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DENSITY SCALING AND EXCHANGE-CORRELATION

ENERGY

Á Nagy

Department of Theoretical Physics, University of Debrecen,
and Atomic and Molecular Physics Research Group of the Hungarian

Academy of Sciences, H–4010 Debrecen, Hungary

A novel way of determining exchange-correlation energy is presented
based on the density scaling proposed by Chan and Handy [1]. It is
shown that there exist a value of the scaling factor for which the correla-
tion energy disappears. The OPM and KLI methods are generalized to
incorporate correlation. The ζKLI method as simple as the original KLI
method is proposed.

[1] G. K.-L. Chan and N. C. Handy, Phys. Rev. A, 1990, 59,
2670.
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An improved density matrix functional by physically motivated orbital-
dependent repulsive corrections

Oleg Gritsenko (1), Katarzyna Pernal (1,2), and Evert Jan Baerends(1)

(1) Afdeling Theoretische Chemie, Vrije Universiteit, De Boelelaan1083,
1081 HV Amsterdam, The Netherlands

(2) Institute of Physics, University of Szczecin, Wielkopolska 15, 70-451,
Szczecin, Poland

Functionals of density matrix functional theory (DMFT) can serve as a
paradigm of (virtual) orbital-dependent functionals of DFT. To fulfil this
promise, however, the quality of the existing DMFT energy functionals
should be considerably enhanced. This problem is tackled by developing an
improved density matrix functional (BBC), in which a hierarchy of physically
motivated corrections is employed to the strongly overbinding functional of
Buijse and Baerends (BB, also known as the corrected Hartree, CH,
functional). The leading correction C1 restores the repulsive exchange-
correlation (xc) interaction between electrons in weakly occupied natural
orbitals (NOs) as it appears in the exact electron pair-density for the limiting
two-electron case. The second correction C2 reduces the xc interaction of the
BB functional between electrons in strongly occupied NOs to an exchange-
type correction. A similar correction C3 is also applied for the interaction of
the antibonding orbital of a dissociating molecular bond. With these
corrections, BBC still retains a correct description of strong non-dynamical
correlation for the dissociating electron pair bond. BBC greatly improves the
quality of the BB potential energy curves for the prototype few-electron
molecules and in several cases BBC reproduces very well the benchmark ab
initio potential curves. The average error of the self-consistent correlation
energies obtained with BBC3 for prototype atomic and molecular systems is
only ca. 6%. 
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An Information Theory approach for the Construction of a
Similarity Index for Atoms

A. Borgoo, F. De Proft, P. Geerlings

Eenheid Algemene Chemie (ALGC) Vrije Universiteit Brussel,
Pleinlaan 2, 1050 Brussel, Belgium

In our work we investigate Quantum Similarity for atoms. Our goal is to
construct a Similarity index which reveals the periodicity of the physical
and chemical properties, which are conceiled in the densities and shape
functions throughout the Mendeleev Table. Earlier work showed that
the mear application of the Carbo Similarity Index 1, used for comparing
molecular systems, does not show the sought characteristics. Inspired
by some recent publications we introduced the concept of Information
Entropy. Evaluating this information theory based functional for each
atom, with its core as reference did uncover a periodic evolution through
Mendeleev’s Table, with improved results when the shape function is used
to evaluate the Entropy functional 2. This confirms recent literature on
the fundamental role of the shape function as carrier of information 3. We
are currently devising a similarity index, based on the entropy functional,
aiming for a periodic similarity index.
[1] R. Carbó-Dorca, , J. Arnau, L. Leyda, Int. J. Quant. Chem.,

1980, 17, 1185.
[2] A. Borgoo, M. Godefroid, K. D. Sen, F. De Proft, P. Geerlings,

Chem. Phys. Let., 2004, 399, 363
[3] P. W. A. Ayers, Proc. Natl. Acad. Sci., 1995, 17, 2000
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Role of Local and Global DFT based indices in the Estimation of 
Interaction Energy Components of Stacked Aromatic Molecules 

Pierre Mignon, Stefan Loverix, Paul Geerlings. 

Eenheid Algemene Chemie (ALGC) 
Faculteit Wetenschappen, Vrije Universiteit Brussel, 

Pleinlaan 2, 1050 Brussels, Belgium.

A set of stacked complexes comprising aromatic nitrogen bases/nucleobases 
and substituted benzenes has been studied to test local and global DFT 
based reactivity indices 1 for their ability to predict interaction energy 
components. From its relationship with the softness and polarisability, the 
global hardness index has been tested to estimate the correlation interaction 
energy (dispersion energy) between pyridine stacked in parallel displaced 
arrangements with substituted benzenes 2. Likewise, the benzene ring 
polarisability was successfully used to predict the dispersion interaction 
between various aromatic nitrogen bases and nucleobases stacked with 
substituted benzenes 3. Finally the local hardness computed above the 
benzenes’ rings or in para position from the substituent, performed nicely to 
predict the electrostatic interaction, for parallel as well as T-shaped 
arrangements. Moreover the local hardness appeared to be a key index 
relating the electrostatic interaction between benzenes and the aromatic base 
and the hydrogen bonding ability of the latter 4. This presentation includes 
also a brief presentation of the effect of the stacking interaction on the 
hydrogen bonding ability of aromatic bases and nucleobases. 

[1] Geerlings, P.; De Proft, F.; Langenaeker, W. Chem. Rev. 2003, 103,
1793.

[2] Mignon, P.; Loverix, S.; De Proft, F.; Geerlings, P. J. Phys. Chem. A
2004, 108, 6038. 

[3] Mignon, P.; Loverix, S.; Geerlings, P. Chem. Phys. Lett. 2005, 401, 40. 
[4] Mignon, P.; Loverix, S.; Steyaert, J.; Geerlings, P. Nucleic Acids Res.

2005, Accepted.

Methodology and Applications P5 Methodology and Applications P6

The Nuclear Fukui Function in the Context of the Spin Polarized 
Density Functional Theory. 

Eduardo Chamorro1, Frank De Proft2, Paul Geerlings2

Department of Chemistry, Universidad Andrés Bello. Av. República 275, 
Santiago. Chile.1 Department of Chemistry. Vrije Universiteit Brussel - 

Pleinlaan 2 - 1050 - Brussel2

Density functional theory (DFT) has provided a fruitful framework for the 
development of a powerful theory of chemical reactivity. In this framework,
electronic and/or nuclear reactivities are naturally described in terms of the 
coefficients of Taylor expansions for the electronic and/or total energy 
functionals.  Complete hierarchies of chemical descriptors are understood in 
terms of global and local responses of the system to global or local 
perturbations.1

In this work, we focus on the definition, and application of a nuclear Fukui 
function within the context of the spin polarized DFT,2 which measures the 
magnitude and direction for the change of the force F� acting on nucleus �,
under changes in the spin number Ns, at fixed external potential v(r) and 
total number of electrons N, 
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Such a quantity will provide new insights about molecular geometry 
changes upon excitation.  In this work, we explore the derivation and the
relationship of this descriptor with the other electronic and nuclear indexes 
in a canonical ensemble [N,Ns,v(r)], as well as its connection with chemical 
binding using a spin analog of Berlin’s function.

[1] Geerlings P.; De Proft F.; Langenaeker W. Chem. Rev. 2003, 103, 1793. 
[2] Galvan, M.; Vela, A; Gazquez J. L. J. Phys. Chem. 1988, 92, 6470; 

Galvan, M. Vargas, R. J. Phys. Chem. A. 1992, 96, 1625. 

Open-Shell Localized Hartree-Fock Method For a

Self-Consistent Treatment of Excited States

Fabio Della Sala1, Vincenzo Vitale1, and Andreas Görling2

1National Nanotechnology Laboratory of INFM
Università degli Studi di Lecce, Lecce, Italy

2Lehrstuhl für Theoretische Chemie
Universität Erlangen-Nürnberg, Erlangen, Germany

The Open-Shell Localized Hartree-Fock (OSLHF) method [1] is extended
within the Generalized Adiabatic Connection Kohn-Sham formalism to
treat excited electronic states which are not the energetically lowest of
their symmetry. The method is numerically stable, self-interaction free
and allows for a fully self-consistent computation of excited valence as
well as Rydberg states of molecules. In contrast to the common time-
dependent density-functional methods, the OSLHF approach is capa-
ble of treating doubly or multiply excited states and can be applied to
molecules with an open-shell ground state and charge-transfer systems.

Fig.1 ‘Correction term’ of the OSLHF
potential for the 3 1

A1 state of Furan.

The local multiplicative
Kohn-Sham exchange po-
tential for a given singlet,
triplet or multiplet excited-
state can be obtained.
We show that on nodal
surfaces of the energetically
highest occupied orbital the
OSLHF exchange potential
asymptotically approaches
a different, i.e., nonzero,
value than in other regions
[2].

[1] F. Della Sala and A. Görling, J. Chem. Phys., 2003, 118, 10439.
[2] F. Della Sala and A. Görling, Phys. Rev. Lett., 2002, 89, 033003.
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Assessment of the performance of the Perdew–Zunger
self-interaction corrected density functional theory

Oleg A. Vydrov and Gustavo E. Scuseria

Department of Chemistry, Rice University,
6100 Main Street, Houston, Texas 77005

The Perdew–Zunger self-interaction-corrected (PZ-SIC) density functio-
nal theory was implemented self-consistently using a quasi-Newton direct
minimization method [1]. Our implementation works with Gaussian ba-
sis sets and can be used with a variety of exchange-correlation functionals
including hybrids. We calculated enthalpies of formation of the standard
G2-1 test set and found that PZ-SIC improves agreement with exper-
iment only for the LSDA functional, while all other functionals show
worse performance upon introducing PZ-SIC [1].
We also calculated ionization potentials (IP) and electron affinities (EA)
of first- and second-row atoms and a set of small molecules [2]. IPs and
EAs were obtained by two methods: as the difference in SCF energies of
neutrals and ions (∆SCF), and as negatives of highest occupied orbital
energies. We found that, except for LSDA, PZ-SIC worsens ∆SCF IPs
and EAs. On the other hand, PZ-SIC brings orbital eigenvalues into
much better agreement with electron removal energies. Spherical averag-
ing of orbital densities, which is commonly used in approximate PZ-SIC
calculations in atoms, was found to improve the performance of PZ-SIC
for GGA functionals.
We also demonstrated that PZ-SIC improves description of odd-electron
systems and prediction of activation barriers of chemical reactions.
Overall, the performance of PZ-SIC is ambivalent. PZ-SIC tends to over-
correct many-electron systems and in some cases it impairs accuracy of
approximate functionals.

[1] O. A. Vydrov and G. E. Scuseria, J. Chem. Phys., 2004, 121,
8187.

[2] O. A. Vydrov and G. E. Scuseria, to appear in J. Chem. Phys.
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Time-Dependent Density-Functional Theory study of singlet

and triplet excitation energies in oligothiophenes

Eduardo Fabiano1, Fabio Della Sala1, Roberto Cingolani1, Martin
Weimer2 and Andreas Görling2

1National Nanotechnology Laboratory of INFM
Università degli Studi di Lecce, Lecce, Italy

2Lehrstuhl für Theoretische Chemie
Universität Erlangen-Nürnberg, Erlangen, Germany

The theoretical investigation of the chain-length evolution of the relative
energetic position of the singlet and triplet excited states in oligothio-
phenes is of fundamental importance to understand the photophysics of
these materials.This issue has so far been investigated either by semiem-
pirical methods [1] or by ab-initio calculations for small oligomers only
[2].

.25 .33 .500.2
1/n

2,4

2,6

2,8

3

3,2

3,4

3,6

3,8

4

4,2

4,4

En
er

gy
 [e

V]

LDA
B-P
B3LYP
LHF
CC2
PD-PES

In this work explore the ability, still
under debate [3], of time-dependent
density-functional theory (TD-DFT)
to correctly describe the relative en-
ergetic position of singlet and triplet
states in oligothiophenes. We study
excitation energies using TD-DFT
with different exchange-correlation
functionals and compare the results
with ab-initio results and experimen-
tal data [4].

We find that TD-DFT can give a good description of the chain length
evolution, especially with an hybrid kernel, and it is used for the reassig-
ment of experimental data [5].

[1] D. Beljionne, et al., J. Am. Chem. Soc., 1996, Vol, 118, 6453.
[2] M. Rubio, et al., Chem. Phys. Chem., 2003, 4, 1308.
[3] S. Grimme, and M. Parac, Chem. Phys. Chem., 2003, 4, 292.
[4] S. Rentsch et al., Phys. Chem. Chem. Phys. 1999, 1, 1707.
[5] E. Fabiano et al., J. Phys. Chem A. 2005 in press.

Extended constrained-search theory: Arbitrary choice of basic variables 
in density functional theory 

Masahiko Higuchi1 and Katsuhiko Higuchi2

Department of Physics, Faculty of Science1

Shinshu University, Matsumoto 390-8621, Japan 
Graduate School of Advanced Sciences of Matter2

Hiroshima University, Higashi-Hiroshima 739-8530, Japan 

We have recently proposed the extended constrained-search (ECS) theory in 
which arbitrary physical quantities can be chosen as basic variables in 
addition to the electron density.1-3  The ECS theory has two advantages over 
the conventional density functional theory (DFT).  One is that the ground 
state values of quantities which characterize the system can be reproduced 
directly by means of the Kohn-Sham orbitals, simultaneously with the ground 
state value of the electron density.  Another is that the approximate form of 
the exchange-correlation energy functional may be given in more efficient 
form than the conventional DFT.  
The validity of this theory has been confirmed by revisiting the previous 
theories such as the spin-density functional theory, current-density functional 
theory, LDA+U method and Hartree-Fock-Kohn-Sham scheme.  For 
example, if the occupation matrix of localized orbitals is chosen as one of 
basic variables, then we can obtain the single-particle equation which is 
equivalent to that of the LDA+U method.
Furthermore, toward the actual energy-band calculation within the ECS 
scheme, we have derived the exact expression for the exchange-correlation 
energy functional by using the coupling-constant technique.  It is expected to 
be a good starting point for developing the approximate form of the ECS 
exchange-correlation energy functional.

[1] M. Higuchi and K. Higuchi, Phys. Rev. B, 2004, 69, 035113. 
[2] K. Higuchi and M. Higuchi, Phys. Rev. B, 2004, 69, 165118. 
[3] K. Higuchi and M. Higuchi, Phys. Rev. B, 2005, 71, 035116. 

Improving the common-energy-denominator approximation 
to the exchange potential. 

A. Holas and M. Cinal 
Institute of Physical Chemistry of the Polish Academy of Sciences,  

44/52 Kasprzaka, 01-224 Warsaw, Poland 

It is shown that the accurate approximation to the exchange potential (XP) 
derived by Gritsenko and Baerends [1] (named the common-energy-
denominator approximation) and the equivalent one derived by Della Sala 
and Görling [2] (named the localized Hartree-Fock approximation) can be 
improved. For the spin subsystem described by N occupied Kohn-Sham 
orbitals, we define an approximate XP (AXP) which depends on (N-1) free 
parameters. By setting all parameters equal 1, our AXP reduces to the 
previous one. The parameters can be varied to optimize this AXP. It can be 
shown that the original AXP follows from the “optimized effective 
potential” equation [which defines the exact XP (EXP)] after replacing in it 
all energy denominators by a common value. The present AXP corresponds 
to replacing there selected groups of denominators by common values. The 
large-r asymptotics  -1/r  of the EXP is reproduced by our AXP for any 
fixed set of parameters. Criteria of optimization of this AXP are discussed 
and results shown on examples. 

