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A Computational Study of the Energy of Propylcyclohexane as a
Function of the Exocyclic Torsional Angles
a

a

a

Marc L. Kasner, Christine Bray, Mayuko Yokota, Fillmore Freeman,
b,c
Warren J. Hehre

b

aDepartment of Chemistry and Biochemistry, Montclair State University, Upper Montclair,
New Jersey 07043-1699
bDepartment of Chemistry, University of California, Irvine, CA 92697-2025
cWavefunction, Inc., CA 92612

The optimized geometries and relative energies of a series of rotamers of axial and
equatorial propylcyclohexane were calculated using ab initio theory, second order Møller-Plesset
perturbation theory (MP2), and Density Functional Theory [BLYP, B3LYP, B3PW91, B3P86]
with the 6-31G(d), 6-31G(d,p), and 6-311G(d,p) basis sets. The rotamers are characterized in
terms of the C2-C1-C7-C8, C6-C1-C7-C8 and C1-C7-C8-C9 torsional angles. The potential
energy surface based on HF/6-31G(d,p) single point energies is presented as a function of the
C2-C1-C7-C8 and C1-C7-C8-C9 torsional angles and the effects of these angles on the energy is
evaluated. Additionally, the calculated bond angles, bond lengths, repulsive nonbonded
distances are compared and discussed. The calculated relative energies are converted to relative
free energies and are discussed in terms of the nonbonded interactions and the synclinal angles.
The conformational free energy (-∆G˚ or “A value”) of propylcyclohexane is compared to the
conformational free energies of methylcyclohexane, and ethylcyclohexane. The relative
contributions of the steric interactions and stereoelectronic interactions are also discussed.
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De novo Design of Functional Nano-materials and Molecular
Devices
Kwang S. Kim
National Creative Research Initiative Center for Superfunctional Materials, Dept. of Chemistry,
Pohang University of Science and Technology, San 31, Hyojadong, Namgu,
Pohang 790-784, Korea

A lot of interest has been evinced in the recent past in the design and development of
novel functional nano-systems because of their potential applications in electronics, photonics,
chemistry, biology, neuroscience and medicine. An effective design strategy requires a thorough
understanding of various interaction forces and mechanisms, which prevail in such small
dimensions. In this connection, we have been active in the last couple of years in the theoretical
characterization of novel interaction forces, molecular recognition, self-assembly, enzymatic
reaction mechanisms, protein folding, and nano-devices. We have employed a large number of
theoretical methods ranging from traditional ab initio, density functional theory, tight binding,
path-integral, Monte Carlo to molecular dynamics simulations in our investigations. In the course
of these investigations, we have been successful in elucidating the properties of a diverse range
of novel molecular systems, which include endo/exhohedral fullerenes, nanotori, nonlinear
optical materials, ionophores, polypeptides, enzymes, organic nanotubes, nanowires, and
electronic and nano-mechanical molecular devices (Fig. 1 and References).
The success of our design strategy is validated by recent developments, wherein we have
experimentally characterized novel ionophores, organic nanotubes, and molecular flippers. We
have designed receptors with high affinity and selectivity for a specific cation (NH4+) or anion
(F- , Cl-) which are biologically important. The organic nanotubes possess infinitely long onedimensional hydrogen-bond arrays, and these form two dimensional arrays with displaced π−π
stacking interactions. The competition between one-dimensional hydrogen bonding and
displaced π−π stacking interactions is discussed in the self assembly process of organic
nanotubes. Quantum nanostructures synthesized by these nanotubes are also discussed. Our
designed photo-electronic and nano-mechanical molecular devices would be useful for computer
memory with nonlinear optical switch phenomena and molecular vehicles/tweezers for drug
delivery and nano-surgery, respectively. In the course of the talk, we elaborate on the theoretical
investigations, which eventually led to the de novo design of these novel functional molecular
systems.
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B. H. Hong et al. J. Am. Chem. Soc. 123, 10748 (2001).
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K. S. Kim, P. Tarakeshwar, J. Y. Lee, Chem. Rev. 100,4145 (2000).
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Figure 1. Organic nanotubes (one dimensional H-bonds relays and displaced π−π stacks);
nanotorus, beltenes, ionophores/receptors, and left-handed lambda vs right-handed alpha helices,
and molecular flipper.
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COSMOtherm: The Bridge Between Quantum Chemistry and
Fluid Phase Thermodynamics
Andreas Klamt*, Frank Eckert
COSMOlogic GmbH&Co.KG, Burscheider Str. 515, 51381 Leverkusen, Germany
Due to the rapid developments of methods and computers, reliable quantum chemical
calculations on molecules of up to 50 - 100 atoms can nowadays be performed within the timescale of a day on cheap computer hardware. Thus quantum chemistry, and here especially the
density functional theory (DFT), has become an efficient source of information for molecular
properties. Nevertheless, the traditional quantum chemistry is restricted to the calculation of
single molecules in vacuum or to small clusters. Hence it cannot be directly used for the
calculation of properties of molecules in liquids or even for fluid phase equilibrium properties.
In this situation, the dielectric continuum solvation method COSMO and its combination
with statistical thermodynamics COSMOtherm provides an efficient link between quantum
chemistry and fluid phase thermodynamics. COSMOtherm calculates the influence of solvents
on molecules. It starts from a quantum chemical DFT/COSMO calculation for each chemical
species under consideration, i.e. for solutes and solvent molecules, in which each molecule is
treated as if embedded in a perfect conductor. This state of ideal electrostatic screening is used as
reference point for the consideration of molecules in the liquid phase. All energies are expressed
relative to this state, and interaction energies of molecules in solution are described as contact
interactions of ideally screened molecular surface pieces. All interactions are quantified by the
screening charge densities on the adjacent surface pieces. Combined with an extremely efficient
and nevertheless exact statistical thermodynamics algorithm, this description of molecular
interactions in solution by pair-wise interactions of surface pieces enables the calculation of the
chemical potentials, i.e. the activity coefficients, of almost arbitrary solutes in almost arbitrary
solvents, even in multi-component mixtures. Finally this enables the calculation of phase
diagrams of liquid systems, i.e. of activity coefficients, vapor pressures, excess free energies and
excess enthalpies. By recent extensions, COSMOtherm can be applied not only to neutral
systems, but as well to charged species, i.e. to electrolyte systems, and even to ionic liquids.
COSMOtherm opens a wide area of applications in all areas of computational chemistry,
i.e. in drug design and in materials and synthesis modelling, as well as in chemical engineering.
In the latter area it is an ideal supplement to the well accepted group contribution methods like
UNIFAC, overcoming most of the deficiencies of these methods and giving a detailed molecular
understanding of the systems under consideration. In contrast to group-contribution methods
COSMO-RS is very well able to handle intramolecular interactions (proximity effects) resulting
from electronic effects and from intramolecular hydrogen bonds. In addition, it can treat multicomformations, taumerisation, and it can resolve differences between isomers.
Finally, COSMOtherm can be applied to calculate important properties for drug design
and development, as water solubility, physiological partition coefficients, pKa, etc.
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Theoretical Investigation of Molecule’s Destruction Way on the Silica
Surface
Kukueva V.V.
Fire Safety Institute, Onoprienko str. 8, Cherkassy, Ukraine
The structure of surface’s chemical compounds are defined not only the chemisorption
peculiarities, but the modifying surface transformation too. It’s refer not to many layer surface
structure formation, but to the chemical and thermal transformations of the new functional
groups immobilizing on the surface.
To investigate the chemical way to destruct of organic molecules immobilizing on the silica
surface the quantum-chemical calculations have been provided by the MNDO method. The
subject of reseach was trimethylphosphate ((CH3O)3P=O) as one of the representatives of
phosphororganic compounds. Besides this substance demonstrates inhibiting properties on the
flame [1,2]. Hypothesis for the explanation of the negative catalyst behavior consist in the
inhibitor possibility to connect the active centers of flame (H., OH., O. and so oth.).
Calculations have been provided both for the izolated molecule and for the immobilizing
one on the silica surface. It was noted that the most energetic advantage destruction‘s way is
radical decay in the both cases. This conclusion play clue role because the propagation of flame
has chain nature. The calculation results you can see in the table.
№

The destruction’s products of the
trimethylphosphate on the silica surface

1
2
3

Si[(OH)3SiO]3О• + OP(ОCH3)2•
Si[(OH)3SiO]3О- + OP(ОCH3)2+
Si[(OH)3SiO]3О+ + OP(ОCH3)2-

The enthalpy ∆Η 0298 ,
кcаl/mol
19,13
193,6
226,19

It is worth noting that the enthalpy of isolated molecule (CH3O)3P=O ( ∆Η 0298 =143,45 кcаl/mol)
almost in 7,5 times more than such values for the immobilizing one. Consequently the highorganized system (immobilization on the silica) is more predominant for the inhibiting properties
of the trimethylphosphate.
References
1. Allen Twarowski, Combustion and flame 102: 41-54 (1995)
2. О. P. Коrobejnichev, V. М. Shvarzberg, S.B. Il’in, Fisika gorenia i vzryva. 1997, т.33, № 3
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Vibrational Spectra and Molecular Force Fields of Ethane-Like
Halogensubstituted Silanes
G.M. Kuramshina, Yu.A. Pentin, S.V. Syn’ko
Department of Physical Chemistry, Faculty of Chemictry, Moscow State University
(M. V. Lomonosov), Moscow, 119899, RUSSIA

. The Raman spectra of methylsilylbromides (CH3SiCl2Br, CH3SiClBr2 and CH3SiBr3)
have been investigated in a liquid state. Optimized structures, vibrational spectra and harmonic
force fields of these molecules and also of CH2ClSiF3, CHCl2SiF3, CH2ClSiCl3, CHCl2SiCl3,
CCl3SiCl3 and CCl3SiF3, have been obtained at the different theoretical levels (HF/6-31G*,
HF/6-311++G**, MP2/6-31G*, B3LYP/6-31G*, B3LYP/6-311++G**) and compared to the
known experimental data [1,2] and to the obtained earlier theoretical data on force fields of
CH3SiH3, CH3SiH2D, CH3SiHD2, CH2ClSiH3 and CH2ClSiD3, CHCl2SiH3, CHCl2SiD3 [3].
The correlations between the geometry parameters, frequency shifts and force field parameters
are considered and results of the theoretical calculations are used for the analysis of the hierarchy
of force field models of ethane-like halogensubstituted silanes.
Quantum mechanical calculations perform the very effective guide for the analysis of
different models of molecular force fields and justification of various empirical assumptions used
in the normal coordinate calculations and solving the inverse vibrational problem [4,5]. The main
widely used empirical constraints are the transferability of force constants in a series of related
molecules, the imposing different kinds of in-pair equalities of some force constants, the
predominance of direct (valence) interactions in comparison with the so-called “far-removed”
ones, imposing the scaling etc. The mathematical models based on using the quantum
mechanical results for analysing the peculiarities of the force fields and formulating the more
appropriate forms of force constant matrix (constraints on force constants) that are the most
adequate to experimental data were proposed earlier [4,5]. The quantum mechanical information
is successfully used in new approaches to the force field construction based on stable numerical
methods [6].
In this presentation we consider the possible modelling of molecular force fields in a case of
ethane-like substituted silanes. These molecules are very important as the initial members in the
large series of compounds. The interpretation of their vibrational spectra is not so simple due to
the high contribution of the dynamical factors and corresponding complicated character of the
intramolecular interactions.
As an example in Table 1 there are performed the diagonal force constants of investigated
methylsylilbromides obtained at the B3LYP/6-31G* theoretical level for the redundant system of
internal coordinates. The concept off-diagonal norm minimum originated from the valence force
field model was chosen [6]. It is evident that such assumptions as monotonous changing of some
force constants and transferability of others are acceptable in a case of considered molecules.
The problems of choosing “soft” and “rigid” models in the molecular force field
calculations are discussed.
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I: X=Br, Y=Cl; II: X=Cl, Y=Br
III: X=Br
Table 1. Theoretical B3LYP/6-31G* diagonal force constants (in mdyn/Å, mdyn, mdyn·Å)
of methylsilylbromides
Parameter
F(CSi)
F(CH)s
F(CH)
F(HCHs)
F(HCH)
F(SiCHs)
F(SiCH)
F(SiCl)
F(SiBr)
F(CSiCl)
F(CSiBr)
F(ClSiCl)
F(ClCBr)
F(BrSiBr)
F(torsion)

I
3.027
5.355
5.372
0.565
0.564
0.450
0.450
2.800
2.461
0.689
0.652
0.815
0.769

II
3.012
5.374
5.363
0.565
0.564
0.449
0.445
2.752
2.433
0.679
0.654
0.760
0.686
0.076

0.063

III
3.008
5.370
0.565
0.443
2.395
0.645

0.676
0.089

This work was partly supported by the RFBR grant No 01-03-32412.
References
1.
S.V.Syn’ko, Yu.A.Pentin, G.M.Kuramshina, et al., Vestn. Mosk. Univ. Khim., 25, 548
(1984).
2.
S.V.Syn’ko, Yu.A.Pentin, G.M.Kuramshina, et al., Vestn. Mosk. Univ. Khim., 26, 280
(1985).
3.
G.M.Kuramshina, A.G.Yagola. Models of polyatomic molecule force fields. The second
All-Russia seminar on Inverse problems in Chemictsry. Birsk, 2001, pp. 6-11.
4.
G. M. Kuramshina, A. G. Yagola, J. Struct. Chem., 38 (1997).
5.
G. M. Kuramshina, F. Weinhold, J. Mol. Struct., 410, 457 (1997).
6.
G.M.Kuramshina, F.Weinhold, I.V.Kochikov, Yu.A.Pentin, A.G.Yagola,
J. Chem.
Phys. 100(2), 1414(1994)
7.
A.G.Yagola, I.V.Kochikov, G.M.Kuramshina, Yu.A.Pentin, Inverse Problems of
Vibrational Spectroscopy. VSP, Zeist, The Netherlands, 1999.

94

Conference on Current Trends in Computational Chemistry 2002
Studies of Carbonyl Compounds Using the MM4 Molecular
Mechanics Force Field
C. H. LangleyH, J.-H. Lii,I K. Chen I and N. L. Allinger I
H

I

Department of Chemistry, Jackson State University
Jackson, MS 39217-0510

Molecular Mechanics Research Group, Department of Chemistry
University of Georgia, Athens, GA 30602-2526

In order for classical force-field methods, like quantum mechanical and semiempirical
methods, to be useful tools for organic chemists, they must provide accurate and reliable
physical models for all chemically relevant classes of organic compounds. Among them,
compounds containing the carbonyl group (C=O) are perhaps the most important. Force-field
parameters for four major types of carbonyl compounds, aldehydes,1 ketones,2 carboxylic acids3
and amides,4 have been optimized for the latest version of the molecular mechanics force field
developed by the Allinger research group, MM4.5 For these compounds, the MM4 version
shows significant improvement over the earlier but still widely used MM3 version,6 particularly
for their calculated moments of inertia, vibrational spectra and heats of formation. Improvement
over the MM3 results is mainly due to two major changes in the MM4 force field, the addition of
new cross terms and the assignment of separate atom types for each of these four types of
carbonyl compounds.
References
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Calculation of Intermolecular Interaction Energies
Yuguang Ma and Peter Politzer
Department of Chemistry, University of New Orleans, New Orleans, LA

A new method for intermolecular interaction energy calculations was developed. In our
approach, interaction energies were divided into two parts: electrostatic energy and Van der
Waals(VDW) energy. Based on electron density analysis, electrostatic energy can be calculated
accurately by numerical integration. The semi-empirical model provided a new way to study
intermolecular interactions.
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Ballistic Aggregation: An Alternative Approach to Modeling of
Silica Sol-Gel Structures
Krzysztof Maruszewski, Marek Rybaczuk, Marcin Grzegorczyk
Institute of Materials Science and Applied Mechanics, Mechanical Faculty, Wrocław University
of Technology, Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, PL

An algorithm based on ballistic aggregation is discussed as an alternative to the
commonly used, much slower diffusion-based algorithms for modeling of atomic structure of
silica gels. The algorithm is shown to be capable of producing a wide range of structures, from
extremely sparse to compact ones. The importance of the capture distance as a controlling
parameter is discussed. The obtained electron microscope images of actual silica gels prove that
the simulated structures are morphologically very similar to the synthesized materials.
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Geometry of Bis(Pinacolato)Diboron and Related Molecules
James L. Meeks
Department of Physics, P.O. Box 7380, Paducah Community College, Paducah, KY 42002-7380

Bis(pinacolato)diboron (BPC) is a versatile reagent for the preparation of boronic esters
from halides, the diboration of olefins, and solid-phase Suzuki coupling.

The optimized molecular energy and geometry of bis(pinacolato)diboron molecule was
computed by using Gaussian 98. Different basis sets were used and changes of the molecular
energies, bond distances and angles are compared. Analyses, by ab initio calculations, of similar
molecules are reported. The oxygen of the bis(pinacolato)diboron molecule is replaced with
nitrogen or carbon atoms. Geometry optimizations and minimum energies for the different
carbon and nitrogen ring systems are presented.
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Adsorption of Sarin and Soman on the Surface of Clay Minerals –
ab initio ONIOM Study
a,b

A. Michalkova, bM. Ilchenko, bL. Gorb, bJ. Leszczynski

a

Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dubravska cesta 9, 842 36
Bratislava, Slovak Republic
b
Computational Center of Molecular Structure and Interactions, Department of Chemistry,
Jackson State University, 1400 J. R. Lynch Street, P. O. Box 17910, Jackson, MS 39217, USA

The adsorption of Sarin (GB) – isopropyl methylphosphonofluoridate (C4H10FO2P) and
Soman (GD) – 3,3-dimethyl-2-butyl methylphosphonoflouridate (C7H16FO2P) on the octahedral
(o) and tetrahedral surface (t) of dickite (1:1 dioctahedral clay mineral of the kaolinite group)
were investigated using the ONIOM(B3LYP/6-31G(d,p):PM3) and ONIOM(B3LYP/631G(d,p):HF/3-21G) methods. Two cluster models have been used. The first one contains one
tetrahedral and one octahedral ring (D(o)-GB, D(t)-GB, D(o)-GD, D(t)-GD) and the second one
had seven octahedral and seven tetrahedral rings of one layer (D7(o)-GB, D7(o)-GD). The
geometry optimization of the adsorbed molecules and six hydrogen atoms of outer -OH groups
of the octahedral sheet of dickite has been performed. In the case of adsorption on the tetrahedral
side of the dickite layer, the geometry of the mineral fragment was kept fixed.

Figure 1. Dickite-Sarin adsorbed system on the octahedral surface of dickite – D(o)-GB.
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Figure 2. Dickite-Sarin adsorbed system on the tetrahedral surface of dickite – D(t)-GB.
The geometry, the distribiton of electron density and interaction energies have been
analyzed for both GB and GD species adsorbed on the octahedral and tetrahedral surface of
dickite (see Figure 1 and 2).
The following peculiarities have been found:
1.
We have indicated the profound influence of the clay surface that results in the changes
of the conformations of both species comparing to gas phase.
2.
As expected, we have observed relatively small changes of bond lengths and bond angles
which are typical for hydrogen bonded complexes.
3.
The adsorption of the GB and GD molecules on surface of dickite leads to the changes of
the polarization of GB and GD molecules and the surface of the mineral.
4.
The molecules of GB and GD bind to the octahedral surface hydroxyl groups forming
different adsorbed complexes that are linked with the surface by OH...F-P, OH...O-P, and
OH...O=P hydrogen bonds. However, the crucial role in the formation of hydrogen bonds
between the organic molecule and the octahedral surface of dickite plays phosphoryl
oxygen atom of the GB and GD molecule since such adsorption complexes are the most
stable.
5.
The interaction energies of the calculated adsorption systems (Table 1) corrected to the
BSSE energy show that the adsorption energies in the case of adsorption on the
octahedral surface of dickite are twice larger than the adsorption energies in the case of
adsorption on the tetrahedral surface. Therefore, we conclude that the most preferable
place for the adsorption of Sarin and Soman on the surface of dickite is the octahedral
side of the mineral.
Table 1
BSSE uncorrected and corrected interaction energies (kcal/mol) and BSSE energy (kcal/mol) of
D-GB and D-GD adsorbed systems calculated using ONIOM(B3LYP/6-31G(d,p):PM3) and
ONIOM(B3LYP/6-31G(d,p):HF/3-21G) method.
Energy

D(o)-GB
PM3 HF
uncorrected -22.5
BSSE
-9.7
corrected -12.8

D7(o)-GB
PM3
-22.7
-6.2
-16.5

D(t)-GB
D(o)-GD D7(o)-GD D(t)-GD
PM3 HF PM3 HF
PM3
PM3 HF
-8.9 -10.4 -17.8 -18.7
-21.5
-7.5 -9.7
-5.0 -5.5 -10.4 -8.8
-6.3
-3.5 -4.0
-3.9 -4.9 -7.4 -9.9
-15.2
-4.0 -5.7
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Theoretical Study of Interactions of Dickite and Kaolinite with
Small Organic Molecules
a

a

Andrea Michalková, a,b Daniel Tunega, a Ladislav Turi Nagy

Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9, 842 36
Bratislava, Slovak Republic
b
Austrian Research Centres Seibersdorf, A-2444 Seibersdorf, Austria

Cluster and periodical model calculations have been performed on models of intercalates
and/or adsorbates of dickite–formamide (D-FA), dickite–N-methylformamide (D-MFA) and
kaolinite–dimethylsulfoxide (K-DMSO) systems. The quantum-chemical calculations of basal
cluster models at the HF and B3LYP/3-21G* level and extensive cluster models with method
ONIOM(B3LYP/3-21G*:PM3) [1] and periodical models using Vienna ab initio program
package (VASP) [2] with the DFT method, PW91 functional and plane-waves basis set were
performed.
The intercalation and adsorption lead to the changes in positioning, orientation, geometry
parameters and polarization of organic molecules and surface OH groups of the mineral which
are controlled by the formation of hydrogen bonds between the organic molecule and the mineral
layers.
Organic molecules form several hydrogen bonds with the surface hydroxyl groups
surrounding the hole in the octahedral sheet of the mineral. For example, Figure 1 illustrates the
optimized structure of intercalated formamide in the dickite-formamide system from calculation
of basic cluster model at B3LYP/3-21G* level with distances X…Y of hydrogen bonds X-H…Y
between the organic molecule and the layers of dickite.

