


Reaction Query

Databases

Guess Transition State

Identify Tautomers

Extract Ligands

Options

Add curly arrows to structure query (the
reactant) in order to relate it to the product
of'a chemical reaction or to the transition
state leading to that product. Arrows may
also be added using the 2D sketch pad.

Performs substructure search on
Cambridge Structural Database (CSD),
Spartan Spectra and Properties Database
(SSPD) and Spartan Reaction Database
(SRD); performs spectral search of the
Spartan Infrared Database (SIRD) and
the External (NIST) Infrared Database
(XIRD).

Provides transition-state guess based on
reaction database or, lacking a database
entry, based on linear synchronous
transit.

Identifies tautomers.

Extracts ligands and pharmacophores
based on protein-ligand binding from
PDB files.

Preferences...

Colors
Fonts...

Graphics Fonts...

Appendix C

Sets various run-time and labeling preferences
and specifies execution preferences and run-
time queue; invokes parallel calculation; sets
up icon displays; establishes url’s for on-line
access; sets up access to external compute
servers and permits use of Spartan’l8 as a
server (for Spartan’18 Parallel Suite only).

Sets screen and model colors.
Sets fonts for labels and plot displays.
Sets fonts for graphical displays.
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Monitor (g Monitors and allows for killing jobs and
bypassing queue to start jobs.

Calculator @ Pocket calculator.

Icons & Turns on and off icons displayed under the
menu bar.

Activities

Tutorials =

Topics

Look up in Wikipedia 7

Help

Brings up Spartan’18 tutorials as PDF
documents.

Brings up selection of topics relevant
to calculations performed in Spartan as
PDF documents.

Brings up an html page pointing to a
Wikipedia page.

Spartan’18 Help & $

Spartan’18 Manual [

License Utility. . .

About Spartan’18. . . (&
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Provides information about the
performance and timing of computational
methods in Spartan; provides information
about using graphical models in Spartan;
bulletin board for FAQs about Spartan.

Brings up Spartan’18 manual (this
document) as a PDF.

Provides information on licensing and
maintenance. Facilitates license transfer
request.

Provides program version information for
citation and support.
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Contextual

Main Screen

Copy

Paste

Delete Selected
Properties

Spreadsheet

Copies selected molecule to the clipboard.

Pastes the contents of the clipboard into the
selected document.

Deletes selected molecule from document.

Brings up the Molecular Properties dialog.

Copy

Paste

Add

Sort

Format Selected

Delete Selected
Append

Rename Selected
Using SSPD

Appendix C

Copies text of selected cell or cells to the
clipboard. If leftmost cell (or cells) selected,
copies molecule(s) to the clipboard

Pastes the contents of the clipboard into selected
cells. If leftmost cell (or cells) selected, either
pastes text or molecule(s) depending on menu
choice

Brings up the Add dialog (spreadsheet) for adding
calculated quantities into the spreadsheet

Sorts the column from low to high. Pressing
the Shift key prior to menu selection sorts from
high to low

Formats selected cell(s), selected column(s) if
selection is in a header cell, or entire spreadsheet
if selection is header cell of leftmost column

Deletes selected molecule(s) from document

Appends the contents of Spartan document(s)
to the spreadsheet (corresponding to the selected
document)

Rename selected molecule(s) with names
in the Spartan Spectra and Properties Database
(SSPD); appears only when leftmost cell(s)
selected.
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Properties Brings up the Molecular Properties dialog.

Substituent Model Kit

Copy Copies selected molecule(s) from a custom library onto
the clipboard

Paste Pastes molecule(s) from the clipboard into a custom
library.

Delete Deletes selected molecule(s) from the custom library.

Append Appends the contents of Spartan document(s) to the
custom library; brings up a file browser

Reactions

Copy Copies selected text to the clipboard
Print Prints selected text

Output Window

Copy Copies selected text to the clipboard
Print Prints selected text

Database

Add Columns...  Adds data columns to search results.
Copy Copies selected molecules or data.
Paste Pastes text to data column(s).
Format Formats data column(s).

Delete Deletes search results or data columns.

574 Appendix C



Appendix D

Commonly-Used
Program Options

Spartan’s graphical interface is already intimidating and would
become much more so were all the possible tasks and methods
available for these tasks to be accessed from menus and dialogs.
The approach we have taken is to use these components sparingly,
attempting to capture the “most important” selections and to relegate
alternatives to words of short phrases (“keywords”) typed into the
Options line at the bottom of each of the Calculations dialogs.
(You need to check the box to the left of Options in order to see the
Options line.) Options also permit recovery (or at least attempts at
recovery) for jobs that have failed in execution, for example, failure
of convergence in the self-consistent procedure that underlies almost
all quantum chemical methods or running past the limit of set on
number of steps in a geometry optimization.

This appendix describes a number of commonly-used program
options. These are in terms of keywords input into the Options box
in the Calculations dialog (Setup menu). In addition, any method,
functional or combination of functionals and/or basis set supported
in Spartan (and not included explicitly in the menus) may be
typed into the Options box. (See Chapter 21 for further details.)

Keywords are case insensitive. An equals sign (=) separates a
keyword from its integer, real or character string value. Keywords
may either be single words or expressions. Keyword=N indicates
an integer argument, keyword=C indicates a character argument,
and keyword=F indicates a floating point argument. Real values
can optionally include an eNN or e-NN (floating point power of ten).
Default values for keywords are indicated in bold, and alternative
values in italics.

Appendix D 575



Conformational Search

keyword value description

SEARCHMETHOD C

MAXENERGY F
CONFSKEPT N
KEEPALL

STARTTEMPERATURE F

FINDBOATS —

conformational searching method employed;
overrides default choice which depends on
complexity of system may be overridden
with one of the following:
Systematic ~ use systematic method
MonteCarlo use Monte-Carlo method
Sparse use systematic method
but randomly eliminate
conformers to stay within
set conformer limits.
Used in conformer library
generation.

sets the maximum energy (in kJ/mol) at which
a conformer will be kept to (minimum energy
+ F), where minimum energy is the energy of
the lowest energy conformer encountered at
that point in the search; default is 40 kJ/mol

Maximum number of conformers to return.
If there are more than N conformers which
are less than MaxEnergy, some conformers
will be thrown out, saving the lower energy
and most diverse conformers.

Do not throw out any valid conformers. For
flexible molecules, this can generate very
large lists so use with caution.

sets initial temperature (in K) for a Monte
Carlo search (only) to F; high temperatures
will result in the molecule further exploring
global space, while low temperatures will
result in the molecule further exploring
local space; default is S000K

Extend conformation search for saturated
six-member rings (“cyclohexane”) to
consideration of twist-boat forms. Results
in significantly increased computer time
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Similarity Analysis

keyword value description

SINGLEENANTIOMER -  Limits similarity analysis to the
enantiomer actually in specified library
documents. The default is to consider
both enantiomers

QUITSIMILARITY N  Quit similarity analysis involving a
conformer list (in the graphical user
interface) and/or one or more conformer
libraries when N good matches have
been identified; default is 1

QUITCRITERION F  RPcriterion fora good match; defaultis 0.9

Geometry Optimization
keyword value description

GEOMETRYCYCLE N  setmaximumnumberofequilibriumand
transition-state geometry optimization
cycles to N; default is number of
independent variables +20 for
equilibrium geometry optimization
and 3x number of independent
variables for transition-state geometry
optimization

GRADIENTTOLERANCE F  setconvergence criterion in equilibrium
and transition-state) geometry
optimization for the maximum gradient

component (in hartrees/bohr) to F;
default is 3 x 10+

DISTANCETOLERANCE F  setconvergence criterion in equilibrium
and transition-state geometry
optimization for the maximum change
in a bond length (in A) to F; default is
1.2x103

HESS C Choose Hessian (matrix of second
derivatives) for start of geometry
(transition-state geometry) optimization
(in the absence of a Hessian from
a previous calculation, the default
is MMFF molecular mechanics for
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geometry optimization and PM3 semi-
empirical for transition-state geometry
optimization; may be overridden with
one of the following:

unit unit matrix
MMFF  MMFF molecular
mechanics

AM1 AMI1 semi-empirical
STO-3G  STO-3G Hartree-Fock
3-21G 3-21G Hartree-Fock
6-31G*  6-31G* Hartree-Fock

Molecular Mechanics Calculations

keyword

description

MMFF94S

Use MMFF94s method instead of MMFF94. The only
significant difference between the two is that MMFF94
forces nitrogens attached to aromatic rings to be planar
(as in aniline). While this is widely perceived to be the
case, in fact the nitrogen in aniline and related molecules
are pyramidal not planar.

Quantum Chemical Calculations

keyword

value description

DIIS

NODIIS
SCFCYCLE

GUESS

SCF
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N  switch on diis all the time in SCF procedure. N
is the size of the iterative subspace; it should be
an integer between 2 and 10; default is 5

turn off diis SCF convergence accelerator

N  set maximum number of SCF iterations to N;
default is 50

C  choose initial wavefunction guess; in the absence
of a guess from a previous calculation, the
default is sad, and may be overridden with one
of the following:

core  diagonalize the core Hamiltonian
sad  superposition of atomic densities

C  SCF procedure; default is restricted for closed-
shell systems and unrestricted for open-shell
systems, either of which may be specified for
both closed and open-shell systems
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SMALLBASIS C  specifies the small basis set to be used in dual
basis set calculations. The large basis set is that
indicated in the menu.

CORE C use of frozen core approximation in Meller-
Plesset and advanced correlated calculations;
default is frozen which may be changed to
thawed

SCFTOLERANCE C  control of all tolerances in SCF procedure and
to affect the precision of the algorithm; default
is normal which may be changed to high or
veryhigh

F set SCF energy convergence criterion (in
hartrees) to F; default is 1.0 x 106

FINEGRID — uses very large grid in density functional
calculations. A slower, but more precise
calculation.

MIX —  specifies that o and f HOMO’s in the guess
wavefunction should be constructed according to:

HOMO + LUMO
V2

HOMO - LUMO
\2

useful for generating a guess wavefunction for
singlet diradical

HOMO,, =

HOMOB =

EXCHANGE E specifies custom exchange functional or
combination of exchange functionals for density
functional calculation. See Appendix A for details.

CORRELATION C specifies custom correlation functional or
combination of correlation functionals for

density functional calculation. See Appendix
A for details.