[1]  O.V. Gritsenko, E.J. Baerends, Phys. Rev. A, 2001, 64, 042506. 
[2]  F. Della Sala, A. Görling, J. Chem. Phys., 2001, 115, 5718. 

Applications of long-range-corrected density functional theory

Takao Tsuneda

Department of Quantum Engineering and Systems Science, Graduate
School of Engineering, The University of Tokyo, Tokyo 113-8656, Japan

A long-range-corrected (LC) density functional theory (DFT) [1] was
applied to calculations of various systems, which have been poorly eval-
uated by conventional DFTs: van der Waals (vdW) complexes [2,3],
charge transfer (CT) complexes [4], nonlinear optical systems [5], reac-
tion systems, and biological systems. For vdW complexes, we calculated
potential energy surfaces of rare-gas dimers [2,3], diatomic molecules with
He complexes [3], and benzene dimers by combining the LC exchange-
correlation functional with Andersson-Langreth-Lundqvist (ALL) vdW
functional. As a result, we found that this LC-DFT+ALL functional
gave very accurate potential energy surfaces even with small basis sets
equivalent of the second-order Møller-Plesset perturbation results calcu-
lated with very large basis sets. We also calculated electronic excita-
tion energies including CT energies by applying the LC scheme to the
time-dependent DFT (TDDFT). Consequently, we confirmed that the
LC scheme obviously improved excitation energies of various systems es-
pecially for CT energies of ethylene-tetrafluoroethylene dimer [4] and 4-
N,N-dimethylamino-benzonitrile (DMABN). Following these results, the
LC method was applied to excited-state molecular dynamics based on
TDDFT. We first ran the simulation of the cis-trans isomerization of
protonated retinal, which is known to proceed through the intramolec-
ular CT in π-orbitals of retinal. As a result, we succeeded in tracing
whole isomerization process within the framework of TDDFT. Besides,
we found that overestimated optical properties and reaction energy bar-
riers were both fairly improved by the LC scheme.

[1] H. Iikura, T. Tsuneda, T. Yanai, and K. Hirao, J. Chem. Phys., 2001, 115, 3540.
[2] M. Kamiya, T. Tsuneda and K. Hirao, J. Chem. Phys., 2002, 117, 6010.
[3] T. Sato, T. Tsuneda and K. Hirao, Mol. Phys., in press.
[4] Y. Tawada, T. Tsuneda, S. Yanagisawa, T. Yanai and K. Hirao, J. Chem. Phys.,
2004, 120, 8425.
[5] M. Kamiya, H. Sekino, T. Tsuneda, and K. Hirao, J. Chem. Phys., in press.
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Exchange Representations in Kohn-Sham Theory  

Andrew M Teale and David J Tozer

Department of Chemistry, University of Durham,  
South Road, Durham, DH1 3LE, UK  

Following our recent work[1,2] using LHF exchange-only theory[3], we 
extend our investigation to compare several finite basis set exchange-only 
Kohn-Sham methods. We perform calculations using the Slater[4], KLI[5], 
LHF, ZMP[6], OEP[7,8], WY(HF)[9], and LDAX[10] exchange 
representations. Specifically, NMR shielding constant calculations are used 
as a sensitive probe to highlight subtle di�erences in the exchange-
correlation potentials, densities, and frontier orbitals obtained from each 
approach. The importance of the HOMO-LUMO gap to the calculation of 
NMR shielding constants is reiterated. A strong spatial correlation between 
di�erences in the potentials and densities is observed and is reflected in a 
comparison of the molecular orbitals obtained from the various exchange 
only methods.  

References

[1] A.M. Teale, D.J. Tozer, Chem. Phys. Lett., 2004, 383, 109.
[2] A.M. Teale, D.J. Tozer, J. Chem. Phys., 2005, 122, 034101.
[3] F. Della Sala, A. G¨orling, J. Chem. Phys., 2001, 115, 5718.
[4] J.C. Slater, Phys. Rev., 1951, 81, 385.
[5] J.B. Krieger, Y. Li, G.J.Iafrate, Phys. Rev. A,1992,45, 101.
[6] Q.Zhao, R.C.Morrison, R.G.Parr,Phys. Rev. A,1994,50,2138.
[7] J.D. Talman, W.F. Shadwick Phys. Rev. A, 1976, 14, 36.
[8] W. Yang, Q. Wu, Phys. Rev. Lett., 2002, 89, 143002.
[9] W. Yang, Q. Wu, J. Chem. Phys., 2003, 118, 2498.
[10] L.J. Sham, W. Kohn, Phys. Rev., 1965, 140, A1133.
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Semi-empirical fitting of exchange-correlation functionals

Thomas W Keal and David J Tozer

Department of Chemistry, University of Durham,
South Road, Durham DH1 3LE, UK

We describe our continuing work to improve the quality of semi-empirical
exchange-correlation functionals in DFT by fitting to a diverse range of
properties with a large number of training molecules. This highly empirical
approach can result in significant improvements in accuracy over competing
generalised gradient approximation (GGA) and hybrid functionals.

Previous studies [1,2] have shown that a simple gradient correction to the
local density approximation can provide NMR shielding constants for
challenging main-group nuclei that are 2-3 times more accurate than those
of conventional GGAs and hybrids. These functionals were denoted KT1
and KT2. By adding one additional exchange term, the KT3 GGA
functional was developed [3], which retained the quality of shielding
constants while substantially improving the performance for other
properties. In particular, it gives atomisation energies that are as accurate as
the best competing GGA functionals and equilibrium molecular bond
lengths that are as accurate as the best hybrid functionals. However, its
performance for classical reaction barriers is relatively weak. We describe
our attempts to develop new GGA and hybrid functionals that give
improved reaction barriers while retaining the high quality performance of
KT3 for other properties.

[1] T.W. Keal and D. J. Tozer, J. Chem. Phys. 2003, 119, 3015.
[2] M.J. Allen, T.W. Keal and D.J. Tozer, Chem. Phys. Lett. 2003, 380, 70.
[3] T.W. Keal and D.J. Tozer, J. Chem. Phys. 2004, 121, 5654.
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A Practical Scheme for Quantum Transport using Time-Dependent 
Density Functional Theory

S. Kurth
1

, G. Stefanucci
2

, C.-O. Almbladh
2

, A. Rubio
3

, E.K.U. Gross
1

1

Institute for Theoretical Physics, Free UniversityBerlin, Germany  

2

Solid State Theory, Lund University, Lund, Sweden  

3

Donostia International Physics Center, San Sebastian/Donostia, Spain

The Landauer formalism is a popular method to calculate the current of non-
interacting electrons through a mesoscopic or nanoscopic system connected to 
two (or more) macroscopic electrodes in the steady-state. Here we present a 
time-dependent description of transport based on the time evolution of the 
non-interacting Schrödinger equation. We develop a numerical algorithm for 
the time propagation of extended states. For simple model systems, the 
scheme is used to compute the time-dependent current in response to an 
external dc or ac bias. As expected, for a dc bias the system evolves to the 
steady state predicted by the Landauer formula. Using the algorithm in the 
framework of time-dependent density functional theory allows for the 
description of transport of interacting electrons beyond the Landauer 
formalism.  

Optimized E�ective Potentials in Current Density Functional Theory 

S. Pittalis, S. Kurth, N. Helbig and E.K.U. Gross 

Free UniversityBerlin, Arnimallee 14 D-14195 Berlin 

The proper description of many-electron systems in the presence of mag-
netic fields within a density-functional framework requires the current 
density to be used as basic variable besides the electron density. Unlike in 
ordinary spin-density functional theory (SDFT), where only the coupling of 
the magnetic field to the spin degrees of freedom is taken into account, in 
current-density-functional theory (CDFT)one also allows for the coupling to 
the orbital currents. Moreover, in the limit of zero external magnetic fields
the Kohn-Sham (KS) equations in CDFT do not reduce to the KS equations 
in SDFT. Electron-gas-based (LDA-type) functionals of CDFT exhibit 
derivative discontinuities as a function of the magnetic field whenever a new 
Landau level is occupied which makes them di�cult to use in practice. 
However, since the appearance of Landau levels intrinsically is an orbital 
e�ect, it is appealing to use orbital-dependent functionals. Here, we present 
an optimized e�ective potential (OEP) method within a CDFT framework 
which allows for the use of explicitly orbital-dependent functionals in self-
consistent computations. The derivation of these equations and a 
numerically tractable scheme for their solution within a KLI-type 
approximation is presented. Numerical results at the exact exchange-only 
level for open shell atoms without external magnetic field, and quantum dots 
in an external magnetic field are discussed.

Methodology and Applications P15
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Nuclear Fukui Function from Non-integral Electron Number 
Calculations

 Carlos Cárdenas
a

, Eduardo Chamorro
a

, Marcelo Galvan
c

 and Patricio 
Fuentealba

b

a) Universidad Andrés Bello, Av. Républica 275, Santiago, Chile.
b) Universidad de Chile, Departamento de Física, Facultad de Ciencias, 
Casilla 653, Santiago, Chile.
c) Universidad Autónoma Metropolitana-Iztapalapa, Departamento de 
Química, Mexico DF, Mexico. 

The nuclear Fukui function (NNF) introduced by Cohen et al. [1] has 
generated many interest in nuclear chemical reactivity context. It allows
to describe the change of the forces on the nuclei associated to a 
perturbation in the number of electrons

)r(N
F

�

� �
�
�

�
�
�
�
�

� ��

To date few works have been reported about this index, which are 
limited to diatomic molecules and the prediction of the Jahn-Teller 
distortion for a series of molecules [2]. Three schemes have been 
reported to calculate the NFF, namely: the finite difference
approximation for energy gradient, the numerical interpolation of the 
chemical potential gradient and via closed-shell coupled perturbed HF 
equations [2]. In this work we report a new approximation to calculate 
the NFF: a numerical interpolation of the forces for non-integral 
occupation numbers based on the Janak version of the density functional 
theory [3].

[1] M. H. Cohen, M. V. Ganduglia-Pirovano, and J. Kudrnovsky, J.
Chem. Phys. 1994, 101, 8988.

[2] a) Frank De Proft, Shubin Liu, and Paul Geerlings, J. Chem. Phys.
1998, 108, 7549. b) R. Balawender and Paul Geerling, J. Chem. 
Phys. 2001, 114, 682.

[3] J. F. Janak, Phys. Rev. B. 1978, 18, 7165.

Empirical Energy-Density Relationships Applied to the Analysis of the 
Basicity of Strong Organic Superbases

E. Chamorro, C. A.  Escobar, R. Sienra M. and P. Pérez

Departamento de Ciencias Químicas, Facultad de Ecología y Recursos 
Naturales,  Universidad Andrés Bello. Av. República 275, Santiago. Chile.

The search and the rational design of strong organic superbases has received 
a great deal of experimental and theoretical attention during the last decades 
because their impact in medicinal, pharmaceutical, and organic synthesis 
applications.1
In this work, the site selectivity and reactivity in some strong organic super 
bases containing the imino group, RN=C(NR2)R three or more possible 
protonation sites, have been analyzed qualitatively in terms of global and 
local chemical reactivity descriptors within the context of density functional 
theory.  It has been found that the maximum regional Fukui function value 
correctly predicts the protonation site at the imino nitrogen in each 
superbase. Hammet-like energy-density linear relationships between global 
energy-dependent quantities (i.e. the proton affinity, PA) and the variation 
of the Fukui function �f(r), or the local softness, �s(r) at the imino nitrogen 
have been found,

0ln f k
PA f
PA

� �� � � �� �� �
, or 0ln s k

PA s
PA

� �� � � �� �� �
It seems that these linear relationships could be interpreted within a local 
HSAB rule framework, in analogy with the gas-phase basicity of 
alkylamines and gas-phase acidity of alcohols and thioalcohols.2

Acknowledgements: This work was supported by Fondecyt, grants Nos. 1030173, and 
1020069.  We also thanks to UNAB, grants 08-03, 16-04, 15-04, 41-04 and 17-04. We are 
grateful to the Millennium Nucleus, grant N° P02-004-F (Mideplan and Conicyt).  

[1] See for instance: Kovacevic, B.; Baric, D.; Maksic, Z.B. New J. Chem.
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Dispersion corrected atom centered potentials
for density functional theory
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Recently, we have introduced a pragmatic scheme for the variational opti-
mization of atom based nonlocal external potentials within the framework of
density functional theory (DFT) in order to systematically improve the de-
scription of molecular properties [1]. Results for applying this approach to
describe London dispersion forces within conventional generalized gradient
approximation DFT calculations are presented [2-4]. Specifically, a small li-
brary of dispersion corrected atom centered potentials (DCACP) is obtained
by calibration of typical van der Waals systems such as Ar2, Kr2, (Br2)2, and
the benzene-dimer in its sandwich configuration. Then, the performance of
these DCACPs is assessed for various weakly bonded complexes. We investi-
gate (i) ideal van der Waals clusters of the type ArnKrm (∀ n, m ∈ {0,1,2,3,4}
and 2 ≤ n+m ≤ 4), (ii) other configurations of the benzene dimer, (iii) the
benzene and the graphite crystal, (iv) the hybridization for methane, ethane,
ethylene, and acetylene dimers, (v) the effect of other predominant interac-
tions (covalent bonds, hydrogen bonds, permanent dipole moments) for the
cyclooctatetraene molecule and the hydrogen bromide dimer. While the com-
putational cost remains constant for all the DCACP-DFT calculations, the
transferability of the DCACPs to this extended set of complexes is remark-
ably good.