Figure 1 The optimized structure of formamide in the intercalation system dickite-formamide.
The fixation of studied organic molecules in the interlayer space or on the mineral surface
depends on the capability of these small molecules to form hydrogen bridges with the surface
hydroxyl groups on the octahedral side of the kaolinite layer or with basal oxygen atoms on the
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tetrahedral side.
The calculated adsorption energies on the octahedral surface of the kaolinite layers are
smaller than the calculated intercalation energies what reflects that guest molecules interact also
with the tetrahedral side of the second adjacent layer.
The calculated interaction energies are proportional to the number of formed hydrogen
bonds between the organic molecule and the mineral layers, molecular volume of organic
molecules and the interlayer distance. It is displayed in Table 1 which contains calculated
interaction energies of intercalated systems calculated at the B3LYP/3-21G* level, the number of
H-bonds, experimental interlayer distances [3-5] and calculated (B3LYP/3-21G*) molecular
volumes of intercalated molecules. The order of the stabilization is D-FA > D-MFA > K-DMSO.
Table 1
Correlation between calculated interaction energies of intercalated systems at the B3LYP/321G* level and the number of H-bonds, experimental interlayer distances [3-5] and calculated
(B3LYP/3-21G*) molecular volumes of intercalated molecules.
System
D-FA(int)
D-MFA(int)
K-DMSO(int)

Energy
(kcal/mol)
-20.23
-14.43
-9.64

Number of
H-bonds
4
3
2

Interlayer distance Molecular volume
(Å)
(Å3)
10.083
45.25
10.716
54.66
11.220
95.06
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2. Kreese G. and Furthmüller J. Phys. Rev. B 54, 11169 (1996).
3. Adams J. M. and Jefferson D. A. Acta Crystallogr. B 32, 1180 (1976).
4. Adams J. M Acta Crystallogr. B 35, 1084 (1979).
5. Thompson J. G. and Cuff C. Clays & Clay Minerals 33, 490 (1985).
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Quantum-chemical Study of the Basis Set Convergence for the
Hyperpolarizabilities Calculations
S.E Nefediev,1 V.F Sopin,1 M.B. Zuev2
1

2

Kazan State Technological University, 420015 Karl Marx str., 68, Kazan, Russia
Institute of Organical and Physical Chemistry, 420088 Arbuzov str., 8, Kazan, Russia

Organic conjugated materials with large optical nonlinearity have attracted considerable
attention because of their potential applications in photonic devices. The optimization of
molecules with large nonlinear optical (NLO) responses is the primary step for designing and
synthesizing materials for NLO applications. Theoretical calculations can play an important role
in understanding the origin of the molecular NLO properties and the establishment of the
relationships between molecular structure and the magnitude of the NLO response.
Unfortunately, despite of the impetuous progress computer engineering, the systematic quantumchemical calculation of the hyperpolarizabilities for perspective conjugated structures is possible
only using semiempirical methods. However it is necessary to be sure in the relevance of
application of semiempirical ways for the reliable prediction the nonlinear optical properties of
the most promising structures. It is quite enough for obtaining this confidence to show that the
absolute error of calculation of the hyperpolarizabilities using semiempirical methods is not
depend on the type of the conjugation, in other words it will be constant for the polyenes,
polyacetylenes, polyfuranes, polythiophenes and so on.
The present communication is devoted for the decision this problem. We have taken the reliable
literature data for the simple molecules, like HCN, CH3CN, H2CO with the results of
calculations of hyperpolarizabilities using basis set constructed by using the atomic natural
orbital (ANO) scheme. Than we have taken basis sets building on the Dunning substrate
(10s6p/5s) contracted to [5s3p/3s] and (9s5p/4s) contracted to [4s2p/2s]. It was found in the
agreement with literature data that the choice of diffuse functions of the high angular momentum
play the crucial role during the calculation of hyperpolarizabilities. It were developed the simple
rules of the choice of the diffuse d-, f-functions for the atoms of the second period and p-, dfunctions for the hydrogen atom. It was shown that the using the basis sets, constructed by the
proposed rules allow to calculate hyperpolarizability of the test molecules with the systematic
error not exceeding 10%.
Finally, we have investigate the series of polyenic molecules like NH2-CH[-CH=CH-]nCHO and we have found that using the semiempirical method AM1 allow to calculate
hyperpolarizability with satisfactory extent of accuracy in compare with calculations using basis
sets developed during our work.
This work is supported by Russian Fond of Basic Research (grant №02-03-32897)
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An Improved 6-31G* Basis Set for First-row Transition Metals
Alexander V. Mitin, Jon Bakera, and Peter Pulaya
Department of Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR 72701
Also Parallel Quantum Solutions, 2013 Green Acres Road, Suite A, Fayetteville, AR 72703

a

We propose a modification to the popular 6-31G* basis set, which has recently been
extended to cover first-row transition metals (V. A. Rassolov, J. A. Pople, M. A. Ratner and T.
L. Windus, J. Chem. Phys. 109 (1998) 1223). As demonstrated by a number of calculations, the
existing basis performs poorly for many transition metals, particularly those towards the end of
the series (Co, Ni and especially Cu). The reason for this lies primarily with the 3D shell, which
lacks a sufficiently diffuse exponent. A reoptimization of the D-shell exponents and coefficients
by a two-step procedure, keeping the rest of the basis unchanged, corrects the problem, giving a
basis set that performs uniformly well across the entire first-row transition metal series from
scandium to copper.
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Structure and Bonding in Silver Halides.
A Quantum Chemical Study of Silver Mono- and Trihalides
Hans-Christian Müller,a Axel Schulz,a and Magdolna Hargittaib
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Institute of Inorganic Chemistry, LMU - University of Munich, Butenandtstraße 5 - 13
(Haus D), D-81377 Munich, Germany,
b
Structural Chemistry Research Group of the Hungarian Academy of Sciences
Eötvös University, Pf. 32, H-1518 Budapest, Hungary

The molecular structure of all silver mono- and trihalide monomers have been calculated
at the B3LYP, MP2 and CCSD(T) levels of theory by using quasirelativistic pseudopotentials for
all atoms except fluorine.
All four monohalides of silver are well-known compounds with many practical
applications, especially in photography. The interesting feature of their structure is that all
silver–halogen bond lengths are longer, in average by about 0.04 Å, than the bond lengths of the
corresponding gold monohalides, what is contrary to the generally observed lengthening of
bonds down the groups in the periodic table. This is one of the most obvious examples of the
structural consequences of relativistic effects.
The only experimentally known silver trihalide is AgF3 and it is one of the most powerful
oxidizing agents.1 The potential energy surface of all silver trihalides has been investigated.
Neither of these molecules has a D3h-symmetry trigonal planar geometry, due to their Jahn-Teller
distortion. AgF3 and AgCl3 have a Mexican-hat type potential energy surface similarly to gold
trihalides.2 The minimum energy structure is a T-shaped isomer for AgF3, with a Y-shaped
transition-state structure and a 10 kcal/mol energy difference between them at the CCSD(T)
level. At the same time, for AgCl3, AgBr3 and AgI3, neither the T- nor the Y-shape structures are
the global minimum but instead an L-shaped structure, which lies outside the Jahn-Teller
potential energy surface. This structure can be considered as a donor-acceptor system, with X2
acting as donor and AgX as acceptor. These XAg⋅X2 systems are examples of molecules with
closed-shell interactions. Thus, except for AgF3, in the other three silver trihalides silver is not
present in oxidation state 3.
Acknowledgement.
Our research has been supported by the Hungarian National Scientific Research Foundation
(OTKA T 037978).
1. Zemva, B.; Lutar, K.; Jeshi, A.; Casteel, W. J.; Wilkonson, A. P.; Cox, D. E.; Von Dreele, R.
B.; Bormann, H.; Bartlett N. J. Am. Chem. Soc. 1991, 113, 4192.
2. A. Schulz, M. Hargittai, Chem. Eur. J. 2001, 7, 3657.
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Free Energy Calculations in Protein Folding by GeneralizedEnsemble Simulations
Yuko Okamoto
Dept. of Theoretical Studies, Institute for Molecular Science
Okazaki, Aichi 444-8585, JAPAN
Dept. of Functional Molecular Science, The Graduate University for Advanced Studies
Okazaki, Aichi 444-8585, JAPAN

The difficulty in molecular simulations of complex systems comes from the fact that there
exist an astronomically large number of local minima in the energy function, forcing
conventional constant-temperature canonical simulations to get trapped in a few states of the
energy local minima. Novel algorithms that can alleviate this multiple-minima problem are thus
in urgent demand. We have been advocating the uses of the generalized-ensemble algorithms.
Generalized-ensemble algorithms, which are based on artificial non-Boltzmann weight factors,
alleviate this multiple-minima problem by performing random walks in potential energy space.
The advantage of these algorithms lies in the fact that from only one simulation run, one can
obtain not only the global-minimum state in potential energy but also various thermodynamic
quantities as a function of temperature. They are thus particularly useful for free energy
calculations. Multicanonical algorithm, simulated tempering, and replica-exchange method are
well-known examples of generalized-ensemble algorithms and have been widely used in protein
folding simulations. However, as the system becomes complex, a simple application of these
algorithms faces technical difficulties. In the first two methods, the determination of the nonBoltzmann weight factors becomes very time-consuming. In the third method, although the
weight factor determination is trivial, much more computation time is required for the production
run than in the first two methods. Recently, we have developed new effective generalizedensemble algorithms that combine the merits of these three generalized-ensemble algorithms (for
a recent review, see A. Mitsutake, Y. Sugita, and Y. Okamoto, Biopolymers (Peptide Science)
60, 96-123 (2001)). In this talk, I will present some of the latest results of our generalizedensemble simulations in protein folding.
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Quantum-Chemical and NMR Spectral Investigation of the
Epoxidic Derivatives of Tetrahydroindene Stereochemistry
Okovyty S.I., Seferova M.F., L.K.Umrikhina, Kasjan L.I.
Dnepropetrovsk National University,
Dnepropetrovsk, Ukraine

Epoxidic derivatives of tetrahydroindene are well known as active substances wih
antitumor effect and effective components for polymeric compositions. Their properties depend
on geometrical and electronic structure of epoxidic monomers.
We have investigated a composition and structure of products of mono- and diepoxidation
of diene by various peroxyasids (acetate peroxidy, phthalate monoperoxide) by chromotoghrafy
and NMR 1Н, 13С-spectral analysis methods. In addition, the quantum-chemical calculations
(MP2/6-311G*) of optimal geometry and relative energies of possible stereoisomeric mono- (25) and diepoxides (6-9) with various epoxycyclohexane and epoxycyclopentane fragments
conformations have been carried out.
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The chemical shifts of 1Н, 13С–nuclei of diepoxides (6-9) have been estimated
experimentally as well as theoretically by GIAO and IGAIM methods at DFT (B3LYP and
PBE1PBE) level using proposed in [1] magnetically corrected for calculation of magnetic
properties of molecules basis set (6-31G##). The convergence of experimental and designed
values of chemical shifts has been achieved. There has been established preferability of
formation of cis-trans (6), trans-cis (7), cis-cis (8) isomers in a 2:1:1 quantitative relation.

[1] Rossikhin V., Okovytyy S., Kasyan L., Voronkov E., Umrikhina L., Leszczynski J. J.
Phys. Chem. A. 2002, 106, 4176.
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Quantum-chemical Study of Amidoacids of Norbornene Row
Lactonisation
Okovytyy S.I., Kasyan L.I., Zvyagintseva T.V.
Dnepropetrovsk National University, Nauchny St. 13. 49625, Dnepropetrovsk, Ukraine
Recently we have carried out the reaction of anhydride exo-2,3-epoxybicyclo[2.2.1]heptendo-5,endo-6-dicardonic acids (epoxiendic anhydride) (1) with ammonia and alkyl-, aryl-,
heterylamines, which finished by formation of amidolactones (3). Complex chemical process
may include nucleophilic opening of anhydridic cycle with the following back (endo-) attack of
carboxylic group on carbon atoms of the epoxidic fragment.
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Using quantum-chemical methods PM3, UBHandHLYP/6-31G (d) we have studied a
key stage of process - lactonisation of epoxide (2, R = H). According to calculations activation of
epoxidic fragment by formic acid (transition states 4, 5) results to significant (on 7-8 kcal/mol)
decreasing of the value of activation energy of the titled reaction.
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Formation of Azabrendane Systems on the Basis of Substituted
Endo-5-aminomethyl-exo-2,3-epoxybicyclo[2.2.1]heptanes
S.I. Okovytyy1, L.I. Kasyan1, V.A. Bakumov1, J. Leszczynski2
1

2

Dnepropetrovsk National University, 49625, Dnepropetrovsk, Ukraine
Computational Center for Molecular Structure and Interactions, Department of Chemistry,
Jackson State University, Jackson, Mississippi 39217, USA

Heterocyclisation of substituted norbornenes and epoxynorbornanes has been widely
studied earlier by experimental chemical methods. Alongside with numerous examples of
formation of oxygen-containing systems, last years became accessible azabrendanes, received in
result of epoxydation of N-alkyl-and N-arylsulfonamides, N-arylureas of norbornene row, and as
a result of reactions of epoxynorbornenes. In order to study the mechanisms of heterocyclisation
reaction the transformation of epoxydes (1 a–f) to exo-2-hydroxythreecyclo [4.2.1.03,7]nonanes
(2a– f) has been investigated by quantum chemical methods PM3, and UBHandHLYP/631/G(d)).
HO
O

X

XHNH2C

N

CH2

2(a - f)

1(a - f)

X=H2 (a), SO2Ph (b), C(O)Ph (c), C(O)NHPh (d), C(O)NHC(O)Ph (e), C(O)NHSO2Ph (f)
For compound 1а two alternative ways of heterocyclisation through transition states (3, 4)
have been investigated.
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Values of activation energy, obtained for models 3 and 4 at semiempirical and DFT levels
are 41.08 and 33.86, 57.68 and 51.38 kcal/mol respectively, that testifies to preferability of
formation of five-member nitrogen-containing heterocycles (2). Influence of activation of
epoxydic fragment during heterocyclisation of epoxyde (1а) has been shown. Participation on
activation of alumina hydride, which presents in reaction mix in the process of epoxydes
reduction by lithium aluminum hydride results in essential decrease of activation barrier of 13.10
kcal /mol (method UBHandHLYP/6-31/G (d)).
The semiempirical investigation of the formation of compounds (2 b–f) reveals faster
process of urea’s heterocyclisation (1d). Compounds (1 е, f), which include electron acceptor
fragments at atom of nitrogen of urea, are less active if compare to (1d).
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In Relation to Efficiency of Magnetically Consistent Basis Sets for
Nuclear Shieldings Calculations. HF, DFT and MP2 GIAO
Comparative Studies
Vladimir Rossikhin1, Sergiy Okovytyy2 and Jerzy Leszczynski3
1

Dnepropetrovsk National Technical University, 49010, Dnepropetrovsk, Ukraine
2
Dnepropetrovsk National University, 49625, Dnepropetrovsk, Ukraine
3
Computational Center for Molecular Structure and Interactions, Department of Chemistry,
Jackson State University, Jackson, Mississippi 39217, USA

This report presents calculations of the nuclear shielding constants for some molecules
using HF and DFT and MP2 levels of theory employing magnetically consistent basis sets. The
details of basis sets construction one can find in our previous reference [1].
Testing of the basis sets potentialities has been performed not only by calculations of the
shielding isotropi σiso, but also for the shielding anisotropy ∆σ.The last one, i.e. individual tensor
components, should be even more sensitive to the quality of the ab initio methods used than the
isotropic shielding. With the other side, it is well known that the values of σiso are very sensitive
to the quality and size of used basis set. In Tables 1-5 we have compared the shielding constants
and anisotropies for representative set of small molecules with some previous calculations and
experimental data. Molecular geometries which we have used here are taken from [2]. All
calculations have been performed by the Gaussian 98 package [3].
Table 1. A comparison of calculated at GIAO level shielding constants and anisotropies for
some of small molecules with experimental data (ppm).
Molecule/
Atom

Na

H2
HF

16
30

H2O
HCN

CO2
NH3

a

H
H
F
O
H
N
C
H
C
O
N
H

σiso
b

38
52

66
46

HF
26.6
29.6
408.7
321.6
30.6
-6.91
87.02
29.4
53.6
221.7
267.5
32.1

B3LYP
26.9
31.0
402.2
319.1
31.10
-17.5
83.4
29.6
50.3
210.7
264.5
32.1

∆σ
c

MP2
26.7
30.4
418.5
340.2
30.8
25.4
100.7
29.3
70.0
249.5
280.0
31.9

Expt
26.2
28.5
410
344
30.1
-20.4
82.10
58.8
264.5
-

HF
2.0
21.9
110.3
54.29
19.2
523.6
288.5
14.7
341.5
290.2
-41.2
16.6

B3LYP
1.6
20.1
119.73
50.6
17.9
540.1
297.8
14.5
353.1
306.3
-49.2
15.7

MP2
1.8
21.1
94.3
40.6
19.0
475.8
272.1
14.9
324.6
247.1
-46.1
16.8

Exptc
2.0
108
563.8
284.6
335
-40.0
-

Number of basis functions; bAll calculations have been done with 6-31G##(I) basis set cRef [4].

Table 2. A comparison of calculated at GIAO level 17O magnetic shieldings for ozone with
experimental data (ppm).
6-31G##(II)a
cc-pVTZa
CCSD
Expt.b
Atom
[5]
UHF UB3LYP UMP2
UHF
UB3LYP UMP2
a
b
σ(Oterminal) -1669.5 -1503.6 -1604.5 -1576.0 -1451.5 -1654.3 -1408 -1290 -1309
-834.9
-714.7
-986
-724 -743
σ(Ocenter) -433.7 -875.6 -733.3 -404.9
a
Number of basis function for both of basis sets is equal to 90; bTaken from [6].
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Table 3. A comparison of calculated at B3LYP/GIAO level magnetic shieldings for
diazomethane with experimental data (ppm).
Basis set
Na
σ (C)
6-31G##(I)
82
160.56
6-31G##(II)
106
161.66
CCSD [7]
170.9
b
Expt.
164.5
a
Number of basis function; bTaken from [8].

σ (Ncent)
-51.10
-52.37
-26.7
-43.4

σ (Nterm)
-174.58
-167.51
-161.4
-149.0

σ (H)
28.17
28.57
28.5
-

Table 4. Selected orbital energies (eV) and contributions to the shielding (ppm) of F2 for
different DFT functionals with 6-31G##(I) basis set.
Method
HOMO-LUMO gap
σ*
σisoa
σp
σd
σp⊥
π
B3LYP
-10.85 -3.77
7.08
-258.36 -720.97 462.6 -1081.45
BH&HLYP -13.77 -1.57
12.2
-227.00 -688.80 461.8 -1033.20
Difference
-31.36
-32.17
0.8
-48.25
a
Experimental value of σiso is -232.80 [4].
Table 5. Isotropic shielding constants and anisotropies in CO (ppm)
a

N
σC
σO
∆σC
∆σO

HF
-24.8
-86.0
444.4
745.7

6-31G##(I)
44
B3LYP MP2
-22.1
15.5
-85.5
-35.7
442.8
387.2
744.3
668.2

HF
-22.2
-81.5
440.6
738.9

6-31G##(II)
60
B3LYP
-19.4
-82.9
438.6
739.4

MP2
16.2
-38.5
386.0
672.7

HF
-25.8
-89.1
445.3
749.9

6-311G##(II)
86
B3LYP
-22.3
-87.0
442.7
746.4

MP2
12.2
-45.3
397.4
681.1

H IIb
H IV
Expt.c
46
114
MCSCF
17.0
13.2
3.0
-36.7
-37.0 -42.3
406.0
676.1

a

Number of basis function; bCalculated with Husinaga II (H II) and Husinaga IV (H IV) basis
sets [9]; cTaken from [10].
It is necessary to pay attention at very specific case is that of F2 molecule. As a rule, the MP2
approach overestimate the magnitude of the correlation effects since the shielding increased
significantly in connection with SCF level of theory (see [11]).Within the frame of SCF and MC
IGLO levels we can see [12] an opposite trend to aforementioned one.
The results have been obtained using our small sized 6-31G##(I) basis set (44 basis functions)
is following: σiso(F)= -159.66 ppm (HF) and σiso(F)= -153.13 ppm (MP2) which show a small
increasing of shielding. Good agreement with experiment (see Table 4) for σiso(F) might be
obtain by the DFT method at hybrid functionals level of theory using the same basis set. Besides,
in Table 4 the contributions to shielding of F2 are presented. Here one can see strong
paramagnetic shielding dependence from the HOMO-LUMO gap, the correct value of which is
conditioned by the quality of basis sets chosen.
It should be note that part of discrepancy between our best values and the experimental ones
for the shielding arises, because our calculations here do not include the zero-vibrational
correction and solvent effects.
In summary we would like to note that magnetically consistent basis sets appears to be very
promising for NMR calculations. In case of molecules such as CO, O3 and CH2N2, which are
difficult cases for conventional ab initio methods, calculations at DFT and MP2 levels using
titled basis sets could be used as cost-effective alternative of time-demanding CCSD and
MCSCF methods.
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Docking Studies to Examine Immunosuppressive Phospholipid
Binding Selectivity
Daniel A. Osborne and Abby L. Parrill
Department of Chemistry and Computational Research on Materials Institute
The University of Memphis, Memphis, TN 38152