ENERGYONLY - skips calculation of the density matrix for an MP2
energy calculation, reducing the time by 50%
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Semi-Empirical Calculations

description

keyword value
NOAMIDEFIX -
HH C
POLARIZABILITY -

turns “off” molecular mechanics amide
correction in PM3 calculations

turns “on” and “off” hydrogen-hydrogen
repulsion term in PM3 calculations; default is
on only where transition metals are involved
and off otherwise

calculates and prints polarizabilities and
hyperpolarizabilities

Property and Spectra Calculations

description

keyword value
NBO C
NOELCHARGE -
ELCHARGE N

TEMPERATURE F

TEMPRANGE Fi,Fj,Fk

PRESSURE F

MOMENTS —

NOSOLVENT -

SOLVENT C
580

specify details of NBO population analysis;
default is normal which may be overridden for
ionic and 3C (three center) systems

turns “off” calculation of electrostatic charges

adjusts size of grid used to calculate charge from
electrostatic potential; default is 1 point/atomic
unit

temperature (in K) used in calculation of
thermodynamic properties; default is 298°K

temperature range applied to thermodynamic
properties when IR frequencies are calculated,
where i=starting temperature, j=ending
temperature, and k=increment, all values in K

pressure (in atm) used in calculation of
thermodynamic properties; default is 1 atm

calculates and prints principal moments of
inertia

turns “off” calculation of aqueous solvation
energy using SM5.4 model

specifies solvent for SM8 model beyond those
included in menu. See FAQ (Properties)
available under Help (Help menu; Chapter 25)
for a list of available solvents. This will replace
the menu entry.
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NOAREAVOLUME -
MAXPROPWEIGHT N
POLARIZABILITY F
NUMERICALFREQ -
UVSTATES N
IRCSTEPS N
IRCSTEPSIZE N
INCLUDETRIPLETS -

turns “off” calculation of surface area and
volume

sets limit of molecular weight for electrostatic
charge, solvent and area/volume calculations;
default is 500 amu

calculates and prints either static (F
not specified) or frequency dependent
(frequency F in cm™) polarizabilities and
hyperpolarizabilities

uses numerical differentiation (of analytical
gradients) for frequency calculation

specifies number of states to be examined in
UV/visible spectra calculation; default is §

maximum number of steps allowed in
constructing IRC; default is 40

maximum step size (in mass-weighted atomic
units x 100) for IRC; default is 150

include excited triplet states in a UV spectra
calculation where the ground state is a singlet.
Ignore where the ground state is a triplet

Miscellaneous and Printing

keyword value description

3DPLOT - treat dynamic constraints independently
(rather than in concert). This allows data for
3D (XYZ) plot to be collected. Two dynamic
constraints only.

EXECUTE C either skip execution (skip) or force execution
regardless of history (force)

PRINTVIBCOORDS - print coordinates corresponding to normal
mode vibrational frequencies

PRINTCOORDS - prints Cartesian coordinates

PRINTLEV C print level; default is normal which may be
changed to verbose

PRINTORBE - print energies of molecular orbitals

PRUNEVIRTUAL  N,C keep N virtual orbitals; default is 10; None

keeps all virtual orbitals
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Appendix E
Units

Geometries
Cartesian coordinates are given in Angstroms (A).

Bond distances are given in A. Bond angles and dihedral angles are
given in degrees (°).

Surface areas, accessible surface areas and polar surface areas are
available in A2 and volumes in A*,

Energies, Heats of Formation and Strain Energies, Zero-Point
Energies, Enthalpies and Gibbs Energies and Entropies

Total energies from Hartree-Fock calculations are available in au,
kcal/mol and kJ/mol.

Experimental heats of formation as well as those from semi-empirical
calculations and from thermochemical recipes are available in kJ/
mol, au and kcal/mol.

Strain energies from molecular mechanics calculations are available
in kJ/mol, au and kcal/mol.

Energies, heats of formation and strain energies corrected empirically
for the effects of aqueous media are given in the same units as the
corresponding gas-phase quantities.

Zero-point energies, enthalpies and Gibbs energies available in kJ/
mol, kcal/mol and au/mol. Entropies are available in J/mol-degree,
kcal/mol-degree and au/mol-degree.

Orbital Energies

Orbital energies are available in eV.

582 Appendix E



Energy Conversions

au kcal/mol kJ/mol eV
1 au - 627.5 2625 2721
1 kecal/mol 1.593 (-3) - 4.184 4.337 (-2)
1 kJ/mol 3.809 (-4) 2.390 (-1) - 1.036 (-2)
1 eV 3.675 (-2) 23.06 96.49 -

a) exponent follows in parenthesis, e.g., 1.593 (-3) = 1.593 x 10~

Electron Densities, Spin Densities, Dipole Moments, Charges,
Electrostatic Potentials and Local Ionization Potentials

Electron densities and spin densities are given in electrons/au’.
Dipole moments are given in Debyes.

Atomic charges are given in electrons.

Electrostatic and hydride potentials are given in kJ/mol.

Local ionization potentials are given in eV.

Vibrational Frequencies, Infrared and Raman Intensities

Vibrational frequencies are given in wavenumbers (cm™). Intensities
are given relative to the most intense peak. The simplified plot display
will renormalize on-the-fly to correspond to the most intense peak
that 1s displayed.

Chemical Shifts, Coupling Constants

Chemical shifts are given in parts-per-million (ppm) relative
to appropriate standards: hydrogen (tetramethylsilane);
carbon (tetramethylsilane); nitrogen (nitromethane); fluorine
(fluorotrichloromethane); silicon; (tetramethylsilane); phosphorous
(phosphoric acid). Standards have not been calculated for all models,
but they are available for Hartree-Fock and several popular density
functional models with the 6-31G* basis set. A full listing is provided
in Appendix L. Chemical shifts for other models need to be adjusted
using the appropriate standards calculated for the same models.
Coupling constants are in Hz.
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UV/visible Spectra

Amax 18 given in wavenumbers (cm!). Intensities are given relative to
the most intense peak.
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Appendix F

Citation

The proper citation for Spartan’18 is as follows:

Spartan’18
Wavefunction, Inc.
Irvine, CA

Many people have contributed to Spartan’s interface. The current
members are: Bernard Deppmeier, Andy Driessen, Thomas Hehre,
Warren Hehre, Philip Klunzinger, Sean Ohlinger, and Jurgen Schnitker.

Except for molecular mechanics and semi-empirical models, the
calculation methods used in Spartan have been documented in: Y.
Shao, L.F. Molnar, Y. Jung, J. Kussmann, C. Ochsenfeld, S.T. Brown,
A.T.B. Gilbert, L.V. Slipchenko, S.V. Levchenko, D.P. O’Neill, R.A.
DiStasio Jr., R.C. Lochan, T. Wang, G.J.O. Beran, N.A. Besley, J.M.
Herbert, C.Y. Lin, T. Van Voorhis, S.H. Chien, A. Sodt, R.P. Steele,
V.A. Rassolov, P.E. Maslen, P.P. Korambath, R.D. Adamson, B.
Austin, J. Baker, E.F.C. Byrd, H. Dachsel, R.J. Doerksen, A. Dreuw,
B.D. Dunietz, A.D. Dutoi, T.R. Furlani, S.R. Gwaltney, A. Heyden,
S. Hirata, C-P. Hsu, G. Kedziora, R.Z. Khalliulin, P. Klunzinger, A.M.
Lee, M.S. Lee, W.Z. Liang, 1. Lotan, N. Nair, B. Peters, E.I. Proynov,
P.A. Pieniazek, Y.M. Rhee, J. Ritchie, E. Rosta, C.D. Sherrill, A.C.
Simmonett, J.E. Subotnik, H.L.. Woodcock III, W. Zhang, A.T. Bell,
A K. Chakraborty, D.M. Chipman, F.J. Keil, A.Warshel, W.J. Hehre,
H.F. Schaefer, J. Kong, A.I. Krylov, PM.W. Gill and M. Head-Gordon,
Phys. Chem. Chem. Phys., 8, 3172 (2006).

A discussion and assessment of commonly-used calculation methods
1s found in: W.J. Hehre, A Guide to Molecular Mechanics and
Quantum Chemical Calculations, Wavefunction, Inc., Irvine, CA,
2003, available as a PDF under the Help menu. This is somewhat
outdated but still of some value and a guide reflecting current
developments is in preparation.
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Appendix G

Configuring the
Cambridge Structural Database

Spartan can act as an ancillary interface to the Cambridge Structural
Database (CSD). In order to search the CSD, Spartan must be
configured to point to the appropriate location of the CSD data.
The CSD uses Python to facilitate searching, and a specific python
path will need to be set. Instructions vary depending on platform
(Windows, Macintosh, of Linux) and follow below:

Windows:

(Click on Config near the bottom right of the CSD tab. This brings
up the Configure CSD Interface dialog:

(& Configure CSD Interface I&
Spartan uses the CSD Python APL The path to Python.exe can be manually entered here. A valid
setting is marked with a green check, and an invalid setting displays a red X

Python.exe path:
(Example: C:\Program Files (x86)\CCDC\Python_API_2018\miniconda\python.exe) D
; C\Program Files (x86)\CCDC\Python_API_2019\miniconda\python.exe
Reset oK Cancel

If the current (2019 at the time of this update to the manual) CSD
System has been installed, the correct path for the python.exe will
appear (as in the above image). If this has been overwritten, it can
be restored by clicking on the Reset button at the bottom left of the
dialog. The path may be hand edited by typing the field, or may be
set by using the file system (accessed by clicking on the downward
triangle to the right of the path field). A valid setting is marked with a
green check, and invalid setting is marked with a red X. Once a valid
setting is enabled, you may search the CSD from within Spartan.
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Note: The ConQuest application must have been opened at least
once, in order to use Spartan to interface the CSD.

Macintosh:

Click on the Config button near the bottom right of the CSD tab. This
brings up the Cambridge Software folder location dialog:

Cambridge Software folder location:

JApplications/CCDC/CSD_2019

Set... Clear

Cancel | (IO

If the field is blank, click the Set... button and locate the CSD
applications folder (typically, this is a folder named CSD_20nn in the
/Applications/CCDC folder, where 20nn is the current license year).
Spartan will check the CSD applications and Python API folders to
ensure the necessary interface tools have been installed.

Note: The ConQuest application must have been opened at least
once, in order to use Spartan to interface the CSD.

Linux:

At present the link from the Spartan interface to the CSD is not yet
implemented. This will be addressed in a subsequent minor point
release and this manual will be updated with necessary configuration
instructions at that time.
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Appendix H

Constructing Custom
Databases

Custom collections may be added to SSPD, SIRD and SRD. These
may either include the geometry, energy (heat of formation, strain
energy), HOMO and LUMO energies, dipole moment, atomic charges,
chemical shifts and vibrational frequencies obtained from quantum
chemical calculations, or (for SSPD and SIRD only) conformer
libraries generated from molecular mechanics calculations. Entries
for SRD (transition states) need to derive from Spartan’s transition
state guessing facility (Guess Transition States under the Search
menu; Chapter 23) in order that they include the original set of
reaction arrows.