[1] O.A. von Lilienfeld, et al., J. Chem. Phys., 2005, 122, 14113.
[2] O.A. von Lilienfeld, et al., Phys. Rev. Lett, 2004, 93, 153004.
[3] O.A. von Lilienfeld, et al., Phys. Rev. B, 2005, accepted.
[4] E. Tapavicza, et al., 2005, submitted.
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Stationarity principle for non-equilibrium states 

Matthias Ernzerhof and Sergey N. Maximoff

Department of Chemistry 
University of Montreal 

C.P. 6128, Succursale A 
Montreal, Quebec H3C 3J7 

Canada

Stationary current transport through molecular electronic devices (MEDs) 
represents a non-equilibrium problem. We develop a pseudo-Hermitian 
Hamiltonian that yields eigenfunctions describing the non-equilibrium state. 
A stationarity principle for the pseudo-Hermitian Hamiltonian is constructed 
that resembles the variational method of conventional Hermitian quantum 
mechanics. This stationarity principle permits the use of many techniques of 
conventional electronic structure theory, such as the configuration 
interaction method. As an application of the stationarity principle, we 
develop a generalization of Kohn-Sham density functional theory suitable 
for MEDs.
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Application of density functional theory to problems of molecular 
electronics

Matthias Ernzerhof, Min Zhuang, Sergey N. Maximoff, Philippe Rocheleau, 
and Hilke Bahmann

Department of Chemistry 
University of Montreal 

C.P. 6128, Succursale A 
Montreal, Quebec H3C 3J7 

Canada

Typically, a molecular electronic device (MED) consists of a molecule 
attached to two metal contacts. A key property of MEDs is their electrical 
conductance. The basic concepts governing current transport through 
molecules will be explained. We present different methods for the 
calculation of the conductance of MEDs that are derived from density 
functional theory. Various applications of our theoretical tools are discussed 
that aim at understanding the mechanism of electron transport. The systems 
studied include a molecular photo switch and polycyclic aromatic 
molecules.
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Optimization of atom centered potentials for the description of weak
interactions in DFT: Extending the library to first row elements

Maurício D. Coutinho-Neto, I-Chun Lin, O. Anatole von Lilienfeld, Ivano
Tavernelli, Michele Cascella, and Ursula Rothlisberger

Ecole Polytechnique Fédérale de Lausanne (EPFL),
Laboratoire de Chimie et Biochimie Computationelle,

CH-1015 Lausanne, Switzerland

The lack of proper description of dispersion forces in DFT when using gen-
eralized gradient corrected functionals is addressed by using dispersion cal-
ibrated atom centered nonlocal potentials (DCACPs). In this scheme [1-2]
a nonlocal potential is constructed from individually calibrated components
for each atom. The aim of this communication is three fold: a) to present
an improved procedure for obtaining the parameters needed for determin-
ing the DCACPs that ensure a better description of the long range behav-
ior while keeping the previously employed simple functional form; b) to
present transferability studies for newly determined parameters for first row
elements (Boron, Oxygen, Nitrogen, Fluorine), and c) to investigate the de-
pendency of the DCACPs on the underlying xc-functional being used. To this
end DCACPs obtained for rare gases using BLYP and PBE xc-functionals
are compared. Particular emphasis is placed on the study of van der Waals
complexes of simple aromatic heterocycles (O,N). The proper consideration
of weak interactions will surely improve the first principles description of
biomolecules where these effects are of major importance such as in DNA.
The simple and effective functional form of the DCACPs warrants their use
within a first principles molecular dynamics framework with negligible addi-
tional computational cost.
[1] O.A. von Lilienfeld, et. al., Phys. Rev. Lett., 2004, 93, 153004.
[2] O.A. von Lilienfeld, et. al., J. Chem. Phys., 2005, 122, 14113.
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Photophysical Behaviour and Photoinduced Intramolecular Electron
Transfer in Ru and Os Complexes: Insights from Theory

Ilaria Ciofinia, Nathalie Boueta, Philippe P. Lainéb and Carlo
Adamoa
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05 France; b Laboratoire de Chimie et Biochimie Pharmacologiques et,
Toxicologique Université René Descartes, 45 rue des Saints Pères, F-75270,
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The photophysical behavior of a series of Ru(II) and Os(II) complexes has
been analyzed using a modern and effective approach to density functional
theory (DFT). The Time Dependent-DFT approach was used to interpret the
electronic spectra of a series of inorganic dyads, P-A (see Figure), expected
to undergo intramolecular photoinduced ET to form charge separated state,
of pivotal interest in many applications, including solar energy conversion
and molecular electronics [1-2]. In all the considered cases, besides the
noticeable quantitative agreement between computed and experimental
absorption spectra, our results allow to clarify, by first principles, the nature
of the excited states. The interplay of the electronic and geometrical
coupling between the acceptor moiety and the photosensitizer was analyzed.
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[1] I. Ciofini, P. P. Lainé, F. Bedioui, C. Adamo, J. Am. Chem. Soc. 2004,
126, 10763.

[2] N. Bouet, I. Ciofini, P. P. Lainé, F. Bedioui, C. Adamo work in
progress
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Electron Propagator Approaches to DFT Reactivity Indices 

Junia Melin and J. V. Ortiz
Department of Chemistry, Kansas State University, Manhattan, Kansas 66506-3701.

An application of electron propagator formalism to calculate reactivity 
indexes of different chemical systems is presented. Solving the Dyson equation 
implicitly considers an electronic transition, and its eigenfunctions are Feynman-
Dyson amplitudes (or Dyson orbitals).  Using Koopmans’ theorem, Dyson orbital 
energies can be related to ionization potentials and electron affinities, therefore 
global reactivity indexes, such as chemical potential, hardness and electrophilicity 
can be directly obtained.  Local reactivity indices, such as the Fukui function and 
local softness, are related to the sensitivity of ionization potential and electron 
affinity to external perturbations. Consequently, local reactivity indices can also be 
computed using the electron propagator formalism.  

The approximations inherent to the electron propagator formalism are 
associated with the nonlocal self-energy operator. The simplest quasiparticle 
methods assume that off-diagonal elements of self-energy matrix can be neglected. 
The resulting Dyson orbitals are identical to canonical molecular orbitals, except 
for a correction factor (pole strength), but the corresponding orbital energies are 
correlated. Non-diagonal approximation techniques have been also implemented. 
Here orbital mixing is allowed, the orbital relaxation effects are included in the 
resulting Feynman-Dyson amplitudes.  

This study accounts for an exploration of the behavior of reactivity indexes 
under diagonal and non-diagonal approximations of the self-energy matrix. Results 
are compared with standard calculations of these indexes within DFT. Since Dyson 
orbital energies include correlation and orbital relaxation effects, our goal is to 
analyze chemical systems where orbital relaxation is important.  

1. J. V. Ortiz in Computational Chemistry: Reviwes of Current Trends Vol. 2, J. Leszczynski, 
World Scientific, Singapore, 1997), p 1.  
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Gas-phase structure determination: how DFT can help

Sarah L. Hinchley and David W. H. Rankin 

School of Chemistry, University of Edinburgh, West Mains Road, 
Edinburgh, EH9 3JJ, UK 

Structures determined in the gas phase using gas electron diffraction (GED) 
are free from intermolecular interactions that can affect solid-state 
structures. As a result, quite different structures can be obtained by solid-
state and gas-phase investigations of the same molecule. The gas-phase 
experiment is used to elucidate geometric parameters for a wide range of 
compounds, from small symmetric organic systems to large, asymmetric 
inorganic molecules. Data can also be used by computational chemists to 
calibrate new code and programs. In turn, for large, complicated systems, 
GED makes excellent use of computed parameters as extra data in the 
process of structure determination. 

This development, known as SARACEN1 (Structure Analysis Restrained by 
Ab initio Calculations for Electron diffractioN), has enabled many, some 
very complicated, systems to be studied that would previously have been 
inaccessible. A consequence of this is that many transition metal systems 
can now be studied, for which traditional ab initio methods often fail when 
predicting parameters that include the transition metal itself. A classic 
example of this is ferrocene,2 for which both HF and MP methods fail to 
model the Fe-ring distance, whilst DFT methods give good agreement with 
experimental values.  

This poster presents examples of systems containing heavy elements for 
which DFT has proved invaluable in the structure determination process. 

[1] See, for example, N. W. Mitzel and D. W. H. Rankin, J. Chem. Soc., 
Dalton Trans. 2003, 19, 3650. 

[2] A. Haaland and J. Nielson, Acta Chem. Scand. 1968, 22, 2653; W. 
Klopper and H. P. Lüthi, Chem. Phys. Lett. 1996, 262, 546; H. Koch, P. 
Jørgensen and T. Helgaker, J. Chem. Phys. 1996, 04(23), 9528. 
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N-representability of p-order reduced density matrix

Thierry Deutsch

DRFMC/SP2M/L Sim, CEA-Grenoble – France

The two-order reduced density matrix contains all information useful to
calculate the properties of a system of N fermions. In 1960, Coulson [1]
launched the idea, called Coulson’s challenge by Coleman [2], to replace
the many-body wavefunction with the two-order reduced density matrix
in quantum mechanics calculations. This could reduce dramatically the
complexity of the calculations and avoid some drastic approximations.
The problem was that the necessary and sufficient conditions to have a
p-order reduced density matrix which represents a system of N fermions
were not established at the exception of the first-order reduced density
matrix. Since 1960, many attempts have been made and some sufficient
or necessary conditions have been obtained.
The necessary and sufficient conditions to have a N -representable p-
order reduced density matrix, i.e. corresponding to a wavefunction of
N fermions where p is an integer between 1 and N , will be proposed in
this presentation. Exact calculations could now be tractable for fermions
without any many-body wavefunction.

[1] Coulson, Rev. Mod. Phys, 1960, 32, 170.
[2] Coleman and Yukalov, Reduced Density Matrices. Coulson’s

challenge, 2000, Springer
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CP2K/QUICKSTEP: Fast and accurate density functional calculations

Matthias Krack

Computational Science, Department of Chemistry and Applied Biosciences,
ETH Zurich, USI-Campus, via G. Buffi 13, CH-6900 Lugano, Switzerland

email: krack@phys.chem.ethz.ch

QUICKSTEP1 is an implementation of the Gaussian and plane waves (GPW)
method2 which is based on the Kohn-Sham formulation of density functional
theory (DFT). Gaussian basis sets and pseudopotentials optimized for the
use with QUICKSTEP are presented to show its accuracy. The efficiency of
QUICKSTEP allows to use large Gaussian basis sets for systems up to 3000
atoms. In this way atomistic and molecular simulations of solid state, liquid,
molecular and biological systems can be performed. QUICKSTEP is designed
to run efficiently on both supercomputers and PCs. The QUICKSTEP code is
part of the freely available program package CP2K3.

[1] J. VandeVondele, M. Krack, F. Mohamed, M. Parrinello, T. Chassaing,
J. Hutter, Comput. Phys. Commun., 2005, 167, 103

[2] G. Lippert, J. Hutter, M. Parrinello, Mol. Phys., 1997, 92, 477
[3] http://cp2k.berlios.de

Comparison of different relativistic unrestricted  
two-component approaches for calculations of  

EPR parameters  

Michal Repiský1, Vladimir G. Malkin1, Irina Malkin2, Olga L. Malkina1, 
Martin Kaupp2,  Stanislav Komorovský1

1 Institute of Inorganic Chemistry, Slovak Academy of Sciences, 
Dúbravská cesta 9,   SK-84536, Bratislava, Slovak Republic 

2 Institut für Anorganische Chemie, Universität Würzburg,  
Am Hubland,  D-97074 Würzburg, Germany 

Relativistic effects play an important role in heavy element chemistry. 
This is especially visible in EPR spectroscopy because all the operators 
responsible for those magnetic interactions can be naturally derived only 
from a relativistic theory. While the calculation of EPR parameters using the 
Dirac 4-component equation is a rather difficult task, different 2-component 
approximations have been suggested. In the present work, we implemented 
and compared 2-component relativistic Douglas-Kroll-Hess and ZORA 
approaches with the Dirac method. All considered methods are based on 
Density Functional theory in its unrestricted non-collinear implementation. 
Using three SCF calculations with orthogonal orientations of total spin, the 
full g-matrix and HFS tensor are obtained. The new methods remove 
effectively the dilemma existing up to now, regarding the simultaneous 
inclusion of spin polarization and higher-order spin-orbit effects in 
calculations of g- and HFS tensors. Moreover, it is straightforwardly 
applicable to higher than doublet spin multiplicities. 
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









          
       
        
          

         
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    

           
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Visualization of nuclear spin-spin coupling pathways 
by real-space functions 

Olga L. Malkina, Vladimir G. Malkin 

Institute of Inorganic Chemistry, Slovak Academy of Sciences, 
Dubravska cesta 9, SK-84236 Bratislava, Slovakia 

Indirect nuclear spin-spin coupling constants are amongst the most 
important magnetic resonance parameters, invaluable in establishing 
molecular structure from NMR spectroscopy. Their detailed understanding 
in terms of molecular and electronic structure is thus of central importance 
in many fields of research and has been pursued since the beginnings of 
NMR spectroscopy more than 50 years ago. For example, questions of 
“through-space” versus “through-bond” mechanisms, the coupling pathways 
in polycyclic systems and, most recently, spin-spin couplings through 
hydrogen bonds have stimulated intensive discussions. Different types of 
analyses were used to obtain further information about different 
contributions to spin-spin coupling in terms of localized or canonical 
molecular orbitals (MOs). While these approaches can provide very useful 
insight, their conclusions depend on MO transformations and are thus 
strongly model-dependent: different MO schemes may lead to conflicting 
interpretation.  

Here we will show that a model-independent description of spin-spin 
coupling is possible, based on real-space functions in three-dimensional 
space, which is appropriate for both localized and delocalized bonding 
situations [1,2]. The newly proposed and implemented real-space functions 
allow unprecedented insights into the pathways of indirect nuclear spin-spin 
couplings. In particular, this method allows one to distinguish through-space 
and through-bond interactions.  

[1] O.L. Malkina, V.G. Malkin, Ang. Chemie Int. Ed., 2003, 42, 4335.  
[2] O.L. Malkina, “Interpretation of indirect nuclear spin-spin coupling 

constants”, in “Calculation of NMR and EPR Parameters: Theory and 
Applications”, Eds. M. Kaupp, M. Bühl, V.G. Malkin, Wiley, 
Weinheim, 2004. 
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On the Applicability of DFT-based Reactivity Descriptors to Kinetically
and Thermodynamically Controlled Reactions

Karen Hemelsoet,1 Veronique Van Speybroeck,1 Damian Moran,2

Leo Radom2 and Michel Waroquier1

Center for Molecular Modelling,1 Laboratory of Theoretical Phyisics,
Ghent University, Proeftuinstraat 86, 9000 Gent, Belgium

School of Chemistry,2 University of Sydney, Sydney, NSW 2006, Australia

The addition of carbon-centered
radicals to a variety of unsaturated
molecules has been studied using
DFT-based reactivity descriptors
[1] and reliable kinetic information
from high-level ab initio
computations [2]. The hard and soft
acids and bases (HSAB) principle
has been used to order species with
similar chemical reactivity (global descriptors) and to address the radical
addition site-selectivity (local descriptors). Reactivity descriptors only
provide information on the onset of a reaction, hence they perform well for
kinetically controlled reactions, but tend to fail for thermodynamically
controlled processes like many radical addition reactions. A better
understanding of correlations between reactivity descriptors on the one hand
and kinetic and thermodynamic results on the other, is obtained by studying
the differences in the softness, the reaction barriers and the reaction
enthalpies [3,4]. As an extension of this approach, the correlation with the
Evans-Polanyi-Semenov relationship is studied.

