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WiTH C%» CRYSTAL BUILDER YOU CAN:

@

construct and display any 3D perioic
molecular structure.

build inorganic, molecular, and poly-
mer crystals.

The crystal structure
of silicon faceted on
the close-packed (1 1

1) plane,

An amorphous cell of
poly-vinyl chloride (PVC),
with one polymer chain
highlighted.

e

display structures from crystallo-
graphic databases.

» input symmetry using standard
space group-symbols (symmetry
copies and bonding are auto-
matically generated).

> enter individual symmetry
operators, allowing symmetry
to be edited.

= construct a “P1 superlattice”
from the asymmetric unit and
symmetry operators.

» display a single unit cell or an
array of cells up to 20x20x20.

display crystallographic planes spec-
ified by Miller indices.

facet a crystal along a set of planes.
display thermal ellipsoids, enabling
visualization of temperature factors.

With C?»Surface Builder you can:

build 2D periodic models to investi-

gate surface chemistry and structure.

“cleave” a surface out of a crystal by

giving the Miller indices of the surface.

* automatically create the mini-
murm 2D periodic net in the
specified plane (Surface Builder
works out which atoms are
incorporated and generates the
bonding).

« display the 2D cell within the
3D crystal structure.

» enter 2D cell parameters and
atompositions to build surfaces
“from scratch.”

* display a single unit surface cell
or an array of cells up to 40x40.

preserve whole molecules during

surface cleaving.

With C?eInterface Builder you can:

build an interface using two sides
defined from crystal models.

define match criteria by giving a
plane in each crystal and a vector in
each plane.

define lateral matching by specifying
coincident points in the two planes.
vary the spacing between the two
sides of the interface as required
(overlapping atoms are automatically
removed.

With C?ePolymer Builder you can:

construct and display polymer
chains.

use an extensive library of monomer
structures.

sketch monomers and edit properties
such as chirality.

build homopolymers or copolymers
(random, reactivity weighted, or
block).

specify chain length, tacticity and
torsion angles.

build copolymers using user-defined
concentrations.

weight polymer building with user-
defined reactivities.

construct coploymers using user-
defined blocks. ‘

With C*e Amorphous Builder you can:

construct an amorphous structure

from any-molecule - typically a

polymer.

build an isolated chain or a 3D

periodic model representing a bulk

system.

build periodic systems to a specified

density.

include solvent or additive molecules.

choose torsions by one of three algrithms:

- Monte Carlo giving random values.

- RIS ratio method using an explicit.
distribution of isomeric states.

- RIS energy method using a.

- Boltzmann partition functions.

relax structures during the amor-

phous build procedure.

couple torsions to the bonds immedi-

ately preceding them.

With C?» Analog Builder you can:

automatically construct large sets of
analog molecules by systematically
substituting user-specified groups
for up to three hydrogen atoms on a
parent structure.




C?.Builder
Modules

» build substituent groups within
Cerius? or read them from a file or
database.

= import substituent groups from MDL
combinatorial libraries.

= automatically minimize structures
during building.

* output series of molecules directly to
the C?+QSAR+ study table.

Molecular Simulations Inc. - 9685 Scranion Road » San Diego, CA 92121-3752
(619) 458-9980 « FAX: (619) 458-0136 - hitp://www.msi.com « solutions@msi.com
U.K.: (44) 1223-413300 - France: (33) 1-69-419908 » Germany: (49) 8106-35-93-0
Asia/Pacific; (61) 2-9954-4322 - Japan: (81) 3-3818-6511
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The modules in Cerius®'s Quantum
Mechanics Workbench use accurate
computational methods to predict the

- Interaction of athylere with a zirconocene catalyst:
“-DMol is particularly sisited to the study of such
transition metal compounds and their reactions,

properties of molecules, solids and
surfaces. From organic chemistry to solid-
state physics, you can solve research
problems by deploying a broad range
of Quantum Mechanics (QOM)
methods. These let you predict
structure, study thermochemistry and
mechanisms of reaction, and predict
properties such as IR and optical
spectra and charge distributions.

The application of quantum methods
in industrial research is rapidly
growing as computer power increases
and the algorithms improve. A
number of barriers must be overcome
to expand the application domain of

typically difficult to tedious to learn
and use, requiring you to set up
complex input text files and to
interpret their output. Traditional QM
chemistry packages have focused on
providing capabilities for molecules, when
many real-life applications involve the
interaction of molecules with surfaces or
crystals.