Documents containing one or more molecules that are to be placed
in a user database are first saved using Save As under the File menu
with Save as type set to Spartan Database. This results in two files,
a.spentry and a .spindex file for each molecule (or list). These should
then be put in a single directory, the path to which must be entered
into the Paths Preferences dialog under Preferences... in the Options
menu (Chapter 24).

Note that it is important to specify a label (“name”) for each molecule.
Label specification is done either in the Molecule Properties dialog
(see Properties under the Display menu in Chapter 22) or in the
spreadsheet (see Spreadsheet under the Display menu in Chapter 22).
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Appendix I

Pharmacophore Input

The following file format is used for input of a pharmacophore
(illustrated for a pharmacophore with four hydrophobes and one
positive ionizable center) :

Blank line

Blank line

Blank line

ENDCART

BEGINCFD

HPHOBE|RING AROM 8.050 -4.180 -0.400 0 2.000 1.000 1
HPHOBE|RING AROM 9.630 -0.640 -3.590 1 2.000 1.000 1
HPHOBE|RING AROM 10.280 -0.380 3.200 2 2.000 1.000 1
HPHOBE|RING AROM 8.130 -2.300 4.330 3 2.000 1.000 1
POS 14.370 -1.700 0.280 4 3.000 1.000 1
ENDCFD

The lines between BEGINCFD and ENDCFD define the individual
pharmacophore elements (one line/element):

typel|type2... (] separates types for multiple definitions), Cartesian
(X,Y,Z) coordinates (in Angstroms), unique number, radius of
element (in Angstroms), weight of element in fit, use the element in
fit (1) or ignore the element (5)

The following element types are available:

HPHOBE hydrophobe
RING_AROM aromatic ring

POS positive ionizable center
NEG negative ionizable center

HBA CENTER hydrogen bond acceptor
HBD CENTER hydrogen bond donor
EXCL_VOL excluded volume
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Appendix J

Input of Experimental Spectra

The databases of infrared and UV/visible spectra accessible on-
line from Spartan are in JCAMP format. Specification of both and
examples can be found at the NIST website (NIST.gov).

The database of 1*C spectra is in CML (Chemical Markup Language)
format. A description may be found at http://www.ch.ic.ac.uk/omt/
cml. A sample file is provided below.

<?xml version="1.0" encoding="1SO-8859-1"7>
<cml>
<spectrum type="NMR">
<metadatal.ist>
<metadata name="nmr:OBSERVENUCLEUS" content="13C"/>
</metadatalist>
<peakList>
<peak xValue="125.1399993896484" peakHeight="0.458" />
<peak xValue="128.4499969482422" peakHeight="0.558" />
<peak xValue="129.0099945068359" peakHeight="0.658" />
<peak xValue="21.64999961853027" peakHeight="0.758" />
<peak xValue="137.8399963378906" peakHeight="0.858" />
</peakList>
</spectrum>
</cml>Blank line

This contains five shifts (xValue) and five associated intensities
(peakHeight).
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Appendix K

Platform Dependencies

This appendix covers variations in Spartan across Windows,
Macintosh, and Linux operating systems.

Accessing the Preferences and About... dialogs

Under Windows and Linux, program Preferences and the About...
dialogs are accessed from the Options menu at the top right of the
Spartan interface. For Macintosh users, program Preferences and
the About... dialog are accessed from the Spartan’18 menu at the
top left of the interface.

Accessing Controls for Spartan Server (Parallel Suite Only)

Under Windows, the server controls are accessed via the Embedded
Server tab under Preferences from the Options menu. The server
functions as part of the graphical interface and the program must
remain open in order for users to remotely submit to the server.

Under Linux and Macintosh, the server controls are accessed from
the Service Control entry under the Options menu. The server
functions as an independent service and the graphical interface does
not need to remain open in order for users to remotely submit to the
server. Under Linux (only) the service control is web based and may
be accessed either locally or remotely via http://machinename:8080.
This requires that ports 8080 (for communication with the service
controls) and 50002 (initial default for remote submission) are opened.
The default username is admin, the default password is password. For
https communication instructions, contact support@wavefun.com.

A description of the Embedded Server/Service Control dialog
follows:
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Settings/Options for the Embedded Server:

@ Preferences Ié]
| Settings | Molecule | VDW Radii | Databases | Jobs | Miscellaneous | Icons | URLs. | Available Servers | Embedded Server

[¥] server(on/Off)

Status:

Serving http at wired address 192,168.0.187 on port 55002

el B C DE F G
Userﬁame Status E-mail Address Key Privileges Job Quota Device ID/Mame

1 Opel activated support@wavefun.com start unlimited ‘Spartan ‘18

Remaote Registration: Job Quota: Refresh

Repository Directory; L M

Path: Ch\Users\suppert\Wavefunction\Spartan '18\SpartanServerRepository B Reset

URL: N O Log Vertﬁity Level;

Port: | 55002 = IP Address: | 0 0 .0 .0 0 =

Licensed for 4 devices, Q [¥] Expert

D Q -
oK ] Cancel Apply

A Username. The Username on the account.

B Status. The account status, possible values are pending and
activated. Pending means a remote registration has been received,
but not yet approved by the server administrator.

C E-mail Address. The email address of the account user. At present
this is a secondary means of identification of the account, Spartan
does not (currently) generate/send emails.

D Key. A security key can be issued for an account. If a security key
is issued, it must also be provided when the account is registered
(from the Available Servers tab).

E Privileges. Option to allow an account with the privilege to start
a job irrespective of the Job Queue.

F Job Quota. Sets limits on how many jobs a user can submit.

592 Appendix K



G Device ID/Name. A unique device ID and the name of the device
remote submission is received from, in the case of other Spartan
licenses, the name is Spartan’l8, in the case of iSpartan, the name
of the 1Pad, 1Phone, or iPod Touch 1s used. A user account can have
more than one Device ID/name associated with it.

H Remote Registration. Controls the security level for new user
registration, from lowest (Automatic = automatically register any
new user) to intermediate (Sign Off Required = new users can
register, but the server administrator must approve the account before
it becomes active) to highest (Disabled = new accounts cannot be
remotely registered and must be generated manually by the server
administrator).

I Job Quota. This is the default job quota (see above) that will
provided to newly registered user accounts.

J New Account. Allows the server administrator to manually create
a new user account (not needed if the Remote Registration is kept in
either Automatic or Sign Off Required mode).

K Refresh. Refreshes the panel, required to see newly applied changes
to this panel.

L Repository Directory (Path). The location (on the server) that
remotely submitted jobs save to.

M Reset. If the server repository path has been changed, reset will
revert to the default path location.

N Port. The default port used for communication between the client
(account) and server. If this is changed from 55002, the URL path
specified when client accounts verify with the server, should be
modified with the addition of a colon (:) and the new port number,
for example:

If using default port 55002, a Host URL would be: http://opel.
wavefun.com.

If the port is changed on the server from 55002 to 55000, for example,
the Host URL will need to be changed to: http://opel.wavefun.
com:55000.
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O IP Address. Only used if the server has a secondary Ethernet
connection to specify which IP Address the server should listen on.

P Log Verbosity Level. Specifies the amount of communication
logging written when jobs are remotely submitted/returned/monitored/
etc. (0 means no logging, 5 is maximum logging)

Q Expert. Off, by default, if turned on enables access to more advanced
(and typically lesser required) settings for server functionality.

R OK. Saves changes and releases the Preferences dialog (Windows),
Service Control dialog (Macintosh and Linux).

S Cancel. Cancels any changes and releases the Preferences dialog
(Windows), Service Control dialog (Macintosh and Linux).

T Apply. Applies any changes without releasing the Preferences
dialog (Windows), Service Control dialog (Macintosh and Linux).

Settings/Options for the Service Control Panel (Macintosh and
Linux):
Ll + Spartan Service Control

BELLCE Jobs  Database

Server (On/Off)

Status:

Server accepting connnections on port 556003 on all interfaces

i & B C D E F G
Username & Status E-mail Address Key Privileges Job Quota Device ID/Name

1 Opel activated = support@wavefun.com start unlimited Spartan '18

Remote Registration: Automatic a Job Quota:  unlimited E w Refresh
Repasitory Directory: L M

Path: /LibraryfApplication Support/Wavefunction/SpartanServer/SpartanServerRepository b Reset
URL: N O Log VErhusPJaue\:

Port: | 55003 = IP Address: O O 2 0 Y 1 =

Licensed for 2 devices. Q Expert

About Apply Cancel Close
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* Server(On/Off). Check box turns the server on or off (checked =
on)

A Username. The Username on the account.

B Status. The account status, possible values are pending and
activated. Pending means a remote registration has been received,
but not yet approved by the server administrator.

C E-mail Address. The email address of the account user. At present
this is a secondary means of identification of the account, Spartan
does not (currently) generate/send emails.

D Key. A security key can be issued for an account. If a security key
is issued, it must also be provided when the account is registered
(from the Available Servers tab).

E Privileges. Option to allow an account with the privilege to start
a job irrespective of the Job Queue.

F Job Quota. Sets limits on how many jobs a user can submit.

G Device ID/Name. A unique device ID and the name of the device
remote submission is received from, in the case of other Spartan
licenses, the name is Spartan’l8, in the case of iSpartan, the name
of the 1Pad, iPhone, or iPod Touch is used. A user account can have
more than one Device ID/name associated with it.

H Remote Registration. Controls the security level for new user
registration, from lowest (Automatic = automatically register any
new user) to intermediate (Sign Off Required = new users can
register, but the server administrator must approve the account before
it becomes active) to highest (Disabled = new accounts cannot be
remotely registered and must be generated manually by the server
administrator).

I Job Quota. This is the default job quota (see above), provided to
newly registered user accounts.

J New Account. Allows the server administrator to manually create
a new user account (not needed if the Remote Registration is kept in
either Automatic or Sign Off Required mode).
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K Refresh. Refreshes the panel, required to see newly applied changes
to this panel.

L Repository Directory (Path). The location (on the server) that
remotely submitted jobs save to.

M Reset. If the server repository path has been changed, reset will
revert to the default path location.

N Port. The default port used for communication between the client
(account) and server. If this is changed from 55002, the URL path
specified when client accounts verify with the server, should be
modified with the addition of a colon (:) and the new port number,
for example:

If using default port 55002, a Host URL would be: http://opel.
wavefun.com.

If the port is changed on the server from 55002 to 55000, for example,
the Host URL will need to be changed to: http://opel.wavefun.
com:55000.

O IP Address. Only used if the server has a secondary Ethernet
connection to specify which IP Address the server should listen on.