[1] Geerlings P. et al. Chem. Rev. 2003, 103, 1793
[2] Fischer H. and Radom L. Angew. Chem. Int. Ed. 2001, 40, 1340
[3] Hemelsoet K. et al. J. Phys. Chem. A 2004, 108, 7281
[4] Van Cauter K. et al. Int. J. Quantum Chem. 2005, 102, 454

Virial and scaling relations for the exchange-correlation energy 
functional in the extended constrained-search theory 

Katsuhiko Higuchi1 and Masahiko Higuchi 2

Graduate School of Advanced Sciences of Matter1

Hiroshima University, Higashi-Hiroshima 739-8530, Japan 
Department of Physics, Faculty of Science2

Shinshu University, Matsumoto 390-8621, Japan 

The extended constrained-search (ECS) theory has recently been proposed so 
as to choose the electron density plus arbitrary physical quantities as basic 
variables.1  In order to perform the actual energy-band calculation within the 
ECS theory, a tractable form of the exchange-correlation energy functional is 
indispensable, i.e., some approximation has to be made on the 
exchange-correlation energy functional.
One of the strategies for developing such an approximate functional is to 
utilize some exact relations as sum rules which should be satisfied for the 
exchange-correlation energy functional.  Along the strategy, we discuss the 
virial theorem of the ECS theory.  The result gives a sum rule for the 
exchange-correlation energy functional.  The present virial relation is 
expected to be a good starting point toward the approximation of the 
exchange-correlation energy functional, since the density-moment expansion 
for the conventional exchange-correlation energy functional is based on its 
virial relation.
Furthermore, scaling requirements for the exchange-correlation energy 
functional are also derived in case where the paramagnetic current is chosen 
as the basic variable.  These sum rules can be utilized to determine the 
expansion coefficients of the exchange-correlation energy functional. We 
know that such an approach had already been used in the development of 
GGA exchange-correlation energy functional.   

[1] M. Higuchi and K. Higuchi, Phys. Rev. B, 2004, 69, 035113. 
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Polarization Consistent Basis Sets.

Frank Jensen
Department of Chemistry
SDU, Odense, Denmark

Polarization consistent basis sets are Gaussian basis sets optimized for
density functional calculations [1,2]. Some recent developments and
results will be presented.

[1] F. Jensen J. Chem. Phys. 116 (2002) 7372
[2] F. Jensen, T. Helgaker J. Chem. Phys. 121 (2004) 3462
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Extension of Sham-Schlüter equation 

Yasuteru Shigeta and Kimihiko Hirao

Department of Applied Chemistry, School of Engineering,
The University of Tokyo, Hongo, Tokyo 113-8656, Japan. 

    It is well-known fact that the Kohn-Sham density functional theory 
(KS-DFT) often gives well description for the ground state energy and 
properties at least qualitatively. Nevertheless the results depend on the choice 
of an exchange-correlation energy functional whose exact form is still 
unknown. In order to construct the exact functional, a relationship between 
the Green’s function (GF) method and KS-DFT has been investigated for 
three decades, because the Dyson equation has quite similar form to that the 
KS equation does. Conspicuous differences between these methods are that 
the exchange-correlation potential in the KS equation is local and 
energy-independent and is a functional of electron density. On the other hand, 
the self-energy in the Dyson equation is energy-dependent and has generally 
non-local potential. Sham and Schlülter have obtained an equation to derive a 
local and energy-independent potential from the GF formalism. Later Casida 
has proved that the Sham- Schlülter (SS) equation is regarded as one of the 
optimized effective potential (OEP) methods for GF. Very recently one of us 
has applied the SS equation to the multi-band superconductivity at finite 
temperature [1,2]. In this line, it is intrinsically necessary to construct 
non-local potential for the anomalous states. 
    In this work, we derive a non-empirical and (non-) local OEP using the SS 
equation. We then generalize the SS equation to those of temperature, 
Keldysh, and high order GFs starting from several consistency condition 
between exact and quasi-particle properties such as total energy, charges, 
density matrices, and so on. 

[1] Y. Shigeta, Int. J. Quantum Chem., 2005, 101, 774. 
[2] Y. Shigeta, K. Hirao, Phys. Rev. B, in preparation. 
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Implications of Symmetry Rules for the Aromaticity of Inorganic 
Clusters

Clémence Corminboeuf, R. Bruce King, Paul v. R. Schleyer 

Department of Chemistry and Center for Computational Chemistry, 
University of Georgia, Athens, Georgia 30602 

Isoelectronic clusters with the same basic cage structures may exhibit 
surprisingly different magnetic properties. For instance, nucleus-
independent chemical shift[1] (NICS) values, computed at cluster centers, 
may range considerably in magnitude and even change from diatropic to 
paratropic. The same is true for dissected canonical molecular orbital 
contributions to the total NICS values, computed by the GIAO method. This 
work proposes and validates the use of symmetry selection rules to predict 
the overall magnetic behavior of inorganic clusters.[2] The magnitude of 
paratropic (deshielded, down-field shifted) CMO-NICS[3] contributions to 
total NICS values also is clarified by these rules. Thus, HOMO-NICS values 
are paratropic only if the HOMO�LUMO rotational transition is allowed 
by symmetry selection rules derived from group theory. High symmetry 
inorganic cages are likely to exhibit spherical aromaticity if the 
HOMO�LUMO rotational transition is forbidden by these symmetry rules.

[1] Schleyer, P. v. R.; Maerker, C.; Dransfeld, A.; Jiao, H.; Eikema 
Hommes, N. J. R. J. Am. Chem. Soc. 1996, 118, 6317. 
[2] Corminboeuf, C.; King, R. B.; Schleyer, P. v. R. submitted to J. Chem. 
Theory Comput. 
[3] Heine, T.; Schleyer, P. v. R.; Corminboeuf, C.; Seifert, G.; Reviakine, 
R.; Weber, J. J. Phys. Chem. A 2003, 107, 6470. 
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Novel properties of the Kohn-Sham exchange-correlation potential for
open systems: Application to the two-dimensional electron gas

S. Rigamonti, F. A. Reboredo*, C. R. Proetto

Centro Atómico Bariloche and Instituto Balseiro, Av. E. Bustillo Km. 9.5,
8400 S. C. de Bariloche, Argentina

* Lawrence Livermore National Laboratory – Livermore, CA 94551, USA.

The properties of the Kohn-Sham (KS) exchange-correlation
potential for open systems in thermodynamical equilibrium, where the
number of particles is non-conserved, will be discussed [1]. A new accurate
calculation method has been designed for the treatment of strongly
correlated and inhomogeneous low-dimensional electronic systems [2]. The
two-dimensional electron gas formed at the interface between two
semiconductors (GaAs/AlxGa1-xAs) is used as an illustrative example.
Results are obtained through an exact solution of the Optimized Effective
Potential (OEP) method of DFT, at the exchange level. The main findings
are that the KS exchange potential builds a significant barrier-like structure
under slight population of the second subband, and that both the asymptotic
value of the KS exchange potential and the inter-subband energy jumps
discontinuously at the one subband → two subband transition. The results
obtained in this system offer new insights on open problems of
semiconductors, such as the band-gap underestimation and the band-gap
renormalization by photo-excited carriers. First results will be presented for
the KS correlation potential, as obtained with the OEP formalism, using a
first-principle orbital and eigenvalue dependent energy correlation
functional generated through the KS perturbation theory [3].

[1] S. Rigamonti, F. A. Reboredo, and C. R. Proetto, Europhys. Lett. 2005,
70, 116.

[2] F. A. Reboredo and C. R. Proetto, Phys. Rev. B 2003, 67, 115325; S.
Rigamonti, F. A. Reboredo, and C. R. Proetto, Phys. Rev. B 2003, 68,
235309.

[3] A. Görling and M. Levy, Phys. Rev. B, 1993, 47, 13105.
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Multi-Configuration Optimized Effective Potential Method

Martin Weimer and Andreas Görling

Lehrstuhl für Theoretische Chemie, Universität Erlangen-Nürnberg
Egerlandstrasse 3, 91058 Erlangen, Germany

Conventional Density Functional Methods fail to describe correctly cor-
relation and therefore are unable to describe energy and symmetry simul-
taneously correctly in bond-breaking or twisting of molecule fragments
against each other.

In order to solve these shortcomings and with the long-term objective
developing an applicable orbital-dependent description of exchange and
correlation, a multi-configuration optimized effective potential (OEP) ap-
proach is presented. It is technically related to the open-shell localized
Hartree-Fock method (Ref.1-3), an effective exact-exchange Kohn-Sham
approach for open-shell systems. In contrast to other OEP methods in-
cluding the open-shell localized Hartree-Fock wavefunction the model
wavefunction in the presented approach is neither a single determinant
nor a single configuration state function but a linear combination of con-
figuration state functions. The total electronic energy can be considered
as a functional of an effective local multiplicative potential, the orbital-
generating potential, which is determined by an OEP equation. This
OEP potential, a state- and thus orbital-dependent potential, covers be-
side exchange effects also correlation effects, namely static correlation.
Exemplary results for small and medium sized molecular systems are
presented focusing on potential curves of the dissociation and twisting of
molecular fragments.

References
1. A. Görling, Phys. Rev. Lett. 85, 4229 (2000).
2. F. Della Sala and A. Görling, J. Chem. Phys. 115, 5718 (2001).
3. F. Della Sala and A. Görling, J. Chem. Phys. 116, 5374 (2002).
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A first-principles many-body calculation based on a new density-matrix 
functional theory 

Koichi Kusakabe1, Masanori Takahashi1, Naoshi Suzuki1,
Shusuke Yamanaka2 and Kizashi Yamaguchi2

Graduate School of Engineering Science, Osaka University1

1-3 Machikaneyama-cho, Toyonaka, 560-8531, Japan 
Graduate School of Science, Osaka University2

1-1 Machikaneyama-cho, Toyonaka, 560-0043, Japan 

We have recently developed a new density-matrix functional theory which 
shows uniqueness of the interaction parameter U appearing in the extended 
Kohn-Sham equations (EKS)[1] via a proof given by a variational 
argument.[2] EKS is a rigorous version of the so-called LDA+U  formulation 
of the density functional theory. In the U term which is often cited as the 
Hubbard interaction in the literature, U is determined as a functional of the 
density-density correlation function i.e. a second-order reduced density 
matrix. We proposed a criterion to determine this unique U by reproducing 
the correlation function of the true ground state as well as the true density.

In this presentation, we give a practical method to determine U as well as the 
residual exchange-correlation functional starting from the CASCI-DFT 
calculation.[3] Accurate estimation of the fluctuation in a relevant open 
orbital is essential for our new EKS method. By obtaining the density-density 
correlation in each localized orbital or in each molecular orbital, we can give 
a criterion to determine optimized effective model for correlated electron 
systems. 

[1]  K. Kusakabe, J. Phys. Soc. Jpn. 2001, 70, 2038. 
[2]  K. Kusakabe, in “Introduction to the computational materials design”, H. 

Kasai ed. (Osaka University press) 2005.
[3] R. Takeda, S. Yamanaka, K. Yamaguchi, Chem. Phys. Lett. 2002, 366, 

321; Int. J. Quant. Chem. 2004, 96, 463. 
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Exact exchange Kohn-Sham and time-dependent DFT
calculations for periodic systems

Stefan Rohra and Andreas Görling

Lehrstuhl für Theoretische Chemie, Universität Erlangen-Nürnberg
Egerlandstrasse 3, 91058 Erlangen, Germany

Density Functional Methods like LDA or GGA usually give nonsatisfiying
results for periodic systems like an underestimation of the band gap in
band structure calculations or the lack of excitonic effects in the calcula-
tion of optical properties. In Ref.[1,2] a plane-wave Kohn-Sham method,
which contructs and uses the exact exchange potential was presented.
The method yields improved band gaps for semiconductors.
For the calculation of electronic response properties within time-dependent
DFT an exact-exchange kernel has recently been developed Ref.[3,4].
Here exact exchange KS and time-dependent DFTmethods are applied to
polyacetylene as a one-dimensional periodic system and various three di-
mensional semiconductors, calculating bandstructures, independent par-
ticle response functions and optical absorption spectra. The results are
compared to those obtained with conventional potentials and kernels.

[1] M. Städele et al., Phys. Rev Lett., 79 2089 (1997).
[2] M. Städele et al., Phys. Rev B, 59 10031 (1999).
[3] Y.-H. Kim and A. Görling., Phys. Rev B, 66 035114 (2002).
[4] Y.-H. Kim and A. Görling., Phys. Rev Lett., 89 096402 (2002).
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DFT studies on Metal-Metal bonds
-Application of Broken Symmetry DFT to Strong Correlation Systems-

Yasutaka Kitagawa, Shusuke Yamanaka, Mitsuo Shoji, Kenichi Koizumi,
Mitsutaka Okumura, Takashi Kawakami and Kizashi Yamaguchi

Graduate School of Science, Osaka University
1-1 Machikaneyama, Toyonaka, Osaka 560-0043, Japan

A density functional theory (DFT) method has been applied to
various systems and been showing successful results.  However it still has
an unsatisfactory point on strong electron correlation systems with
degenerate valence orbitals.  A metal-metal bonding is one of the typical
cases of them.  Ab initio calculations of those systems have been a difficult
task because two different types of electron correlation effects, i.e.
dynamical correlation and non-dynamical correlation, must be taken into
consideration.

Recent trends of the computational approach for such strongly
correlating systems are the use of broken symmetry (BS) DFT and BS
hybrid DFT (HDFT) calculations.  In this study, we examined how BS DFT
(or BS HDFT) reproduced electron correlation effects in metal-metal
bonding systems.  In order to elucidate what UDFT (or UHDFT) expressed
as correlation energies, total energy was decomposed into kinetic energy,
nuclear-nuclear potential, nuclear-electron potential and electron-electron
potential and they were compared with ones of UHF, CASSCF and so on.
In addition, an energy gap between lowest spin state and highest spin state
was also examined with respect to calculations of effective exchange
intagrals (J).
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COSMO calculations with DMol3 revisited: 
molecules, polymers and surfaces 

B. Delley 

Paul Scherrer Institute, Villigen CH-5232 Switzerland 

The conductor-like screening model (COSMO) simulates the molecular 
response to a solvent by placing the molecule in a hypothetical metal 
wrapper. In this way the numerous degrees of freedom of the solvent are 
modelled. This results in a numerically much more expedient method to get 
solute properties than with first principles modelling of the solvent [1,2]. 
The response to the idealized solvent screening can be used as input to 
parametrized model calculations for real solvents [3]. Density functional 
theory calculations can be done for molecules [4] as well as for systems 
with periodic boundary conditions [5] within the same approach. First 
principles molecular dynamics studies can be done again within that 
approach [6]. 
DMol3-COSMO calculations have been generalized now for polymers, two-
dimensional periodic surfaces and even internal surfaces in bulk such as are 
typical for zeolites. For this purposes a redesigned algorithm for the 
discretized solvent accessible surface has been developed. Also, the 
electrostatics calculations have been generalized for the continuation of the 
surface with periodic boundary conditions. Comparisons of the old and the 
new method will be presented for molecules. Applications of the new 
method to a polymer and a surface will be given. 

[1] A. Klamt, G. Schüürmann, J. Chem. Soc. Perkin Trans. 2, 799-805 
(1993)

[2] J. Andzelm et al, J. Chem. Phys. 103, 9312 (1995) 
[3] A. Klamt, J. Phys. Chem. 99, 2224 (1995) 
[4] B. Delley J. Chem. Phys. 92, 508 (1990) 
[5] B. Delley J. Chem. Phys. 113, 7756 (2000) 
[6] R. Windiks and B. Delley, J. Chem. Phys. 119, 2481 (2003) 
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Molecular Dynamics with Quantum Transitions Using Time-Dependent
DFT

Enrico Tapavicza, Ivano Tavernelli, Ursula Rothlisberger

Swiss Federal Institute of Technology, EPFL, CH-1015 Lausanne,
Switzerland.