How the C?sQuantum Mechanics
Workbench Benefits You

The Quantum Mechanics Workbench
overcomes these obstacles by providing
you with access to a broad suite of QM
methods accessed through a consistent set
of menu driven interfaces. Density
functional methods for molecules, surfaces
and crystals, semi-empirical and ab initio
approaches - all these techniques are made
available by integrating seven leading-
edge quantum codes:

e CASTEP - a revolutionary QM
program for surfaces, solids, and
materials science

s DMol*#! - general purpose density
functional theory code for molecules,
insulating crystals, and surfaces

D3

these codes still further. QM codes are

.+ PastStructure M - for fast prediction of

the structure of crystals, surfaces and
molecules.

~ o ESOCS ¥ - for solid state electronic and

magnetic properties

* » Zindo - semi-empirical quantum

mechanics optimized for spectral
properties

- o MOPAC - the popular package for

semi-empirical quantum chemistry of
organic and main group molecules

e Gaussian P leading Gaussian based

quantum chemistry package for
molecules including Gaussian94.

* This power is combined with molecular

. modeling and visualization through

- Cerius®, MSI's standard software environ-
* ment for chemical computing. Ceriug?

- makes it easy to apply QM methods.

- Control panels are laid out clearly,

" consistently, and logically. You want to run
. a computationally intensive calculation on
+ a larger computer? Simple - just pick a

" name from a list of the processors on

. your network and hit RUN.

" Not only does the Quantum Mechanics

" ‘Workbench make an unrivalied set of QM
- capabilities accessible to scientists, it lets

* you combine them with Cerius®s other

. predictive techniques, such as force field-
- based molecular mechanics, conforma-

tional analysis, and statistical correlations.

: Now, through the Cerius? Software

- Developers Kit, any programmer can

| integrate a code into Cerius® You can run

- your own programs through the Cerius?

* interface, display the results - representing
. properties like electrostatic potential,

- molecular orbitals, and molecular structure
- - and input these results into any other

. Cerius? module.

- The best quantum mechanics methods

" currently available. An acclaimed user

. interface and modeling environment.

* Integration with a complete range of

. simulation tools. The ability to link in your
. own codes. These capabilities make the

* Quantum Mechanics Workbench the

| unique open environment for applying

- QM-based predictive techniques.




C2eQuantum Mechanics

Workbench

FEATURES
C?«CASTEP
e First-principles plane-wave
pseudopotential code for solids and
surfaces, treating metals, semiconduc-
tors and insulators
e Successful applications to surface
chemistry, properties of grain bound-
aries, point defects, bulk crystals
including minerals and zeolites
Includes LDA and GGA approaches
with and without spin-polarization
e Extensive pseudopotential library
offering complete coverage of the
periodic table with relativistic correc-
tions
e Capabilities include:
- Calculation of energies
- Geometry optimizations
- Optimization of unit cell parameters
- Display of wavefunctions and
densities
- Calculation of band-structure and
density of states
- Optical and dielectric response

Chemisorption of a CO molecule on a typical catalyst
surface. This illustrates one of more than 240 published
applications of CASTEP.

C?eDMoP®

e State of the art density functional code
for molecules, surfaces and crystals
with highly efficient numerical basis

e Applicable to all types of molecular
systems and insulating crystals and
surfaces

¢ Successful application to organic
chemistry, organometallics, zeolites,

oxide surfaces, polymerization catalysis, -

molecular crystals and chemical vapor
deposition
e Calculation methods include:
- - Self-consistent DFT for closed
and open shell systems
- Robust SCF and SCF restart
- Sparsity (w/Rcut_off)
- Local DFT functionals: PWC,
VWN, MW & KS
GGA DFT functionals: PW91,
BLYP, B, VWN-BP
- Harris functional for fast calcula-
tions

[ -X »
Bandstructure of up and down spin electrons in
ferromagnetic iron. ESOCS provides a fast first-

principles method for determining the electronic
structure of metals.

electron calculation

- Molecular and periodic systems

- Ab initio molecular dynamics and
simulated annealing

- Geometry optimization

- Transition state optimizations

e Capabilities include:

- Energies and binding energies

- Structural optimizations

- Vibrational frequencies/IR
absorption

- Constrained optimizations

- Transition state searching

2-4

- Relativistic ECPs and relativistic all- -

- Molecular dynamics

- Simulated annealing

- Scan potential Energy Surface Tool
(v3.9)

- Hessian input from MOPAC and
Discover (v3.9)

- Frequency calculations

- Optical spectra

- Excited states

- Polarizabilities

- Mulliken population analysis

- Dipole moments

- Partial charges with Muliken or
Hirshfeld analysis

- Mayer and Mulliken bond orders

- Display of orbitals, densities and
potential

- Mayer bond orders

- Optical properties, excited states,
and spin polarized calculations

- Thermochemical properties

- Nuclear electric field gradients

- Densities of states (DOS)