P Log Verbosity Level. Specifies the amount of communication
logging written when jobs are remotely submitted/returned/monitored/
etc. (0 means no logging, 5 is maximum logging)

Q Expert. Off, by default, if turned on, enables access to more
advanced (and typically lesser required) settings for server
functionality.

R Apply. Saves changes to the Server Tab of the Service Control
panel.

S Cancel. Cancels any changes and releases the Service Control
panel.

T Close. Applies any changes and releases, Service Control panel.
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Additional platform dependencies. While in general Windows,
Macintosh, and Linux versions include identical functionality, a few
important differences should be mentioned. Namely, the Embedded
Server functionality under Windows is part of the Spartan’18 Parallel
Suite GUI. In order to utilize the server features, the GUI must
remain opened (it can be minimized, but must be open). On both the
Macintosh and Linux platforms, the server is a true service/daemon,
and does not require the Spartan program nor the Service Control
Panel to remain open.

Additionally, the Linux panel is a web-based tool that can be accessed
both locally (on the Linux device) or remotely from a web browser on
any of the client machines. A user login and password are required.
The default username is admin, the default password is password.
Once initially logged in, the password may be changed.
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Appendix L

NMR BC Chemical Shift
Standards

STO-3G
3-21G(*)
6-31G

6-31G*
6-31+G*
6-31G**
6-31+G**
6-311G*
6-311+G*
6-311G**
6-311+G**
6-311++G**
6-311+G(2d,p)
PC-JO

PC-J1

EDF2/6-31G*
EDF2/6-31+G*
EDF2/6-31G**
EDF2/6-31+G**
EDF2/6-311G*
EDF2/6-311+G*
EDF2/6-311G**
EDF2/6-311+G**
EDF2/6-311++G**
EDF2/6-311+G(2d,p)
EDF2/PC-J0
EDF2/PC-J1

BLYP/6-31G*
BLYP/6-31+G*
BLYP/6-31G**
BLYP/6-31+G**
BLYP/6-311G*
BLYP/6-311+G*
BLYP/6-311G**
BLYP/6-311+G**
BLYP/6-311++G**
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H

33.7521
33.6181
33.6747
32.9027
32.8181
32.3367
32.2689
32.8321
32.7799
32.4751
32.4498
32.4412
32.4000
33.8736
32.2196

32.1340
32.0120
31.7100
31.5980
32.2410
32.2010
31.9570
31.9310
31.9190
31.8930
32.9634
31.6027

31.8898
31.7630
31.4860
31.3780
32.0410
32.0070
31.7760
31.7420
31.7310

C

249.4284
213.1943
208.2044
201.7207
201.1517
203.1517
203.0758
195.9091
195.8544
196.1543
195.8412
196.1088
194.5000
201.0753
194.6676

190.3690
191.3710
192.4450
193.1940
184.7540
184.5320
184.9030
184.3930
184.5420
183.7730
186.4313
181.6027

184.0004
185.0810
186.2780
187.3770
179.6600
179.0360
178.0360
178.3800
178.7600

Nucleus

N

-99.3060
-251.1870
-276.2000
-160.1430
-159.5610
-160.3110
-159.7060
-177.3440
-184.5910
-177.7210
-184.7400
-184.9250
-182.2900

-110.5960
-112.6650
-110.4530
-112.4710
-136.9780
-145.1610
-137.0820
-145.1760
-145.2370
-146.0210

-108.0000
-111.5990
-107.7320
-111.4030
-136.0360
-145.2880
-136.1390
-145.3260
-145.1020

F

368.5390
279.7970
222.5260
269.3660
261.0900
269.4610
261.0800
246.9560
246.5820
247.0910
246.5860
246.8600
246.8690

180.7560
175.5010
180.8260
175.3460
153.8800
155.2890
154.0490
155.3610
155.3650
158.3640

1343119
130.3580
134.3010
130.2770
104.7670
107.8570
104.4190
107.3890
107.9910

Si
578.6340
509.1390
484.5230
450.1490
446.6710
448.3970
444.6390
395.6350
395.6260
396.7650
396.7780
395.3640
385.7540

412.4700
406.8510
410.6870
404.6300
337.3290
336.8110
338.9200
337.7560
336.8950
326.5240

402.4730
397.7680
402.2490
392.9890
328.6000
321.1830
331.9530
323.1760
323.2360

P

499.2810
502.3530
373.9520
423.6900
415.3570
423.1850
415.3570
368.3180
366.5100
366.8630
366.6250
365.8180
360.0760

368.8170
360.9880
368.0760
360.3590
294.6500
293.2240
292.8010
291.9270
292.1020
288.3070

351.3090
344.5740
350.9010
344.0820
270.0880
268.6140
268.6970
267.6970
268.8390
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BLYP/6-311+G(2d,p)
BP/6-31G*
BP/6-31+G*
BP/6-31G**
BP/6-31+G**
BP/6-311G*
BP/6-311+G*
BP/6-311G**
BP/6-311+G**
BP/6-311++G**
BP/6-311+G(2d,p)

B3LYP/6-31G*
B3LYP/6-31+G*
B3LYP/6-31G**
B3LYP/6-31+G**
B3LYP/6-311G*
B3LYP/6-311+G*
B3LYP/6-311G**
B3LYP/6-311+G**
B3LYP/6-311++G**
B3LYP/6-311+G(2d,p)
B3LYP/6-311G(2d,2p)
B3LYP/PC-J0
B3LYP/PC-J1

WB97X-D/6-31G*
WB97X-D/6-31+G*
WB97X-D/6-31G**
WB97X-D/6-31+G**
WB97X-D/6-311G*
WB97X-D/6-311+G*
WB97X-D/6-311G**
WB97X-D/6-311+G**
WB97X-D/6-311++G**
WB97X-D/6-311+G(2d.p)
WB97X-D/6-311G(2D,2P)
WB97X-D/PC-JO
WB97X-D/PC-J1

WBI7X-V/6-31G*
WB97X-V/6-31+G*
WBI7X-V/6-31G**
WB97X-V/6-31+G**
WBI7X-V/6-311G*
WB97X-V/6-311+G*
WBI7X-V/6-311G**
WB97X-V/6-311+G**
WB97X-V/6-311++G**
WB97X-V/6-311+G(2d,p)
WBI7XV/6-311G(2d,2p)
WB97XV/6-311++G(2d,2p)
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31.7130
31.7540
31.6280
31.3470
31.2390
31.8560
31.8130
31.5810
31.5450
31.5330
31.5070

32.1842
32.0622
32.7550
31.6590
32.2872
32.2467
31.9998
31.9852
31.9669
31.9778
31.8149
33.0129
31.6464

32.2255
32.1132
31.7943
31.6954
32.2896
32.2378
32.0044
31.9772
31.9639
31.9297
31.8051
33.0809
31.6687

32.1775
32.0228
31.7343
31.6065
32.2128
32.1399
31.9122
31.8812
31.9510
31.9778
31.6679
31.6674

178.2330
188.0611
188.6910
190.0140
190.6410
182.9310
182.5960
182.8640
182.2710
182.7840
181.9580

189.6263
190.6658
191.7270
192.5140
184.2227
183.9371
184.3793
183.9396
184.0443
183.9092
183.7248
185.8806
180.8468

195.0090
195.6450
196.7768
197.2185
189.4991
189.2949
189.6250
189.2128
189.4118
188.3941
188.8165
192.4019
186.1951

197.4313
197.1721
199.4499
198.9342
194.0790
193.8788
194.1445
193.7954
193.4655
183.9092
192.3933
192.0270

-146.8750
-97.0220
-98.8150
-98.8200
-98.6030

-121.4130

-129.4560

-121.4970

-129.3250

-129.4050

-131.0130

-117.7850
-120.1610
-117.5850
-119.9760
-143.7842
-152.4219
-143.9561
-152.4219
-152.4773
-153.2297

-115.3090
-120.1610
-117.5850
-119.9760
-143.7842
-152.4219
-143.9561
-152.4219
-152.4773
-153.2297

-117.7850
-120.1610
-117.5850
-119.9760
-143.7842
-152.4219
-143.9561
-152.4219
-152.4773
-153.2297

110.3870
142.4206
139.9320
142.4720
139.8580
115.7860
116.8670
115.7740
116.8340
116.8490
121.3390

180.1410
173.4960
180.3140
173.4550
152.2110
153.8600
152.1760
153.8350
153.8360
156.5940

203.6770
173.4960
180.3140
173.4550
152.2110
153.8600
152.1760
153.8350
153.8360
156.5940

180.1410
173.4960
180.3140
173.4550
152.2110
153.8600
152.1760
153.8350
153.8360
156.5940

316.6360
406.3890
401.9640
405.1030
397.9700
341.1380
339.5860
344.6450
331.3310
335.0130
328.7120

413.6860
408.2430
411.8990
405.9210
338.7460
338.3000
340.3220
339.2570
338.2340
328.2710
329.0500

419.2400
415.1300
417.4570
412.9630
354.7120
354.3290
356.1450
355.5770
354.4180
344.4360
344.8400

424.0790
419.2680
422.3330
417.1200
366.9670
366.5780
368.2830
367.8110
367.1550
328.2710
356.5920
356.2930

267.5940
354.6710
348.6710
353.9890
347.9100
282.1140
282.5860
280.5890
281.4280
280.9070
278.3140

370.9310
362.4460
369.5210
361.8720
294.9520
293.2580
293.0720
292.0990
292.2340
289.0650

473.9430
362.4460
369.5210
361.8720
294.9520
293.2580
293.0720
292.0990
292.2340
289.0650

370.9310
362.4460
369.5210
361.8720
294.9520
293.2580
293.0720
292.0990
292.2340
289.0650
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Glossary

This glossary addresses nomenclature (“jargon’) used throughout the
manual, and more generally, in applications of molecular modeling.
Some of the terms, such as Basis Set, will be familiar to the modeling
community but foreign to the broader community, while other terms,
such as Kinetic Product, may be foreign to the modeling community
and familiar to the broader community. Terms such as Entropy should
be familiar to all and are generally avoided. A number of terms from
both categories have been defined “in the context” of their use in
molecular modeling rather than more generally. For example, the term
NOE has been defined in terms of providing information about which
pairs of (non-bonded) atoms are inside a specified cutoft distance
(information that is useful in restricting the limits of a conformational
search) rather than the nature of the phenomenon which produces
this information.

3-21G. A Split-Valence Basis Set in which each Core Basis
Function is written in terms of three Gaussians, and each Valence
Basis Function is split into two parts, written in terms of two and
one Gaussians, respectively. 3-21G basis sets have been determined
to yield the lowest total Hartree-Fock Energies for atoms. The
nomenclature 3-21G implies use of the 3-21G(*) basis set on
molecules incorporating second-row (and heavier) main-group
elements.