Many chemical reactions of organic molecules occur in electronically excited
states and can only be described taking into account non-adiabatic effects.
Time-dependent (TD) DFT [1] allows to calculate electronic spectra and nu-
clear forces for electronically excited molecules. There have been several
approaches to include non-adiabatic effects in ab initio molecular dynamics
codes based on surface hopping (SH) [2] or Ehrenfest dynamics [3].
Recently we presented a SH mechanism for TDDFT, based on Landau-Zener
theory [4,5], where the probability of switching excited state is computed
from the nuclear forces at the avoided crossing between two electronic states
[6].
Here we present a more general method, similar to the approach of Tully [7].
The non-adiabatic coupling is directly computed using an approximation for
the excited state wavefunction.
The method has been implemented in the plane wave code CPMD [8,9] and
applied to intramolecular photoinduced electron transfer in organic model
compounds. A comparision to the Landau-Zener method is presented.

[1] E. Runge, E.K.U. Gross, Phys.rev.Lett., 1984, 52, 997.
[2] I. Tavernelli, U. F. Rohrig, U. Rothlisberger, Mol. Phys., 2005, in

press.
[3] N.L. Doltsinis, D. Marx, Phys.Rev.Lett., 2002, 88, 166402.
[4] L.D. Landau, Phys.Z.Sowjetunion, 1932, 2, 46.
[5] C. Zener, Proc.R.Soc., 1932, A137, 696.
[4] I. Tavernelli, E. Tapavicza, U. Rothlisberger, 2005, in preparation.
[5] J.C. Tully, J.Chem.Phys., 1990, 93, 1061.
[8] Car Parrinello Molecular Dynamics code, http://www.cpmd.org.
[9] J. Hutter, J.Chem.Phys., 2003, 118, 3928.

Development of exchange-correlation functionals with the
optimized effective potential method for the response

properties of extended systems

Myrta Grüning1, Andrea Marini2, Angel Rubio3,1

Donostia International Physics Center1 and Dpto. Fisica de Materiales,
Facultad de Quimicas, Universidad del Pais Vasco3,

20018 San Sebastián - Spain
Dipartimento di Fisica, Università Roma “Tor Vergata”2,

00133 Rome - Italy.

Standard exchange-correlation (xc) functionals based on the local density
approximation (LDA), or on gradient approximations, are in general not
reliable for the response properties of extended system. In particular for
optical absorption spectra of semiconductors and insulators the spectra
are shifted towards lower energies and excitonic effects are not correctly
taken into account.
In this study we try to clarify the impact of the approximations (both of
the potential and the kernel) for the bad description of the optical spec-
tra. With the optimized effective potential (OEP)[1] method we obtain
an accurate approximation for the xc potential where the long range cor-
relation is included as dynamical screening of the Coulomb interaction
(in the GW approximation). The results with this potential and the LDA
potential for the band structure of prototype systems are very close and
suggest that - at least for this type of systems - the LDA xc potential
gives reasonable results and the downward shift in the spectra is due to
the approximation of the kernel.
We derive a static, non-local kernel with the proper long range behavior,
using the common energy denominator approximation[2] for the OEP
equation. We discuss the calculations of optical absorption spectra of
semiconductors and insulators within this approximation.

[1] J. D. Talman, W. F. Shadwick, Phys.Rev.A, 1976, 14, 36.
[2] O. V. Gritsenko, E. J. Baerends, Phys.Rev.A, 2001, 64, 42506.

Methodology and Applications51 P51



DFT2005 424
CHIMIA 2005, 59, No. 7/8

Computational strategies for a 4-component

Dirac-Kohn-Sham program.

Leonardo Belpassi, Francesco Tarantelli, Antonio Sgamellotti
Dipartimento di Chimica e I.S.T.M.-C.N.R., Università di Perugia, 06123, Italy

Harry M. Quiney
School of Physics, The University of Melbourne, Victoria, 3010, Australia.

The extension of DFT within the four-component generalization of the Kohn-
Sham method, Dirac-Kohn-Sham (DKS) scheme, was formulated by Rajagopal and
Macdonald and Vosko. In a previous article, we have described the formulation of a
DKS scheme using Gaussian-type basis spinors, the so called G-spinors [1]. It was
shown that a practical implementation of the DKS scheme may be constructed fol-
lowing closely the lines of the non-relativistic theory. Nevertheless, DKS calculations
possess an intrinsically greater computational cost than analogous non-relativistic
approaches, mainly because of the preservation of the four-component structure in
the representation of the DKS equations. We have recently shown that near-linear
scaling of the most computationally demanding parts of the DKS scheme using a
G-spinor basis may obtained by employing a well-structured parallel processing algo-
rithm [2]. In the present work we extend this parallelization scheme to construct a
relativistic implementation of the generalized gradient approximation (GGA) by di-
rect differentiation of the electron density expanded in a G-spinor basis. This proves
to be a particularly efficient scheme, with an intrinsic computational cost that scales
linearly with the number of G-spinor basis functions. In order to validate this new
implementation a detailed study of the diatomic system CsAu is also reported. The
spectroscopic constants De, re, ωe, and xeωe and the dipole moment, µ, have been
calculated and compared with the best available theoretical and experimental data.
The sensitivity of our results to the details of the numerical schemes used to evaluate
the matrix elements is analyzed in detail. A comparative study is also presented of
molecular properties in the alkali auride series which have been obtained using several
standard non-relativistic density functionals.

[1] H. M. Quiney and P. Belanzoni, J. Chem. Phys. 117, 5550 (2002).
[2] L. Belpassi, L. Storchi, F. Tarantelli, A. Sgamellotti, and H. M. Quiney, Future
Generation Computer Systems 20, 739 (2004).
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Connection Between the Average Local Ionization
Energy and the Fukui Function.

Theory and Applications.

Soledad Gutiérrez-Oliva1, Pablo Jaque1, Felipe Bulat1, Alejandro Toro–Labbé1,
Jane S. Murray2 and Peter Politzer2

1Laboratorio de Qúımica Teórica Computacional (QTC),
Facultad de Qúımica, Pontificia Universidad Católica de Chile.

2Department of Chemistry, University of New Orleans, New Orleans, LA 70148,
USA.

The average local ionization energy Ī(r) and the Fukui function f(r) are con-
ceptually independent measures of molecular reactive behavior, both quan-
tities are expected to identify the same sites as most reactive toward elec-
trophiles. In this work we use Janak’s theorem to establish a link between
Ī(r) and f(r)1. Numerical applications confirm that both of these local
properties convey similar information concerning some aspects of the reac-
tive behavior of molecular systems.

[1] A. Toro-Labbé, P. Jaque, J. S. Murray, P. Politzer, Chem. Phys. Lett.,
2005, 407, 143.
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Density functional orbitally resolved reactivity indices in the study of 
regioselectivity 

Tzonka Mineva

Institute of Catalysis, Bulgarian Academy of Science, G. Bonchev Str.11, 
1113-Sofia, Bulgaria 

Within Density Functional Theory (DFT) were defined rigorously global 
and local reactivity indices as second order derivatives of the Kohn-
Sham (KS) energy to the density, or external potential. In our 
computational scheme the hardness tensor elements are computed using 
finite difference derivative of the one-electron Kohn-Sham energies to 
the change of the occupation number (�ni) [1]. Further, the softness 
tensor elements and Fukui indices in orbital resolutions are defined from 
the orbital hardnesses. A theoretical justification of the relationship 
between the hardness or softness and chemical reactivity can be given 
within the hard and soft acids and bases (HSAB) principle of Pearson 
[2]. The relationship reactivity-softness postulated in HSAB is 
rationalized in terms of local response properties of the system.  

It is well recognized that the accurate prediction of regio- and 
stereoselectivity requires knowledge about the energetics and the orbital 
HSAB matching at the assumed reaction sites [3]. We will show several 
examples of how the orbital reactivity indices can be rationalized within 
the local HSAB principle to study regioselectivity [4] in the 1,4 –
addition reaction of lithium derivatives of N,N-disubstituted 
phenylacetamides with 2-arylmethylene-1,4-butanolides and in the 
nucleophylic reaction of 3-(�-bromoacetyl)coumarin with phosphites. 

[1]. N. Neshev and T. Mineva, Metal-Ligand Interactions:Structures and 
Reactivity, N. Russo and D. R. Salahub (eds), Kluwer, p.361, 1996. 
[2]. Pearson, R. G. J.  Am.  Chem.  Soc. 85, 1963, 3533. 
[3]. Woodward, S. Tetrahedron  58, 2002, 1017. 
[4]. G. Madjarova�., A. Tadjer, Tz. P. Cholakova, A. A. Dobrev and T. 
Mineva, J. Phys. Chem A 109, 2005, 387. 
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Correlated Optimized Effective Potential Method -  orbital dependent 
exchange-correlation potentials in ab initio Density Functional Theory.

Ireneusz Grabowski1, So Hirata2, Victor Lotrich2, Rodney J. Bartlett2

1 Institute of Physics, Nicolaus Copernicus University, ul. Grudzi�dzka 5/7,
87-100 Toru�, Poland 

2 Quantum Theory Project, University of Florida, Gainesville, USA 

 From many-body theory and coupled-cluster theory the local 
exchange-correlation potential of density functional theory in an orbital 
dependent form is derived. Starting from a general theoretical framework 
based on the density condition in Kohn-Sham (KS) theory and combining 
them with Coupled Cluster methodology, we define  a rigorous exchange-
correlation functional, potential and orbitals1. Specifying initially to 
second-order terms which defines correlated OEP procedure, we show that 
our ab initio correlation potential provides the correct shape compared to 
those from reference quantum Monte Carlo calculations, and we 
demonstrate the superiority of using Fock matrix elements in defining the 
unperturbed Hamiltonian. This enables us to introduce ab initio Density 
Functional Theory as a method that is guaranteed to converge to the right 
answer in the correlation and basis set limit, just as does ab initio
wavefunction theory. 
       A new approximate noniterative procedure2 to obtain accurate 
correlation and exchange-correlation potentials of KS DFT is presented. 
By carrying out only one step of the correlated OEP, following the 
standard iterative exchange-only OEP or Hartree-Fock calculations, we can 
recover accurate correlation potentials that are hardly discernible from 
those obtained by the more expensive, fully iterative procedure. 

[1] R. J. Bartlett , I. Grabowski, S. Hirata, S.Ivanov,  J.Chem.Phys. 122,
034104,(2005)
[2] I. Grabowski, V. Lotrich  Mol. Phys. xxxx (2005)

This work has been  supported   by the  Committee for Scientific Research 
KBN under grant no. 4 T09A 187 25. 

The DFT based chemical reactivity indices  in the coupled 
perturbed ensemble UHF method. 

Balawender Robert  

Institute of Physical Chemistry of the Polish Academy of Sciences,
Kasprzaka 44/52, PL-01-224 Warsaw, Poland.

A derivation of the density-functional-theory based reactivity indices in 
the ensemble unrestricted Hartree-Fock (eUHF) method is present. The 
comparison between the properties of the reactivity indices evaluated 
within the one- and two-sets of spinorbitals approach of eUHF and hyper 
UHF method is shown. All approaches give similar Fukui functions 
irrespectively of used methodology, but the significantly different values 
for the global indices, which contain the chemical information. 
Interpretation of the last in the terms of the DFT bases indices can be 
questionable. The calculational scheme for the indices using the first- and 
second-order coupled perturbed eHF equations is proposed. A method for 
identification of the spinorbitals involved in the change of the total 
number of electron is included. The illustrative examples (water and 

hydrogen cyanide) show that the ground state (GS) properties of the (-
electron systems can be predicted from the GS properties of the Z-electron 
systems with accuracy comparable with that of the UHF calculations. The 
relaxation effect, important for the HCN system in which change in the 
symmetry of the highest occupied spinorbital occurs, is effectively 
predicted.
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QED-DFT theory of multi-photon resonances for atoms and molecules
in a strong laser field

Alexander V. Glushkov

Inst. Applied Mathematics, OEU Univ., P.O.Box 24A, Odessa-9, 65009,
Atom.-Nucl.-Laser Spectr. Centre, P.O.Box 24A, Odessa-9, 65009, Ukraine

A quantum-electrodynamics (QED) and density functional theory (DFT)
method is used for studying interaction of the atoms and molecules with an
intense laser field. Method bases on a description of quantum system in a
field by the k- photon emission and absorption lines (multi-photon
resonances) [1]. The lines are described by their QED moments of different
orders, which are calculated with the use of the DFT Dirac-Kohn-Sham
scheme and the Gell-Mann & Low adiabatic formalism and expressed
through an imaginary part of energy shift Im Eα (ω0) as the function of the
laser pulse central frequency. Results of the calculation for the multi-photon
resonance and multi-photon ionization profile in the H, Na, Cs atoms and H2

molecule in the cases of single-, multi-mode, coherent, stochastic laser pulse
shape are presented. Our method is compared with other DFT approaches
to atoms in a strong laser pulse (c.f.[2]). An approach developed is
generalized for a case of additional account for an external DC electric field
It is also applied to calculation of probability for two-photon electron
detachment from negative atomic ion of Na (process: Na-+nω→Na+e-;n=2)
by a circularly-polarized light.
References:
[1] A.V.Glushkov,JETP Lett.1992, 55,105; A.V.Glushkov,L.N.Ivanov,Phys.
Lett.A. 1992, 170, 33; A.V.Glushkov, S.V.Malinovskaya etal, Int.J. Quant.
Chem. 2005, to be publ.;
[2] C.A.Ullrich, S.Erhard, E.K.U.Gross, In.: Super Intense Laser Atoms
Physics IV, Ed.H.G.Muller, Kluwer, 1996; E.Luc-Koenig,A.Lyras, J-M.
Lecomte, M.Aymar , J.Phys.B. 1997, 30, 5213.
[3] A.V.Glushkov, L.N.Ivanov, J.Phys. B. 1993, 26, L379; A.V.Glushkov,
S.V.Ambrosov, Int.J.Quant.Chem. 2004, 99, 936; A.V.Glushkov, A.V.
Loboda etal, Int.J.Quant.Chem. 2005, to be publ.