- Thermochemistry

- Density and electric field gradients
at nucleus

- Solvation via COSMO

- Chemical engineering properties
(solubility, vapor pressures,
partition coefficients, heats of
solvation and heats of mixing for
pure or multi-component solvents)
via COSMO-RS

- Graphical display of data via the
Cerius? interface of Molecular
orbitals, Charge densities, Spin
densities

- Calculating solvent effects and
thermodynamics properties using
COSMO and COSMO-RS models

: C?eFastStructure

Rapid first-principles method for

determining the structure of molecules,

crystals, point defects and surfaces
using Harris form of DFT
Searches for low energy structures
using simulated annealing in combina-
tion with traditional minimization
methods

Allows finite temperature ab initio
Molecular Dynamics (MD) simulations
Includes replay and statistical analysis
of MD frajectories and calculation of
power spectrum

Frequently used as pre screening tool in

combination with other C?2eQM

Workbench codes (e.g. DMol?, CASTEP,

ESOCS & ADF)

Capabilities include:
- Set up for multistage MD protocols
- Assignment of initial velocities
- Calculation of bandstructure



AMOPAC calculation on the pigment quinacridone.
A charge density iso-surface colored with electrostatic
potential surrounds the upper half of the molecule.
Molecular orbitals are displayed on the lower half,

HOMO orbital of food coloring betacarotin calculated
with ZINDO. ZINDO has been used extensively in
interpreting the optical and non-linear optical
properties of molecules.

- Calculation of density of states
- O(N) setup of Fock matrix and
calculation of forces
 Uses Core Potential and optional charge
density optimization

C2eESOCS
e Highly efficient first-principles method
for computing the properties of close-
packed crystalline metals, semiconduc-
tors and insulators
¢ Uses Atomic Sphere Approximation
(ASA) and Augmented Spherical Wave
(ASW) basis functions
° Application areas include design of
magnetic materials (including GMR
effect), optical properties of crystals,
treatment of rare earth and heavy
fermion systems
e Calculation methods include:
- Spin and non-spin polarized
methods
- Scalar relativistic corrections
- Spin orbit corrections
¢ Properties predicted include:
- Magnetic moments
- Frequency dependent optical
properties
- Angular momentum resolved
density of states
- Band structures
- Hyperfine fields
- Core level shifts

Zindo

and structural properties of molecules
(organic, inorganic, and  transition-
metal compounds)

¢ Variety of model Hamiltonians: EHT,
CNDO/1,CNDO/2,INDO/1, INDO/2

¢ Parameters for all 1st and 2nd row
transition metals, main group elements
through Cl, and K, Ca, Se and Br

e SCF single-point energies and geometry
optimization for the ground state as
well as transition states

» (I single-point energies for ground and
excited state conformations (UV-visible
spectra)

e Spectroscopic properties, such as UV-
visible spectra, and frequency-depen-
dent polarizabilities and
hyperpolarizabilities (Methods used:
TDA, RPA)

¢ Sophisticated solvation effects and
effects of external fields for ground and
excited states.

2.4

e Levels of theory include RHF, ROHF,

UHF, PUHF (spin-Projected UHF), CIS,
Rumer CI (beyond the singlet level of
excitation), perturbative approach
MP2)

. ¢ Multipole moment up to hexadecapole

- C2eMOPAC
- = Provides the MOPAC6 program - the

interface also runs MOPAC93 and
Mopac?

e Interfaces to ALL MOPACS features,

accessing the AM1, PM3, MNDO, and
MINDO3 methods

. ® Optimizes molecular geometry and

computes ESP charges

- o Calculates vibrational frequencies and

IR Spectra

e Optimizes Transition States, guesses

Transition States, follows the reaction
path and scans potential energy surfaces

- » Performs Population and Bond order

analysis

. = Localized Molecular Orbital calculations
- o Calculated excited states and biradicals
"o Levels of theory include RHE OHF, and

CI

- C?’eGaussian
. » Comprises a comprehensive interface to

Gaussian92, Gaussian92/DFT, and
Gaussian 94

. ® Provides ab initio, semi-empirical, and

density functional calculations

' ® Optimizes geometry for equilibrium
e Parameterized to calculate spectroscopic .
* » Calculates energies, gradients, and

structures and transition states

frequencies, using a wide variety of
standard QM methods and basis sets

* e Predicts solvent effects using the SCRF

method

. s Calculates IR and Raman spectra,

thermochemical properties, electrostatic
potentials, electron densities, and
charges

: References
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