3-21GY. The 3-21G Basis Set supplemented by d-type Gaussians
for each second-row and heavier main-group elements only. This is
required in order to get good equilibrium geometries. Without the
added functions, the 3-21G basis set is not recommended for use
for molecules incorporating second-row (and heavier) main-group
elements.

6-31G. A Split-Valence Basis Set in which each Core Basis
Function is written in terms of six Gaussians, and each Valence
Basis Function is split into two parts, written in terms of three and
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one Gaussians, respectively. 6-31G basis sets have been determined
to yield the lowest total Hartree-Fock Energies for atoms. The
6-31G basis set is rarely used alone but rather is supplemented by one
or more sets of Polarization Functions and/or Diffuse Functions.

6-31G*, 6-31G**. The 6-31G Basis Set in which non-hydrogen
atoms are supplemented by d-type Gaussians and (for 6-31G**)
hydrogenatomsare supplemented by p-type Gaussians (Polarization
Functions). 6-31G* and 6-31G** are Polarization Basis Sets.

6-31+G*, 6-31+G**. Basis Sets that are identical to 6-31G* and
6-31G** except that all non-hydrogen atoms are supplemented by
diffuse s and p-type Gaussians (Diffuse Functions). 6-31+G* and
6-31+G** are supplemented Polarization Basis Sets.

6-311G. A Split-Valence Basis Set in which each Core Basis
Function is written in terms of six Gaussians, and each Valence
Basis Function is split into three parts, written in terms of three,
one and one Gaussians, respectively. 6-311G basis sets have been
determined to yield the lowest total MP2 Energies for atoms. The
6-311G basis set is rarely used alone but rather is supplemented
by one or more sets of Polarization Functions and/or Diffuse
Functions.

6-311G*, 6-311G**. The 6-311G Basis Set in which non-hydrogen
atoms are supplemented by d-type Gaussians and (for 6-311G**)
hydrogenatomsare supplemented by p-type Gaussians (Polarization
Functions). 6-311G* and 6-311G** are Polarization Basis Sets.

6-311+G*, 6-311+G**. Basis Sets that are identical to 6-311G*
and 6-311G** except that non-hydrogen atoms are supplemented
by diffuse s and p-type Gaussians (Diffuse Functions). 6-311+G*
and 6-311+G** are supplemented Polarization Basis Sets.

Ab Initio Models. The general term used to describe methods
seeking approximate solutions to the many-electron Schrodinger
Equation, but which do not involve empirical parameters. Ab initio
models include Hartree-Fock Models, Meller-Plesset Models and
Density Functional Models.

Glossary 601



Acidity. The energy required to break an XH bond into X and H",
that is, to undergo Heterolytic Bond Dissociation. Acidities in the
gas phase are very large positive numbers (producing isolated ions
is highly unfavorable); they are much smaller (and of either sign) in
solution.

Activation Energy. The energy of a Transition State above that of
reactants. Activation energy is related to reaction rate by way of the
Arrhenius Equation.

AMI1. Austin Method 1. A Semi-Empirical Model.

Anharmonic Frequency Correction. Non-quadratic contributions
to a Vibrational Frequency. Because calculated frequencies
are harmonic, that is, assume that the potential is quadratic, they
are typically ~5% larger than measured frequencies, which
include anharmonic corrections. Frequencies can be corrected for
anharmonicity but, due to high computational cost, this is seldom
done for any but very small molecules.

Anion. An atom or molecule with a Total Charge of -1.

Antibonding Molecular Orbital. A Molecular Orbital which is
antibonding between particular atomic centers. The opposite is a
Bonding Molecular Orbital.

Arrhenius Equation. An equation governing the rate of a chemical
reaction as a function of the Activation Energy and the temperature.

Atomic Orbital. A Basis Function centered on an atom. Atomic
orbitals typically take on the form of the solutions to the hydrogen
atom (s, p, d, f... type orbitals).

Atomic Units. The set of units which remove all of the constants
from inside the Schrodinger Equation. The Bohr is the atomic unit
of length and the Hartree is the atomic unit of energy.

Atomization Energy. The energy of dissociation of an atom or
molecule into separated nuclei and electrons. This is another term
for Total Energy.

B3LYP Model. A Global Hybrid Generalized Gradient
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Approximation (GH-GGA) functional which improves on the
Local Density Model by accounting explicitly for non-uniformity
in electron distributions. It incorporates the Exchange Energy from
the Hartree-Fock Model and involves three adjustable parameters.
The B3LYP model is perhaps the most widely used density functional
model and provides a solid account of equilibrium geometries
(including the geometries of molecules incorporating transition
metals), vibrational frequencies and reaction energies.

Basicity. The energy gained from adding a proton to an atom
or molecule. Basiscities in the gas phase are very large negative
numbers; they are much smaller (and of either sign) in solution.

Basis Functions. Functions usually centered on atoms which are
linearly combined to make up the set of Molecular Orbitals. Except
for Semi-Empirical Models where basis functions are Slater type,
basis functions are Gaussian type.

Basis Set. The entire collection of Basis Functions.
Becke-Lee-Yang-Parr Model. See BLYP Model, B3LYP Model.
Becke-Perdew Model. See BP Model.

BLYP Model. A Generalized Gradient Approximation (GGA)
functional which improves on the Local Density Model by
accounting explicitly for non-uniformity in electron distributions.

Bohr. The Atomic Unit of length. 1 bohr = 0.529167A.

Boltzmann Distribution. The equilibrium distribution of products
in a Thermodynamically-Controlled Reaction. A special (and very
important) case involves the equilibrium distribution of Conformers
of a flexible molecule.

Boltzmann Equation. The equation governing the distribution of
products in Thermodynamically-Controlled Reaction.

Bonding Molecular Orbital. A Molecular Orbital which is bonding
between particular atom centers. The opposite is an Antibonding
Molecular Orbital.
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Bond Order. A measure of the number of electrons shared between
“bonded” atoms.

Bond Separation Reaction. An Isodesmic Reaction in which a
molecule described in terms of a conventional valence structure
is broken down into the simplest (two-heavy-atom) molecules
containing the same component bonds.

Bond Density Surface. A Density Surface used to elucidate the
bonding in molecules. The value of the density is typically taken as
0.1 electrons/bohr.?

Born-Oppenheimer Approximation. An approximation based on
the assumption that nuclei are stationary. Applied to the Schrodinger
Equation, it leads to the Electronic Schrodinger Equation.

C-PCM. The Conductor like Polarizable Continuum Model is a
solvent model that depends on the shape and charge distribution of
the molecule (solute) and the dielectric constant of the solvent. This
is the default solvent model used in the Spartan’l8 version.

Cambridge Structural Database (CSD). A collection of >900,000
experimental structures for organic and organometallic compounds
almost entirely from X-ray crystallography. Structures lacking
carbon are excluded as are biopolymers (the latter are available from
the Protein Data Bank).

Cartesian Coordinates. x, y, z spatial coordinates.

CAS Number. Chemical Abstract Service registry number; a unique
substance identifier used to a large degree in the chemistry literature,
see www.cas.org for more information.

Cation. An atom or molecule with a Total Charge of +1.

cc-pV5Z. A Polarization Basis Set which has been developed
specifically for use with Correlated Models. The Valence has been
split into five parts, and functions though g have been included. May
be supplemented with Diffuse Functions.

cc-pVDZ. A Polarization Basis Set which has been developed
specifically for use with Correlated Models. The Valence has been
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split into two parts. May be supplemented with Diffuse Functions.

cc-pVQZ. A Polarization Basis Set which has been developed
specifically for use with Correlated Models. The Valence has been
split into four parts, and functions though g have been included.
May be supplemented with Diffuse Functions.

cc-pVTZ. A Polarization Basis Set which has been developed
specifically for use with Correlated Models. The Valence has been
split into three parts, and functions though f have been included.
May be supplemented with Diffuse Functions.

BC Spectrum; see NMR Spectrum

CCSD/CCSD(T) Models. Coupled Cluster Singles and Doubles
optionally with a triples correction. Correlated Models.

Chemical Function Descriptors. A set of locations each indicating
specific “chemical behavior”, for example, a location indicating
a possible role as a hydrogen-bond donor or acceptor. Chemical
function descriptors may either be used without reference to atomic
centers (the collection being termed a Pharmacophore) or attached
to atoms.

Chemical Shift. The difference in the energies of nuclear spin states
for a nucleus in a molecule caused by an external magnetic field.
This 1s the fundamental quantity measured in NMR spectroscopy.

Chiral Molecule. A molecule with a non-superimposible mirror
image. Most commonly (but not necessarily) a chiral molecule will
incorporate one or more R/S centers.

CID Model. Configuration Interaction Doubles. A limited
Configuration Interaction scheme in which only double excitations
from occupied to unoccupied molecular orbitals are considered.

CIS Model. Configuration Interactions Singles. A limited
Configuration Interaction scheme in which only single excitations
from occupied to unoccupied molecular orbitals are considered.
This is perhaps the simplest method available to the description of
Excited States of molecules.
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CISD Model. Configuration Interaction, Singles and Doubles. A
limited Configuration Interaction scheme in which only single and
double excitations from occupied to unoccupied molecular orbitals
are considered.

Closed Shell. An atom or molecule in which all electrons are paired.

Configuration Interaction. Provides an account of Electron
Correlation by way of explicit promotion (excitation) of electrons
from occupied molecular orbitals into unoccupied molecular
orbitals. Full configuration interaction (all possible promotions) is
not a practical method and limited schemes, for example, CIS, CID
and CISD Models, need to be employed.

Conformation. The arrangement about single bonds and of flexible
rings.

Conformational Analysis. One of several different procedures to
deal with molecules that are not properly described in terms of a
single Conformer. Determination of Equilibrium Conformer or
establishing a Conformer Distribution or a Similarity Library are
examples of conformational analysis.

Conformer; See Conformation.

Core. Electrons which are primarily associated with individual
atoms and do not participate significantly in chemical bonding (1s
electrons for first-row elements, 1s, 2s, 2px, 2py, 2p. electrons for
second-row elements, etc.).

Core Orbital. A Molecular Orbital that is primarily involved with
the Core rather than with the Valence.

Correlated Models. Models which take implicit or explicit account
of the Correlation of electron motions. Meller-Plesset Models,
Configuration Interaction Models and Density Functional
Models are correlated models.

Correlation. The coupling of electron motions not explicitly taken
into account in Hartree-Fock Models.
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Correlation Energy. The difference in energy between the Hartree-
Fock Energy and the experimental energy.