FTY720 (1), a structural analog of the phospholipid sphingosine, is a derivative of a
natural product known as myriocin and is currently in phase III clinical trials as an anti-rejection
therapeutic agent.2 FTY720 has demonstrated a novel mechanism of reversibly sequestering
lymphocytes in vivo without affecting the B-cell/T-cell activation pathway. This mechanism
offers significant advantages over current therapeutics as it does not contribute to general
immunosuppression. Mass spectrometry has shown that FTY720, like sphingosine (2) is
phosphorylated by sphingosine kinase in vivo.1
Sphingosine 1-phosphate (S1P) is a biologically active phospholipid that stimulates
multiple signaling pathways that result in angiogenesis, differentiation, and cell motility.2 These
effects are mediated through G protein-coupled receptors (GCPR), five of which have
demonstrated S1P binding.3 Experimental studies1 have demonstrated that phosphorylated
FTY720 acts as an S1P agonist and exerts its immune system modulation effects by binding to
four of the five receptors that are known to bind S1P.4,5
A rigorous computational approach has been designed to examine the binding and
selectivity of FTY720 and other immunosuppressant analogues for the S1P receptors. The
docking studies were performed using AUTODOCK 3.0 software, which allows conformational
flexibility of the ligand but holds the protein constant during the calculation by precomputing
interactions with the protein at each point on a three-dimensional grid. A total of fifty genetic
algorithm runs were performed for each complex, and the best five putative complexes as
revealed by the lowest final docked energies were visually examined to ensure that a chemically
logical interaction had occurred between the ligand and receptor. The binding of both S1P and
FTY720 phosphate involves two arginine residues and a glutamate residue, which stabilize the
phosphate and ammonium moieties, respectively. Additionally, an aromatic residue that is
present in four of the five S1P receptors appears to interact with the aromatic residue of FTY720
phosphate and therefore contributes to the specificity of binding to these receptors.
OH
HO
HO

NH2
NH2
OH

Sphingosine, 2

FTY720, 1
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Tracer Polymer Chain: Interface To Bulk
R.B. Pandey and Ray Seyfarth
University of Southern Mississippi

Studying the surface characteristics is key to understanding of a range of issues in
scientific and technological challenges. Some example includes, how a protein or virus binds and
enters in cell through membrane. How an intelligent coating protects the surface and perform
multi-functions. Using a computer simulation model we study the interface growth and
roughness, in an electrophoretic deposition of polymer chains - applications include coating film,
multi-functional material, or heterogeneous cell membrane. We consider coarsed grain model of
polymer chains (each of length Lc) on a discrete lattice. Chains are driven by a field and
deposited on an impenetrable substrate. After a sufficient growth of polymeric materials on the
substrate, chains are equilibrated via segmental chain dynamics without additional polymer. The
collective interfacial dynamics, i.e., the interface growth and roughness in a constant field are
well understood. In order to understand the conformation and dynamics of chains from interface
to bulk, we use a tracer chain. Dynamics and conformation of the chain are examined in detail as
the tracer chain moves from the interface (i.e., the surface) into the bulk. Contrast in dynamics
from drift-like motion just before deposition to ultra-sub-diffusion in the bulk will be discussed
along with the onset of oscillation in the radius of gyration.
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Method of Moments of Coupled-Cluster Equations: A New
Theoretical Framework for Designing Highly Accurate (Virtually
Exact) and Inexpensive Electronic Structure Methods
Piotr Piecuch, Karol Kowalski, Ian S.O. Pimienta, Michael J. McGuire,
Peng-Dong Fan
Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, U.S.A.
In this presentation, we will focus on the “holy grail” of the electronic structure theory,
namely, on the development of simple and affordable methods that can provide highly accurate
description of molecular systems. We have recently introduced a new approach to the manyelectron correlation problem, termed the method of moments of coupled-cluster equations
(MMCC) [1,2]. The main idea of the MMCC theory is that of simple, non-iterative, and stateselective energy corrections which, when added to the energies obtained in the standard coupledcluster (e.g., CCSD) calculations, recover the exact energies. The most intriguing consequence of
the MMCC theory is the possibility of renormalizing the standard tools of the ab initio quantum
chemistry, including the popular CCSD(T) approach, so that they can correctly describe entire
molecular potential energy surfaces involving bond dissociation. The new renormalized coupledcluster methods [1] represent simple “black-box” approaches that remove the pervasive failing of
the popular CCSD(T) and similar methods, when chemical bond are stretched or broken, and that
provide a nearly spectroscopic description of molecular potential energy surfaces with an easeof-use of the standard single-reference calculations [1-3]. The MMCC theory can be extended to
excited electronic states [2]. In this case, we add non-iterative corrections to the energies
obtained in the equation-of-motion coupled-cluster (e.g., EOMCCSD) calculations. The MMCC
methods remove the failing of the standard EOMCCSD and similar approaches in describing the
entire excited-state potential energy surfaces and difficult excited states dominated by double
excitations at the fraction of an effort associated with multi-reference calculations [2].
Interestingly enough, the MMCC formalism is related to the Horn-Weinstein formula for the
exact energy of quantum many-body systems. We used this relationship to explore the possibility
of representing the exact wave functions of many-electron systems by exponential cluster
expansions employing two-body operators only [4]. Our recent findings in this area and their
implications for the ab initio quantum calculations for many-body systems will be discussed.
[1] Piecuch, P.; Kowalski, K. In Computational Chemistry, Reviews of Current Trends;
Leszczyński, J., Ed.; World Scientific; Singapore, 2000; Vol. 5, p.1; Kowalski, K.; Piecuch, P. J.
Chem. Phys. 2000, 113, 18, 5644; J. Mol. Struct.: THEOCHEM 2001, 547, 191.
[2] Kowalski, K.; Piecuch, P. J. Chem. Phys. 2001, 115, 2966; 2002, 116, 7411; Piecuch, P.;
Kowalski, K.; Pimienta, I.S.O.; Kucharski, S.A. In Low Lying Potential Energy Surfaces; ACS
Symposium Series, Vol. 828; Hoffmann, M.R.; Dyall, K.G., Eds.; ACS, Washington, D.C.,
2002; p. 31.
[3] Kowalski, K.; Piecuch, P. Chem. Phys. Lett. 2001, 344, 165; Piecuch, P.; Kucharski, S.A.;
Kowalski, K. Ibid. 2001, 344, 176; Piecuch, P.; Kucharski, S.A.; Špirko, V.; Kowalski, K. J.
Chem. Phys. 2001, 115, 5796; Piecuch, P.; Kowalski, K.; Pimienta, I.S.O. Int. J. Mol. Sci. 2002,
3, 475 ; McGuire, M.J.; Kowalski, K.; Piecuch, P. J. Chem. Phys. 2002, 117, 3617.
[4] Piecuch, P.; Fan, P.-D.; Jedziniak, K.; Kowalski, K. Phys. Rev. Lett. (submitted); Piecuch, P.;
Kowalski, K.; Jedziniak, K. (unpublished).
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Double Proton Transfer in the DNA Base Pairs.
Post-Hartree–Fock Gas-Phase and Aqueous Solution Study
Yevgeniy Podolyan, Leonid Gorb, Jerzy Leszczynski
Department of Chemistry, Jackson State University, 1325 Lynch St, Jackson, MS 39217
Double-proton transfer in DNA pairs is a process, in which proton of one base is transferred
to the other one and visa versa. As an intramolecular proton transfer in DNA bases, doubleproton transfer can also lead to mutations.
The processes of double proton transfers in the DNA base pairs have been studied using ab
initio methods. We have optimized local minimum structures for gas-phase isolated and
completely surrounded by water (PCM model as implemented in Gaussian 98) Guanine–
Cytosine (GC) and Adenine–Thymine (AT) pairs (Figure). Transition state structures were
optimized for gas-phase double proton transfer processes. The optimizations of all structures
were performed at B3LYP/6-31G(d), B3LYP/6-31+G(d,p), and MP2/6-31G(d) levels of theory.
Complete potential energy surface scans have been performed for a gas-phase proton transfer in
isolated base pairs at B3LYP/6-31G(d) level.
The optimization of the double-proton transfer form of the AT pair at B3LYP/6-31+G(d,p)
level did not succeed, indicating that this form does not represent a local minimum on the
potential energy surface at this level. Obtained results suggest that there exists only one (vs.
possible two) double-proton transfer form of the CG base pair as shown in Figure below. Also,
results imply that there is only one transition state for the double proton transfer for each of the
gas-phase isolated base pairs with the positions of both transferring protons being close to one of
the bases in the pair. This means that the reaction has an asynchronous one-step mechanism in
each case. Results of the calculations for a solution suggest that the process is step-wise
asynchronous with an intermediate structure close to that of the transition state for a gas phase.
The zwitterionic structure with one transferred proton becomes much more stable in the solution.

↔

↔
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Solvent Effects on Mixed Aggregate Formation between Lithium
Dialkylamides and Alkyllithiums
Lawrence M. Pratt
Department of Chemistry, Fisk University
Nashville, TN 37208

Donald G. Truhlar and Christopher J. Cramer
Department of Chemistry and Supercomputer Institute
University of Minnesota , Minneapolis, MN 55455
Lithium dialkylamides form mixed aggregates with alkyllithiums in THF solution, and
these mixed aggregates often influence the stereochemistry of ketone enolization. 3-Pentanone
is often used for enolization selectivity studies because it can form only 2 diastereomeric
enolates, the E and Z, as shown in Figure 1.
OLi

OLi

E

Z

Figure 1. E and Z enolates of 3-pentanone
6

Li-15N NMR spin coupling was used to detect mixed aggregates between lithium
tetramethylpiperidide (LiTMP) and ethyllithium. The coupling pattern was consistent with either
a mixed cyclic dimer in which the two lithium atoms were slowly exchanged by a piperidine ring
flip on the nmr time scale, or with a mixed open dimer with two non-equivalent lithium atoms, as
shown in Figure 2. DFT calculations were employed to determine which of the two structures is
energetically favorable, to determine whether other lithium dialkylamides are likely to form
mixed aggregates, and to determine what effect the solvent has on mixed aggregate formation.

Li

O

CH2 CH3

N
Li
Li

CH2 CH3

N
Li

O

O

O

mixed open dimer

mixed cyclic dimer

Figure 2. Possible structures of LiTMP-ethyllithium mixed aggregates.
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Computational Methods
All single point energy calculations, geometry optimizations, and frequency calculations
were performed using the Gaussian 98 package on Pentium workstations or on the University of
Minnesota supercomputers. All calculations were performed at the B3LYP/6-31+G(d) level of
theory. Geometry optimizations were performed on all gas phase structures, as well as
microsolvated structures formed by placing dimethyl ether ligands on each lithium atom. Single
point bulk solvated calculations were performed on each of the microsolvated structures using
the polarizable conductor (CPCM) method with the UAHF model of Barone and coworkers. All
CPCM calculations used the parameters for THF solvation and included both electrostatic and
non-electrostatic terms.
Results and discussion
The energies of mixed aggregate formation were calculated from the lithium
dialkylamide dimers (lithium dimethylamide, LiDMA; lithium diisopropylamide, LDA; and
lithium tetramethylpiperidide, LiTMP) and the ethyllithium dimer. Although the aggregation
state of ethyllithium depends on the solvent, the dimer was used throughout to enable a direct
comparison of the calculated energies. Calculations were performed in the gas phase for the
mixed cyclic dimer only, as all attempts to optimize the mixed open dimer in the gas phase
reverted to the mixed cyclic dimer geometry. The gas phase results are shown in Table 1.
Table 1. Calculated gas phase energies of mixed dimer formation.
1/2 (LiNR2) + 1/2 (EtLi)2 → mixed cyclic dimer
LiNR2
Energy of mixed dimer formation kcal/mol
LiDMA
-0.01
LDA
-0.07
LiTMP
-3.2
The gas phase calculations predict the mixed aggregates to be in equilibrium with the
homodimers in nearly a 1:1 ratio. From prior NMR studies in hydrocarbon solutions,
ethyllithium and LiTMP exist as higher aggregates in non-coordinating solvents, which would
favor the homoaggregates over the mixed aggregates. In contrast, solvation with dimethyl ether
ligands favored mixed cyclic dimer formation, both with and without the inclusion of bulk
solvation. In each case, formation of the mixed open dimer was found to be endothermic. These
results are shown in Table 2.

Table 2. Calculated energies of solvated mixed cyclic dimer and mixed open dimer formation
(kcal/mol).
1/2 (LiNR2)•2ether + 1/2 (EtLi)2•2ether → mixed cyclic dimer•2ether →
mixed open dimer•2ether
LiNR2
E cyclic dimer
E cyclic dimer
E open dimer
E open dimer
microsolvated
micro + bulk
microsolvated
micro + bulk
LiDMA
+0.89
+0.60
+10.7
+9.0
LDA
-5.5
-5.4
+11.1
+9.1
LiTMP
-5.2
-5.6
+10.0
+8.1
The energies of mixed aggregate formation depend both on the steric bulk of the lithium
dialkylamide and on solvation by ethereal solvents. Both LDA and LiTMP are predicted to form
mixed cyclic dimers. The sum of the gas-phase energy of reaction and the change in solvation
free energy is positive for mixed open dimer formation in all cases, and the cyclic dimers appear
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to be the dominant species in solution. This does not preclude the possibility of mixed open
dimers acting as transient intermediates in ketone enolization reactions.
The existence of mixed aggregates does not necessarily mean that they are the reactive
species in enolization reactions. In order to prove that they are reactive species, as opposed to
free lithium dialkylamide and butyllithium, the following experiments were performed.
Acetophenone was added to a solution of the lithium dialkylamide (LDA, LiTMP, or lithium
hexamethyldisilazide, LiHMDS) at -78oC. After 15 minutes the reaction was quenched with
chlorotrimethylsilane and the products analyzed by GC-MS. The experiments were repeated
with a 1:1 mixture of the lithium dialkylamide and butyllithium, believed to form a 1:1 mixed
aggregate. The experiment was repeated a third time with butyllithium alone. The ethyllithium
reaction with acetophenone yielded a mixture of addition and enolization product, while LDA
and LiHMDS yielded only enolization product with and without the presence of excess
butyllithium. Thus, the mixed aggregate was shown to react rather than free butyllithium. With
LiTMP a small amount of addition product was observed, which is consistent with incomplete
reaction of tetramethylpiperidine with butyllithium, as reported by Collum and coworkers.

Conclusions
The formation of lithium dialkylamide mixed dimers with ethyllithium is favored by
increasing steric bulk of the lithium amide and by ethereal solvents. The use of microsolvation
appears to be sufficient to represent the solvent effects, as little change in the energies of mixed
aggregate formation were found when bulk solvation effects were included. The computational
results are consistent with previous NMR results, and additional experimental work suggests that
the mixed dimers are the major reactive species in solution.
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Modes of Degradation of Cyclic Nitramines: An Approximation
Methods Comparison of the Relationships Between the Structures
and Reactivities of CL-20, ONC, TNTAC, and RDX
Mo Qasim, Dr. Herb Frederickson, Chris McGrath,
ERDC-EL-MS, Vicksburg

Rakesh Bajpai
Department of Chemical Engineering, University of Missouri—Columbia

Hypothesis:
Modes of degradation, under similar conditions, of cyclic nitramines are determined by
structural-reactivity relationships.
The purpose of this study, based on the above hypothesis, is to compare modes of
degradation predicated upon C-C, N-N and C-N bonds and their relative ratios. (For instance,
degradation pathways of CL-20 and ONC differ from those of RDX because they have C-C
bonds whereas RDX has no C-C Bonds.)
Objectives:
1. to compare the structures of 2, 4, 6, 8, 10, 12- hexanitro-hexaazaisowurtizane
(CL-20), octanitrocubane (ONC), 2,4,6,8-tetranitro-1,3,5,7-tetraaza-cubane
(TNTAC), and hexahydro-1, 3, 5-trinitro-1, 3, 5-s-triazine (RDX) —particularly
the number of C-C, N-N, C-N bonds; the number of nitro electron withdrawing
groups; and strained angles.
2. to relate their similar/different chemical and physical properties to their
reactivities;
3. to dentify sites of possible hydroxyl radical oxidation and of hydroxide ion
elimination as well as other reduction reactions; and
4. to contribute resulting information to a database on explosives contamination that
will provide data as to structure and degradation pathways for aiding remediation
of DoD sites.
Although this study is presently limited to relating structure to reactivity of the cyclic
nitramine explosives, CL-20, ONC, and RDX, this research and resulting database input, will be
extended to include other synthesized cyclic nitramines.
Method:
The preliminary approach is to use MOPAC approximation methods (AM1, MNDO, and
PM3) and force field molecular mechanics (MM2) to calculate properties. MOPAC methods
give information quickly that is sufficiently accurate to provide data for comparing similar
structural modes of transformation.
Quantum mechanical calculations of CL-20 and RDX include: studies of the structure,
formation and steric energies, bond lengths and angles, charge densities, cosmo solvation, and
other properties as well as sites of reactions. Similar quantum mechanical approximation
methods are being used on ONC and TNTAC.
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Results:
Computational chemistry calculations show that RDX possesses different major modes of
degradation, depending on reaction conditions, which have been extrapolated to CL-20 and are
being explored as to their effects on ONC:
1. Free radical oxidation reactions in which symmetrical bond-breaking, or cleavage,
occurs may attack the bonds either in sequence or simultaneously (concerted
mechanism). Free radical reactions are most apt to take place where bonds are of the
same type of atom.
2. Nucleophilic replacement of the nitro groups and/or base proton abstraction via the
E2 mechanism (second order rate elimination) causes the molecule to become
unstable and thus amenable to degradation;
3. Reductive degradation of the nitro groups leads to the formation of nitroso and
nitroaromatic amine derivatives.
4.
Conclusions:
1. Energy calculations show that additional sites of reactivities result at CL-20 bonds,
where stretching, symmetrical bond-breaking, and production of intermediates take
place. Here, C-C bond cleavage is most apt to occur due to free radical attack.
2. Depending on conformer, some C-C bonds of CL-20 become elongated, producing
sites of possible reactivity in which bond-breaking can take place, producing
heterocyclic-heptagonal rings as opposed to RDX heterocyclic hexagonal rings.
3. CL-20 is more symmetrical, less polar, more strained in some conformers, more
dense, and has higher steric and formation energies than RDX.
4. Since ONC has 12 C-C, 8 C-N bonds and no N-N bonds, free radical cleavage is the
degradation pathway most apt to prevail. Because under similar conditions, the ringbreaking pathway competes effectively with nucleophilic/base degradation,
transformation mechanics for C-N bonding can tend toward either free radical
cleavage or toward nucleophilic/base abstraction.
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Potential Energy Surfaces for the 3A˝ and 3A΄ Electronic States of
the O(3P) + HCl System and Calculations of Thermal Rate
Constants
B. Ramachandran,(a) Kirk A. Peterson,(b) Tiao Xie,(c) and Joel M. Bowman(c)
a

Chemistry, College of Engineering & Science, Louisiana Tech University, Ruston, LA 71272
b
Department of Chemistry, Washington State University, Pullman, WA, 99164-4630
c
Department of Chemistry and Cherry L. Emerson Center for Scientific Computation, Emory
University, Atlanta, GA 30322

We report ab initio calculations at the MRCI+Q/CBS level of theory for the 3A″ and 3A′
electronic states of the O(3P) + HCl system, where the complete basis set (CBS) energies are
obtained by extrapolating MRCI+Q/aug-cc-pVnZ (n = 2, 3, 4) energies. Potential energy
surfaces for these electronic states are generated by interpolating these energies using the
Reproducing Kernel Hilbert Space (RKHS) method.1,2 The reaction barrier on the interpolated
3
A″ surface at the MRCI+Q/CBS level of theory is 12.12 kcal/mol. The potential energy surface
was then scaled to yield a barrier height close to that predicted by CCSD(T) and MRCI+Q
benchmark calculations, namely, 10.59 kcal/mol. The fact that the 3A″ and 3A′ electronic states
are degenerate at collinear and asymptotic regions of configuration space was used to scale the
collinear reaction barrier on the 3A′ surface from the MRCI+Q/CBS value of 15.21 kcal/mol to
match that of the scaled 3A″ surface, 13.47 kcal/mol. The potential energy surfaces thus
obtained appear to be the most accurate to date for the reaction O(3P) + HCl → OH + Cl. The
potential energy surfaces for the 3A″ state contains a fairly deep van der Waals well on the
product side of the reaction barrier at a rather sharp O-H-Cl angle (~70°) and a shallow well on
the reactant side at a collinear O-H-Cl geometry. Details of the ab initio calculations, the fitting
procedure, and characterization of the saddle and stationary points are presented.
We also present thermal rate constants for this reaction calculated using quantum mechanical
reactive scattering calculations and Variational Transition State Theory3 using the two potential
surfaces. These results are compared to available experimental data.
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2 T. -S. Ho, T. Hollebeek, and H. Rabitz, J. Chem. Phys. 106, 7223 (1997).
3 D. G. Truhlar, A. D. Issacson, and B. C. Garrett, in Theory of Chemical Reaction Dynamics,
edited by M. Baer (CRC Press, Boca Raton, FL, 1985), Vol. 4, p.65.
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The Conformational Analysis and Study by NMR of Sesquiterpene
Lactone Gaillardine
Bakhtiyor F. Rasulev, Nasrulla D. Abdullaev, Kamila A. Eshbakova
Institute of Chemistry of Plant substances, Academy of Sciences, Uzbekistan

The purpose of this work is study of conformation states of sesquiterpene lactone
gaillardine in solution by a modern methods of NMR in combination to molecular modelling,
which have allowed essentially to strengthen possibilities of spectral studies and considerably to
speed up the solution of stereochemical problems.
At study of the chloroform extract of an above-ground part of Pulicaria Uliginosa
(P.dysenterica) plant [1- 3] the crystalline substance with m.p=188-190o was isolated [α]D±0о .
In this report we give a findings of study by 1H
NMR in two solvents environment (CDCl3, C5D5N) and
O
14
13
C (CDCl3) of gaillardine, and also use the COSY and
C
H
3
NOESY experiments on a spectrometer WM-500
H3CC O
H
(Bruker, 500 MHz). Affinity of values of chemical
10
2 1
shifts of methylene protons Hα-3 and Hβ-3 and
8
possibility of a conformational inversion of saturated
O
4
6
five-membered cycle of structure I do not allow, within
HO
11
H
the framework of the characteristics 1H spectra in
O
C H3
CDCl3, to make their one valued assignments.
15
H2 C
Comparative analysis of the characteristics of 1H NMR
I in CDCl3 and C5D5N has shown essential
I
paramagnetic shift, as a result of formation of an
intermolecular complex of molecules pyridine and I at OH-group at C-4: a signal H-5 on 0.42
p.m. and one of H-3 dd with 3J=0.9 Hz at 2.02 p.m. on 0.38 p.m. This apparent experimental fact
and the characteristics of signals have allowed to make one valued assignments of resonance
lines of methylene group protons at C-3.
The assignments of chemical shifts of protons, and also stereochemistry were reconfirmed
by spatial NOE effects, which are given schematically in a Fig. 1.
O
H3CC O

H

CH3

O
HO
CH3

H

O
CH2

Fig.1. NOE effects of gaillardine.
For revealing of the possible conformations gaillardine in solution the molecular modelling
with use of a method of molecular mechanics (MM+) in the package of computer modelling
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HyperChem 6.01 is attempted [4]. As was found out, the molecule of gaillardine are sufficiently
hard and lability in this structure is possible only in saturated five-membered cycle. All possible
conformations of five-membered cycle by change of torsion angles C1-C2-C3-C4 and C2-C3C4-C5 in an interval from -100 up to 100 degrees were modelled. As result the potential surface
(Fig. 2) is obtained, on which it is visible, that there is a prolate minimum, which have 2
extremities of the 2 conformations of explored molecule with a transition barrier between them
about 3 kkal/mol are found. This is two possible conformations of gaillardine molecule, which
differ among themselves by direction of angle С2-С3-C4 of the five-membered cycle, upwards
or downwards (Fig. 3).