QED-DFT calculation of the hadronic atoms and super heavy ions:
energy shifts and widths, decay probabilities

Alexander V. Glushkov, Elena P. Gurnitskaya and Larisa A.Vitavetskaya

Inst. Applied Mathematics, OEU Univ., P.O.Box 24A, Odessa-9, 65009,
Atom.-Nucl.-Laser Spectr. Centre, P.O.Box 24A, Odessa-9, 65009, Ukraine

E-mail: glushkov@paco.net

A quantum-electrodynamics (QED) and density functional theory (DFT) are
applied to calculation of the spectra, energy shifts and widths for and super
heavy ions and some hadronic (pion, kaon) atoms. The key problem is
establishment of a quantitative link between quality of the nucleus structure
modelling and accuracy of calculating energy and spectral properties. A new
approach [1] to relativistic calculation of the spectra for multi-electron super
heavy ions with an account of relativistic, correlation, nuclear, radiative
effects, based on the gauge-invariant QED perturbation theory (PT) is used.
The wave functions zeroth basis is found from the Dirac-Kohn-Sham (kaon,
atomic ion) or Klein-Gordon (pion atom) equations. The potential includes
the effective core potential, electric and polarization potentials of a nucleus.
For low orbits there are important effects due to the strong hadron-nuclear
interaction (pion atom). For atomic ions the correlation corrections of the
high orders are taken into account within the PT with DKS zeroth
approximation. The Lamb shift polarization part is accounted in the Uhling-
Serber approximation, self-energy part of the Lamb shift is accounted for
within Green functions method. We present the results of calculation: i).1s3

2lj,3lj,4lj energy levels, decay probabilities for the Li-like ions; 2). energy
spectrum of the atom Z=118; 3). Shifts and widths of some transitions in the
pionic and kaonic  atoms (K--4He etc).
References:
[1] A.V.Glushkov,L.N.Ivanov,Phys. Lett.A. 1992, 170, 33; A.V.Glushkov et
al, In: New Projects and New lines of research in Nuclear Physics, World
Sci. Singapore. 2003, 126; Nucl.Phys.A. 2004, 734, e21; A.V.Glushkov,
S.V.Malinovskaya etal, Int.J. Quant. Chem. 2004, 99, 889;
[2] E.Ivanova,L.Ivanov,A.Glushkov, A.Kramida, Phys.Scr. 1985, 32,512;
J.Quant.Spectr.Rad.Tr. 1986, 36, 127-145.
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Calculation of the alkali diatomics within the DFT perturbation theory
method with account for relativistic corrections

Sergey V. Ambrosov

Inst. Applied Mathematics, OEU Univ., P.O.Box 24A, Odessa-9, 65009,
E-mail: glushkov@paco.net

Within formally exact DFT perturbation theory (PT) [1] it is carried out
calculation of potential curves for the ground and excited states,
spectroscopic properties for the whole number of heavy diatomic alkali
dimers A2 (A= Na,K,Cs,Fr). The second–and high-order contributions [2]
(due to the polarization interaction between valence electrons through
polarizable core and mutual screening of above-core valence electrons) are
effectively accounted for by using ab initio density functionals. Semi-
empirical model of the Cohen- Schneider type is used for the treatment of
the relativistic (spin-orbit coupling) effects. There are predicted some
unusual features in spectra of the heavy alkali diatomics: Rb, Cs, Fr. The
effects of giant splitting of the Rb, Cs, Fr dimer 23Π state due to the spin-
orbit interaction have been analyzed. The 23Π state is splited into three
different states. One is now dealing with three separate electronic transitions
rather than only one. For Fr2 dimer the giant splitting effect is first
discovered [1]. Under availability of a very narrow line width light source
(laser) one may be able to detect these three electronic transitions
separately. The constants [Te –excitation energy (100 cm-1); Be,ωe- rotation,
vibration constants (cm-1)] for Rydberg state 4n1Σg

+ of Na dimer, calculated
by different methods, are as follows: a-experiment [2]; c- empi-rical pseudo
potential (PP)+core polarization (CP); b–Hartree-Fock ab initio PP+CP; d–
this work (DFT-PT); T=283 (a); 285 (b); 286 (c); 283 (d); B= 0,0899 (a);
0,0838 (b); 0,088 (c); 0,0895 (d); ω= 108,7 (a); 107 (b); 105 (c); 108,1 (d).
References:
[1] A.V.Glushkov, S.V.Ambrosov, et al, J.Struct.Chem. 1999, 39, 621; In:
New Projects and New lines of research in Nuclear Physics, World Sci.
Singapore. 2003, 126; Nucl.Phys.A. 2004, 734, e21; A.V.Glushkov,
S.V.Malinovskaya etal, Int.J. Quant. Chem. 2005, to be publ.;
[2] A.Henriet, F.Masnou-Seeuws, J.Phys.B: 2988, 21, L339-348.

New QED approach to construction of the optimized orbital basis’s in
relativistic density functional theory

Alexander V. Glushkov

Inst. Applied Mathematics, OEU Univ., P.O.Box 24A, Odessa-9, 65009,
Atom.-Nucl.-Laser Spectr. Centre, P.O.Box 24A, Odessa-9, 65009, Ukraine

Within QED theory we develop a new ab initio procedure for construction
of the optimized orbital basis’s in the relativistic density functional theory
(DFT), which refines the Kohn-Sham approach and also the Davidson
natural orbitals approach [1]. In the fourth QED perturbation theory there
are diagrams, whose contribution into imaginary part of radiation width
ImdE of the quantum system accounts for the core polarization multi-
electron effects [2]. This contribution describes collective correlation effects
and it is dependent of the photon propagator gauge (non-invariant ones). A
minimization of the functional ImdE leads to the integro-differential DFT
like equations, which are solved using the standard atomic code. It allows
receiving optimal basis of the relativistic Dirac–Kohn-Sham orbitals. Within
the QED it is proved the theorem, generalizing the known Grant theorem
[2]. The gauge problem in the relativistic DFT is considered at first on the
level of QED and from the point of view of construction of the optimal one-
electron basis’s and exactness of calculation results for radiation properties
of the atomic systems. One of the examples of checking the efficiency of
new procedure is calculation of oscillator strengths for heavy element atoms
(some lanthanide’s and actinides elements). The calculation results for
radiation widths of a number of atoms and ions within traditional approach
in the forms of “length” and “velocity” are practically equal for used basis’s.
References:
[1] A.V.Glushkov,L.N.Ivanov,Phys. Lett.A. 1992, 170, 33; A.V.Glushkov et
al, In: New Projects and New lines of research in Nuclear Physics, World
Sci. Singapore. 2003, 126, 246; Nucl.Phys.A. 2004, 734, e21; A.V.
Glushkov, S.V.Malinovskaya etal, Int.J. Quant. Chem. 2004, 99, 889;
A.V.Glushkov, A.V. Loboda etal, Int.J.Quant.Chem. 2005, to be publ.;
E.Ivanova,L.Ivanov,A.Glushkov, A.Kramida, Phys.Scr. 1985, 32,512;
[2] P.Grant, J.Phys.B. 1974, 7 1458.
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Monte-Carlo and DFT computational simulation of energy and
structural properties of the prostaglandin biomolecules in solution

Andrey V.Malinovsky

Odessa Medicine University, P.O.Box 116, Odessa-9, 65009, Ukraine
E-mail: glushkov@paco.net

In last years a studying the structural, energy and photo-physical properties
for such biological objects as enzymes etc [1] is of a great interest. Here we
present the results of the Monte-Carlo (MC)& DFT computational studying
the energy and structural characteristics of the prostaglandins PG (also
prostacycliens, thromboxans) biomolecules in the water solution (cluster). A
cluster, consisting of the PG and hundred water molecules, is studied. All
relevant interaction potentials had been obtained by means of the DFT
calculations [2,3]. The molecule geometry’s for the solute together with
additional data (computed net charge and «class» for each atom etc.) are
taken and compilated from [1-3]. Calculations were carried out at T=300K
and all molecules were treated as rigid. Results for potential energies are
following (in kJ mol-1): Water-water (neutral molecule) -28.8±0.5 and
(«zwitterion») -28.5± 0.5; PG-water (neutral molecule) -63.6 ±2.5 and
(«zwitterion») -375.6 ±15.0; The MC result for bulk water (with the same
interaction potential) is 35,6±0.6 kJ mol-1 [2]. The structural characteristics
(radial distribution and orientational correlation functions) are also
analyzed. The «zwitterion» appears is to be strongly favored with respect to
the neutral molecule. In this situation one can wait for the PG phenomenal
biocalalytic and photochemical activity. The similar data are obtained for
other biomolecules, namely, also prostacycliens and thromboxans.
References
[1] V.Schreiber, Pathophysiology of Endocrine Glands, Avic., Praga, 1987.
[2] G.Ranghino, S.Romano, E.Clementi, Gazz. Chim. Ital. 1978, 108, 157.
[3] A.Glushkov, Journ.Struct.Chem. 1993, 34, 3; 1990, 31, 9; Sov. Journ.
Phys. Chem. 1991, 65, 2970; 1992, 66, 1259; A.Glushkov , L,Ivanov,
J.Quant.Spectr. Rad. Trans. 1986, 36,127; Phys.Lett.A. 1992, 170, 33;
A.Glushkov, A.Malinovsky et al, Journ.Struct.Chem. 1998, 39, 21.

QED-DFT theory of laser-electron-nuclear processes
in the molecular systems

Svetlana V.Malinovskaya

Odessa University, P.O.Box 24A, Odessa-9, 65009, Ukraine
E-mail: glushkov@paco.net

A new class of problems has been arisen in quantum physics and quantum
chemistry and connected with modelling co-operative laser-electron-nuclear
phenomena in molecules. It includes a calculation of the probabilities and
energies of the mixed γ-optical quantum transitions in atomic and molecular
systems, intensities of the complicated γ-transitions due to the changing of
the atomic or molecular excited state population under action of laser
radiation, quantum chemical calculation of the complex “laser-electron-
nuclear” system. A new QED-DFT approach (c.f.[1-3]) to calculation of the
electron-nuclear γ transition spectra (set of vibration-rotational satellites in
molecule) of nucleus in molecule is proposed. Within it a probability of
decay of the excited state is defined as an imaginary part of the energy shift
for the nucleons- electron shells-electromagnetic field system. Estimates are
made for vibration-rotation-nuclear transition probabilities in a case of the
emission and absorption spectrum of nucleus 127I (E(0)

γ= 203 keV), in the
molecule H127I. There is discussed a dependence of calculation results upon
form of the density functional. The possible generalization of the theory for
molecules of the following type: three-atomic XY2 (D∝h), four-atomic XY3

(D3h), five-atomic XY4(Td), six-atomic XY3Y2 (D3h), seven-atomic XY6
(Oh) is also considered.
References:
[1] L.N.Ivanov,V.S. Letokhov, JETP.1987, 93, 396; A.V.Glushkov, L.N.
Ivanov, Phys.Lett.A. 1992, 170, 33.
[2] A.V.Glushkov, S.V.Malinovskaya, Int.J.Quant.Chem. 2004, 99, 889; In:
New Projects and New lines of research in Nuclear Physics, eds.Fazio G.
And Hanappe F.-World Sci. Singapore. 2003, 242.
[3] S.V.Malinovskaya, Int.J.Quant.Chem. 2005, to be publ.
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DFT description of van der Waals forces
with explicit long-range interactions

Iann C. Gerber, János G. Ángyán

LCM3B, UMR 7036, Université Henri Poincaré,
Vandœuvre-lès-Nancy, France

Dispersion forces (van der Waals) are long-range electronic correlation
effects, which are missed almost entirely by usual local or semi-local
functionals approaches. The most important manifestation of this mis-
behaviour is the incorrect asymptotical decay of the DFT interaction
energy between closed-shell systems. Furthermore, it must be noted that
van der Waals minimum region is described in an erratic manner by
DFT, LDA tends to overbind with a too small bond-length, few gradient
corrected functionals do not bind while others give a minimum usually
too small. After a separation of the electron-electron interaction [1] in
the Hamiltonian into short- and long-range components, long-range ex-
change and correlation effects, which are responsible for the failure of
currently used approximations, are taken into account explicitly. We
propose a ”range separated hybrid” functional based on a local density
approximation for the short-range exchange-correlation energy [2], com-
bined with long-range exact exchange energy. Furthermore, long-range
correlation effects are added by a second-order pertubational treatment
which avoids the double-counting of correlation and gives the correct
asymptotical behaviour with a good description of the minimum region.
Test cases like rare gas dimers closed shell systems prove the accuracy
of the scheme and allow for an investigation of more complex systems [3].

[1] A. Savin, On degeneracy, near-degeneracy and density func-
tional theory, in Recent developments ans Applications of Mod-
ern Density Functional Theory, edited by J. M. Seminario,
page 327, Elsevier, Amsterdam, 1996.

[2] J. Toulouse, F. Colonna, and A. Savin, Phys. Rev. A, 2004,
70, 062505.

[3] J. Ángyán, I. Gerber, A. Savin and J. Toulouse, cond-mat,
2005, 0505062.

Quantum Electrodynamics DFT calculation of the atomic parity non-
conservation effect and the beta decay probabilities

Svetlana V. Malinovskaya

Odessa University, P.O.Box 24A, 65009, Odessa, Ukraine

A consistent QED-DFT (operator QED perturbation theory with DFT zeroth
approximation) method [1] is used in calculating beta decay characteristics
and atomic parity non-conservation effect. As method of calculation of the
atomic fields and wave functions we used the gauge invariant scheme of the
Dirac-Kohn-Sham approach [1]. The Fermi model and gauss form of charge
distribution in a nucleus are used. Approach allows to calculate continuum
wave functions with full account of exchange of the considered continuum
electron with electrons of the atom. Two schemes of calculation are used: i).
relativistic electron radial wave functions are calculated on the boundary of
spherical nucleus; ii). values of these functions in the zero are used. We
have considered the β decays: 33P→633S, 35S→35Cl, 45Ca→45Sc, 63Ni→63Cu,
106Ru→106Rh, 155Eu→155Gd, 241Pu→241Am. We also carried out calculation
of energy levels, E1,M1-transitions amplitudes in heavy atoms of Cs,Pb. Let
us present the results for parity non-conserving 6s-7p dipole amplitude in
Cs. Result of our calculation: D=<6s|Dz|7s>=-0.92d, d=10-11i|e|a(-Qw/N).
For comparison let us present the data: D=-0.91d by Dzuba etal; D=-0.935d
by Bouchiat etal (Paris); D=-0.935d by Johnson etal (Indiana) [2]. The
comparison of calculated D value with measurement of Noeker et al gives
the values of weak nuclear charge in Cs and Wainberg angle: (-Qw/N)=
0,918±0,020(exp)± 0,010(th); sin2ϑW= 0,231± 0,007 (exp)±0,004 (th) that is
in a good agreement with average world value sin2ϑW=0,230±0,005.
References
[1] A.Glushkov et al, In: New Projects and New lines of research in Nuclear
Phys.,eds.Fazio G.,Hanappe F.-World Sci. Singapore. 2003,126; Nucl.Phys
A. 2004, 734, e21; S.V.Malinovskaya, Int.J. Quant. Chem. 2005, to be publ.
[2] I.Band etal, Izv. AN USSR. 1987, 51, 1998; N.Noeker etal, Phys.Rev.A.
1988, 37, 1395; W.Johnson etal, Phys.Scr.1993, 46 184; C.Bouchiat, C.
Piketty, Europh. Lett.1986, 2,511; V.Dzuba et al,Phys.Rev.A 1991,44, 828;
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molecule in quartet ground electronic state 
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The present report represents the theoretical aspects of the electronic 
affinities calculations for molecule in quartet ground electronic state using 
the “sum method” by Ziegler and Rauk [1]. For writing of the excited 
configuration  have been used 16 determinants, corresponding 

.