Correlation Functional. A function of the Electron Density and
perhaps as well the gradient of the Electron Density. The functional
form derives from “exact” solution of the Schrodinger Equation for
an idealized many-electron problem. Used in Density Functional
Models.

COSY Spectrum; See NMR Spectrum.

Coulomb Energy. The electron-electron repulsion energy according
to Coulomb’s law.

Coulombic Interactions. Charge-charge interactions which follow
Coulomb’s law. Stabilizing when charges are of opposite sign and
destabilizing when they are of the same sign.

Coupling Constant. A measure of the extent to which nuclear spins
on neighboring atoms interact (couple) with each other, causing
splitting of the lines in an NMR spectrum.

CPK Model. A molecular model in which atoms are represented
by spheres, the radii of which correspond to van der Waals Radii.
Intended to portray molecular size and shape. Also known as a
space-filling model.

CSD; See Cambridge Structural Database.

Curtin-Hammett Principle. The idea that the reactive conformer
in a Kinetically-Controlled Reaction is not necessarily the lowest-
energy conformer. The rationale is that the energy barriers separating
conformers are typically much smaller than barriers to chemical
reaction, and that any reactive conformers will be replenished.

Density; See Electron Density.

Density Functional Models. Methods in which the energy
is evaluated as a function of the Electron Density. Electron
Correlation is taken into account explicitly by incorporating into the
Hamiltonian terms which derive from exact solutions of idealized
many-electron systems.
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DEPT Spectrum; See NMR Spectrum.

Diffuse Functions. Functions added to a Basis Set to allow
description of electron distributions far away from atomic positions.
Important for descriptions of anions.

Diffusion-Controlled Reactions. Chemical reactions without
Transition States (or energy barriers), the rates of which are
determined by the speed in which molecules encounter each other
and how likely these encounters are to lead to reaction.

Dipole Moment. A vector indicating the magnitude, sign and
direction of the overall distribution of charge in a molecule based on
the combination of nuclear and electron charges. Most commonly
only the magnitude of the dipole moment is known experimentally.

Doublet. A molecule with one unpaired electron, also known as a
radical.

Dual Basis Set. A technique whereby the converged wavefunction
resulting from a calculation using a small basis set is passed on for a
single SCF cycle using a large basis set. This closely approximates
the energy and wavefunction that would have resulted from a
full calculation using the large basis set but with 5-10 times less
computation.

EDF2 Model. A Global Hybrid Generalized Gradient
Approximation (GH-GGA) functional which improves on the
Local Density Model by accounting explicitly for non-uniformity in
electron distributions. EDF2 was explicitly formulated to reproduce
experimental vibrational frequencies (infrared spectra), and it was for
this reason (together with practical concerns) that the EDF2/6-31G*
model was chosen for use in the Spartan Spectra and Properties
Database (SSPD).

Electron Affinity. The energy gained as a result of adding an
electron to an atom or molecule. May be calculated as the (negative
of) the difference in energies between the atom/molecule and it
corresponding radical anion. Note that not all atoms/molecules have
positive electron affinities, that is, bind an electron.
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Electron Correlation. See Correlation.

Electron Density. The number of electrons per unit volume at a
point in space. This is the quantity which is measured in an X-ray
diffraction experiment.

Electron Density Surface. A surface of constant Electron Density.
May be used to elucidate bonding (Bond Density Surface) or to
characterize overall moelcular size and shape.

Electronic Schrodinger Equation. The equation which results
from incorporation of the Born-Oppenheimer Approximation to
the Schrodinger Equation.

Electrostatic Charges. Atomic charges chosen to best match the
Electrostatic Potential at points surrounding a molecule, subject to
overall charge balance.

Electrostatic Potential. A function describing the energy of
interaction of a positive point charge with the nuclei and fixed
electron distribution of a molecule.

Electrostatic Potential Map. A graph that shows the value of
Electrostatic Potential on an Electron Density Isosurface
corresponding to a van der Waals Surface.

Electrostatic Potential Surface. It may be used to elucidate regions
in a molecule which are particularly electron rich and subject to
electrophilic attack and those which are particularly electron poor,
subject to nucleophilic attack.

Energy Profile. Aplotofenergy vs. change in geometrical coordinate,
for example, change in bond length or in dihedral angle.

Enthalpy. The heat of a chemical reaction. Related to energy by a
pressure-volume that is insignificant at normal pressures.

Equilibrium Conformer. The lowest-energy Conformer.

Equilibrium Geometry. A Local Minimum on a Potential Energy
Surface.
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Equilibrium Isotope Effect. The effect on the heat of reaction due
to a change in nuclear mass of one or more atoms. The most common
(and largest) isotope effects arise from substitution of deuterium for
hydrogen.

Exchange Functional. A function of the Electron Density and
perhaps as well the gradient of the Electron Density. The functional
form derives from “exact” solution of the Schrodinger Equation for
an idealized many-electron problem. Used in Density Functional
Models.

Exchange Energy. An “attractive” (negative) component of the
electron-electron interaction energy. Arises due to an overestimation
of the “repulsive” (positive) component or Coulomb energy.

Excited State. An electronic state for an atom or molecule which is
not the lowest-energy or Ground State.

Force Constant. For a diatomic molecule, the second derivative of
the energy with respect to change in bond length. For a polyatomic
molecule, the second derivative of the energy with regard to a change
in Normal Coordinate.

Force Field. The set of rules underlying Molecular Mechanics
Models. Comprises terms which account for distortions from ideal
bond distances and angles and for Non-Bonded van der Waals and
Coulombic Interactions.

Fourier Series. An expansion of a periodic (in 360° rotation) in
terms of powers of the cosine of the torsion angle.

Frontier Molecular Orbitals. The HOMO and LUMO.

Gx Models. “Recipes” which combine a series of Hartree-Fock
and Correlated Models to properly account for Atomization
Energies of atoms and molecules. Useful for providing accurate
thermochemical data.

G3(MP2). A “simplified” version of the G3 Model. Reproduces
experimental Heats of Formation with an RMS errors of ~8 klJ/
mol, practical for molecules comprising less than 20 atoms.
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Gaussian. A function of the form x'y™z" exp (ar?) where 1, m, n are
integers (0, 1,2 ...) and a is a constant. Used in the construction of
Basis Sets for Hartree-Fock, Density Functional, MP2 and other
Correlated Models.

Gaussian Basis Set. A Basis Set made up of Gaussian Basis
Functions.

Global Minimum. The lowest energy Local Minimum on a
Potential Energy Surface.

Ground State. The lowest energy electronic state for an atom or
molecule.

Hamiltonian. An operator which accounts for the kinetic and
potential energy of an atom or a molecule.

Hammond Postulate. The idea that the Transition State for an
exothermic reaction will more closely resemble reactants than
products. This provides the basis for “modeling” properties of
Transition States in terms of the properties of reactants.

Harmonic Frequency. A Vibrational Frequency which has been
corrected to remove all non-quadratic (anharmonic) components.
Calculated Vibrational Frequencies correspond to harmonic
frequencies. The corrections require data on isotopically-substituted
systems and are typically available only for small molecules.

Hartree. The Atomic Unit of energy. 1 hartree = 627.47 kcal/mol.

Hartree-Fock Approximation. Separation of electron motions in
many-electron systems into a product form of the motions of the
individual electrons.

Hartree-Fock Energy. The energy resulting from Hartree-Fock
Models.

Hartree-Fock Equations. The set of differential equations resulting
from application of the Born-Oppenheimer and Hartree-Fock
Approximations to the many-electron Schrodinger Equation.

Hartree-Fock Models. Methods in which the many-electron
wavefunction in written terms of a product of one-electron
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wavefunctions. Electrons are assigned in pairs to functions called
Molecular Orbitals.

Hartree-Fock Wavefunction. The simplest quantum-mechanically
correct representation of the many-electron wavefunction. Electrons
are treated as independent particles and are assigned in pairs to
functions termed Molecular Orbitals. Also known as Single-
Determinant Wavefunction.

Heat of Formation. The Enthalpy at 298 K of a balanced chemical
reaction in which a molecule is converted into the most stable form
of the each element, for example, hydrogen molecule for hydrogen
and graphite for carbon.

Hessian. The matrix of second energy derivatives with respect
to geometrical coordinates. The Hessian together with the atomic
masses lead to the Vibrational Frequencies of molecular systems.

Heterolytic Bond Dissociation. A process in which a bond is
broken and a cation and anion result. The number of electron pairs
is conserved, but a non-bonding electron pair has been substituted
for a bond.

HOMO. Highest Occupied Molecular Orbital.

Homolytic Bond Dissociation. A process in which a bond is
broken and two radicals result. The number of electron pairs is not
conserved.

HOMO-LUMO Gap. The difference in energies between the
HOMO and LUMO.

HOMO Map. A graph of the absolute value of the HOMO on an
Isodensity Surface corresponding to a van der Waals Surface.

Hybrid Density Functional Models. Density Functional Models
which incorporate the Exchange Energy from the Hartree-Fock
Model. The B3LYP Model is a hybrid density functional model.

Hydrogen-Bond Acceptor. An electronegative element (typically,
nitrogen, oxygen or halogen) with one or more lone pairs able to
“accept” a hydrogen from a Hydrogen-Bond Donor.
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Hydrogen-Bond Donor. A hydrogen bonded to an electronegative
element (typically nitrogen or oxygen) that can be donated to a
Hydrogen-Bond Acceptor.

Hydrophobe. A non polar region of a molecule.

Hypervalent Molecule. A molecule containing one or more main-
group elements in which the normal valence of eight electrons has
been exceeded. Hypervalent molecules are common for second-row
and heavier main-group elements but are uncommon for first-row
elements.

Imaginary Frequency. A frequency which results from a negative
elementinthediagonal formofthe Hessian. Equilibrium Geometries
are characterized by all real frequencies while Transition States are
characterized by one imaginary frequency.

Infrared Spectrum. Spectrum resulting from transitions between
vibrational energy levels. Infrared intensities depend on the change
in dipole moment associated with the vibration.

Internal Coordinates. A set of bond lengths, bond angles and
dihedral angles (among other possible variables) describing
molecular geometry. The Z Matrix is a set of internal coordinates.

Intrinsic Reaction Coordinate. The name given to procedures
with seek to “walk” in a smooth pathway connecting reactant and
product.

Ionization Potential. The energy required to completely eject an
electron from anatom or molecule. May be calculated as the difference
in energies between the atom/molecule and its corresponding radical
cation. May be approximated from Koopman’s Theorem as the
negative of the HOMO Energy.

Isodesmic Reaction. A chemical reaction in which the number of
formal chemical bonds of each type is conserved.