Fig.2. Potential surface of torsion angles С1-С2-С3-С4 and С2-С3-С4-С5 rotation

For the coordination of MM data and NMR data, in particular of coupling constants, which
directly are linked to dihedral angles, i.e. the conformation state of object of investigation,
utilized the modified Karplus equation with the calculation of substituent effects [5-7], adapted
for the calculation of theoretical values of coupling constants of protons in molecules of
sesquiterpene lactones.
3

J(НССН) = А + В cos Θ + С cos 2Θ + cos Θ[(∆S1 + ∆S4) cos (Θ -120)
+ (∆S2 + ∆S3) cos (Θ + 120)],

where Θ - torsion angle НССН, ∆S1, ∆S2, ∆S3, ∆S4 – substituent increments.
With the help of the given equation were calculated the theoretical coupling constants of both
mentioned above conformers, proceed from molecular mechanics data.
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Fig.3.

Conformation 1 (E=-12.86)

and

Conformation 2 (E=-16.14)

Adjusting of the given equation for a given class substances is realized by selection of
values of A, B and C coefficients for the calculation of coupling constants with use of a method
of nonlinear regression in package of statistical analysis (NCSS97). After optimization by
minimum deviations the following values of coefficients are obtained:
J(НССН) = 8.66 + -4.23 cos Θ + 7.51 cos 2Θ
+ cos Θ[(∆S1 + ∆S4) cos (Θ -120)
+ (∆S2 + ∆S3) cos (Θ + 120)]
3

The graph of dependence with
use of obtained coefficients is shown
in a Fig. 4.
Confidence limits ∆J in interval
1.0 - 2.2 Hz.
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Table 1. Experimental and estimated values of coupling constants for protons
of the 2 conformers.
Conformation
Experim.
1
2
3
3
3
№
Angle
J, (Hz)
Angle
J, (Hz)
Angle
J, (Hz)
1
Н1Н2
-15.55
51.87
3.8
3.97
2.67
2
Н1Н5
-149.84
-165.31
12.1
12.17
14.44
3
161.86
-41.94
3.8
14.19
4.21
H2H3β
40.99
77.37
4
0.9
4.95
1.19
H2H3α
5
-66.53
-60.63
3.4
2.47
3.16
H5H6α
6
175.47
-178.58
12.4
14.80
14.85
H5H6β
7
62.37
65.70
2.4
3.51
3.13
H6αH7
8
179.81
-177.55
11.1
13.53
13.62
Н6βН7
162.37
157.07
9
H7H8
9.6
10.49
9.55
E
-12.8
-16.1
kkal/mol
R
0.81
0.99
(Correlation
coefficient)
In a result, the study of gaillardine as by 1D and 2D NMR (COSY, NOESY) is carried out.
With use of a molecular mechanics method a searching all possible conformations of gaillardine
in solution is produced. On results of modelling the 2 conformations with a barrier of transferring
between them about 3 kkal/mol was select. With use of the modified Karplus equation the
obtained theoretical coupling constants were correlated with the experimental data. In result, the
conformation 2 has shown very good correlation (R=0.99) with experiment, that allows
confidently to affirm about preferable presence in solution at ambient temperature of the
conformation 2, moreover by the calculations the conformation 2 has lower energy (E = -16.1
kkal/mol), as shown in Table 1.
In this work the efficiency of use of NMR in analysis of organic compounds with its
combine using with computer modelling. The carried out investigations have allowed to
determine the conformation states of gaillardine in solution. The offered methods can be applied
for the most precise analysis of a conformation state of any classes of explored substances and
the data, obtained at it, can be utilized for the further studies in “Structure - Biological Activity”
field.
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Push-Pull Electron Systems: An ab initio Study
Pornpun Rattananakin, Svein Saebø, Willard Collier and Charles U. Pittman, Jr.
Department of Chemistry, Mississippi State University, MS 39762

Push-pull electron systems consist of an electron donor and an electron acceptor coupled
through a conjugated system. Two simple examples are cis-3-amino-2-propenenitrile 1 and
trans-3-amino-2-propenenitrile 2 where NH2- is the electron donor (push) and C≡N is the
electron acceptor (pull). The long term goal of this study is to examine the push-pull effect
across C═C and C≡C systems while varying the electron acceptor e.g. C≡N, NO2, BH2, and
(+)CH2. The inversion barrier of the NH2 and the rotational barrier of the C=C bond are useful
probes of the push-pull effect. All molecules were examined at Hartree-Fock and B3LYP level
of theory with the 6-31++G(d,p) basis set and at MP2 level with 6-31++G(d,p) and 6311++G(d,p) basis sets.
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Conventional Strain Energy in the Diazetidines and the
Diphosphetanes
Ashley L. Ringer, Patricia L. Honea, and David H. Magers
Department of Chemistry and Biochemistry
Mississippi College, Clinton, MS 39058

The conventional strain energies for 1,2-diazetidine (Figure I.) 1,3-diazetidine (Figure II.)
1,2-diphosphetane (Figure III.), and 1,3-diphosphetane (Figure IV.) are determined within the
isodesmic, homodesmotic and hyperhomodesmotic models. Optimum equilibrium geometries,
harmonic vibrational frequencies, and corresponding electronic energies are computed for all
pertinent molecular systems using SCF theory, second-order perturbation theory, and density
functional theory (DFT). The DFT functional employed is Becke’s three parameter hybrid
functional using the LYP correlation functional. Two basis sets, both of triple-zeta quality on
valence electrons, are employed: 6-311G(d,p) and 6-311+G(2df,2pd). Finally, the conventional
strain energies of these systems are compared to those of azetidine, phosphetane, cyclopropane,
cyclobutane, 1,2,3-oxadiazetidine, and 1,2,4-oxadiazetidine. We gratefully acknowledge support
from NSF EPSCoR (EPS-0132618).
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Development of New Force Filed Taking into Account the
Nonrigidity of Amino Group in DNA bases. Preliminary Data
Teri Robinson1, Leonid Gorb1, Valeri Poltev2 and Jerzy Leszczynski1
1

Computational Center for Molecular Structure and Interactions
Department of Chemistry, Jackson State University,
1400 J.R. Lynch Street, Jackson, MS 39217
2
Facultad de Ciencias Fisico-Matematicas, Benemerita
Universidad Autonoma de Puebla, Puebla, Mexico

One of the most exciting phenomenon discovered by quantum-chemical calculations was
the finding of nonplanarity and high flexibility of DNA bases amino group. All high level ab
initio data suggest that amino group in DNA bases is intrinsically nonplanar. In other word the
NH2 fragment has pyramidal structure. The most deviated are protons of guanine and the least
deviated are the protons of cytosine.
The phenomenon of nonplanarity of amino group has important biological relevance,
therefore it should be included in the parameters of the force fields that are used for modeling of
DNA interactions. However, to our knowledge, the available versions of AMBER and
CHARMM force fields have so far failed to include this effect.
To fill this gap, we started a project that have a final aim to develop such a force field.
We present the data on the ab initio torsion potentials of the NH2-group that will be considered
as benchmarks for developing such a force field for the cytosine. The data has are obtained at the
MP2 level of ab intio theory using 6-31G(d,p) basis set.
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Calculation of Weak Interactions of Aromatic and Nucleic Acid
Systems Using MP2 and Local MP2 Methods
Teri Robinson, Glake Hill, Gareth Forde, Andrej Sokalski, and Jerzy Leszczynski
Computational Center for Molecular Structure and Interactions, Jackson State University,
Jackson, MS 39217

The Study of Aromatic Systems has become an integral part of computational chemistry.
Often it becomes necessary to develop strategies that better describe the weak interactions in
these aromatic systems. The obvious application to this problem occurs in Nucleic Acid bases
stacking. These interactions are weak, but they regulate a large component of DNA folding and
bending. Any description of DNA must include higher level correlation to adequately describe
the system. In our study, a cheaper method, Local MP2, is evaluate as a possible replacement to
the more expensive MP2 and coupled cluster methods. All 10 possible combinations of Nucleic
Acids bases are calculated and compare to higher levels. The results will show the recurring need
for regular MP2.
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The Coupling of Environmental and Electronic Dynamics in Excited
State Relaxation
Peter J. Rossky
Institute for Theoretical Chemistry
Department of Chemistry and Biochemistry
University of Texas at Austin
Austin, Texas 78712

The dynamics of electronic excited states play an important role in a variety of scientific
and engineering contexts, including biological and technological processes. In this presentation,
the strongly coupled evolution of electronic excited states and the nuclear degrees of freedom
that constitute their environment in the condensed phase will be discussed. Practical methods for
addressing this complex evolution will be discussed and applied. The common scientific themes
that emerge in applications will be developed based on results for a variety of specific examples.
These include solvated electrons, solvated intramolecular charge transfer species, and solvated
proteins involved in biological electron transfer.
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A Parametric Quantum Method for Catalytic Reactions (CATIVIC)
a

F. Ruette, aM. Sánchez, G. Martorell, bC. González, R. Añez, A. Sierraalta,
c
L. Rincón, and dC. Mendoza.
a

Laboratorio de Química Computacional, Centro de Química Departamento de Química, IUT
b
Federico Rivero-Palacio, Apartado 40347, Caracas, Venezuela. Physical and Chemical
Properties Division, NIST, Gaithersburg, Room A11, Building 211, MD, 20899, USA. cFacultad
de Ciencias, Departamento de Química, ULA, Mérida, Venezuela , dLaboratorio de Física
Computacional,Centro de Física, IVIC, Apartado 21827, Caracas, Venezuela.

A computational quantum chemistry code for catalytic reactions is presented in this work.
Foundations are based on simulation techniques of parametric Hamiltonians. A scheme of
parameterization procedure and the computational process for adsorption of an adsorbate on a
catalytic substrate are presented. In order to illustrate features of the code, examples of NO
adsorption on models of M-ZSM-5 zeolite doped with iron are evaluated. The parameterization
is explained using examples of Al atom and Al-X bonds (X = H, N, O, Si, Fe) for atomic and
molecular parameters, respectively.

133

Conference on Current Trends in Computational Chemistry 2002
Calculation of One-Center Integrals in Parametric Methods Using
Simulated Annealing and Simplex Methods
a

F. Ruette, bM. Sánchez, cC.Mendoza, aA. Sierraalta, aG. Martorell, and dC.
González.

a

Laboratorio de Química Computacional, Centro de Química, Instituto Venezolano de
Investigaciones Científicas, I.V.I.C., Apartado 21827, Caracas 1020-A, Venezuela.
dDepartamento de Química, IUT Federico Rivero-Palacio, Apartado 40347, Caracas,
Venezuela.
c
Laboratorio de Física Computacional, Centro de Física, Instituto Venezolano de
Investigaciones Científicas, I.V.I.C., Apartado 21827, Caracas 1020-A, Venezuela.
dPhysical and Chemical Properties Division, NIST, Gaithersburg, Room A11, Building 211,
MD, 20899, USA.

A methodology to evaluate one-center integrals required for molecular calculations, using
parametric methods is presented in this work. The simulated annealing technique combined with
the simplex method were utilized to calculate parameters that are components of one-center
integrals in atomic systems. It was found that with an adequate selection of electronic
excitations it is possible to obtain a set of parameters that reproduce with a small error
experimental atomic excitation energies.
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Vibrational and Electronic Contributions to the Polarizability and
First Hyperpolarizability of Mono-Substituted Acetylene:
A Theoretical study.
Amar Saal and Ourida Ouamerali
Laboratoire de Physico-Chimie Theorique et Chimie Informatique, Faculty of Chemistry,
USTHB- Algiers, Algeria.

Related to the design of new compounds for nonlinear optics applications, to the
understanding of the underlying physical phenomena, and to establish the structure-property
relationship [1], vibrational and electronic contributions to the electrical properties(polarizability
and first hyperpolarizability) of C2HX ( X # F, Cl, Br, CH3, NH2, OH, SiH3, SH) molecules have
been evaluated at the Hartree-Fock level of approximation by adopting the more practical
version of the perturbative scheme, due to Bishop and Kirtman [2].
The results, carried out in the double harmonic Oscillator hypothesis[3], show that both
of the two contributions are very sensitive to the nature; electronegativity and atomic volume of
the substituant. As it was expected, the vibrational polarizability is smaller than 20% of its
electronic counterpart. However, the vibrational first hyperpolarizability is in some cases; where
X# NH2, SiH2, SH and OH higher than the electronic first hyperpolarizability.
A complete study is made upon two tracks; upon the spatial electronic charge distribution
along the CCX skeleton and upon the X-weight, the IR and Raman spectra and the Sum-OverModes expressions [2].
[1] D.M. Bishop, P. Norman, Handbook of advanced electronic and photonic materials and
devices, Volume 9: Nonlinear Optical, H.S. Nalwa, (2001) Chap. I;B. Champagne and B.
Kirtman, Handbook of advanced electronic and photonic materials and devices, Volume 9:
Nonlinear Optical, H.S. Nalwa, (2001) Chap. II.
[2] D.M. Bishop and B. Kirtman, J. Chem. Phys. 95, 2646 (1991).
[3] B. Kirtman and D.M. Bishop, Chem. Phys. Lett. 175, 601 (1990).
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Theoretical Studies on Structure and Thermodynamics of Dinuclear
Tin Halide Clusters
Julia Saloni-Szymczak1,2, Szczepan Roszak1,2, and Jerzy Leszczynski1
1

Computational Center for Molecular Structure and Interactions Department of Chemistry,
Jackson State University, 1400 J.R. Lynch Street, Jackson, Mississippi 39217 USA;
2
Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, Wyb.
Wyspianskiego 27, 50-370 Wroclaw, Poland

As known from the mass spectrometry investigations the tin (II) halides polymerize
forming dimers, trimers or higher polymers. Dimers are stabilized due to formation of two
bridged bonds. The existence of terminal bonds preserves the monomers’ properties in dimers.
The abundance of cations observed in the experiment is explained on the basis of theoretically
determined enthalpies of the bond breaking. The nature of interactions is studied within the
variational-perturbational scheme for bridged bonds. Terminal bonds are investigated by
applying a new method that is the analogue of the perturbational procedure suitable for chemical
bonds.
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Quantum Mechanical Study of the syn and anti Conformations of
Solvated Cyclic GMP
E. A. Salter a and A. Wierzbickib
a

b

2017 Japonica Lane, Mobile AL 36693, USA
Department of Chemistry, University of South Alabama, Mobile, AL 36688, USA

Self-consistent Reaction Field (SCRF) computational methods have been applied to
guanosine 3’:5’-cyclic monophosphate (cGMP) to determine the geometries and energetics of
the syn and anti conformations of this cyclic nucleotide in aqueous solution. The syn
conformation of cGMP has been predicted to be more stable in the gas phase due to an internal
hydrogen bond. The syn conformation is observed in the crystal structure of the sodium
tetrahydrate salt, although a bridging water molecule is present in lieu of the internal hydrogen
bond. In the gas phase, we find from Hartree-Fock/6-31+G(d) optimizations that the syn
conformation is more stable than the anti by about 4 kcal/mol. However, we report here that the
anti conformation is more stable in aqueous solution, according to estimates based upon results
from both the Onsager model and the Isodensity Polarized Continuum Method (IPCM). Our best
estimate from single-point IPCM B3LYP/6-31+G(d) calculations has the anti conformation 19
kcal/mol lower in energy. For comparison purposes, we also present SCRF results for syn and
anti adenosine 3’:5’-cyclic monophosphate (cAMP). For cAMP, we estimate the anti
conformation to be more stable than the syn by about 6 kcal/mol. We suggest that the relative
stability of the anti conformation of cGMP be considered in studies such as enzyme docking.

137

Conference on Current Trends in Computational Chemistry 2002
The Molecular Structures and Nature of Interactions in
N2H+-Nen (n = 1 - 12) Complexes
Yinghong Sheng,1 Szczepan Roszak,2 and Jerzy Leszczynski 1*
1

The Computational Center for Molecular Structure and Interactions, Department of Chemistry,
Jackson State University, P. O. Box 17910, 1400 J. R. Lynch Street, Jackson, Mississippi 39217
2
Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, Wyb,
Wyspianskiego 27, 50-370 Wroclaw, Poland

The N2H+-Nen complexes were investigated for n up to 12. The molecular structures
were optimized without any structural constraint using the second-order Mǿller-Plesset (MP2)
perturbation level of theory. The harmonic vibrational frequencies were obtained at the same
level of theory. The N2H+-Ne dimer has a linear proton-bound structure, and further Ne ligands
fill two equatorial solvation rings around the linear dimer core, each of them containing up to
five Ne ligands. The first solvation shell is completed when the 12th neon atom is attached at the
nitrogen end of N2H+. The change of the calculated dissociation energies, and vibrational
frequencies is related to the increasing size of the studied complexes. The nature of interactions
is discussed by analyzing the charge distribution and the energy decomposition scheme.
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Theoretical Study on the Molecular Structures and Vibrational
Spectra of Halogenosubstituted Phosphoryl and Their Thio-analogs
Yinghong Sheng,1 Ramaiyer Venkatraman,2 Józef S. Kwiatkowski,3,4 Joanna
Majewska3 and Jerzy Leszczynski1,*
1

Computational Center for Molecular Structures and Interactions, Department of Chemistry,
Jackson State University, 1400 J. R. Lynch Street, Jackson, MS 39217, USA
2
Department of Chemistry, Jackson State University, 1400 J. R. Lynch Street, Jackson, MS
39217, USA
3
Institute of Physics, N. Copernicus University, Grudziadzka 5, 87-100 Torun, Poland
4
Interdisciplinary Center for Mathematical and Computational Modeling, University of Warsaw,
Pawisnskiego 5a, 02-106 Warszawa, Poland

The molecular geometrical parameters, rotational constants, dipole moments and
vibrational infrared properties of a series of phosphoryl compounds (OPXiYjZk, X, Y, Z = F, Cl,
Br; i+j+k=3) and their thio-analogs are predicted by density functional and MP2 calculations
using the 6-311G(2d) basis set. Both methods yielded similar results. The predicted molecular
parameters and the vibrational Raman and infrared spectra agree well with the available
experimental data. The Raman Scattering Activities (RSA) and Depolarization Ratios (Dep) of
the molecules are obtained by DFT calculations. Considering the different substitution modes of
various halogen atoms, the resultant changes in the geometrical and vibrational properties are
discussed. Such studies permit detailed information to be obtained concerning unknown
molecules and can define the guidelines for synthesizing molecules of particular characteristics.
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A Comprehensive Theoretical Study on the Reaction Mechanisms of
the Inversion Reaction between Spiropyrans and Merocyanines and
the Racemization of Spiropyrans
Yinghong Sheng and Jerzy Leszczynski*
Computational Center for Molecular Structure and Interactions, Department of Chemistry,
Jackson State University, 1400 J. R. Lynch Street, Jackson, Mississippi 39217

A comprehensive theoretical study has been conducted to study the possible reaction
mechanisms for the inversion between spiropyrans (SPs) and merocyanines (MCs), and the
racemization between (R) and (S) configurations of SP. Several ground state reaction
mechanisms for the thermal reversion of SPs to trans-MCs and the racemization of spiropyrans
were investigated. In addition, the reaction mechanism of spiropyan'merocyanine inversion on
the triplet potential energy surface (PES) was also studied. It was found to be quite different than
those obtained for the ground state potential surface. The investigation on the substituent and
solvent effects reveals that introducing an electron-donating group at X position and electronwithdrawing group at Y position lowers the C-O cleavage activation energy, but increases the
cis'trans isomerization energy barrier. The solvent effect is similar to substituent effect, a more
polar solvent facilitates the C-O cleavage of SP, hampering the cis'trans isomerization. In
addition, the properties of the excited states and the UV spectra of the stationary points were
investigated using TD-DFT method. Several possible reaction mechanisms for the excited state
PES were proposed.
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Excited States of Nucleic Acid Bases: A Theoretical Study
M.K. Shukla and Jerzy Leszczynski
Computational Center for Molecular Structure and Interactions
Department of Chemistry,
Jackson State University
1400 J.R. Lynch Street, Jackson, MS 39217 (USA)
Molecular geometries of natural nucleic acid bases (adenine, guanine, cytosine, thymine,
and uracil) were optimized in the ground and selected low-lying π-π* and n-π* singlet excited
states. Ground state geometry was optimized at the Hartere-Fock level of theory. Excited states
were generated employing configuration interaction involving singly excited configurations
(CIS-method) using the ground state optimized geometry and this was followed by the excited
state geometry optimization. Effects of aqueous solvation on transition energies and geometries
were considered by the inclusion of three water molecules in the first solvation shell of bases.
The nature of potential energy surfaces at the optimized geometries were ascertained by the
harmonic vibrational frequency analysis. The CIS transition energies of nucleic acid bases were
scaled by 0.72 in order to compare them with the corresponding experimental data and other
theoretical results.
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Figure 1. Structure of normal nucleic acid bases.