1 1 1 1a b c d
0,1, 1, 2, 2sM � � �

The results of operation 2 2
z zS S S S S� �� � �

� � � � �
on each from determinants

have been represented. The 16 wave functions of singlets, triplets and 
quintet states have been received using the equation: 2 ( 1)S S S� �� �

�
.In

according with the “sum method” have been received the expression for 
( )iE D , for example:

1 2 1 3

1 1 1 1
( )

6 12 4 2quin S S TE D E E E E� � � � ,
2 2 1 2

1 1 1 1
( )

6 12 4 2quin S S TE D E E E E� � � �

3 2 2

1 1 1
( )

6 2 2quin S TE D E E E� � � ,
7 3 1

1 1 1
( )

4 4 2quin T TE D E E E� � �

10 3 2

1 1 1
( )

4 4 2quin T TE D E E E� � � ,

where 1D a b c d� � � �� , 2D a b c d� � � �� , 3D a b c d� � � �� , 7D a b c d� � � ��

10D a b c d� � � �� .

The expressions for electronic affinity energies using the expressions for 
 are received . ( )iE D

 [1] T. Ziegler, A. Rauk, E. J. Baerends, Theor.Chim.Acta, 1977,
43( 3),261.
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Implementation of hybrid functionals into WIEN2k

F. Tran1, P. Novák2, P. Blaha1, and K. Schwarz1
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Getreidemarkt 9/165-TC, A-1060 Vienna, Austria

2Institute of Physics, Academy of Sciences of the Czech Republic,
Cukrovarnická 10, CZ-162 53 Prague 6, Czech Republic

For the treatment of localized electrons of selected atom and orbital mo-
mentum we propose to subtract the corresponding approximate LDA or
GGA functional for the exchange energy and to add the exact Hartree-
Fock exchange instead [1]. This constitutes a simplified version of the
usual implementation of the Hartree-Fock formalism. Starting from this,
we construct exchange-correlation functionals of the hybrid form like
B3PW91, PBE0, etc. These functionals are tested on several transition
metals compounds and the results are compared with the LDA, GGA,
LDA+U , and experimental ones. For instance, for NiO there is a good
agreement between our results and the experimental ones for the gap,
equilibrium volume, and magnetic moment.

[1] P. Novák, J. Kuneš, W.E. Pickett, L. Chaput (manuscript in
preparation)
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Chemical Reactivity and the Shape Function 

P. Geerlings*, F. De Proft*, P.W. Ayers# 

*Eenheid Algemene Chemie, Faculty of Sciences 
Free University of Brussels, Pleinlaan 2, 1050 Brussels, Belgium 

#Department of Chemistry, McMaster University 
Ontario, Canada, L8S4M1 

The role of the shape function ��r) [1] as an alternative to the electron 
density function ��r) as an even simpler carrier of information [2] is 
investigated. Recent developments involving the extension of Mezey's 
holographic theorem to the shape function [3], the shape function as a 
primer for reactivity descriptors and some pragmatic approaches to extract 
�, ���f(r), s(r) .... from the shape function are discussed [4,5]. Finally the 
decisive role of the shape function in atomic and molecular similarity 
analyses is discussed. 

[1] R.G. Parr and J. Bartolotti, J. Phys. Chem., 87, 2810 (1983) 
[2] P.W. Ayers, Proc. Natl. Acad. Sci. (USA), 97, 1959 (2000) 
[3] P. Geerlings, G. Boon, C. Van Alsenoy, F. De Proft, Int. J. Quant. 

Chem., 101, 722 (2005). 
[4] F. De Proft, P.W. Ayers, K.D. Sen, P. Geerlings, J. Chem. Phys., 120,

9969 (2004). 
[5] P. Geerlings, F. De Proft, P.W. Ayers, Theoretical Aspects of Chemical 

Reactivity, A. Toro-Labbé, Editor, Theoretical and Computational 
Chemistry, Vol. 16, P. Politzer Editor, Elsevier, submitted. 
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Structure and Reactivity of Aromatic All-Metal Clusters:
A DFT Theoretical Study. 

Juvencio Robles, Gabriel Merino and Paulina González 

Facultad de Química, University of Guanajuato, Noria Alta s/n, 
 Guanajuato, Gto. 36050, México. Phone/Fax: +52 473 732-0006

ext. 8120, roblesj@quijote.ugto.mx 

It has been argued that some small newly discovered all-metal 
clusters may be considered as aromatic. This would make them the first 
aromatic chemical systems with no-carbon content at all[1],[2] 

The initial report was on the ionic aluminum cluster, Al4
-2, known to 

exhibit a plane-square structure and possess two pi-delocalized electrons, 
thus satisfying Huckel´s rule for aromatic systems. It also shows a relative 
high chemical and structural stability. Kuznetsov et al 2 through theoretical 
calculations have shown that this basic aluminum square structure is 
preserved when the Al cluster reacts to form some bi-metallic systems with 
chemical compositions: MAl4

-  and M2Al4 (where M= Li+, Na+ and Cu+) and 
aromatic nature is apparently preserved. 

In this paper we report our density functional theory (DFT) study and 
calculations at the B3LYP/6-31+G(d) level of theory/numerical precision 
which allowed us to rationalize and quantify the aromatic nature of the 
above mentioned MAl4

-  species and thereafter to extend our study to other 
bi-metallic systems that had not been previously reported with general 
composition MAl4

n (M=Li+, Na+, K+, Be2+, Mg2+, Ca2+, Sc3+,Al3+, B3+, Ga3+,
Ti4+  ) where n = -1, 0 , +1. We also assess the cluster stability as a function 
of charge and discuss different manners to assess the aromaticity of these 
systems, namely through reactivity indices such as the absolute hardness[3] , 
NICS, DI, molecular electrostatic potentials, HOMO and LUMO wave 
functions and energies. The usefulness of these DFT-calculated parameters 
to assess and quantify the aromaticity in these novel clusters is discussed. 

[1] Li X.; Pennington W.; Robinson G. J Am. Chem. Soc., 117, 7578-7579 
(1995).

[2] Li Xi, Kuznetsov A. E., Zhang H, Boldyrev A. I., Wang LS. Science,
291, 859-861 (2001)

[3] Zhou Z. y Navangul H. V. Journal of Physical Organic Chemistry, 3,
784-788 (1990)
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      

          


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Application of DFT to analysis of the hyperfine parameters  
and the bonding in donor-acceptor complexes  
O. Kh. Poleshchuk1, V. Branchadell2, A. V. Fateev1, A. 

Schulz3, A. Scagnelli4, B. Brycki5

1Tomsk State Pedagogical University, Tomsk, Russia 
2Universitat Autonoma de Barcelona, Barcelona, Spain 

3 Ludwig-Maximilians-Universität, München, Germany. 
4Universita di Milano-Bicocca, Milano, Italy 
5A. Mickiewicz University, Poznan, Poland 

Structure and bonding in Lewis acid-base complexes has 
long been a subject of much chemical interest. Central to most 
simple theories of Lewis acidity is the idea that both ionic and 
covalent interactions play important roles in stabilizing the donor-
acceptor bond. In this report, we present a DFT calculations 
based on a microwave spectroscopic, nuclear quadrupole reso-
nance and Mössbauer investigation of the donor-acceptor com-
plexes formed from metal halogenides with organic ligands. We 
examinee a broader series of acceptors adducts, with focus on 
both hyperfine parameters and computationally derived binding 
energies. The full optimisations of geometry were carried out us-
ing such functionals as B3LYP, BHandHLYP, B3PW91 achieved 
within the GAUSSIAN’98 program. The formation energy of the 
complexes has been broken down using the extended transition 
state scheme implemented in the ADF’2004 package. Our calcu-
lations showed that in energy of the complex formation of the dif-
ferent complexes depends differently from the covalent and ionic 
interactions. The use of the energy partitioning scheme has en-
abled receive the answer to a question about the relative contribu-
tions of covalent and electrostatic interactions to the donor-
acceptor bond.  

We thank the Cariplo Foundation organized by the Lan-
dau Network-Centro Volta for providing a research grant. 

The study of electronic structure and reactivity of iodinating 
agents by ab initio and the DFT methods 

E. A. Krasnokutskaya1, V. D. Filimonov1, O. Kh. Poleshchuk2

1Tomsk Polytechnic University, Tomsk, Russia  
2Tomsk State Pedagogical University, Tomsk, Russia 

One of the most widely used iodizing agents is some 
compounds with iodine-heteroatom bonds I-X.  The general 
property for these compounds is the fact that the iodine is bonded 
with more electronegative atom (X=Cl, N, O) and therefore po-
larization of the bonds ensures deficit of the electronic density on 
the iodine and increases its electrophilic character.  

Quantum-chemical calculations by MP2/LanL2DZ and 
B3LYP/6-311G* have determined electronic and spatial structure 
of the wide range of the compounds with the X-Hlg (X=N, O, Cl; 
Hlg=Cl, Br, I) bonds in the neutral and protonated forms and also 
different electronic forms of the I3

+ cation. We have been used 
the Becke3LYP exchange-correlation functional in conjunction 
with small-core relativistic effective core potential for iodine 
atom. Calculations were performed both for a gas phase and the 
solutions. Thermodynamic parameters of the interaction between 
the compounds R-X-I and hydroxyl-containing solvents (ROH) 
were calculated using the PCM model.  

As a result of the theoretical analysis, the quantitative de-
pendences between the structure of neutral and protonated forms 
of the hypoiodite character R-X-I and indexes of their electro-
philic reactivity were revealed for the first time.  
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Adsorption of S on (001), (110) and (111) surfaces of CeO2 – 
Performances of various hamiltonians 

Ph. Baranek1, L. Gautier2 and M. Marrony2

1EDF R&D – MMC, BP. 46., Avenue des Renardières, 
77818 Moret-sur-Loing Cedex, France 

2 European Institute for Energy Research, Emmy-Noether Strasse 11, 
76131 Karlsruhe, Germany 

Sulphur containing molecules (H
2
S, mercaptans,…) are common compounds in 

natural gas and liquid fuels (gasoline) or added as odorants for safety reasons. 
These impurities are responsible for the poisoning of catalysts used in many 
chemical processes such as fuel processing for hydrogen production and for fuel 
cells [1]. They cause either deactivation or obstruction of catalytic sites. Specific 
units are therefore implemented at the beginning of the process in order to remove 
sulphur containing molecules bringing complexity and cost to the overall system. 
An other option which would constitute a breakthrough in this field would be to 
develop sulphur tolerant catalysts. Ceria (CeO

2
) is an important ceramic material 

exploited in a wide range of applications such as solid oxide fuel cells. A specific 
ceramic oxide, the gadolinium doped ceria (Ce

0.8
Gd

0.2
O

1.9
) has been recognised as a 

sulphur tolerant material [2]. Its tolerance towards a blended gasoline (with 
benzothiophene up to 50 ppm sulphur concentration) was proved over 1700 h of 
operation. Then it is important to understand its surface catalytic properties. The 
adsorption of S on the (001), (110) and (111) surfaces of ceria is investigated at the 
ab initio quantum mechanical level, by using the periodic C  
 codes. The equilibrium lattice parameters of CeO

2
, surface stabilities, 

lattice formation and S adsorption energies have been evaluated. The calculations 
have been performed at the Hartree-Fock (HF), density functional theory (DFT) 
and hybrid levels. A good agreement between calculated and experimental various 
properties has been found with hybrid approximations. The influence of Ce f
orbitals on these various properties is commented. 

[1] M. Krumpelt, T.R. Krause, J.D. Carter, J.P. Kopasz and S. Ahmed, Catalysis 
Today 2002, 77, 3. 

[2] M. Krumpelt et al., Patent US2002/0193247A1, “Authermal hydrodesulfuring 
reforming catalyst” 
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First-principles electronic structure of Ni2MnGe: a possible
band gap.

M. Pugaczowa-Michalska

Institute of Molecular Physics, Polish Academy of Science,
Smoluchowskiego 17, 60-179 Poznań, Poland

First principle calculations predicted some Heusler alloys to be half-
metallic [1,2]. Half-metallic compounds have electronic states of only
one spin direction at the Fermi level. However, there is a gap in the
density of states (DOS) for the other spin direction at the Fermi level. A
possibility of the band gap for one of the spin directions in the electronic
structure of Ni2MnGe (in the L21 structure) has studied by first prin-
ciples methods: tigh-binding and full-potential linear-muffin-tin-orbital
(TB-LMTO and LmtART) [3,4]. Exchange-correlation potential is used
in the local-spin-density approximation (LSDA). Results of our calcula-
tion show that Ni2MnGe is ferromagnetic ordered at 0 K. In the present
system, the band gap near the Fermi level is possible to occur for the
minority spin direction. We observe separation of bands near the Fermi
energy due to the tetragonal distortion as well as the change of atomic
positions between Ni and Mn atoms. The effect of a lattice parameter
on a size of the band gap is also considered.
[1] R. A. De Groot, F. M. Mueller, P. G. Van Engen, K. H.

Buschow, Phys. Rev. Lett., 1990, 50, 2024.
[2] S. Fujii, S. Sugimura, S. Ishida, S. Asano, J. Phys.: Cond

Matter, 1990, 43, 8583.
[3] O. K. Andersen, Phys. Rev. B, 1975, 13, 3050.
[4] S. Y. Savrasov, Phys. Rev. B, 1996, 54, 16470.

Theoretical Studies on the Electronic Properties of Transition Metal 
Complexes using DFT and Ligand Field Theory 

M.Atanasova,b,c*, P.Combac and C.Daula

aDepartement de Chimie, Université de Fribourg, Chemin du Museé, 9, CH-
1700 Fribourg, Swizterland 

bInstitute of General and Inorganic Chemistry, Bulgarian Academy of 
Sciences, Acad.G.Bontchev Str.Bl.11, 1113 Sofia, Bulgaria 
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Im Neuenheimer Feld 270, D-69120 Heidelberg, Germany 

In this presentation, we give a brief outline of a recently proposed approach for 
modeling ground and excited state electronic properties of transition metal 
complexes. It is based on a combination of Ligand Field theory, which is a classical 
tool for interpretation and modern density functional theory and it is shown that the 
new approach is equally suitable both for single nuclear [1,2] and poly-nuclear 
transition metal complexes [3-4]. While ab-initio methods, such as multi reference 
CI have been applied with success to model ground and excited state properties of 
single nuclear complexes, magnetic exchange coupling still presents a challenge 
for ab-initio based methods. A parameterization of the ligand field for oligonuclear 
transition metal complexes allows to circumvent the size problem for calculating 
the exchange coupling constants and the magnetic properties, thus having a big 
impact for applications in molecular magnetism. In this talk a series of applications 
and test examples of magnetic exchange integrals will be given using 
experimentally well documented magnetic dinuclear complexes; these include bis-
µ-hydroxo-bridged dimers of Cu(II) and oligonuclear cyanometallates. The impact 
of this approach will be discussed in close connection with ongoing experimental 
studies on these systems [5]. 