Isosurface. A three-dimensional surface defined by the set of points
in space where the value (isovalue) of the function is constant.
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Kinetically-Controlled Reaction. Refers to a chemical reaction
which has not gone all the way to completion, and the ratio of
products is not related to their thermochemical stabilities, but rather
inversely to the heights of the energy barriers separating reactants
to products.

Kinetic Isotope Effect. The effect on the rate of reaction due to a
change in nuclear mass of one or more atoms. The most common
(and largest) isotope effects arise from substitution of deuterium for
hydrogen.

Kinetic Product. The product of a Kinetically-Controlled
Reaction.

kJ/mol. The unit commonly used to express chemical energy
differences, replacing kcal/mol. 1 kJ/mol = 0.239 kcal/mol =
0.000381 au.

Kohn-Sham Equations. The set of equations obtained by applying
the Local Density Approximation to a general multi-electron
system. An Exchange/Correlation Functional which depends on
the electron density has replaced the Exchange Energy expression
used in the Hartree-Fock Equations. The Kohn-Sham equations
become the Roothaan-Hall Equations if this functional is set equal
to the Hartree-Fock Exchange Energy expression.

Koopman’s Theorem. Relates the Ionization Potential to the
negative of the HOMO Energy.

LCAO Approximation. Linear Combination of Atomic Orbitals
approximation. Approximates the unknown Hartree-Fock
Wavefunctions (Molecular Orbitals) by linear combinations
of atom-centered functions (Atomic Orbitals) and leads to the
Roothaan-Hall Equations.

LACVP*, LACVP**. Pseudopotentials which include not only
Valence s and p-type orbitals (s, p and d-type for transition metals)
but also the highest set of Core orbitals, and in which non-hydrogen
atoms are supplemented by d-type Gaussians and (for LACVP**)
hydrogen atoms are supplemented by p-type Gaussians.
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Ligand. This term has two meanings in the context of molecular
modeling. It denotes a molecular fragment that is (viewed as)
non-covalently bonded to a transition metal in an inorganic or
organometallic compound. For example, both carbon monoxide and
benzene are said to be ligands in benzene chromium tricarbonyl. It
also denotes a molecule that is “associated” (non-covalently bonded)
to a protein.

Linear Synchronous Transit. The name given to procedures which
estimate the geometries of transition states based on ‘“averages” of
the geometries of reactants and products, sometimes weighted by
the overall thermodynamics of reaction.

LMP2 Model. An MP2 Model in which the Hartree-Fock orbitals
are first localized.

Local Density Models. Density Functional Models which are
based on the assumption that the Electron Density is constant (or
slowly varying) throughout all space.

Local Ionization Potential. A function of the relative ease of
electron removal (ionization) from a molecule.

Local Ionization Potential Map. A graph of the Local Ionization
Potential on an Isodensity Surface corresponding to a van der
Waals Surface.

Local Minimum. Any Stationary Point on a Potential Energy
Surface for which all elements in the diagonal representation of the
Hessian are positive.

LogP. An empirical measure of the extent to which a molecule
partitions between water and octanol.

Lone Pair. A Non-Bonded Molecular Orbital which is typically
associated with a single atom.

LUMO. Lowest Unoccupied Molecular Orbital.

LUMO Map. A graph of the absolute value of the LUMO on an
Isodensity Surface corresponding to a van der Waals Surface.
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Mechanism. The sequence of steps connecting reactants and products
in an overall chemical reaction. Each step starts from an equilibrium
form (reactant or intermediate) and ends in an equilibrium form
(intermediate or product).

Minimal Basis Set. A Basis Set which contains the fewest functions
needed to hold all the electrons on an atom and still maintain spherical
symmetry. STO-3G is a minimal basis set.

Minimal Valence Basis Set. A Minimal Basis Set from which
Core Orbitals have been removed. Semi-Empirical Models make
use of a minimal valence basis set.

MM2,MM3, MM4. A series of Molecular Mechanics Force Fields
developed by the Allinger group at the University of Georgia.

MMFF94. Merck Molecular Force Field. A Molecular Mechanics
Force Field for organic molecules and biopolymers developed by
Merck Pharmaceuticals.

MNDO. Modified Neglect of Differential Overlap. A Semi-
Empirical Model.

MNDQOY/d. An extension of the MNDQO Semi-Empirical Model in
which second-row (and heavier) main-group elements are provided
a set of d-type functions.

Molecular Mechanics Models. Methods for structure, conformation
and strain energy calculation based on bond stretching, angle bending
and torsional distortions, together with Non-Bonded Interactions,
and parameterized to fit experimental data.

Molecular Orbital. A one-electron function made of contributions
of Basis Functions on individual atoms (Atomic Orbitals) and
delocalized throughout the entire molecule.

Molecular Orbital Models. Methods based on writing the many-
electron solution of the Electronic Schrodinger Equation in terms
of a product of one-electron solutions (Molecular Orbitals).

Moller-Plesset Energy. The energy resulting from Meller-Plesset
Models terminated to a given order, e.g., the MP2 energy is the
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energy of the second-order Meller-Plesset Model (or MP2).

Moller-Plesset Models. Methods which partially account for
Electron Correlation by way of the perturbation theory of Meller
and Plesset.

Monte-Carlo Conformation Search. A limited search of
Conformers resulting from arandom sampling of all torsional angles
(including constrained torsions associated with flexible rings) while
satisfying the requirements imposed by the Boltzmann Equation.

MP2 Energy. The energy resulting from MP2 Models.

MP2 Model. A Meller-Plesset Model terminated to be second order
in the energy.

MP3 Model. A Moller-Plesset Model terminated to be third order
in the energy.

MP4 Model. A Moller-Plesset Model terminated to be fourth order
in the energy.

Mulliken Charges. Atomic charges obtained from a Mulliken
Population Analysis.

Mulliken Population Analysis. A partitioning scheme in which
electrons are shared equally between different Basis Functions.

Multiplicity. The number of unpaired electrons (number of electrons
with “down” spin) +1. 1=singlet; 2=doublet; 3=triplet, etc.

Natural Charges. Atomic charges obtained from a Natural
Population Analysis.

Natural Popluation Analysis.

NDDO Approximation. Neglect of Diatomic Differential Overlap
approximation. The approximation underlying all present generation
Semi-Empirical Models. It says that two Atomic Orbitals on
different atoms do not overlap.

NIST Chemistry Web Book (National Institutes of Standards
and Technology). On-line source of experimental Infrared and
UV/visible spectra.
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NMR Spectrum. Spectrum resulting from transitions between
nuclear spin states under the influence of an external magnetic field.
Both 1D spectra (most important, proton and *C) and 2D spectra
(most important COSY, HMBC and HSQC) are available.

NOE (Nuclear Overhauser Effect). An NMR experiment that leads
to identifying pairs of (non-bonded) atoms separated by less than a
specified distance (typically 4-5A).

Non-Bonded Interactions. Interactions between atoms which are
not directly bonded. van der Waals Interactions and Coulombic
Interactions are non-bonded interactions.

Non-Bonded Molecular Orbital. A molecular orbital which does
not show any significant Bonding or Antibonding characteristics.
A Lone Pair is a non-bonded molecular orbital.

Non-Local Density Functional Models. Density Functional
Models such as the BLYP, BP, EDF1, EDF2 and B3LYP Models
which explicitly take into account electron inhomogeneities.

Normal Coordinates. Coordinates that lead to a diagonal Hessian,
and which correspond to vibrational motions in molecules.

Normal Mode Analysis. The process for calculating Normal
Coordinates leading to Vibrational Frequencies. This involves
diagonalizing the Hessian and accounting for atomic masses.

Octet Rule. The notion that main-group elements prefer to be
“surrounded” by eight electrons (going into s, px, py, p. orbitals).

OD/OD(T). Correlated Models.
Orbital Energy. The energy of a Molecular Orbital.

Orbital Energy Diagram. A diagram listing Orbital Energies from
most negative at the bottom. Usually restricted to occupied Valence
Orbitals and the few lowest unoccupied orbitals.

Orbital Symmetry Rules; See Woodward-Hoffmann Rules.

Open Shell. An atom or molecule in which one or more electrons
are unpaired.
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Pharmacophore. Collection of Chemical Function Descriptors
which characterizes a molecular environment. A pharmacophore
may serve as a target for Similarity Analysis.

PMa3. Parameterization Method 3. A Semi-Empirical Model.
PM6. Parameterization Method 6. A Semi-Empirical Model.

Polar Area. The area of an Electrostatic Potential Map that is either

more positive or more negative than some preset value (typically
between 80-120 kJ/mol).

Polarization Basis Set. A Basis Set which contains functions of
higher angular quantum number (Polarization Functions) than
required for the Ground State of the atom, e.g., d-type functions for
main-group elements and p-type functions for hydrogen. 6-31G*,
6-31G**, 6-311G*, 6-311G**, cc-pVDZ, cc-pVTZ and cc-pVQZ
are polarization basis sets.

Polarization Functions. Functions of higher angular quantum than
required for the Ground State atomic description. Added to a Basis
Set to allow displacement of Valence Basis Functions away from
atomic positions.

Polarization Potential. A functiondescribing the energy of electronic
relaxation of a molecular charge distribution following interaction
with a point positive charge. The polarization potential may be added
to the Electrostatic Potential to provide a more accurate account of
the interaction of a point-positive charge and a molecule.

Polar Surface Area. The area of a space-filling (CPK) model due
to electronegative elements (typically, nitrogen and oxygen) and any
hydrogens that are bonded to these elements.

Pople-Nesbet Equations. The set of equations describing the best
Unrestricted Single Determinant Wavefunction within the LCAO
Approximation. These reduce the Roothaan-Hall Equations for
Closed Shell (paired electron) systems.

Potential Energy Surface. A function of the energy of a molecule
in terms of the geometrical coordinates of the atoms.
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Property Map. A representation or “map” of a “property” on top
of an Isosurface, typically an Isodensity Surface. Electrostatic
Potential Maps, and HOMO and LUMO Maps and Spin Density
Maps are useful property maps.

Proton Affinity; See Basicity.
Proton Spectrum; see NMR Spectrum

Pseudopotential. A Basis Set which treats only Valence electrons
in an explicit manner, all other electrons being considered as a part
of a “Core”. LAVCP (and extensions including Polarization and/
or Diffuse Functions) are pseudopotentials.

Pseudorotation. A mechanism for interconversion of equatorial
and axial sites around trigonal bipyramidal centers, e.g., fluorines in
phosphorous pentafluoride.

QCCD/QCCD(T) Models. Correlated Models.

QCISD/QCISD(T) Models. Quadratic CISD Models. Correlated
Models.

QSAR. Quantitative Structure Activity Relationships. The name
given to attempts to relate measured or calculated properties to
molecular structure.