The computed result supports the experimental findings that the 260 nm region in adenine
is composed of two transitions. For the N9H tautomer of adenine, the ring geometry is almost
planar in the ground and lowest singlet ππ* excited state, the amino group being nonplanar in
both states. However, in the singlet nπ* excited state, geometry is nonplanar including the amino
group. For the N7H tautomer, ring geometry is planar in the ground and lowest singlet nπ*
excited state while nonplanar in the lowest singlet ππ* excited state, the amino group is
pyramidal in the ground and lowest singlet ππ* excited state. Further, the amino group of the
N7H tautomer in the lowest singlet nπ* excited state is strongly rotated and molecular geometry
in this state is similar to the twisted intramolecular charge transfer with little charge transfer.
Hydration was found to induce planarity in the geometry of the tautomers. The adenine-water
molecules interaction was found to be stronger in the lowest singlet ππ* excited state as
compared to that in the ground state. Electronic charge distribution was found to be similar in the
ground and singlet ππ* excited state but is modified appreciably in the lowest singlet nπ* excited
state and such changes are more pronounced for the CHELPG charges.
In the case of guanine, our computed transition energies are in agreement with the
corresponding experimental data. However, such agreement is better in the lower energy region
than in the higher energy region. Theoretical calculation suggest that the 225 nm transition
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observed in some experiments could be due to a weak ππ* transition. The observed experimental
red-shift in the lowest singlet ππ* transition of 7-methylguanine as compared to the
corresponding transition of guanosine monophosphate is also revealed in CIS calculations of the
keto-N9H and keto-N7H tautomers of guanine. Ground state ring geometries of both tautomers
(keto-N9H and keto-N7H) of guanine are planar, while amino group is pyramidal. The lowest
singlet ππ* excited state geometries of both tautomers are nonplanar including the amino group,
the out-of-plane ring deformation is localized mainly at the six-membered ring. The singlet nπ*
excited state geometries of both tautomers are characterized by the large increase in the C6O6
bond length; ring geometries are also slightly nonplanar. However, hydration induces planarity
both in the ground and lowest singlet ππ* excited state. Ground and vertical singlet ππ* state
charge distributions are similar while it is modified in the singlet nπ* excited state. Such changes
are mainly characterized by the significant decrease and increase in electronic charge at the O6
and C6 atomic sites of guanine tautomers as compared to the corresponding ground and singlet
ππ* excited state values. The structural deformation of guanine tautomers in the ππ* and nπ*
excited states also has significant effect on the electronic charge distribution as compared to the
corresponding charge distributions in vertical excited state. It has been found that the keto-N9H
tautomer of guanine, under electronic excitation would phototautomerise to the keto-N7H form.
The higher energy region fluorescence (332 nm) would originate from the keto-N7H tautomer,
while the weak fluorescence near 450 nm would originate from the normal keto-N9H tautomer.
Experimental observation of red-shift in the first ππ* transition of thymine compared to
the corresponding transition of uracil is satisfactorily explained by the computed transitions
using the CIS method. Hydration generally induces red-shift in ππ* transition energies while
blue-shift to nπ* transitions of these molecules. Further, the computed and scaled transition
energies of the hydrated forms of uracil and thymine obtained using the CIS method are within
the accuracy of 0.3 eV than the corresponding experimental data. The computed transition
moment directions of first two transitions of uracil are also in good agreement with the
corresponding experimental data observed in crystal environment. Ground state geometries of
uracil and thymine are planar in the ground state and slightly nonplanar in the lowest singlet nπ*
excited state, the C4O4 bond length is also increased appreciably in the excited state as
compared to the ground state. Thymine, in the lowest singlet ππ* excited state adopts a boat type
of structure. Hydration of these molecules with three water molecules induces slight planarity in
geometry. Electronic charge distributions are modified in going from the ground state to excited
states. The possibility of phototautomerization of uracil (and possibly thymine) from the natural
keto form to mono-enol form, the fluorescence of which would be appreciably red-shifted
compared to the normal fluorescence peak of the molecule, is also revealed.
The absorption transitions of cytosine have been found to be dominated by the normal
form (keto-N1H) of the molecule. The computed transition energies of keto-N3H and imino
tautomers of cytosine obtained at the CIS level after linear scaling were explained in terms of the
experimental transitions of 3-methylcytosine and 3-methylcytidine, respectively. The first singlet
ππ* transition of the keto-N1H form was found to be blue-shifted after the hydration. However,
this blue-shift can be attributed to the relatively smaller dipole moment of the molecule in the
vertical first singlet ππ* excited state as compared to the ground state. Ground state geometries
of cytosine tautomers are found to be planar except the amino group which is pyramidal.
However, excited state geometries are found to be nonplanar both in the lowest singlet ππ* and
nπ* excited states. The mode of hydration was found to be completely modified in the lowest
singlet nπ* excited state as compared to that in the corresponding ground and lowest singlet ππ*
excited state. Electronic charge distributions were also found to be modified in going from the
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ground state to vertical singlet excited states and such modifications are more pronounced in the
lowest singlet nπ* excited state than those in the singlet ππ* excited state. Further, the cytosine
is suggested to be phototautomerize to keto-N3H tautomeric form in the excited state and
fluorescence contribution from both of the keto-N1H and keto-N3H tautomers are expected.

Ground State

S1(ππ*)

S2(nπ*)

S3(ππ*)

Figure 2. Guanine-N9H tautomer with molecular electrostatic potential mapped onto the
electron density in the ground and different vertical singlet excited states. The iso-surface value
is 0.005 with a range for the MEP of -0.13 to 0.05 au. The SCF density for the ground state and
CIS density for the excited states were considered.
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Excited States of Hypoxanthine: An MCSCF and CIS Investigations
M.K. Shukla and Jerzy Leszczynski
Computational Center for Molecular Structure and Interactions, Department of Chemistry,
Jackson State University, Jackson, MS 39217
Hypoxanthine is a purine metabolic intermediate in living systems. An alteration in the
purine metabolic function may lead to a higher concentration of urate in human blood. An
elevated level of uric acid in human blood causes gout which is due to the deposition of crystals
of sodium urate in joints. Structurally hypoxanthine is closer to guanine and can be formed by
the deamination of guanine. It is also found as a minor purine base in transfer RNA.
Hypoxanthine and guanine both exhibit keto-enol and N9H-N7H tautomerism. However, the
concentration of the enol tautomer is much higher in the case of guanine compared to the same
tautomer in hypoxanthine. Different quantum chemical computations, matrix isolation studies,
photoelectron spectra, and NMR studies of dimethylsulfoxide have suggested that the keto-N7H
form of hypoxathine is more prevalent than the keto-N9H form (the hydrogen is attached at the
N1 site for both forms). The existence of a small amount of the enol-N9H form is also suggested
both theoretically and experimentally. Theoretical calculations suggest that under aqueous
solvation, the enol-N9H form is largely destabilized; the keto-N9H form is favored over the
keto-N7H form. The UV-spectroscopic study in water also predicts the domination of the ketoN9H form over the keto-N7H form. In a crystalline environment, hypoxanthine exists as the
keto-N9H tautomeric form. Earlier we have performed a detailed theoretical study of four
hypoxanthine tautomers (keto-N1HN9H, keto-N1HN7H, enol-N1HN9H, and enol-N1HN7H) at
the HF, DFT-B3LYP, and MP2 levels employing the 6-31G(d,p) and 6-311++G(d,p) basis sets
to estimate the relative stability, concentration, tautomerization constant, and the barrier height
for proton transfers and the effect of hydration on them. The barrier height of tautomerization
was found to be reduced significantly with the inclusion of a water molecule in the proton
transfer reaction path. We have also shown that the transition state corresponding to a proton
transfer from the keto form to the enol form of the hydrated species has a zwitterionic structure.
These results were found to be in accordance with the molecular dynamics simulation study of
proton transfer in a protonated water chain which was described in the form of the collective
movement of protons in terms of either the H3O+ type or the H5O4+ type. Experimental studies of
proton transfer on the 7-azaindole dimer have also suggested the zwitterionic type of transition
state structure.
It is generally known that the 260 and 200 nm absorption bands of purines consist of two
transitions with nonparallel transition dipole moments; the relative intensity and positions are
dependent on the environment. Occasionally, a weak transition near 225 nm is also observed
which is considered to be the weak ππ* or the nπ* type. In the present work, we have performed
the investigation of the excited state properties and excited state geometries of the natural form
of hypoxanthine at the CASSCF level including the MCQDPT2 level of dynamic correlation to
energy, at the TD-B3LYP level, and at the CIS level with the aim of studying the following: (i)
the performance of different methods in the interpretation of electronic transitions, (ii) the
geometry of molecules in the lowest singlet ππ* or nπ* electronic excited states, (iii) the
interaction of water molecules in the excited state, and (iv) molecular electrostatic potential
(MEP) maps in the ground and different excited states. We have considered three water
molecules in the first solvation shell of the hypoxanthine.
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Figure 1. (a) Structure and atomic numbering schemes of hypoxanthine; the Φ shows the
transition moment direction according to Tinoco-DeVoe convention, (b) geometry in the lowest
singlet ππ* excited state, (c) geometry in the lowest singlet nπ* excited state, (d) geometry of
hydrated form in the lowest singlet ππ* excited state. The upper indices represent ground state
and lower indices represent excited state parameters.
The ground state geometries of hypoxanthine were optimized at the HF, B3LYP and MP2
levels of theory employing the 6-311++G(d,p) basis set and were found to have planar (Cs)
symmetry. The geometry of the hydrated form of the molecule considering three water molecules
in the first solvation shell was also optimized at the HF/6-311++G(d,p) level. The CASSCF level
of theory employing the 6-31+G(d) basis set and planar (Cs) symmetry was used to compute
vertical singlet transition energies of the molecule. The ground state optimized geometries at the
MP2/6-311++G(d,p) level were used for the CASSCF calculations. The CASSCF active space
consisted of the 2σ, 6π and 4π* orbitals. The σ orbitals were used to compute the nπ*
transitions. The CASSCF energies were obtained by applying 100% weight to each state except
for the third and fifth singlet ππ* excited states for which the weight factors were 88 and 96.5%,
respectively. Several attempts were made to compute these states with 100% weight, but
convergence was not obtained. The effects of dynamic correlation on the CASSCF energies were
considered using the second-order multiconfigurational quasi-degenerate perturbation
(MCQDPT2) theory.
The computational results for hypoxanthine obtained at the MCQDPT2(CASSCF) and CIS
levels, the CIS transition energies are scaled by 0.72, are generally in agreement within an
accuracy of 0.2 eV with the experimental transition energies. The TD-B3LYP method predicts
that the first two singlet ππ* transition energies are in agreement with the experimental data,
while the higher transition energies are largely in disagreement. Our study resolves the existing
ambiguity of the 225 nm transition in the favor of the weak ππ* transition. The excited state
geometry of the isolated and hydrated forms of the molecule in the lowest singlet ππ* excited
state is found to be highly distorted, and such out-of-plane deformation is localized in the sixmembered ring of the molecule. The MEP features are significantly modified in going from the
ground to different excited states. The MEP maps are also quite different among the vertical
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singlet ππ* excited states, while in the vertical singlet nπ* excited state, the potential magnitude
is drastically reduced at the carbonyl oxygen site which is involved in the nπ* excitation.

(a)

(b)

(c)

(d)

Figure 2. Hypoxanthine with molecular electrostatic potential mapped onto the electron density
in the (a) ground, (b) S1(ππ*), (c) S3(ππ*) and (d) S3(nπ*) state. The isosurface value is 0.005
with a range for the MEP of -0.11 to 0.11 au. The SCF density for the ground state and CIS
density for the excited states were considered.
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The most frequently used hydrodesulfurization (HDS) catalyst consist in a mixture of Co
or Ni with MoS2. These metal promoted molybdenum sulfide catalysts show high HDS activity
whereas the rest of the transition metal show weak promotional effect. From the experimental
and theoretical investigations [1-5] various models for the structure of the active site of the
promoted catalysts have been proposed in the literature. Startsev et al [5] have proposed the
“sulfide bimetallic species” model (SBMS) to explain the reactivity of the bimetallic sulfides. In
order to explain the behavior of NiMoS or CoMoS systems, it is necessary to understand the
nature of the interactions between the Co or Ni, with the Mo and S atoms at a fundamental level.
The present work was undertaken in order to understand the chemistry associated with the
molecular hydrogen interaction with the S surface atoms of the CoMoS and NiMoS catalysts..
In this work we analyze the electronic effect of the Ni and Co on the Mo-S bond using
different cluster models XMo4S17H16; X = Ni, Co, Mo (See figures a and b) and the Bader`s
topological theory [6]. It is show that the Co and Ni reduce the local charge concentration at the
Mo-S bond and therefore weaken it. According to the topological analysis of the electronic
density the activation of the Mo-S bond follow the order (NiMoS-3S) > (CoMoS-3S) >
(MoMoS-3S). The Ni and Co facilitate the H2 dissociation over the surface sulfurs, and only
when the Ni is used, the vacancy formation occurs in one step.
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Ion exchange of transition-metal ions into zeolites produces catalysts, which are of
potential utility for chemical synthesis. While much is known about acidic zeolites, the
properties and catalytic performance of transition-metal ions exchanged zeolites are not
understood. The adsorption of hydrogen and methane on Zn-exchanged zeolite ZSM-5 (ZnZSM-5) was studied theoretically by density functional theory. The problem of various structures
of cationic positions in zeolites with rather high Si/Al ratio is discussed. The statistical
distribution of Al atoms through out zeolite lattice makes probable the appearance of the
structures with distant placing of Al atoms. Zn(2+) ions, localized in such sites, should be rather
very active in chemical reactions. The portion of zeolite comprising the Zn(2+) ions was
represented by a variety of clusters models, including 4T-ring, 5T-ring, 6T-ring, and 10T-ring,
where T is Si- or Al-tetrahedral (SiO4 or AlO4-), were cut from ZSM-5 lattice. The largest
cluster, [Al2Si8O16H20](2-)Zn(2+) , is a complete 10-membered-ring cluster of the main
channel of ZSM-5 and in this case the sites with larger distance between Al atoms were
considered. All the calculations were performed using nonlocal hybrid density functional theory,
particularly the B3LYP functional due to its consistency and reliability in zeolite systems. For
practical purpose, we employed a larger basis set only for the active site region, namely, the 631G(d, p) basis set for H2 and CH4 molecules; the 6-31G(d) or CEP-31G basis sets for O, Si, Al,
and Zn atoms; the 3-21G basis set for hydrogen atoms. All the stationary points were verified by
frequency calculations. All calculations were carried out using GAUSSIAN 98 package on
Pentium II 400 MHz computers. The Zn(2+) ion is the most exposed to probe molecules (H2 and
CH4) when situated in “10T-ring”. In this position, the Zn(2+) ions activates strongly the probe
molecules and on the potential energy surface (PES) we have located only the products of
dissociative adsorption. In the case of methane the dissociation is in good agreement with the
“alkyl path” described previously in the literature [1]. This supports the previous suggestion that
the sites with the lowest H-H stretching frequency of adsorbed hydrogen (3930-3950 cm-1)
dissociatively adsorb hydrogen at room temperatures [2].
1. M. V. Frash and R. A. van Santen, Phys. Chem. Chem. Phys. 2000, 2, 1085.
2. V. B. Kazansky, R. A. van Santen, A. I. Serykh, B. G. Anderson, and V. Yu. Borovkov, Catal.
Lett. 66 (2000), pp. 39-47.
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Transition-metal (TM) ions exchanged in high-silica zeolites such as ZSM-5 and
mordenite have recently attracted great attention as active sites for several selective redox
reactions and dehydrocycloaromatization of alkanes. Recently, ZnHZSM-5 drew much attention
due to their catalytic activity in the alkane dehydrogenation and aromatization reactions. While
much is known about acidic zeolites, the properties and catalytic performance of transitionmetal ions exchanged high-silica zeolites and Zn high-silica zeolites not is yet fully understood.
Infrared spectroscopy study with use of probe molecules is a powerful method for identification
and structural investigation of active sites in TM ions containing zeolites. Dihydrogen has been
proposed as the alternative probes for cationic forms of zeolites [1-4]. Unfortunately, this
method did not provide any information on the local geometry of the TM ion environment. Such
information can be obtained only from comparison of results of the ab initio calculations of IR
spectra for adsorbed H2 probe molecule at different cationic sites in ZSM-5 with the
experimentally measured IR H-H stretching frequencies. So far, surprisingly little has been done
theoretically to clarify the interaction and related vibrational properties of dihydrogen adsorbed
on cationic sites of zeolites. We present herein new theoretical results, regarding the molecular
hydrogen adsorption on Co2+ (3d7, spin quartet) and Zn2+ (3d10, spin singlet) -exchanged zeolite
ZSM-5. The simplest approximation is to only consider the active site locally and ignore the
environment effects of the zeolite framework, as in the cluster model. Cations in zeolite cavities
compensate the negative charge of Al-centered oxygen tetrahedra. The cation-exchange sites in
ZSM-5 are represented by a variety of model clusters, including “4T-ring”, “5T-ring”, “6Tring”, and “10T-ring” (T denoted tetrahedral Al and Si atoms), where there are two framework
Al atoms present at next nearest-neighbor T position (or in rings containing four, five, or six T
atoms, two of which are Al atoms). The largest cluster, [Al2Si8O16H20]2- M2+, is a complete 10membered-ring cluster of the main channel of ZSM-5. To mimic the rigidity of the zeolite
lattice, the dangling OH-groups in largest cluster [Al2Si8O16H20]2- M2+, were kept fixed. They
were built using experimental crystal data. The present modelling assumes that one ring
contains two Al atoms. The “4T-ring”, 5T-ring”, and 6T-ring” models represents the cation
position in the four- five-, and six-membered rings, which are found in ZSM-5. In the case of
large Si/Al ratio the probability of finding two Al ions in one zeolitic ring is small. If the
aluminium distribution is mostly random, than structures with distantly placed Al ions in
different rings should be considered. The largest cluster, [Al2Si8O16H20](2-) M(2+), which is a
complete 10-membered-ring cluster of the main channel of ZSM-5, can be used to model this
case.
All the calculations for 4T –6T ring models were performed using the 6-31G(d, p) basis
set. In case of 10T-ring the calculations were performed using the combination of 6-31G(d, p)
basis set for O atoms, CEP-31G basis sets for Al, Si, Co, and Zn and 3-21G basis set for
hydrogen atoms. For the adsorbed probe molecule we employed a larger basis set, namely, the
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6-31G(d, p) basis set. No symmetry constraints were used for the most of the configurations
studied, the exceptions being the “10T ring” model. The geometries of the model complexes
were optimized and harmonic vibrational frequencies were evaluated using analytical energy
derivatives. The hybrid B3LYP functional was used in this work as implemented in
GAUSSIAN 98 code [5]. Firstly the Co(II) and Zn(II) bonding in the 4T- - 6T-rings was
studied. The M2+ cation is out of the plane of the oxygen atoms in the “4T-ring” model, as has
already been mentioned in several studies [6.7]. The cation is located in a tetracoordinated
configuration, in which the M-O distance are 2.00 2.02 A (Co-O) and 2.03 A (Zn-O)
respectively. In the “5T-ring” model, a different trend is observed: the M2+ cation is located in
the same plane as the oxygen atoms. This is possible because large rings have more flexibility
than the rigid four-membered ring. In this case, the M-O bond has two different lengths: 1.96
and 2.00 A (Co-O) and 1.95 and 2.07 A (Zn-O) respectively. For the 6T-ring” model, a full
optimization predicted a non-realistic geometry for the adsorption complex of dihydrogen on the
Co2+ and Zn2+ sites. Therefore, some constraints were needed to prevent the unwanted
distortion of the 6T-ring”. Our structural predictions are similar those reported in DFT studies of
both Co-ZSM-5 and Zn-ZSM-5 [8,9]. The difference in the structural position has a direct effect
on the interaction between the M2+ cation and the H2 molecule (see Table 1 for distances R(HH), R(M-H), and Mulliken charges on H atoms of dihydrogen and table 2 for IR frequencies,
intensities, and adsorption energies, Eads). It is not surprising that hydrogen has a weak
interaction with M2+ in the five- or six-membered ring position, since the M2+ is less exposed to
probe molecules than on the “4T-ring” position. The values of adsorption energy of dihydrogen
on these sites (Table 2) show the same trend, decreasing from 4T-ring to 6T-rings; only the
largest ring [Al2Si8O16H20]2- Co2+ H2 breaks the general trend found for other complexes. The
effect of active sites on the adsorbed dihydrogen can be traced by the calculated charges on the
hydrogen atoms of H2 molecule (Table1); the charge transfer decrease in absolute value from
4T-ring to 6T-rings.
Table 1. Calculated geometry of the active sites of the Co2+ and Zn2+ cations after
adsorption of H2 (all distances R are in A) and Mulliken charges on metal cations and adsorbed
H2: q(H), and δq(H2) (in a.u.).
R(M-O) R(M-H)
R(H-H) q(M) q(H1) q(H2) δq(H2)
2+
Zn -4T ring
2.03
2.02
0.7542
0.6638 0.0298 0.0669 0.0967
2.03
Zn2+-5T ring
1.95
2.49
0.7471
0.7092 0.0195 0.0248 0.0443
2.07
2.50
Zn2+-6T ring
1.97
3.52
0.7433
0.7544 0.0095 0.0019 0.0114
3.63
Zn2+-10T ring
a)
a)
Co2+-4T ring
Co2+-5T ring
Co2+-6T ring
Co2+-10T ring

