C2V
H: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).
C: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).
0: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).

The output states that we are doing a Restricted Hartree-Foclealculation, with all electrons paired, and that
there are six orbitals containing 12 electrons. MOPAC ignores the first two orbitals; we actually have 8
occupied orbitals, each with 2 electrons, for a total of 16 electrons:

RHF CALCULATION, NO. OF DOUBLY OCCUPIED LEVELS = 6

This table shows the interatomic distancesn units of angstroms (A):

INTERATOMIC DISTANCES

c1 0 2 H 3 H 4

C 1 .000000

0 2 1.206953 .000000

H 3 1.083243 2.009032 .000000

H 4 1.083243 2.009032 1.826614 . 000000

Once more, a reminder of what is being requested:
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PM3 1SCF GRAPH VECTORS BONDS CHARGE=0Q SINGLET
Formaldehyde MOs

This next section fundamentally amounts to a “success” message. The program was able to converge on a
heat of formation, using a self-consistent fielctalculation. As such, it did not need to use the Broyden-
Fletcher-Goldfarb-ShannaBFGS) optimizer. The BFGS optimizer is an alternative way of determining the
best, or optimized, geometry of a molecule:

1SCF WAS SPECIFIED, SO BFGS WAS NOT USED
SCF FIELD WAS ACHIEVED

PM3 CALCULATION
VERSION 7.00
Sat Jul 8 08:56:41 2006

This next section shows our first results. Notice that we get the energy of the molecule in terms of heats of
formation, in units of kcal per mole. For users new to molecular modeling, these are terms much more
familiar than esoteric terms such as “hartrees”. As such, MOPAC is often a good starting tool for novice
molecular modelers. Note also, in the output below, other energy values are reported in units of electron-
volts (eV). Total energy is equal to electronic energy plus core-core repulsion energy (T.E. =E.E. + C-C.E):

FINAL HEAT OF FORMATION -33.97167 KCAL

TOTAL ENERGY = -442.70353 EV
ELECTRONIC ENERGY = -834.28321 EV
CORE-CORE REPULSION = 391.57968 EV

The next line states that the Highest Occupied Molecular Orbital (HOMO) has an energy value (in kcal/mole)
of 10.65128. KoopmanOs Theorestates that the value of the HOMO is equal to the ionization potential(IP) of
the molecule, and it is the ionization potential that is reported here. The ionization potential represents the
energy needed to remove an electron from the outermost orbital of the molecule:

IONIZATION POTENTIAL = 10.65128

If you are asking why there are only 6 filled levels (total of 12 electrons) and not 8 (total of 16 electrons),
remember that MOPAC only shows the valence electrons:

NO. OF FILLED LEVELS = [
It’s nice of MOPAC to do this math for us!

MOLECULAR WEIGHT 30.026

As requested with the 1SCFkeyword, MOPAC did one complete SCF calculation, and it converged. Note the
computation time. As we described in the “Computational Analogy” chapter, software programs are
analogous to ovens, stoves, microwave ovens, and grills. MOPAC is a microwave!

SCF CALCULATIONS = 1
COMPUTATION TIME = .000 SECONDS

We did not ask MOPAC to optimize this molecule, so it reports back that the bond lengths, angles, and

dihedrals are as they were previously. Cartesian coordinates and interatomic distances are also reported,
also all unchanged:
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ATOM  CHEMICAL BOND LENGTH BOND ANGLE TWIST ANGLE

NUMBER SYMBOL (ANGSTROMS) (DEGREES) (DEGREES)
(D NA:I NB:NA:I NC:NB:NA:I NA  NB NC
1 C
2 0 1.20695 * 1
3 H 1.08324 * 122.52865 * 1 2
4 H 1.08324 * 122.52865 * 180.00000 * 1 2 3

INTERATOMIC DISTANCES

0
c1 0 2 H 3 H 4
C 1 .000000
0 2 1.206953 .000000
H 3 1.083243 2.009032 .000000
H 4 1.083243 2.009032 1.826614 .000000
MOLECULAR POINT GROUP : C2V

The output file now reports out the eigenvectorsthe details of the molecular orbitals. Unlike the other output
files (Gaussian and GAMESS), we only get 10 orbitals here, not 12. As before, the output shows us the A1-
B1-B2 symmetry of the orbital; the energy in kcal/mole; and a detailed description of the distribution of
electrons in each of the orbitals. By way of reminder, in MO-1 (“Root” 1), most of the C atom is found in the
s orbital, most of the O atom is also s, and both of the hydrogens are s orbitals. In Root 5 (MO-5), most of the
carbon atom is in the p, orbital, as is the oxygen. The hydrogens are still in s orbitals:

EIGENVECTORS
Root No. 1 2 3 4 5 [ 7 8

1A1 2 Al 1 B2 3A1 1B1 2 B2 2 Bl 4 A1
-38.019 -24.326 -17.087 -16.430 -14.279 -10.651 790  2.747

S C 1 L4747  -.6029 .0000 -.0017 .0000 .0000 .0000 .6121
Px C 1 .2739 L2772 .0000 .5400 .0000 .0000 .0000 -.10649
Py C 1 .0000 .0000 .6234 .0000 .0000 -.2740 .0000 .0000
Pz C 1 .0000 .0000 .0000 .0000 -.5951 .0000 .8037 .0000
S 0 2 . 7807 .4739 .0000 -.3095 .0000 .0000 .0000 -.0588
Px 0 2 -.2201 .2349 .0000 -.7181 .0000 .0000 .0000 .2202
Py 0 2 .0000 .0000 .5818 .0000 .0000 .7882 .0000 .0000
Pz 0 2 .0000 .0000 .0000 .0000 -.8037 .0000 -.5951 .0000
S H 3 .1444 - 3740 .3693 -.2201 .0000 -.389% .0000 -.5226
S H 4 .1444 - .3740 -.3693 -.2201 .0000 .3896 .0000 -.5226
Root No 9 10
3 B2 5 A1
4,155 6.655
S C 1 .0000 .1911
Px C 1 .0000 L7275
Py C 1 -.7323 .0000
Pz C 1 .0000 .0000
S 0 2 .0000 -.2581
Px 0 2 .0000 .5763
Py 0 2 . 2004 .0000
Pz 0 2 .0000 .0000
S H 3 .4602 .1331
S H 4 -.4002 .1331
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MOPAC shows the partial chargesand the electron densityn each of the atoms:

NET ATOMIC CHARGES AND DIPOLE CONTRIBUTIONS

ATOM NO.  TYPE CHARGE ATOM ELECTRON DENSITY
1 C .2996 3.7004
2 0 -.3100 6.3100
3 H .0052 .9948
4 H .0052 .9948

Dipole moments, in units of debyes, are shown, with a breakdown of that distribution:

DIPOLE X Y YA TOTAL
POINT-CHG. -1.826 .000 .000 1.826
HYBRID -.349 .000 .000 .349
SUM -2.175 .000 .000 2.175

CARTESIAN COORDINATES

NO. ATOM X Y z

1 C .0000 .0000 .0000
2 0 1.2070 .0000 .0000
3 H -.5825 .9133 .0000
4 H -.5825 -.9133 .0000

MOPAC shows how electrons are distributed across each of the 10 orbitals. If we add up these values, we
come up with the value of 12, the number of valence electrons in the formaldehyde molecule:

ATOMIC ORBITAL ELECTRON POPULATIONS

1.17769 . 88696 .92750 .70824 1.85982 1.23873 1.91968 1.29176
.99481 .99481

As was requested in the input file (without us asking it to do so!), MOPAC gives us a bond orderreport. Note
especially the degrees of bondingnformation: It reports that carbon has approximately 4 bonds, roughly
what we typically state. Likewise, oxygen has approximately 2 bonds, and the hydrogens have almost 1
(0.935034):

BONDING CONTRIBUTION OF EACH M.O.

1.1280 1.2835 1.4365 1.3682 1.8297 .8712 -1.8297 -2.1644 -1.9917 -1.9313
nelecs nclose nopen nopn 12 6 6 0

% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % * % % % % % ¥ % ¥ * %

* STATISTICAL POPULATION ANALYSIS *

k ok ok ok ok ok ok ok ok ok ok ok ok k k ok k *k k *k k *k k k ok k *k k *x k * >k *k >k *k *k k *x k *x k * 3k * k

DEGREES OF BONDING

C 1 3.547085
0 2 1.983610 10.556429
H 3 .935034 .039974 .989652
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H 4 .935034 .039974 .024966 .989652

SELF-Q ACTIV-Q TOTAL-Q VALENCE  FREE-VA STAT.PROM MULL.PROM

.15330  3.85368 3.70038 3.85368 .00000 -.29962 -.29962
.24644 2.06356 6.30999 2.06356 .00000 .30999 .30999
.00516 .99997 .99481 .99997 .00000 -.00519 -.00519
-.00516 .99997 .99481 .99997 .00000 -.00519 -.00519

ArwWNPR
[

MOPAC tells us that all of the electrons are paired (closed she)l that data was written for us to view graphics
(available from the WebMO interface), and that the job was done in 0.00 seconds:

CLOSED SHELL

DATA FOR GRAPH WRITTEN TO DISK
TOTAL CPU TIME: .00 SECONDS
== MOPAC DONE ==

Troubleshooting MOPAC Jobs:

There are fundamentaltwo types of OfailedO jobs in MOPAC:

1. jobs for which you actually get a OFailedO message (in red!) in the WebMO Job Manager

2. jobs for which you get one or several results that are clearly not reasonable chemical answers
Both types of failed jobs are described here.