Quantum Mechanics. Methods based on approximate solution of
the Schrodinger Equation.

Ramachandran Plot. A plot for each a carbon in a polypeptide of
the two dihedral angles that define the conformation of the backbone.
The points will typically cluster in two regions denoting helices and
sheets.

Raman Spectrum. Spectrum resulting from transitions between
vibrational energy levels. Infrared intensities depend on the change
in polarizability associated with the vibration.

Rate Limiting Step. The step in an overall chemical reaction
(Mechanism) which proceeds via the highest-energy Transition
State.
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Reaction Coordinate. The coordinate that connects the Local
Minima corresponding to the reactant and product, and which passes
through a Transition State.

Reaction Coordinate Diagram. A plot of energy vs. Reaction
Coordinate.

Restricted SCF. An SCF procedure which restricts electrons to be
paired in orbitals or permits orbitals to be singly occupied.

RM1. A Semi-Empirical Model.

Roothaan-Hall Equations. The set of equations describing the best
Hartree-Fock or Single-Determinant Wavefunction within the
LCAOQO Approximation.

R/S. Atomic chirality markers.

SCF. Self Consistent Field. An iterative procedure whereby a one-
electron orbital is determined under the influence of a potential made
up of all the other electrons. Iteration continues until self consistency.
Hartree-Fock, Density Functional and MP2 Models all employ
SCF procedures.

Schrodinger Equation. The quantum mechanical equation which
accounts for the motions of nuclei and electrons in atomic and
molecular systems.

SDBS. Database of experimental infrared and NMR spectra from
AIST (Advanced Industrial Science and Technology, Japan). Freely
accessible on-line but automatic access is not permitted limiting its
utility.

Self Consistent Field; See SCF.

Semi-Empirical Models. Quantum Mechanics methods that seek
approximate solutions to the many electron Schrodinger Equation,
but which involve empirical parameters.

Similarity Analysis. A procedure to determine the extent to which a
molecule is “similar” to either a standard molecule (defined in terms
of'aset of atoms or a set of Chemical Functional Groups) or by a set
of unassociated Chemical Functional Groups (a Pharmacophore).
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Similarity Distribution. A selection of Conformers based on their
energies, with emphasis on maximum diversity.

Size Consistent. Methods for which the total error in the calculated
energy is more or less proportional to the (molecular) size. Hartree-
Fock and Maeller-Plesset models are size consistent, while Density
Functional Models, (limited) Configuration Interaction Models
and Semi-Empirical Models are not size consistent.

Size Surface. A Density Surface used to establish overall molecular
size and shape. The value of the density is typically taken as 0.002
electrons/bohr?.

Slater. A function of the form x'y™z" exp (-Cr) where 1, m, n are
integers (0, 1,2 ...) and T is a constant. Related to the exact solutions
to the Schrodinger Equation for the hydrogen atom. Used as Basis
Functions in Semi-Empirical Models.

SMS5.4. An empirical solvation model for water only. Furnishes only
an energy correction to be added to the (gas-phase) energy obtained
from any quantum chemical model. A lower (computational)
cost variation is available for use in conjunction with Molecular
Mechanics Models.

SMS8. An empirical solvation model applicable to Hartree-Fock
and density functional models . Available for water and a variety of
organic solvents. Furnishes a wavefunction in addition to an energy,
meaning that solvated structures, infrared spectra and properties
may be obtained.

SM12. An improvement over SM8 using a more general charge
model which is less sensitive to the particular basis set. The SM12
training set is both larger and more diverse and SM12 covers the
majority of the periodic table.

Space-Filling Model; See CPK Model.

Spartan Infrared Database (SIRD). An alternative entry point into
the Spartan Spectra and Properties Database (SSPD) allowing
searching by match to an (unknown) infrared spectrum.
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Spartan Molecular Database (SMD). An early collection of
molecular structures and properties for >125,000 molecules obtained
from up to nine different quantum chemical models. Searchable by
structure, name, formula, molecular weight and isomer. The SMD
was the precursor to the SSPD.

Spartan Reaction Database (SRD). A collection of ~2,500
transition-state structures for a wide variety of simple organic and
organometallic reactions obtained from up to five different quantum
chemical models. Searchable by structure.

Spartan Spectra and Properties Database (SSPD). A collection
of molecular structures, infrared and NMR spectra, molecular and
atomic properties and QSAR descriptors for >300,000 organic
molecules obtained from the ®B97X-D/6-31G* and EDF2/6-31G*
density functional models based on the lowest-energy conformer
assigned from the T1 model. The wavefunction is available, as
such, surfaces and property maps may be generated “on-the-fly”.
Searchable by structure, name, formula, molecular weight and
isomer.

Spin Density. The difference in the number of electrons per unit
volume of “up” spin and “down” spin at a point in space.

Spin Density Map. A graph that shows the value of the Spin
Density on an Isodensity Surface corresponding to a van der
Waals Surface.

Spin Orbital. The form of Wavefunction resulting from application
ofthe Hartree-Fock Approximation to the Electronic Schrodinger
Equation. Comprises a space part (Molecular Orbital) and one of
two possible spin parts (“spin-up” and “spin-down”).

Split-Valence Basis Set. A Basis Set in which the Core is represented
by a single set of Basis Functions (a Minimal Basis Set) and the
Valence is represented by two or more sets of Basis Functions.
This allows for description of aspherical atomic environments in
molecules. 3-21G, 6-31G and 6-311G are split-valence basis sets.

SSPD; see Spartan Spectra and Properties Database.
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Stationary Point. A point on a Potential Energy Surface for which
all energy first derivatives with respect to the coordinates are zero.
Local Minima and Transition States are stationary points.

STO-3G. A Minimal Basis Set. Each atomic orbital is written in
terms of a sum of three Gaussian functions taken as best fits to
Slater-type (exponential) functions.

SVWN Model. (Slater, Vosko, Wilk, Nusair) A Density Functional
Model which involves the Local Density Approximation.

SYBYL. A Molecular Mechanics Force Field developed by Tripos,
Inc.

Systematic Conformation Search. An exhaustive search of
Conformers resulting from stepping through all torsional angles
(including constrained torsions associated with flexible rings). This
is the only procedure that guarantees identification of the Global
Minimum.

T1. A combination of quantum chemical models and empirical
parameters formulated to reproduce Heats of Formation obtained
from the G3(MP2) Model using 2-3 orders of magnitude less
computation. T1 reproduces experimental heats with an RMS error of
~8 kJ/mol (the same error as obtained from the G3(MP2) Model).

Tautomer. An isomer related by rearrangement of hydrogen atoms,
for example vinyl alcohol is atautomer of acetaldehyde. All tautomers
are isomers but not all isomers are tautomers.

TDDFT (Time Dependent Density Functional Theory).

Theoretical Model. A “recipe” leading from the Schrodinger
Equation to a general computational scheme. A theoretical models
needs to be unique and well defined and, to the maximum extent
possible, be unbiased by preconceived ideas. It should lead to
Potential Energy Surfaces which are continuous. It is also desirable
(but not required) that a theoretical model be Size Consistent and
Variational. Finally, a theoretical model will be applicable for the
problems of interest.
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Theoretical Model Chemistry. The set of results following from
application of a particular Theoretical Model.

Thermochemical Recipes. Combinations of quantum chemical
models and (in the case of T1) empirical parameters to reproduce
experimental (or in the case of T1) G3(MP2) Heats of Formation.
G3(MP2) and T1 are thermochemical recipes.

Thermodynamically-Controlled Reaction. A chemical reaction
which has gone all the way to completion, and the ratio of different
possible products is related to their thermochemical stabilities
according to the Boltzmann Equation.

Thermodynamic Product. The product of a reaction which is under
Thermodynamic Control.

Total Charge. The sum of the nuclear charges minus the total
number of electrons.

Total Energy. The energy of a balanced chemical reaction in which
a molecule is split into single particle fragments, that is, nuclei and
electrons. Total energy is the standard way to report energy data
derived from quantum chemical models (except Semi-Empirical
Models and Thermochemical Recipes).

Transition State. A Stationary Point on a Potential Energy Surface
in which all but one of the elements in the diagonal representation of
the Hessian are positive, and one element is negative. Corresponds
to the highest-energy point on the Reaction Coordinate.

Transition-State Geometry. The geometry (bond lengths and
angles) of a Transition State.

Transition State Theory. The notion that all molecules react through
a single well-defined Transition State.

Triplet. A molecule with two unpaired electrons.

Unrestricted SCF. An SCF procedure which does not restrict
electrons to be paired on orbitals.

UV/visible Spectrum. The spectrum resulting between ground and
excited electronic states.
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Valence. Electrons which are delocalized throughout the molecule
and participate in chemical bonding (2s, 2px, 2py, 2p, for first-row
elements, 3s, 3py, 3py, 3p. for second-row elements, etc.).

Valence Orbital. A Molecular Orbital that is primarily involved
with the Valence rather than the Core.

van der Waals Interactions. Interactions which account for short-
range repulsion of non-bonded atoms as well as for weak long-range
attraction.

van der Waals Radius. The radius of an atom (in a molecule), which
is intended to reflect its overall size. van der Waals radii are used to
define space-filling models.

van der Waals Surface. A surface formed by a set of interpreting
spheres (atoms) with specific van der Waals radii, and which is
intended to represent overall molecular size and shape.

Variational. Methods for which the calculated energy represents an
upper bound to the exact (experimental) energy. Hartree-Fock and
Configuration Interaction Models are variational while Meller-
Plesset Models, Density Functional Models and Semi-Empirical
Models are not variational.

Vibrational Frequencies. The energies at which molecules vibrate.
Vibrational frequencies correspond to the peaks in an infrared and
Raman spectrum.

Wave function. The solution of the Schrodinger Equation. In
the case of the hydrogen atom, a function of the coordinates which
describes the motion of the electron as fully as possible. In the case
of a many-electron system a function which describes the motion of
the individual electrons.

Woodward-Hoffmann Rules. A set of rules based on the symmetry
of Frontier Molecular Orbitals on interacting molecules
which indicate whether a particular reaction will be favorable or
unfavorable. These rules should more properly be referred to as the
Fukui-Woodward-Hoffmann Rules to reflect the fundamental
contribution of Fukui.
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Zero-Point Energy. The energy of molecular vibration at 0K, given
as half the sum of the Vibrational Frequencies times Planck’s
constant.

Z. Matrix. A set of internal coordinates (bond lengths, bond angles
and dihedral angles only) describing molecular geometry. Of
historical interest only. Not supported in Spartan.

Zwitterion. A neutral valence structure which incorporates both a
formal positive charge and a formal negative charge.
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