2.00
2.02
1.96
2.00
1.98

1.96
1.94
3.41
3.44
3.68
3.81
2.02
2.03

0.7603

0.5803 0.0796 0.0065 0.0861

0.7452

0.5663 0.0039 0.0185 0.0224

0.7436

0.6306 -0.0055 0.0211 0.0156

2.09
0.7629
0.3642 0.1243 0.0847 0.2090
1.95
2.04
a) on PES exist only the minimum corresponding to products of dihydrogen dissociation.
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Table 2. Calculated IR frequencies shifts and intensities from H2 adsorbed on different Co(II)
and Zn(II) sites (all values are in cm-1 and KM/mol, respectively) and adsorption energies Eads. of
H2 (all values are in kcal/mol)
Int(H-H
R(H-H)
Eads
∆ν(H-H)
2+
Zn -4T ring
192
54
0.7542
3.87
Zn2+-5T ring

77

29

0.7471

1.58

Zn2+-6T ring

12

0.4

0.7433

0.16

Zn2+-10T ring

a)

a)

a)

Co2+-4T ring

314

12

0.7603

4.16

Co2+-5T ring

42

7

0.7452

1.71

Co2+-6T ring

19

1.3

0.7436

0.18

Co2+-10T ring

320

83

0.7629

6.12

Experimentally, the interaction of dihydrogen with these different positions is described
by the shift of the IR peak of the hydrogen adsorption spectra [10,11]. We aim to indentify the
prime factors in determining the vibrational properties of the active sites in relation the ring
dimension. The calculated shift for the ν(H-H) stretching frequency mode was, at maximum,
equal to 314 cm-1 for Co2+-4T ring and 192 cm-1 for Zn2+-4T ring. In case of 5T ring the
calculated shift for the ν(H-H) stretching frequency mode was, at maximum, equal to 77 cm-1 on
Zn “5T-ring”. So far we have demonstrated that the main spectroscopic features of hydrogen
adsorbed on ZSM-5 containing Co(II) or Zn(II) cannot be satisfactorily reproduced by employing
“5T-ring”, and “6T-ring” models. The experimental findings can be rationalized by “4T-ring”
model, but is unlikely to find two Al atoms in high silica zeolites in such small ring. Therefore,
the second set of calculations in the present work has been carried out for selected systems using
the more realistic cluster model, namely “10T-ring”, [Al2Si8O16H20]2- M2+, than is a complete 10membered-ring cluster of the main channel of ZSM-5. It was found that in this ring the Co(II)
cation cannot obtain a planar four-fold coordination environment. The bond distances between
Co(II) and the three O atoms amount to 2.05, 1.98, and 2.06 A and are increased when compared
to the calculated values of 1.96 - 2.0 A in case of 5T-ring. Obviously, a ten-ring is too large to
accommodate Co(II)/Zn(II) cations. As a consequence of the weak coordination, shift for the
ν(H-H) stretching frequency mode of H2 adsorbed on Co(II) cation in the ten-ring are increased
up to 320 cm-1. The charge of H atoms involved in H2 molecule become more positive by 0.123
units of electron in complex H2 Co/T10-ring compared to the value in complex H2 Co/T4-ring.
The data in table 2 clearly show the strengthening of the interaction between H2 and Co2+ cation
when it sits on T10-ring. Thus the adsorption energy for the dihydrogen on Co/T10-ring is
around 2 kcal/mol larger compared to the value for dihydrogen on Co/T4-ring. This
strengthening can be attributed to the large charge transfer from H2 to Co/T10-ring 0.2090 au., in
comparison with 0.0861 in case of Co/T4-ring. The perturbation effect of the Co/T10-ring is
reflected in the increase of the distance H-H, which rises around 0.02 (see table 2). The results
reported here provide a basis to discuss the useful of a DFT approach within the framework of
cluster model for the calculation of IR spectra in order to select the active sites in TM cation
containing high-silica zeolites. The theoretical calculations have provided more insight into the
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adsorption of H2 on Co2+ and Zn2+ containing ZSM-5 zeolites in term of the local geometry,
strength of the interaction between cation and H2, and charge transfer from H2 to active site.
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The structures, frequencies, and interaction energies of small protonated clusters
([FSO3H]n + H+), ([ClSO3H]n + H+), ([CF3SO3H]n +H+), ([HClO4]n + H+), n=1,2; ([HF]n + H+),
n=1,2,3,4,5; and negatively charged clusters ([FSO3H]n + FSO3-), ([ClSO3H]n + ClSO3-),
([CF3SO3H]n + CF3SO3-), ([HClO4]n + ClO4-), n=1; ([HF]n +F-), n=1,2,3,4,5,6; were calculated
by Hartree-Fock theory with medium-sized (6-31++G** and 6-311++G**) basis sets. The
electron correlation has been estimated at the MP2/6-31++G** level together with calculations
based on density functional theory, B3LYP/6-31++G**. Stationary points have been also
relocated at the MP2/6-31++G** and B3LYP/6-31++G** levels. The contribution of superacidic
environment to electrostatic solvation free energy for these clusters were included at HF/631++G** and B3LYP/6-31++G** levels with polarizable continuum model (PCM). The
advantages of the hybrid solvation model, which includes both the explicit contribution of the
first solvate shell and the continuum model PCM, is shown for autoprotolysis of hydrogen
fluoride, fluorosulfonic, chlorosulfonic, and trifluoromethanesulfonic acids. Based on the
calculations, a quantitative estimation of the catalytic activity of protons is constructed with
explicit consideration of solvation with acidic molecules. The hybrid solvation model was also
used for investigation of effects of addition of Lewis acids (BF3 and SbF5) on proton donor
ability of liquid HF and fluorosulfonic acids. Acknowledgment: V. S. thanks RFBR for personal
grant (Project 01-03-32555).
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We have carried out a joint physicochemical (ab initio quantum chemistry) and molecular
biology (X-ray database and phylogenetic analysis) characterization of molecular interactions of
G.A cis Watson-Crick base pairs. The cis Watson-Crick arrangement is one of several possible
H-bonding geometries for G pairing with A. In this geometry, each base interacts with its
Watson-Crick face, with the glycosidic bonds in cis and formation of H-bonds G(O6)-A(N6) and
G(N1)-A(N1). The N2 of guanine is not involved in a primary H-bond within the base pair and,
instead, faces a repulsive contact with the C2-H2 group of adenine.
The G.A cis Watson-Crick base pair has unique intrinsic properties. In contrast to
standard planar base pairs, the cis Watson-Crick G.A base pair is propeller twisted in isolation
(in vacuo) with the interbase rotation pivoting approximately around the G(O6) – A(N6) axis.
The unpaired guanine amino group is significantly pyramidal (partial sp3 hybridization). Its
hydrogens are capable to form efficient out-of-plane hydrogen bonds while the G(N2) nitrogen
could be utilised even as a weak H-bond acceptor. Overall, the base pair has two symmetryrelated minima with the fully planar (including all hydrogens) CS geometry representing the
transition state structure and being ca 1 kcal/mol above the potential energy minimum at 0K. The
base pair is very flexible and can adopt a wide range of geometries with a clear preference to be
nonplanar.
The characteristic intrinsic properties of cis-W.C. G.A base pair are often clearly seen in
nucleic acids. The QM method was utilised to study five crystal structures of G.A cis WatsonCrick base pairs with the unpaired guanine amino group interacting with the adjacent standard
base pair. In these crystals the cis W.C. G.A base pair shows a substantial nonplanarity with
propeller twisting pivoting around the G(O6) … A(N6) H-bond which closely resembles that of
the isolated cis Watson-Crick G.A base pair. Such observed nonplanarity is a result of the
intrinsic base pair structure and represents a nice example of gas phase quantum-chemical
prediction that remains fully expressed deeply inside crystal structures of biologically relevant
molecules. The nonplanarity is not caused by base stacking, as suggested in the original X-ray
reports. In all five cases the guanine amino group of these base pairs forms out-of-plane H-bonds
with adjacent base pairs stabilized by a significant pyramidalization of the amino group. The
energy improvement caused by nonplanarity of the G.A guanine amino group is predicted to be
ca 4 kcal/mol. This stabilization reflects formation of the out-of-plane H-bond between the G.A
guanine and adjacent pyrimidine, as well as reduction of the inter-hydrogen repulsion within the
G.A base pair itself. Such energy improvement of 4 kcal/mol caused by nonplanarity of just two
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amino group hydrogens is very significant, especially when considering that they are invisible in
the X-ray experiment.
Structural analysis of available X-ray RNA structures including small and large
ribosomal subunits reveals a substantial variability of the cis W.C. G.A base pair geometries and
interactions. Nevertheless, the cis W.C. G.A base pair shows a clear tendency to adopt nonplanar
geometries and its unpaired guanine amino group is often involved in significant tertiary
interactions, many of them being clearly oriented away the nucleobase plane. Of the 12 basepairs
that form some tertiary interactions, 9 are highly conserved and show no G/A to A/G covariation.
Those three cases which do show G/A to A/G covariation exhibite tertiary contacts that are in
fact not affected by interchanging the A and G. Of the 7 G/A basepairs that do not form tertiary
interactions at all, 6 show G/A to A/G covariation. Thus, the tertiary interactions involving the
G(N2) amino group have a decisive effect on pattern of the phylogenetic data and covariance.
Out-of-plane interactions implying a substantial role of amino group partial sp3 hybridization
represent a subset of them. Interestingly, in many cases the G.A base pair can be substituted for
by G.U, which has unpaired amino group in the same position as cis W.C. G.A.
One of the key aspects to understand geometries, interactions and phylogenetic patterns
of the cis W.C. G.A base pairs is to include the intrinsic partial sp3 hybridization of the guanine
amino group into consderation. Note that the amino groups are nevertheless planar (sp2) in
standard Watson – Crick base pairs, as in plane primary H-bonding changes the electronic
structure of the amino group to sp2. Non-classical interactions aided by nonplanar amino groups
of nucleobases can however be expected for structures exhibiting unusual amino group contacts,
unpaired nucleobase amino groups, severely nonplanar base pairs and out-of-plane distribution
of closely spaced H-bond donors and acceptors around the amino group nitrogen. Such
interactions are most likely to occur in complex three-dimensional structures of large
biomolecules and biomolecular complexes where the amino groups are often not fully saturated
by primary in-plane H-bonds. It is also to be noted that contemporary force fields do not include
the sp3 pyramidalization effects. The reason is that the in reality are the amino groups changing
their status between sp2 and partial sp3, depending on the environment and interactions. Thus is
not straightforward to include into simple analytical force fields not based on molecur orbital
description. This study for the first time links the gas phase properties of isolated nucleic
acid bases (partial sp3 pyramidalization) with fundamental aspects of their tertiary
interactions in RNA molecules and the phylogenetic patterns.
1 Structure, energetics, and dynamics of the nucleic acid base pairs: Nonempirical ab initio
calculations Hobza P, Sponer J Chem. Rev. 99: 3247-3276 1999
2 Electronic properties, hydrogen bonding, stacking and cation-binding of DNA and RNA bases.
J Sponer, J. Leszczynski, P. Hobza, Biopolymers, 61, 2001, 3-36.
3. Manuscript in preparation
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Quantum Chemical Description of the Nucleobase Rotation in trans[Pt(NH3)2(Cyt-N3)2]2+
Judit E. Šponer,a Frank Glahé,b Jerzy Leszczynski,c Bernhard Lippert,b
and Jiří Šponera
a

Institute of Biophysics, Academy of Sciences of the Czech Republic,
Královopolská 135, 61265 Brno, Czech Republic
b
Fachbereich Chemie, Universität Dortmund, 44221 Dortmund, Germany
c
Department of Chemistry and Computational Center for Molecular Structure
and Interactions, Jackson State University, Jackson, Mississippi 39217, USA
Current study1 characterizes the intrinsic structural and energetical properties of the model
nucleobase complex trans-[Pt(NH3)2(Cyt-N3)2]2+ (Cyt = cytosine) by means of DFT calculations.
Relative energies of the head-to-tail (ht) and head-to-head (hh) rotamers are discussed in terms of
their computed gas-phase structural parameters.
A full description is provided for the
interconversion path between the hh and ht configurations. The computed structures are
contrasted with experimental data obtained from XRD-investigations and a rationalization is
given for the unusual, highly twisted geometry observed in the crystal. Ligand effects are
examined in a series of models where H2O, OH-, and Cl-, respectively, substitutes for NH3 in the
metal subunit of the complex.
1

Šponer, J. E.; Glahé, F.; Leszczynski, J.; Lippert, B.; Šponer, J. J. Phys. Chem. B 2001; 105;
12171-12179.

156

Conference on Current Trends in Computational Chemistry 2002
Quantum-Mechanically Designed Hardware of Molecular
Electronics Digital and NMR Quantum Computers
Arvydas Tamulis, Jelena Tamuliene, Vykintas Tamulis
Institute of Theoretical Physics and Astronomy, A. Gostauto 12, 2600 Vilnius, Lithuania;
The results of light induced internal molecular motions in azo-dyes molecules [1-3] have been
used for the design and density functional theory time-dependent (DFT-TD) B3PW91/6-311G
calculations of light driven logically controlled (OR function) molecular machines composed
from organic photoactive electron donor dithieno[3,2-b:2',3'-d]thiophene or ferrocene molecules
and electron accepting and moving azo-benzene fragment (see figure bellow). Applied DFT-TD
method and our visualization program showed from which fragments electron is hopping in
various excited states.

Molecular electronics two and three variable OR and AND logic functions are designed and
geometry optimized by DFT method (see three variable AND gate in figure bellow). Designed
single supermolecule fluorescencing device containing AND logic function.
Maximal length of these molecular elecrtonics logic gates are no more than four nanometers.
Quantum mechanical investigations of hydrogen and nitrogen atom Nuclear Magnetic
Resonance (NMR) values of Cu, Co, Zn, Mn and Fe biliverdin derivatives and their dimmers and
aza-fullerene C48N12 adducts using ab initio Hartree-Fock (HF) and DFT methods indicate that
these modified derivatives should generate from one to seven and eleven, twelve, eighteen,
nineteen Quantum Bits (QuBits). The chemical shifts are obtained as the difference of the values
of the tetramethylsilane (Si(CH3)4) and ammonia (NH3) molecules Gauge-Independent Atomic
Orbital (GIAO) nuclear magnetic shielding tensor on the hydrogen and nitrogen atoms and that
of the magnetically active molecules.
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Designed several single supermolecule devices containing molecular electronics logic gates,
photoactive molecular machines and elements of molecular NMR quantum computers that
induced idea of molecular quantum computing life. Designed several supramolecular ControlNot
NMR quantum computing gates (see figure bellow).

1. Tamulis, A., Tamuliene, J. (2001) Ab Initio Quantum Chemical Design of Single
Supermolecule Photoactive Machines and Molecular Logical Devices, Report to the contract
US AF EOARD contract F61775-00-WE050,
http://65.105.56.185/master24/category53/A524393.html
2. Tamulis, A., Rinkevicius, Z., Tamuliene, J., Tamulis, V., Graja, A., Gaigalas, A.K. (2002)
Quantum Chemical Design of Light Driven Molecular Logical Machines, in A. Graja, B. R.
Bulka, F. Kajzar (eds.) NATO Science Series II. Mathematics, Physics and Chemistry,
Molecular Low Dimensional and Nanostructured Materials for Advanced Applications",
Kluwer Academic Publishers, Dordrecht, 59, 209-219.
3. Tamulis, A., Tamuliene, J., Tamulis, V. (2002) Quantum Mechanical Design of Photoactive
Molecular Machines and Logical Devices, chapter in American Scientific Publishers
Handbook on Photochemistry and Photobiology, accepted for publication.
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Quantum Mechanical Design of Single Supermolecule Photoactive
Machines and Molecular Classical and Quantum Logic Devices
Arvydas Tamulis, Jelena Tamuliene, Zilvinas Rinkevicius*, Vykintas Tamulis
Institute of Theoretical Physics and Astronomy, A. Gostauto 12, 2600 Vilnius, Lithuania
*KTH, SCFAB, Dept. of Biotechnology, Theoretical Chemistry, S-106 91 Stockholm, Sweden

Quantum mechanically ab initio and DFT-Time Dependent designed light-driven, single
supermolecular devices based on fullerene, biliverdin and photoactive molecules and
supermolecules could form the basis for logically-controlled organic molecular machines and
molecular classical and quantum computers [1-13]. Organic and organo-metallic molecular
computers have advances in nano-size and pico- or even femto-second speed as well as of in
principle new quantum computation compared with conventional silicon-based chips.

Theoretical molecular physics can provide the basic understanding needed to design such
a single supermolecule devices by calculating the optimized geometries, quantum state energies,
electron and proton charge transfer, NMR, EPR, etc. of candidate molecules and suggesting new
supermolecules molecules with the desired quantum properties. Using advanced computational
physics tools we, for instance, elucidated the energies and pathways of optically-induced charge
transfer and the trans-cis isomerization of azo-dyes based supermolecules, and the electrical and
magnetic properties of a fullerene ErSc2N@[CH2CH2NH]C80, biliverdin (figure on the top)
derivatives and aza-fullerene derivatives (figure in the bottom). A molecular logic gate of
classical digital molecular machine would change its quantum state in response to optical signal
and pass the emitted electron via chip doing simultaneously trans-cis isomerization that predict
motion (figure in the middle).
Set of gates of classical digital molecular computers are designed based on light driven
charge transfer in fullerene-containing supermolecules.
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Designed basic elements of quantum computers are based on proton NMR calculations in
biliverdin derivatives that generate up to fifteen quantum bits (figure on the top), EPR
estimations in endohedral fullerenes possessing up to six QuBits for quantum computation and
nitrogen atom NMR in aza-fullerene CH2CH2NHC48N12CH2CH2NH derivatives (figure in the
bottom) generating up to nineteen QuBits.

It were designed various biologically active, fluorescencing, small-gap semiconductor and
proton-transfer switching single supermolecular devices based on biliverdin, fluorescein, CdS
organic and white phosphorus organo-metallic complexes.
160

Conference on Current Trends in Computational Chemistry 2002
References
[1] A. Tamulis, E. Stumbrys, V. Tamulis and J. Tamuliene, "Quantum Mechanical Investigations of
Photoactive Molecules, Supermolecules, Supramolecules and Design of Basic Elements Molecular
Computers", in NATO ASI series, High Technology; Vol. 9, Ed. by F. Kajzar, V. M. Agranovich and
C. Y.-C. Lee, Photoactive Organic Materials: Science and Applications, June 25-30, 1995, Avignon,
France, Kluver Academic Publishers, Doderecht/Boston/London, p.p. 53-66 1996.
[2] A. Tamulis, V. Tamulis, "Design of Basic Elements of Molecular Computers Based on Quantum
Chemical Investigations of Photoactive Organic Molecules", Proceedings of the SPIE Photonics
WEST® Conference on Optoelectronics Integrated Circuits II, held in 24-30 January, 1998, San Jose
Convention Center, San Jose, California, U.S.A., Volume 3290, p.p. 315-324.
[3] A. Tamulis, V. Tamulis and J. Tamuliene, Quantum Mechanical Design of Molecular Implementation
of Two, Three and Four Variable Logic Functions for Electronically Genome Regulation, Viva
Origino, 26, p.p. 127-146, 1998.
[4] A. Tamulis, J. Tamuliene, M.L. Balevicius, J.M. Nunzi, "Quantum Chemical Design of Multivariable
Anisotropic Random-Walk Molecular Devices Based on Stilbene and Azo-Dyes", Proceedings of the
5th International Conference on Frontiers of Polymers and Advanced Materials, 21-25 June 1999,
Poznan, Poland, published in the journal Mol. Cryst. Liq. Cryst, 2000, Vol. 354, p.p. 475-484.
[5] A. Tamulis, J. Tamuliene, M.L. Balevicius, J.-M. Nunzi, "Quantum Mechanical Investigations of
Photoactive Molecules and Design of Molecular Machine and Logical Devices", published in the
Proceedings of Photonics West 2000 conference, SPIE Conference Organic Photonics Materials and
Devices II (OE04), held in San Jose, California, USA, January 22-28, 2000. Editors: Donald D. C.
Bradley, Bernard Kippelen, Vol. 3939, p.p. 61-68.
[6] A. Tamulis, J. Tamuliene, M.L. Balevicius, J.-M. Nunzi, "Quantum Chemical Investigations of
Disperse Orange 3 Molecule Cis-Trans Isomerization Through Linear Transition State and Design of
Molecular Machines", in Applications of Photonic Technology 4, Roger A. Lessard, George A.
Lamppropoulos, Editors, Proceedings of SPIE, vol. 4087, p.p. 662-670, 2000.
[7] A. Tamulis, Z. Rinkevicius, J. Tamuliene, V. Tamulis, M.L. Balevicius, A. Graja, "Ab initio quantum
chemical design of supermolecule logical devices", in Optoelectronic Integrated Circuits and
Packaging V, James G. Grote, Randy A. Heyler, Editors, Proceedings of SPIE Vol. 4290, p.p. 82-93,
2001.
[8] A. Tamulis, Z. Rinkevicius, V. Tamulis, J. Tamuliene, S.P. Karna, C.M. Stickley, "Ab Initio Quantum
Chemical Design of Photoactive Molecular Logical Devices", Nonlinear Optics, vol. 27, p.p. 385-393,
2001.
[9] A. Tamulis, J. Tamuliene, M.L. Balevicius, Z. Rinkevicius, "Ab Initio Quantum Chemical Search of
Per Linear Transition State of Azo-Dye Molecules and Design of Molecular Logical Machines",
Nonlinear Optics, vol. 27, p.p. 481-488, 2001.
[10] J. Tamuliene, A. Tamulis, "Quantum Chemical ab initio Design of Molecular Electronics Tools for
Biotechnologies", Biotech News International, vol. 6, No. 5, p.p. 12-14, 2001.
[11] A. Tamulis, Z. Rinkevicius, J. Tamuliene, "Molecular Classical Computer Basic Elements", in
"Decoherence and Implication in Quantum Computation and Information Transfer" edited by T.
Gonis and P.E.A. Turchi, NATO Science Series III Computer and Systems Sciences, vol. 182, p.p.
358-365, 2001.
[12] A. Tamulis, Z. Rinkevicius, J. Tamuliene, V. Tamulis, A. Graja, A.K. Gaigalas, "Quantum Chemical
Design of Light Driven Molecular Logical Machines", in Eds. A. Graja, B.R. Bulka, F. Kajzar,
"Molecular Low Dimensional and Nanostructured Materials for Advanced Applications", KLUWER
Academic Publishers in NATO ASI Series: Mathematics, Physics and Chemistry, 2002, p.p. 209-219.
[13] M.-L. Balevicius, J. Tamuliene, A. Tamulis, A. Graja, "Isomerization Pathways of Azobenzene", in
Eds. A. Graja, B.R. Bulka, F. Kajzar, "Molecular Low Dimensional and Nanostructured Materials for
Advanced Applications", KLUWER Academic Publishers in NATO ASI Series: Mathematics, Physics
and Chemistry, 2002, p.p. 289-292.