Failed Job Messages

Like any computational chemistry program, there are times when the job fails. This can happen for a variety of
reasons. Failed jobs can be difficult to diagnose. For users of the North Carolina WebMO resource, support staff
can help in diagnosing job failures, and keep a regular watch on the jobs running on the server.

For this section, we purposefully created two jobs that would probably fail, and they did:
1. adrug compound that contains a peptide group , defined as a H-N-C=0 group in a molecule. MOPAC

doesnOt like peptide groups, and says so. Ratweutput file, it says Othis system contains DPHNCO-
groups. It also tells us what to do. In thévanced menu of theJob Manager, we can add the keyword
OMMOKO, which says it is OOKO to use Molecular Mechanics methods to calculate this part of the
molecule. Fundamentally, all of the semi-empirical methods (PM3, AM1, MNDO, and MNDO/3)
underestimate the way that peptide bonds rotate, and the molecular mechanics fix allows the code to adjust
for that reality.

This graphic shows our attempts at running this molecule. The first time we ran the molecule as it had been built.
We then tried to run it again after cleaning up the geometry in the builder. Finally, we added the OMMOKO keyword
in the Advanced keywords box, and it ran to completion:

Drug #3 Molecular Energy - Mopac 7/16/2006 9:25 Complete 0.1sec >
Drug #3 Molecular Energy - Mopac 7/16/2006 9:24 Failed 0.0 sec & ©
Drug #3 Molecular Energy - Mopac 7/16/2006 9:21 Failed 0.0 sec B ©

The code fragment below shows us that MOPAC has found a peptide group (HNCO), and what to do about it!
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MOLECULAR POINT GROUP : C1
H: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).
C: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).
N: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).
0: (PM3): J. J. P. STEWART, J. COMP. CHEM. 10, 209 (1989).

RHF CALCULATION, NO. OF DOUBLY OCCUPIED LEVELS = 26
THIS SYSTEM CONTAINS -HNCO- GROUPS.
YOU MUST SPECIFY "NOMM" OR "MMOK" REGARDING MOLECULAR MECHANICS CORRECTION

2. For the second example, we ran a MOPAC job on the drug molecule streptomycin. We downloaded this
molecule as a PDB file (streptomycin.pdb) that we found through a Google search. We simply imported it
into the molecular editor and attempted to run a MOPAC energy calculation on it. The job failed, and the
raw output stated that it was suspicious of the geometry of the molecule. Assuming we have faith in the
structure of the molecule that we had downloaded, we can run the molecule again, putting the keyword
OGEO-OKO in tHeéxtra keywords box under theAdvanced tab. As you might guess, this is telling
MOPAC that the geometry is OOKO. Keep in mind that the geometrynmiigetOK, and whatever
results you get are based on that!

ATOMS 17 AND 10 ARE SEPARATED BY .4725 ANGSTROMS.
TO CONTINUE CALCULATION SPECIFY "GEO-OK"

A note especially to teachers: we recommend that you refer to Chapter 18: Glussidiscussion of specific
run-time problems that are common to all of the software packages on the North Carolina High School
Computational Chemistry server.

Jobs that provide questionable results

Readers are encouraged to read the discussions on questionable results in the previous two chapters (Gaussian and
GAMESS). As with any molecular modeling software progranis piossible to get success completions with

absolutely bogus results. We leave you with this excerpt from Henry SchaeferOs Quantum Chemistry: The
Development ofAb Initio Methods in Molecular Electronic Structure The@pver Press, 1984). Note, by the

way, the discussion of Odeck of computer cardsO and the references to Gaussian 70!

Nevertheless, one must concede that there are great perils associated with the application
of [molecular modeling] methods to chemical problems. When an experimentalist turns
in his latest new compound to the departmental n.m.r. facility, at least he is reasonably
certain that the output will be an n.m.r. spectrum. He may have to be careful that the
n.m.r. spectrum refers to a single compound rather than a mixture, but this is an
uncertainty that chemists have learned to deal with. In striking contrast, it is very easy to
submit a deck of computer cards to a standard quantum mechanical program such as
GAUSSIAN 70 and receive as output totally meaningless results. In fact, it is probably
not an exaggeration to state that there are literally hundreds of such error-ridden
calculations which have actually been published in the chemical literature. A cynical
view of this situation is provided by the statement that Orunning a few molecular orbital
calculations doesnOt make one an electronic structure theorist any more than sleeping in
oneQOs garage makes him/her an automobile® (anonymous, 1981).

Again, for North Carolina teachers and students, the computational chemistry support staff can provide assistance
with results of questionable accuracy. Contact information is available on the main server page
(http://www.shodor.org/chemistyy
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