[1] M.Atanasov, C.A.Daul and C.Rauzy, Chem.Phys.Lett. 367, 737(2003).  
[2] M.Atanasov, C.A.Daul, C.Rauzy, Structure and Bonding, 106,97(2004).  
[3] M.Atanasov, C.A.Daul, Chem.Phys.Lett., 379, 209 (2003).  
[4] M.Atanasov, C.A.Daul, Chem.Phys.Lett., 381, 584 (2003).  
[5] M.Atanasov, P.Comba, Y.D.Lampeka, G.Linti, T.Malcherek, R.Miletich, 

A.I.Prikhod’ko and H.Pritzkow, Chem.Eur.J., submitted for publication.  
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Theoretical evaluation of NMR parameters for differently hydrogen
bonded water molecules in the liquid state

Teemu S. Pennanen1, Juha Vaara2, Perttu Lantto1 and Jukka Jokisaari1

Department of Physical Sciences1

University of Oulu, B.O. Box 3000, FIN-90014, Finland
Laboratory of Physical Chemistry, Department of Chemistry2

P.O.Box 55 (A. I. Virtasen aukio 1) FIN-00014, University of Helsinki,
Finland

Various NMR parameters (chemical shift, shielding anisotropy, shielding
asymmetry parameter, nuclear quadrupole coupling constant and asymmetry
parameter) for oxygen and hydrogen/deuterium nuclei of differently
hydrogen bonded molecules of liquid water are determined theoretically
using snapshots from a CPMD1 simulation. Coordinate data of nuclei is fed
into a quantum chemical program for the calculation of NMR parameters,
using DFT/B3LYP-functional and for comparative purposes the Hartree-
Fock level of theory. In the subsequent analysis, molecules are divided into
groups according to the number of hydrogen bonds they possess, and the
NMR property averages are calculated separately for each group. The
division into groups also reveals the hydrogen bond distribution in liquid
water, using a simple distance-based definition of hydrogen bonding.
Distributions of the individual property values inside the groups show a
wide range of possible values for individual nuclei, even for each hydrogen
bonded species.

[1]  R. Car, M. Parrinello, Phys. Rev. Lett. 1985, 55, 2471.

Volume effect on the magnetic properties of Fe3-xCrxAl

Anna Go1, Maria Pugaczowa-Michalska2, Ludwik Dobrzy�ski1,3

Institute of Experimental Physics1

University of Bia�ystok, Lipowa 41, 15-424 Bia�ystok, Poland 
Institute of Molecular Physics2

Polish Academy of Science, Smoluchowskiego 17, 60-179 Pozna�, Poland 
The Soltan Institute for Nuclear Studies3

05-400 Otwock-�wierk, Poland 

Fe3-xCrxAl alloys, in the range 0�x�0.5, crystallise in the DO3-type
structure [1]. The decrease of the magnetic moment of iron with the 
increase of the chromium concentration was obtained by Mössbauer 
measurements [2]. However, detailed theoretical investigations [3] for the 
experimental values of the lattice constant [2] show different gradient of the 
total magnetic moment versus lattice constant. Furthermore there is quite 
unexpected behaviour of magnetic moment of iron atoms on one of the 
non-equivalent positions, namely, the magnetic moment increases with the 
concentration of chromium. It is well known that magnetic moment of pure 
iron depends strongly on the Wigner-Seitz radii [4]. The purpose of this 
work is to investigate the dependence of the total and local magnetic 
moments on the lattice constant. The electronic structure for ordered 
Fe3-xCrxAl alloys have been obtained using the self-consistent 
spin-polarised TB-LMTO method [5]. Calculations were carried out for the 
changing values of the lattice constant in range ± 15 % in relation to the 
experimental values [2]. Obtained results show that the the values of 
magnetic moments would agree with the experiment if the change of the 
lattice parameter was about 5% 

[1] D. Satu�a, et at., J. Magn. Magn. Mater., 1995, 140-144, 61. 
[2] D. Satu�a, et al., J. Magn. Magn. Mater., 1997, 169, 240. 
[3] A. Go, et al., Molecular Physics Reports, 2003, 38, 86. 
[4] D. Bagayoko, J. Callaway, Phys. Rev. B, 1983, 28, 5419. 
[5] O. K. Andersen, O. Jepsen, Phys. Rev. Lett., 1984, 53, 2571. 
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Stereoselective Synthesis of Chiral Bicyclic Lactams: A DFT Approach 

S. Catak1, H. Celik1, V. Aviyente1, K. N. Houk2

Chemistry Department1 Bogazici University, Bebek, Istanbul 34342 Turkey 
Department of Chemistry and Biochemistry2

University of California, Los Angeles, California 90095-1569 

Chiral bicyclic lactams have been used as starting materials in the total
synthesis of natural products1. These systems have provided access to a 
number of enantiomerically pure materials bearing quaternary carbon 
centers2. Homochiral 2-methylpyrrole derivatives (3) are synthesized in high
yields starting from chiral amino alcohols (2) and 5-chloro-3-pentene-2-one 
(1). The photooxygenation of these compounds in the presence of a
photosynthesizer furnishes the pyrrolooxazolone (5a and 5b) structures in
high diastereoselectivities3. In this study, B3LYP/6-31+G* has been used to 
understand the mechanism of the reaction as well as the factors responsible 
for the stereoselectivity. The ultimate goal of this research is to display the 
intermediates and transition states along this synthesis in order to guide 
experimentalists in their endavour.
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[1]   D. Romo, J. L. Romine, W. Midura, Tetrahedron, 1990, 46, 4951.
[2]   G. P. Brengel, A. I. Meyers, J. Org. Chem., 1996, 61, 3230. 
[3]   F. Aydogan, A.S. Demir, Tetrahedron: Asymmetry, 2004, 15, 259.

Interactions in Complex Materials:
Ionic Molecular Crystals

Nicole A. Benedek,† Ian K. Snook,† Kay Latham, Irene Yarovsky†

Departments of Applied Physics† and Applied Chemistry,

RMIT University, GPO Box 2476V, Melbourne 3001, Australia

The diverse range of elements and bonding scenarios present in molecular
crystals means they often provide interesting ‘laboratories’ for the study
of intermolecular interactions. Crystal structures are usually described
in geometric terms, however it is the energetics of intermolecular inter-
actions that determine the chemical and physical properties of molecular
materials. Despite this, there is surprisingly little information on the
energetics associated with the complex geometries which often occur in
molecular crystals, particularly those containing metals and molecular
ions.
An interesting family of novel molecular crystals, mixed-ligand copper
organophosphonates, was recently synthesised in our laboratories [1]. We
have been using Density Functional Theory in an effort to probe the elec-
tronic structure of these complex systems [2,3] and thereby understand
both the inter- and intramolecular interactions, in energetic and geomet-
ric terms, which determine the structure and properties. We also present
preliminary findings concerning our use of the Quantum Monte Carlo
(QMC) technique to study the fundamental physics of intermolecular in-
teractions. QMC was the method used to parameterise the LDA and
continues to be employed as an aid in designing more accurate function-
als.

[1] Clarke, R., Latham, K., Rix, C., Hobday, M. and White, J.,
CrystEngComm, 2005, 7, 28.

[2] Benedek, N.A., Snook, I.K., Latham, K. and Yarovsky, I.,
J. Chem. Phys., 2005, Accepted.

[3] Benedek, N.A., Spencer, M.J.S., Latham, K. and Yarovsky, I.,
Chem. Phys. Lett., 2003, 378, 400.
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The Study of Corrosion Inhibition
of Amides and Thiosemicarbazones by MNDO and DFT Calculations

Fatma Kandemirli1 and Seda Sagdinc2

Kocaeli University, Faculty of Science, Dept. of Chemistry, Kocaeli1

Kocaeli University, Faculty of Science, Dept. of Physics, Kocaeli, Turkey.2

Amides and thiosemicarbazones are recognized corrosion inhibitors1. The
efficiency of organic compounds as a corrosion inhibitor is closely related to
molecular structure. DFT and semi-empirical calculations have been widely
used to study the relation between corrosion inhibitor effect and molecular
structure2.

In the present investigation, molecular structures and electronic properties of
urea (U), thiourea (TU), acetamide (A), thioacetamide (TA), semicarbazide
(SC), thiosemicarbazide (TSC), methoxybenzaldehyde thiosemicarbazone
(MBTSC), 2-acetylpyridine-(4-phenyl)thiosemicarbazone (2AP4PTSC), 2-
acetylpyridine-(4-methyl)thiosemicarbazone (2AP4MTSC), benzoin
thiosemicarbazone (BZOTSC) and benzil thiosemicarbazone (BZITSC)
were calculated with semi-empirical (MNDO) and DFT methods. It was
found that the molecules which include a thiocarbonyl group, e.g. TU, TA
and TSC have higher inhibition efficiency than the corresponding
compounds3. It has been found correlation between corrosion inhibition
efficiencies and electronic properties of these molecules. All the calculations
were carried out with the help of complete geometry optimization. MNDO
and DFT calculations were performed GAUSS 98W program package
(Version 5.4 RevA -9).

[1] M.Özcan, . Dehri, Prog. Org. Coat.,� 2004, 51, 181.
[2] J. Fang, J. Li, J. Mol. Struct., 2001, 571, 139.
[3] E.E. Ebenso, et al., Mater. Chem. Phys., 1999, 60, 79.
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A time-dependent density functional theory study of one- and two-
photon absorption in donor-acceptor chromophores 

Paul N. Day, Kiet A. Nguyen, and Ruth Pachter
Air Force Research Laboratory, Materials & Manufacturing Directorate, 
AFRL/MLPJ, Wright-Patterson Air Force Base, Ohio, USA 45433-7702 

In our ongoing theoretical studies to predict the photophysical properties 
of materials of interest, we report the results for one-photon, and two-
photon absorption (OPA, TPA) spectra, for a series of chromophores, in 
which electron donating and accepting groups are attached to a core 
having a �-delocalized electron structure, such as stilbene or fluorene.  
Linear response time-dependent density functional theory, with hybrid 
exchange-correlation functionals, was applied in all calculations.  We 
find that the calculated excitation energies are generally in good 
agreement with experiment, particularly when compared to 
measurements carried out in a nonpolar solvent.  Predicted TPA cross-
sections, applying the two-state approximation, are also in relatively 
good agreement with experiment; however, a lack of experimental 
systematic solvent effects data limits a detailed comparison as yet.   
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Two Types of Complexes of Carbon Monoxide with the
Hydroxyl Group and the Reproduction of the CO Frequency

Shifts by MP2 and B3LYP methods

Igor Ignatyev1 and Tom Sundius2

1Department of Chemistry, Radiochemistry Laboratory, St. Petersburg
State University, St. Petersburg 199034, Russia

2Department of Physical Sciences, University of Helsinki, P.O. Box 64,
FIN-00014 Helsinki, Finland

Carbon monoxide may form two types of hydrogen bonding with the OH
group, i.e. OH. . .CO (I) and OH. . .OC (II). They are characterized by
different signs of CO frequency shifts in complexes with water [1] and with
surface silanol groups [2]. MP2 satisfactorily describes the blue shifts for
complex I, but fails to reproduce experimental values of the red shifts for
complex II. B3LYP describes them substantially better and shows that
in the series ROH (R=H,CH3,SiH3) both shifts increase on going from
water to silanols in accord with experimental results. However, B3LYP
predictions for CO complexes with silanols R3SiOH (R=H,F,OH) give
the 2:1 ratio of shifts, in contrast to the 1:1 ratio observed for surface
species. The high red shift observed for surface species with SiOH. . .OC
bonding may be reproduced only in the cases when the interaction of CO
with atoms imitating lattice oxygens is present.

[1] J. Lundell, M. Räsänen, J. Phys. Chem., 1995, 99, 14301.
[2] P.Yu. Storozhev, C. Otero Areán, E. Garrone, P. Ugliengo,

V.A. Ermoshin, and A.A. Tsyganenko, Chem. Phys. Lett.,
2003, 374, 439.
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Modelling the Cyclocondensations of �-ketophosphonoenoates with 
Dienes

N. Celebi-Olcum, V. Aviyente
Chemistry Department Bogazici University, Bebek 34342 Istanbul, Turkey 

The reaction of diethyl �-crotonylphosphonate (1) with cyclopentadiene, in 
the absence of  a Lewis catalyst, leads to the formation of the hetero-Diels-
Alder product (2) in addition to the normally expected cycloadduct (3) with 
poor stereoselectivity.1 The addition of Lewis acid (SnCl4) favors the hetero-
Diels-Alder product (2) and enhances endo/exo selectivity of the major 
product. 1,2 Changing cyclopentadiene to cyclohexadiene in the presence of   
Lewis acids has a net effect on product distribution. The reaction does not 
show any selectivity between normal and hetero-Diels-Alder product. In this 
study, the reaction of dialkyl �-keto-�,�-unsaturated phosphonates with 
cyclopentadiene and cyclohexadiene will be modelled with  B3LYP/6-31G*  
in the absence and in the presence of Lewis acids, in order to understand the 
origin of the stereoselectivity.  

               

[1]   S. Hanessian, P. Compain, Tetrahedron, 2002, 58, 6521.
[2] L. A. Telan, C. D. Poon, S.A. Evans Jr., J. Org. Chem., 1996, 61,

7455.

DFT Calculations on TtBP- a Highly-distorted Porphyrin with an 
Unusual Resonance Raman Spectrum. 

Roma E Oakes, Steven E J Bell. 
The Queen’s University of Belfast, School of Chemistry, David Keir 

Building, Stranmillis Road, Belfast. BT9 5AG.  

Porphyrins are an incredibly diverse class of compounds. They have 
applications in areas such as solar-energy conversion and photodynamic 
therapy and, in nature, they lie at the heart of the reactions that drive 
photosynthesis. Most porphyrins have planar or near-planar macrocycle 
cores, but over the last 10 years there has been an explosion in the number 
of crystal structures of non-planar porphyrins. In general, the distorted 
compounds have much shorter excited state lifetimes than their planar 
analogues and some display strongly temperature-dependent photophysical 
behaviour. This raises the possibility that the excited state properties of 
porphyrins may be “tuned” by introducing distortions into the macrocycle 
but, of course, such an approach requires an understanding of how the 
nature of the distortions is linked with the photophysics. 

 This talk describes DFT calculations on non-planar porphyrins such 
as free-base tetra-tert-butyl porphyrin (TtBP). The resonance Raman 
spectrum of TtBP has unusually strong, low-frequency bands which do not 
appear in the spectra of very similar, but planar near-analogues. However, 
even with extensive experimental data it was not possible to explain why 
these bands appear. The calculations show that they originate in vibrations 
that involve folding of the pyrrole parts of the ring [1]. This was 
unexpected, because this type of out-of-plane vibration is not normally seen 
in porphyrins, but it implies that the distortions in the excited-state are along 
coordinates that are different to those in the ground state, where each of the 
Cm-pyrrole-Cm units in TtBP is near-planar. In the excited-state it is the Cm-
pyrrole-Cm units themselves that are twisted. These deformations may be the 
origin of the unusual photophysical properties of TtBP, in particular its 
anomalously short excited-state lifetime. 

[1] Oakes, R.E., S.J. Spence, and S.E.J. Bell, J Phys Chem. 2003, 107,
2964. 
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