161

Conference on Current Trends in Computational Chemistry 2002
Docking Studies of Eleven Structural Types of HIV Integrase
Inhibitors Demonstrate Two Non-Overlapping Binding Sites
Christina Turner, Hongbin Yuan and Abby L. Parrill
Department of Chemistry and Computational Research on Materials Institute
The University of Memphis, Memphis, TN 38152
Integrase is an important enzyme in the life cycle of the Human Immunodeficiency Virus
(HIV) because it is responsible for integration of viral DNA into host DNA. Several structural
types of integrase inhibitors have been reported in the literature, although cytotoxicity limits their
potential as therapeutic agents. Thus an improved understanding of the structural features
conferring integrase inhibition may allow development of alternative inhibitors that lack
cytotoxic side effects.
Our group has previously worked with 174 inhibitor structures of 11 basic structural types.
Their structures are very diverse. In particular, some inhibitors are very rigid and others are very
flexible. Additionally, some compounds have heterocyclic rings while others do not. A single
quantitative structure activity relationship (QSAR) model for the eleven structural types could
not be developed. Cluster analysis was used to identify two groups for which separate predictive
QSAR models were developed. These prior results indicate that these structures either interact
with different integrase residues at a common site or have two non-overlapping binding sites.
In this study, twenty-two structures from the eleven structural types were picked based on
cluster analysis. These structures were docked against integrase to determine their binding sites.
Our studies show that there are two non-overlapping binding sites, labeled binding site 1 and 2 in
the figure below. Notably, the compounds demonstrated by docking to interact at binding site 1
were members of the same QSAR model and those demonstrated to interact at binding site 2
were members of the other QSAR model. Thus the current docking studies are in complete
agreement with our prior QSAR studies and provide atomic details about the interaction of these
inhibitors with integrase.

ÅBinding Site1

ÅBinding Site 2

162

Conference on Current Trends in Computational Chemistry 2002
Theoretical Study of Ionized Argon Clusters
J. Urban, a,c P. Mach, a,c M. Probst, b and J. Leszczynskic
a

Department of Biophysics and Chemical Physics, Comenius University, 842 48 Bratislava,
Slovak Republic.
b
Institut für Ionenphysik, Leopold Franzens Universität, A-6020 Innsbruck, Austria
c
Computational Center for Molecular Structure and Interactions, Jackson State University,
Jackson, MS 39217, U.S.A.

Adiabatic IPs of the smallest argon clusters have been calculated from energy differences
at the CCSD(T)/aug-cc-pVTZ level of the theory between the optimal structure of the cation and
the neutral molecule. Since these calculations are very demanding, we were only able to obtain
results for clusters with up to four argon atoms.
Vertical ionization potentials calculated from the optimal structure of neutral molecules were
obtained via the OVGF (outer valence Greens’ function, [1]) method and by our multireference
many body Rayleigh-Schrödinger perturbation theory method up to the third order (MR MBPT),
which was successfully used in the study of small neon clusters [2]. The first two methods
(CCSD(T) and OVGF) were used as implemented in the Gaussian 98 program package [3].
Dunning’s cc-pVDZ basis set [4] with a set of d (with an exponent of 0.169) and f (0.406)
functions has been used for the MR MBPT calculations. The OVGF method was applied with the
aug-cc-pVDZ basis set. All optimized structures of the neutral and ionic clusters used for further
calculations were obtained at the MP2 level for the aug-cc-pVTZ basis set. The obtained results
are discussed.
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Quantum-chemical Investigation of the Influence of Electrolite’s
Ionic Composition on the Reaction of Oxidation of Water Molecules
V.F.Vargaljuk, L.V.Borshchevich, J.A. Holod
Dnepropetrovsk National University, 49625, Dnepropetrovsk, Ukraine
For a long time process of electrochemical oxidation of water attracted attention of many
researchers. Reaction of formation of oxygen plays the important role in all anodic processes
during electrolysis of water solutions and, first of all, in reactions of electrochemical oxidation of
inorganic and organic compounds. However the kinetic and the mechanism of electrochemical
oxidation of water still remain unknown.
Using existing representations about the mechanism of formation of oxygen from water
solutions of mineral acids [1] it is impossible to understand specific character of influence of
anions’ concentration on the rate of the titled process. Even in the diluted solutions of chloric
acid HClO4 the directly proportional dependence of reaction’s rate on the contents of anions in
electrolit has been established.
We have supposed that in solutions of some electrolytes alongside with the
electrochemical the chemical oxidation of oxygen of water proceeds according to the following
schema:
ClO4 - _ e- → ClO4•
ClO4• + H2O → ClO4- + H+ + OH•
2OH• →2H2O + O
In addition it has been shown by experiment that the nature and concentration of cations in
solution influence on electrochemical oxidation of water at the platinum electrode. Insignificant
concentration of cations accelerates the formation of gaseous oxygen during electrolysis.
However at the larger concentration insignificant slowing-down the above-stated process is
observed (see Table 1).
Table 1
Dependence of the rate of electrooxydation of water (ia) at platinum anode in solution on the
concentration of MeClO4 (x) and HClO4 (y) (x+y=1) at E=2,3 V.
Concentration
of cationes x,
mol/l
Li+
ia mA/sm2
Na+

0

0,001

0,01

0,02

0,05

0,1

95
95

120
150

160
210

215
280

155
255

90
230

Experiment for KClO4 has not been performed because its limited solubility.
For determination of possible reasons of such an influence of cationic and anionic components of
electrolyte the ab initio calculations of possible structures for systems ClO4-, (H3O)+ClO4–,
Na+ClO4–, Li+ClO4–, K+ClO4– have been done at the HF/6-31G(d) and
MP2/6-31G(d) levels of theory.
The results of calculations allow us to determinate the stable conformations of titled systems.
For ionic pair (H3O)+ClO4– the stable structures 1-3 has been found. According to calculations
the stability of above-mentioned structures increase in the row 1>2>3.
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1

2

3
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Two stable configurations (4, 5) have been located for systems Me+ClO4–. The relative stability
of structures depends on the nature of cation. In the row Li+ – Na+ – K+ the stability of 2a-type
structures increases while stability of 5-type structures in this row decrease.

4

5
In order to model the electrochemical reaction we have calculated the radicals corresponding to
elimination of electron from structures (1-5). In general the geometrical structure of radicals is
similar to corresponding ionic pair. Basing on the calculated energetical parameters we can
assume that the influence of cations decreases in the following row: K+ >Na+ >Li+. The
calculated results are in a good agreement with experimental data. It has been supposed by us
[2], that in solutions of some electrolytes alongside with the electrochemical the chemical
oxidation of oxygen of water proceeds according to the following schema.
1.Bockris J.O'M., Shamshul Hug. A.K.M. The mechanism of the electrolytic of oxygen on
platinum//Proc. Roy. Soc. - 1956. - V.273. - 1209. - P.277 - 296.
2. V.F.Vargaljuk, L.V.Borshchevich //Book of Abstracts of Second Southern School on
Computational Chemistry. Orange Beach, USA. 2002. P. 74-75.
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Tautomeric Equilibria and Electrostatic Potentials of
Xanthopterin: A Theoretical Study
Ramaiyer Venkatraman, M.K. Shukla and Jerzy Leszczynski
Computational Center for Molecular Structure and Interactions
Department of Chemistry, Jackson State University
1400 J.R. Lynch Street, Jackson, MS 39217

Xanthopterin is a fused two six-membered ring compound with yellow pigmentation
found in some organisms in nature. In cancer patients, the chemical analysis of urine samples
exhibited significant elevation of this compound. Tautomerization of the molecule is studied
theoretically at the HF and B3LYP-DFT level of theories along with the standard 6-31++G(d,p)
basis set. Transition states corresponding to proton transfer from the oxo to hydroxo tautomeric
forms have also been studied. The effect of water solvation was studied using the polarized
continuum model. Molecular electrostatic potential mappings were also performed for some
selected tautomers. Studies provided important information about the structures and reactivity of
the molecule.

X1

TS1

X5

Molecular electrostatic potential (-0.04 au surface) of xanthopterin at B3LYP/6-31++G(d,p)
level.
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The Stability of the Sarin-Serine Complex: A DFT-based
Molecular Dynamics Investigation
Jing Wang, Jiande Gu, Jerzy Leszczynski*
Computational Center for Molecular Structure and Interactions,
Department of Chemistry, Jackson State University, Jackson MS 39217, USA

Acetylcholinesterase ( AChE ) is an especially efficient serine hydrolase that catalyzes the
breakdown of the neurotransmitter acetylcholine ( ACh ) at cholinergic synapses (Fig. 1)1,2. The
great speed of the enzyme is essential for rapid modulation of synaptic activity.

Fig. 1 Crystal structure of Torpedo californica AChE
(1EA5)

Fig. 2 Complex of sarin and the catalytic His440Glu327-Ser200 triad

AChE combines a catalytic triad (His440-Glu327-Ser200) and a dipolar oxyanion hole in tandem
to catalyze substrate hydrolysis via an acylation-deacylation mechanism. It reacts with ACh and
produces a short-lived acetyl-enzyme (acylation). Subsequently, this acetyl-enzyme undergoes
nucleophilic attack by water and the regenerated enzyme is expelled as the leaving group
(deacylation).
The two-step catalytic mechanism renders AChE susceptible to rapid, stoichiometric, and
essentially irreversible inhibition by a class of organophosphorus acid anhydride (OP) inhibitors,
exemplified by the phosphonate nerver agents, which can act as “hemisubstrate” to trap the
enzyme. Following phosphonylation of the active-site Ser Oγ, some OP-enzyme adducts undergo
further post-inhibitory reactions, including dealkylation, which result in truly irreversible enzyme
inhibition (collectively called “aging”).
Sarin (isopropyl methylphosphonoflouridate) is a toxic nerve agent. When interacts with
AChE, it blocks the active center of AChE by the phosphonylation on Ser200. Fig. 2 shows the
structure of the triad-sarin complex formed by phosphonylation of sarin on Ser2003. As a result,
AChE loses its activity and ACh is not able to hydrolyze. Therefore, its function of regulating the
normal activity of the nervous system fails. This leads to serious instant muscle cramp4.
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The above assumption implies that the phosphonylation of sarin on Ser200 is irreversible.
Therefore, the phosphonylated sarin-serine complex is not expected to reproduce serine under
various conditions.
The structure and physical properties of sarin-serine complex are first studied at the density
functional theory of level B3LYP/6-311G(d,p), using Gaussian 98 program package. Fig. 3
shows the optimized geometry of sarin-serine complex. The optimization results indicate that the
bond length of P33-O30, which is the combination site of sarin and serine, is 1.640Å while the
P33-O32 bond has the length of 1.600Å. The vibrational frequency analysis reveals that the
complex corresponds to the energy minimum. All these findings show that the complex of sarinserine is stable.

Fig. 3 The optimization structure of sarin-serine complex (B3LYP/6-311G(d,p))
It is reported that the complex of sarin and serine is easy to be dealkylated5,6. To better
understand the basis for irreversible inhibition of nerve agent on serine and the dealkylation
process of the complex, the DFT-based molecular dynamics approach is employed here for
further investigations. Through the trajectory study on the decomposition of the complex, it is
possible to reveal the details of the dealkylation process of the sarin-serine complex.
In the MD simulation, we selected two different temperatures to observe the variation of the
properties of the complex. At the low simulation temperature the complex structure varied
slightly. However, under the high simulation temperature, the more significant complex
fluctuations were predicted. Fig. 4 displays the fluctuations of the C23-C25 bond length under
the two different simulation temperatures. The optimized bond length of C23-C25 at the
B3LYP/6-311G(d,p) level is 1.520Å. However, during the high temperature MD simulation, this
bond varied from 1.87Å to 1.31Å, while the average bond length is about 1.55Å. This suggests a
tendency of the methyl group to dissociate from the complex.
The similar tendency is also revealed for the C19-C20 bond. The optimized bond length is
1.547Å. The maximum length of this bond in the high temperature simulation reached 1.945Å,
as depicted in Fig. 5.
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Fig.4 Fluctuation of C23-C25 bond length (the red line is
fluctuation under the low temperature; the blue one shows
the result at the high temperature)

Fig. 5 Fluctuation of C19-C20 bond length (Note: same
as Fig. 4)

On the other hand, the P33-O30 bond, which represents the binding site of sarin and serine,
is much less influenced during the MD simulation, either at the low simulation temperature or at
the high simulation temperature. As shown in Fig. 6, this bond length fluctuated slightly during
the simulation. This suggests that the P33-O30 bond is much stronger and could hardly be
influenced by environmental conditions. In this case, the sarin-serine complex is difficult to
decompose in the way that could lead to resume the activity of serine. Therefore, by the action of
sarin on serine, the catalytic triad of His440-Glu327-Ser200 will lose its activity and lead to the
failure of AChE’s catalytic function.
P33-O30
T(high)

T(low)

Distance of P33-O30
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Fig. 6 Fluctuation of bond P33-O30 (Note: same as Fig. 4)
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β-cyclodextrin (β -CD) is a cyclic oligosaccharide consisting of seven glucopyranose units. The
oligosaccharide ring makes cyclodextrin a versatile host molecule. The molecular recognition
using β-cyclodextrin has been paid keen attention by many researchers who are interested in
chemical sensors.1-3
To understand the fundamental of the interaction between β-cyclodextrin and guest molecules,
the structure of β-cyclodextrin molecule and the complexes formed by β -CD and five different
guest molecules (Hydroquinone, Dopamine, Iso-prenaline, Adrenaline, and Noradrenaline;
Figure 1) were optimized by the semi-empirical AM1 method.
OH

OH

OH
OH

OH

HOCHCH2CH3

OH

OH

OH

CHCH2NH2

Hydroquinone Noradrenaline Dopamine

OH

OH

HO CHCH2NHCH3

HOCHCH2NHCH(CH3)2

Adrenaline

Iso-prenaline

Figure 1. The five guest molecules studied
The interaction energies between the guest molecules and β-cyclodextrin were evaluated at the
SCF HF/6-31G level. The calculation results show that the interaction energy between the host
and the guest molecules are negligible (around 1 kcal/mol). The optimized structure of βcyclodextrin reveals that the host molecule forms a hydrophobic cavity with radii around 8 Å to
host the guest molecules. Among the five guest molecules studied only Hydroquinoen has been
found to be deeply buried inside the hydrophobic cavity. The alkyl tails of the other four phenol
derivatives tends to stay outside the cavity as shown in Figure 2.
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β -CD (Two different views)

β -CD -Noradrenaline

β -CD-Adrenaline

β -CD.-Isoprenaline

β -CD.-Dopamine

β -CD-Hydroquinone

Figure 2. The optimized structures of β -CD and the complexes
Since the interaction energies between the host and the guest molecules are negligible, the
structure characters shown in the complexes suggest that the association constants for the
complexation of the phenol derivatives with β-cyclodextrin are dominated by the entropy of the
complexes formation in aqueous solution. The longer alkyl tail the guest molecule has, the larger
association constant it should be. Therefore, the predicted association constants for the βcyclodextrin with the guest molecules studied should be
Hydroquinone < Dopamine < Noradrenaline < Adrenaline < Iso-prenaline.
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Diagonalization of the Two-Electron Coulomb Operator, Geminals,
and Helium
C.A. Weatherford, A. Wynn III, E. Red, and C. Mathis
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A two-electron basis is constructed by diagonalizing the two-electron Coulomb operator
in a Slater determinant basis composed of one-electron Coulomb Sturmians. This basis may be
termed a type of “geminal” basis. In principle, the electron-electron correlation is built into the
basis. This basis of Slater determinants is then used to diagonalize the helium atom Hamiltonian.
Results for the ground state and several excited states will be given.
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The nonlinear optical properties of the urea molecule and crystal have been the focus of
computational chemistry research for quite some time, generating a considerable body of
information on the influence of several aspects of the calculation of molecular
hyperpolarizabilities, such as basis set, electron correlation, and intermolecular interactions. A
thorough review of the influence of basis set, and intermolecular interactions, at the HartreeFock level, was published more than ten years ago. Since then, much has been accomplished and
a new study encompassing these new results would be welcome. In this study, the static first
hyperpolarizabilities of urea clusters of up to three molecules have been obtained at the HartreeFock level, with A. Sadlej’s Pol basis set. The Pol basis set has been found to give excellent
results for dipole moments and dipole polarizabilities, therefore providing a good initial choice
for the calculation of first hyperpolarizabilities. The monomer, dimer and trimer were optimized
at the 6-31++G(d,p) level. The oxygen, carbon and two nitrogen atoms are contained on the XZ
plane, with the C-O bond aligned along the Z axis. Their optimized geometries showed urea
molecules presenting a non-planar C2 symmetry. Because urea molecules in the crystal present
C2v (planar) symmetry, several theoretical calculations of clusters have addressed the planar
structure. The comparison of the β results for the optimized monomer and clusters provides
insight into the contribution of the π bonding on between the carbon and nitrogen atoms on the
calculated first hyperpolarizabilities. This π bonding, which is fully present in the crystal planar
molecules, increasingly appears in the optimized cluster structures as the number of urea units
increases. In the case of the monomer, for instance, where the structure has its most non-planar
character, the βyyz corresponds to one-seventh of the same component in the planar structure.
Conversely, the βzzz and βyyz components of the (non-planar) monomer are 24% and 5% larger
than the corresponding properties of the planar molecule. Comparing the different components of
the hyperpolarizability (planar molecule) obtained with the 6-31++G(d,p) and the Pol basis sets,
differences of +25% are found for the βyyz component, and –25% for the βyyz, while the βzzz
component changes by much less. A complete discussion of all results, including the influences
of basis set, intermolecular forces, molecular geometry, and electron correlation will be
presented.
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The Effects of cis-Pt(LH3)2Cl2 (L = N, P, As) on the Structure of
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In 1959, Dr. Bartlett Rosenberg changed the history of the cancer drug through his discovery
of a square planar compound called cisplatin. Cisplatin is well established to bind to DNA [1-6],
thereby causing damage and subsequently cell death. Its main positions of binding are the O6,
N7 sites of guanine and/or the N7, N7 sites on two adjacent guanines of the DNA strand [7].
Crystal structures have shown that this linkage causes significant structural abnormalities in the
DNA chain. In this study, we examine the role that the ammine leaving group plays in the overall
properties of cisplatin. We also examine this ligand effect on subsequent guanine binding. Lastly,
we examine the electronic properties of such binding to develop theories as to the significance of
the ammine group.
[1] Miller, K.; McCarthy; Krauss, M.; J. Med. Chem; 33 (1990), 1043.
[2] McCarthy, S.L.; Hinde, R.J.; Miller, K.J.; Anderson, J.S.; Basch, H.; Krauss, M.;
Biopolymers 29, (1990), 823.
[3] McCarthy, S.L.; Hinde, R.J.; Miller, K.J.; Anderson, J.S.; Basch, H.; Krauss, M.;
Biopolymers 29 (1990), 785.
[4] Basch, H.; Krauss, M.; Stevens, W.J.; Cohen, D.; Inorg. Chem; 25 (1986), 684.
[5] Carloni, P., Andreoni, W., Hutter, J., Curioni, A., Giannozzi, P., Parinello, M.; Chem. Phys.
Lett 234 (1995), 50.
[6] Legendre, F., Kozelka, J., Chottard, J.C.; Inorg Chem. 37 (1998), 3964.
[7] Yao, S., Plostaras, J.P., Marzilli, L.G.; Inorg. Chem., 33 (1994), 6061.
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Electronic devices are open system
with respect to electron flow. To give
theoretical description of such devices, one
must consider the unnormalizable scattering
states, and/or describe the state of the device
in terms of statistically mixed states, which
casts the problem in terms of quantum
kinetic theory [1]. The only completely
adequate theory will be non-equilibrium
Green’s function formulation of many-body
theory. But so far there is no satisfactory
numerically tractable form of the theory.
More practical approximations are based on the assumption of coherent movement of
electrons throughout the device [2]. Even with this approximation ab initio schemes suitable only
for a relatively small systems. Many systems which can be interesting for nanotechnology are
out of possibilities of contemporary computers.
We present effective computational methods which will can be used to understand,
predict and optimize the performance of quantum devices. Implementation of this method to
photonic molecular devices and, in particular, investigation of quantum transport in the
molecular wires and DNA base pairs are proposed.
1. W.R. Frensley. ``Quantum Transport,'' ch. 9 in Heterostructure and Quantum Devices, a
volume of VLSI Electronics: Microstructure Science, N.G. Einspruch and W.R. Frensley,
eds., Academic Press, San Diego, (1994).
2. M. Di Ventra, S.T.Pantelides, and N.D. Lang. Sixth Foresight Conference on Molecular
Nanotechnology, November 12-15 (1998).
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G-Selectivity of GGG Triplet toward One-Electron Oxidation
Mediated by Cu(I). Ab initio Molecular Orbital Study
Yasunori Yoshioka, Hiroko Kawai, and Tomoko Sato
Chemistry Department of Materials, Faculty of Engineering, Mie University,
Tsu, Mie 514-8507 Japan

Long-range guanine damage of DNA caused by one-electron oxidation of nucleobases
has been extensively studied in recent decade. The hole created in DNA duplex by one-electron
oxidation ultimately migrates to end up at guanine (G) base through the DNA π stack. 5’-GGG1
3’ Triplets also act as a more effective trap in hole migration than 5’-GG-3’ doublets. It has
been confirmed experimentally and theoretically for one-electron oxidation that G2 of 5’TG1G2G3T-3’ is more reactive than G1, while for 5’-CG1G2G3C-3’ the ordering of the
2
selectivity is reversed, that is, G1 > G2. The selectivity of the 5’-TGGG-3’ sequence is
primarily determined by the stability of neutral radical states produced through the radical
cations by one-electron oxidation. Unlike 5’-TGGG-3’, the selectivity of 5’-CGGG-3’ sequence
is not determined primarily by the stability of radical cations and neutral radicals and determined
by the reactivity of radical orbital localized on guanine radical in the neutral radical state of 5’2
CGGG-3’ sequence.
Recently, the site-specific oxidation at GGG sequence in double-stranded DNA in the
presence of transition metal ions has been experimentally investigated. Saito and coworkers
have reported that in the presence of Cu(I) ion and benzoyl peroxide (BzPO) in sodium
phosphate buffer caused preferential DNA damage at the 5’-site guanine of GGG sequence in
3
double-stranded DNA. Saito and coworkers have examined the site-selective oxidation of GGG
sequence in the presence of BzPO and Co(II) ion in sodium cacodylate buffer, and observed
4
preferential damage at 5’-site guanine. It was found that the relative rate of G-selective
oxidation is well matched with the distribution of the highest occupied molecular orbital
(HOMO) of G-containing sequences. They have proposed that the Co(II) ion strongly
coordinates to the N7 of guanine base according to HOMO control process.
We have performed ab initio molecular orbital calculations to elucidate the Cu(I)mediated G-selectivity of GGG triplet toward one-electron oxidation. First, the molecular and
+
+
electronic structures of [G-Cu(H2O)3] , in which [Cu(H2O)3] coordinates to N7 of a guanine,
+

+

are discussed to make construction of [5’-XGGG-3’, -Cu(H2O)3] , in which [Cu(H2O)3]
coordinates to N7 of a guanine of 5’-GGG-3’ triplet. Secondly, the electronic structures of [5’+
XGGG-3’, -Cu(H2O)3] are investigated. Lastly, the electronic structures of [5’-XGGG2+

3’,−Cu(H2O)3] which is the hole-captured state are discussed to elucidate the Cu(I)-mediated
G-selectivity. Thymine (T) and cytosine (C) bases are chosen as X. Without Cu(I)-mediation,
the G-selectivity of damage is different among T and C, that is, G2-selective damage in 5’TG1G2G3-3’ and G1-selective damage in 5’-CG1G2G3-3’.
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Calculations
+
2+
[5’-XGGG-3’, -Cu(H2O)3] (X=T, C) and [5’-XGGG-3’, -Cu(H2O)3] , in which
+
[Cu(H2O)3] coordinates to N7-site of a guanine of GGG triplet, were calculated using ab
initio molecular orbital theory. The geometries of 5’-TGGG-3’ and 5’-CGGG-3’ sequences in
double stranded of B-form structure were constructed using Insight II program with standard
+
B-form geometrical parameters. For the calculations of [5’-XGGG-3’,−Cu(H2O)3] and [5’2+

XGGG-3’,−Cu(H2O)3] , only distance between Cu-atom and N7-atom was optimized. All
calculations were carried out using Gaussian 94 program package. 6-31G* Basis sets were
employed for H-, C-, N-, and O-atoms, and Wachters double zeta basis set was employed for
Cu-atom.
+
TGGG and CGGG coordinated by [–Cu(H2O)3]
+

There are three possible coordinations of [Cu(H2O)3] to N7-site of G1, G2 and G3 in
5’-G1G2G3-3’ triplet. Since G3-coordination gives much higher energy than G1- and G2coordinations, G3-coodination was excluded from this work.
+

G2-Coordination of

[Cu(H2O)3] to both 5’-TG1G2G3-3’ and 5’-CG1G2G3-3’ is more stable by ∼10 kcal/mol
than G1-coordination, showing that Cu ion selectively coordinates to N7-site of G2 in 5’–
XG1G2G3-3’ triplet.
Saito and coworkers have performed
site-selective interaction of

15

15

N-NMR spectroscopic study to elucidate the

N-labeled GGG triplet with Mn(II) ion. It was observed that

Mn(II) ion is more strongly interactive with N7-site of G2 in G1G2G3 triplet than G1 and G3.
They concluded that G2-selective coordination is caused by HOMO distribution in GGG
triplet. In fact, ab initio MO calculations give fraction of 0.89 of electron density in HOMO
on G2 rather than G1 and G3.
2+

Radical cation states of [-TG1G2G3-,−Cu(I)(H2O)3] complex
The hole generated by one–electron oxidation moves to end up at GGG triplet via hole
+
migration with hopping mechanism through DNA π stack. The trapped hole, that is (GGG) ,
will move forward and back in triple G. In other word, there are three possible states such as +·
+·
+·
XG1 G2G3-, -XG1G2 G3-, -XG1G2G3 - for the radical cation state, [-XG1G2G3-, 2+

+·

+·

+·

Cu(I)(H2O)3] . Assumed that the rates of damage of G1 , G2 , and G3

are same, the G-

+

selectivity of damage will be proportional to distribution of hole in (GGG) . The distribution
should be expected to be dependent on stability of three possible radical cation states.
In the case of TG1G2G3 that G1 coordinated by Cu(I)(H2O)3, the state, in which G2
next of G1 is a radical cation, is more stable by 20.8 kcal/mol than the state that G1 is a
radical cation. In the case of TG1G2G3 that Cu(I)(H2O)3 coordinates to G2, the state with
radical cation of G1 at 5’-site is more stable by 8.6 kcal/mol than the state with radical cation
of G2. Also, in both CG1G2G3 and CG1G2G3, the state in which the neighbor G is radical
cation is more stable, being similar to behavior of radical cation state of TGGG. It is,
therefore, concluded that ligand Cu(I)(H2O)3 induces the radical cation state of XGGG in
which the guanine neighbor to a guanine coordinated by Cu(I) ion has a positive charge and
an unpaired spin.
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G1-selectivity of XGGG mediatged by Cu(I) ion
G1-selectivity of XGGG mediated by Cu(I) ion toward one-electron oxidation can be
+

simply elucidated. Our present discussion on stability of [-XG1G2G3-, -Cu(I)(H2O)3] and [XG1G2G3-, -Cu(I)(H2O)3]

2+

leads schematic presentation shown in Fig. 1.

Cu(I) ion

selectively coordinates to G2 of -XG1G2G3-, rather than G1. The hole is selectively trapped
on G1 rather than G2, leading that G1 is selectively damaged. In other word, G1-selectivity
mediated by Cu(I) ion toward one electron oxidation is due to the G2-selective coordination of
Cu(I) ion to -XG1G2G3-.

XG1G2G3
Cu(I)

XG1G2G3

XG1G2G3
Hole

XG1 G2G3

XG1G2 G3

XG1 G2G3

XG1G2 G3

Figure 1. Schematic representation of G1-selectivity of GGG triplet sequence toward Cu(I)mediated one-electron oxidation.
Summary
The Cu(I)-mediated G-selectivity is primarily due to the stability of [-XG1G2G3-, +

Cu(I)(H2O)3] , that is, Cu(I) ion coordinates selectively to N7-site of G2. After the G2–
+·

selective coordination, the hole is trapped selectively at G1. The created G1 looses the N1
proton via transfer to N3 of cytosine of the base pair under the experimental condition of
·
·
neutral pH, yielding the G1 neutral radical without N1 proton. The G1 is damaged to give
imidazolone of by singlet molecular oxygen attack to C5-site of guanine. Briefly presenting
conclusion, G1-selectivity is due to selective G2-coordination of Cu(I) ion.
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Indolylfulgides for Optical Memory Storage
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b
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Recently, Parthenopoulos and Rentzepis have introduced an intriguing idea according to
which molecules known to be photochromes can be used in three-dimensional optical memory
devices with fast random access of the information [1,2]. They have used spirobenzopyran
embedded in a polymer matrix as the photoactive material. Basically, the three-dimensional
memory storage was achieved due to the two-photon absorption (also referred to as TPA) at
intersection of two beams. Both writing and reading exploited the TPA process. In the former,
upon two-photon excitation spirobenzopyran underwent photochromic reaction to yield
photomerocyanine (for more details see Ref. [3] and references therein). In the latter,
simultaneous absorption of two photons resulted in a detected up-converted fluorescence.
Because of photobleaching and photodegradation upon prolonged exposure of
spiropyrans, indolylfulgides (as a more fatigue resistant) were chosen for the present study to
analyze whether they are appropriate species for the optical 3D memory storage. Since
photoactive molecules for 3D memory devices should possess large two-photon absorptivities
(δ), it is also shown based on quantum-chemical calculations how to maximize the δ values using
well recognized structure-property relationships for the TPA [4-6].
[1] D.M. Parthenopoulos, P.M. Rentzepis, Science 245 (1989) 843.
[2] A.S. Dvornikov, P.M. Rentzepis, Mol. Cryst. Liq. Cryst. 246 (1994) 379.
[3] G. Berkovic, V. Kongrauz, V. Weiss, Chem. Rev. 100 (2000) 1741.
[4] M. Albota, D. Beljonne, J.L. Brèdas, J.E. Ehrlich, J.-Y. Fu, A.A. Heikal, S.E. Hess, T. Kogej,
M.D. Levin, S.R. Marder, D. McCord-Maughon, J.W. Perry, H. Röckel, M. Rumi, G.
Subramanian, W.W. Webb, X.-L. Wu, C. Xu, Science 281 (1998) 1653.
[5] T. Kogej, D. Beljonne, F. Meyers, J.W. Perry, S.R. Marder, J.L. Bredas, Chem. Phys. Lett.
298 (1998) 1.
[6] P. Norman, Y. Luo, H. Ågren, J. Chem. Phys. 111 (1999) 7758.
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Ab initio Study of Cisplatin's Analogs
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In 60’s anticancer activity of cis-dichlorodiaminnoplatinum (cisDDP) was discovered by
prof. Rosenberg. Strong side effects of this drug create enormous effort to found some better
species. More than ten thousand compounds was investigated but current medical therapy use
only three another species – carboplatin (1,1-cyclobutanedicarboxylatodiamineplatinum),
nedaplatin
(cis-diammineglycolatoplatinum) in Japan, and oxaliplatin (trans-1diaminocyklohexanoxalatoplatinum) in Europe. To enhance the effectiveness of cancer
treatment, drugs are ordinary used in combination. So called “second or third generation” of
platinum drug have lower toxicity, have sensitivity to another types of tumor, and have smaller
impact on kidneys as cisDDP.
All four species have similar mechanism of action: pro-drugs form adducts are hydrated
to active cis-dihydroxydiaminnoplatinum (DACH-cis2OH in case oxaliplatinum), which
preferably interact with one strand of DNA, binding to two bases mainly guanines.
This study is focused on comparison between physical properties selected platinum
drugs. The set of studied systems was enlarger with transDDP (non-effective from geometric
reasons), and cis- (trans-) dihydroxydiaminnoplatinum (cis2OH, trans2OH).
Geometry of singlet and triplet states were optimized at MP2/6-31+G*, this gave us
singlet-triplet vertical and adiabatic transition energies. For optimized geometry single-point
calculations were done with larger basis sets and ligands bond distortion energies (with BSSE
correction), population analysis at MP2/6-311++G(2df,p),
and RPA spectra (HF/ 6311++G(2df,p)) determined. Infrared and Raman spectra were calculated at HF/6-31+G* level,
and corrected by correction factor.
Platinum was described by quasi-relativistic Stuttgart’s pseudopotential (MWB-60).
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Adsorption of Products of Photooxidation of Methane on Silicalite
Structures with and without Ti-impurities.
Ab initio and DFT Study
Nurbosyn U. Zhanpeisov, Ayako Kawase, Masakazu Anpo
Department of Applied Chemistry, Osaka Prefecture University,
Osaka 599-8531, JAPAN
In recent years, Ti-containing molecular sieves due to their unique and large pore structures
appear very attractive as they catalyze many reactions and processes such as alcohol oxidation,
olefin epoxidation, ketone ammoximation, etc. These catalysts have also some potential impact
in the photooxidation of methane into more valuable oxygenated products and/or ethylene under
mild oxidation conditions. Our FT-IR study have showed that photooxidation of methane on
silicalite structures with and without Ti-impurities led to the formation of methanol,
formaldehyde, acetaldehyde, some traces of ethylene, etc. To shed further light on this
phenomenon, here we present theoretical ab initio and density functional theory calculations
results aimed to clarify the adsorption complexes of these photooxidation products on two
distinct target catalyst surfaces. These results can be summarized as follows:
1. Among the considered adsorbate molecules, the adsorption of methanol on both silicalite
and Ti-silicalite leads to the formation of the most strongly bound H-complex, in which
methanol acts simultaneously as a proton donor to and proton acceptor from silicalite or Tisilicalite. However, the adsorption energy estimated either in a conventional way or with
corrections to the basis set superposition error (BSSE) is slightly higher (about 1.0 kcal/mol) for
Ti-silicalite (10.5 kcal/mol without BSSE) than for silicalite. The stability of the adsorbed both
formaldehyde and acetaldehyde is estimated to be close each other and about 2 kcal/mol less
stable than that of methanol on these two catalyst surfaces, respectively. Ethylene can form only
π-complex with the stability less than twice of those of formaldehyde and/or acetaldehyde.
2. In going from silicalite to Ti-silicalite, the νOH of the terminal silanol group (estimated at
3699 cm-1) is shifted for 15 cm-1 into high frequency region and can be ascribed to the terminal
OH group attached with the Ti site of Ti-silicalite. Moreover, its intensity is twice as high as that
of the precursor OH group of silicalite. However, any other combinations of hydroxyl groups of
boundary SiO4 tetrahedra (about 3732 cm-1) did not alter and coincide for the both two.
3. During methanol adsorption on Ti-silicalite, neither of the νCO, νCHs, νCHas, νHCHs and νHCHas
are strongly perturbed. The shifts are within 2, 10 and 8 cm-1, respectively, for the C-O
stretching, C-H stretching and HCH bending modes. However, the νOH for both the terminal OH
group of Ti-silicalite and methanol is substantially shifted into lower frequency regions. The
shifts equal to 159 and 53 cm-1, respectively, and correlate well with the strength of those Hbonds formed. Accordingly, the Ometh….H-Os is much shorter and stronger than the OmethH….Os, while the former strongly deviates from linearity as compared to that of the latter.
4. No bands have been obtained in calculations for the region of 1550-2800 cm-1 during
adsorption of methanol both on silicalite and Ti-silicalite. Thus, the origin of bands observed in
this region of IR spectra is a strong indication on the presence of some impurities or some other
secondary products containing C=O fragments. In fact, νCO stretching vibration mode estimated
is appeared at around 1791 cm-1 and 1785 cm-1, respectively for the adsorption complexes of
formaldehyde and acetaldehyde on both Ti-silicalite and silicalite which are red-shifted for 22
cm-1 and 28 cm-1, respectively, as compared to the isolated formaldehyde and acetaldehyde.
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Photochemically induced the carbon-carbon bond cleavage in cyclopropane derivatives has
attracted great deal of attention both of experimentalists and theoreticians because of importance
of some its potential products in fine organic synthesis and/or in their further transformations. In
the past few decades, the main body of investigations reported in the literature has been
addressed to understand the mechanism of the target bond cleavage in methylenecyclopropanes.
However, much less is known on vinylidenecyclopropanes although they represent the next
nearest-neighbor homologous members of these unsaturated hydrocarbons.
Recently Mizuno et al. have reported that the photoirradiation of some derivatives of
vinylidenecyclopropanes in benzene solutions led to homolysis of the C1-C2 bond of
cyclopropane ring producing butatriene derivatives in good to high yields.1 This rearrangement
found to be quite opposite to those observed for similar methylenecyclopropane derivatives that
usually led to the cleavage at the C2-C3 bond.2 Accordingly, a singlet mechanism is proposed for
the former photo rearrangements of vinylidenecyclopropanes, the main point of which is the
formation of an intermediate structure having a singlet 1,3-biradical character in nature. It was
also suggested that the formation of vinylidenecarbene structure might be of some importance
when one considers a competitive pathway for the above rearrangements.
Here we present the results of theoretical considerations on possible transformations of two
vinylidenecyclopropane derivatives, i.e. 1,1-diarylvinylidene-2,3-dimethyl- and 1,1diarylvinylidene-2,2,3,3-tetramethylcyclopropane. DFT molecular orbital calculations were
performed using the Gaussian94 program package. Geometry optimizations of the precursor two
derivatives and their various potential products were carried out at B3LYP/6-31G* level. The
open-shell structures were optimized within the restricted open-shell as well as spin-unrestricted
DFT methods. The characteristics of the different minima were verified by analyzing the Hessian
matrices of the energy second derivatives.
It was shown that the photoirradiation of vinylidenecyclopropanes leads to the formation of
reaction products via C1 – C2 bond cleavage at the strained cyclopropane ring. These products
are stable for about 11.6 and 10.1 kcal/mol, respectively, for the precursor 1,1-diarylvinylidene2,3-dimethyl- and 1,1-diarylvinylidene-2,2,3,3-tetra-methylcyclopropanes. However, the C1-C2
bond cleavage proceeds successively. Accordingly, at first stage the target C1-C2 bond is
straightened via becoming collinear with the vinylidene axis. At next stage, the ring opening in
the cyclopropane takes place via reopening of the C1C2C3 angle. The transition state structure
connecting these two complexes is found to be about 43.2 kcal/mol higher in energy. Finally, the
products can be formed through a migration of the H atom or methyl group to the next-neighbor
carbon site, respectively, from the precursor TS structures for 1,1-diarylvinylidene-2,3dimethylcyclopropane or 1,1-diarylvinylidene-2,2,3,3-tetramethyl-cyclopropane.
1
K. Mizuno, H. Maeda, H. Sugita, S. Nishioka, T. Hirai, A. Sugimoto.
Org. Lett. 2001, 3, 581.
2
K. Mizuno, N. Ichinose, Y. Yoshimi. J. Photochem. Photobio. C: Photochem. Rev.
2000, 1, 167.
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Recently, Ti-silicalites have attracted a great deal of attention due to their potential in
effective environmental pollution control catalysts, especially for the photocatalytical removal of
NO and other nitrogen oxides.1 Ti-silicalites are considered to be one of the most
environmentally harmonious clean catalysts. However, even the most widely applied titanium
dioxide photocatalysts have relatively large band gap values and can only absorb about 3-5% of
the solar beams that reach the earth.2 Therefore, attempts to decrease this threshold value for
various promising Ti-silicalites and modified titanium dioxides using visible light irradiation
have been undertaken.
The present study discusses the results of an ab initio and density functional theory (DFT)
calculations obtained for Ti-silicalites and their modified analogues by V ion-implantation.
Calculations were performed using the Gaussian 94 and Gaussian 98 program packages. The
precursor silicalite was simulated by 5T cluster model (1, Figure 1) that consist of central SiO4
tetrahedron sharing its corners with four other SiO4 tetrahedra.3 1 is further used to obtain the
terminal and/or vicinal silanol groups of silicalite via a replacement of one or two SiO4 tetrahedra
around the central Si atom by OH group(s) as well as to mimick the respective Ti-silicalite
structures which were either non-implanted or V ion-implanted Ti-silicalites. In the latter case,
the implanted V ion containing Ti-silicalites were modeled by replacing the T atom (where T =
Si or Ti) either in the terminal or central positions of 1 and its other OH-group terminated
derivatives.
Geometry optimizations were carried out at the Hartree-Fock (HF) level of theory using the
standard double zeta quality Lanl2dz basis set. In addition, the geometries were optimized both at
the HF and DFT levels of theory using the standard 6-31G* basis set. DFT calculations were
performed with the use of Becke’s three- parameter hybrid method with the Lee, Yang and Parr
(B3LYP) gradient-corrected correlation functional. Vertical excitation energies (∆E) were
estimated using a single excitation CI method (CIS).
It was shown that ∆E for silica is quite large and is accompanied by very low intensity. In
going from silica to Ti-silicalite and further Ti-silicalite modified by V ion-implantation, ∆E
gradually decreases, showing that the excitation shifts into longer wavelength regions. The order
of such changes correlates well either with the LUMO level energies or with the difference in the
HOMO and LUMO energies estimated for these models. V ions implanted into Ti-silicalites
preferably locate in the next-neighbor positions of highly dispersed Ti ions via the formation of a
Ti-O-V linkage. The presence of such linkages shifts the excitations into longer wavelength
regions. These findings completely support our experimental observations with similar silicalite
derivatives.
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Photofunctional zeolites: Synthesis, Characterization, Photocatalytic Reactions, Light
Harvesting. Ed. M. Anpo, Nova Sci. Publ. 2000, pp. 236.
2
M. Anpo, Catal. Surveys. Jpn. 1997, 1, 169.
3
N.U. Zhanpeisov, M. Matsuoka, H. Yamashita, M. Anpo. J. Phys. Chem. B. 1998, 102, 6915

Figure 1. T1 = Si or Ti; T2, T4, T5 = Si; T3 = Si or Ti or V.
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