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Effect of Multivalent lon on Attractive Interaction between
Like-Charged Macromolecules Immersed in an Electrolyte Solution

Ryo Akiyama,' Ryo Sakata,’ Yoji Kubota®
'Department of Chemistry, Kyushu University, Japan

l. Introduction

In dilute electrolyte solution two like-charged macroions are repel each other. The
effective interaction is screened Coulomb interaction. However, the effective interaction
often becomes attractive in a bio-fluid. For example, G-actins make a strong polymer
and bundle structures in biological condition, although they are negatively charged
proteins. Another example is DNA, which is negatively charged long polymer. In dilute
electrolyte, it is stretched. When the electrolyte concentration becomes higher, the
polymer collapses. It means that the like-charged parts of polymer are effectively
attracted each other. However, the attraction disappears as the concentration increases.
The coil-globule transition is important in reading genetic information of DNA.
Therefore, this reentrant behavior is not only interest in chemical context, but also
important in biological context.

Il. Theory and Model

The OZ-HNC theory was adopted in this study, because it was useful method in
this problem [1]. The equations were solved numerically. The details of the calculations
have been described in earlier publications [2]. Neutral hard spheres (the diameter is
2.8A) were adopted as the solvent molecules. This size is the effective size of water
molecule. The ions were modeled as charged hard spheres whose diameter was also
2.8A. Each anion and each cation had charge e and e, respectively. The macroions
were also modeled as charged hard spheres. The diameter of macroion was set at 16.8A
and. The Coulomb potential was divided by 78.5, the dielectric constant of water.

Il. Results

The effective interaction between two like-charged macromolecules were obtained.
The results showed the reentrant behavior. The attraction was explained by using the
idea of classical “covalent bond”. The “bond” was analyzed by the Kirkwood super
position approximation. There was a good agreement between the stability of macroion
dimer and the local density between the macroions. It means that there is an analogy
between it and the linear combination of atomic orbital (LCAO) approximation for
chemical bonds.

[1] G.N. Patey, J. Chem. Phys. 72, 5763 (1980)
[2] M. Kinoshita and M. Harada, Mol. Phys. 74, 443 (1991).
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Fragment molecular orbital study for interaction between influenza
virus neuraminidase and antiviral drug

Kaori Fukuzawa,'? Yuji Mochizuki,2’3 Hiroki Mibe,3 Chiduru Watanabez, Shigenori
Tanaka®, Tatsuya Nakano™’
' Mizuho Information & Research Institute Inc., 2-3 Kanda Nishiki-Cho, Chiyoda-ku,
Tokyo 101-8443, Japan
* Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba, Meguro-ku,
Tokyo 153-8505, Japan
3 Department of Chemistry and Research Center for Smart Molecules, Faculty of
Science, Rikkyo University, 3-34-1 Nishi-ikebukuro, Toshima-ku, Tokyo 171-8501, Japan
‘Graduate School of System Informatics, Department of Computational Science, Kobe
University, 1-1, Rokkodai, Nada, Kobe 657-8501, Japan
? Division of Medicinal Safety Science, National Institute of Health Sciences, 1-18-1
Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Ab initio electronic structure calculations for interaction between influenza viral
surface proteins, neuraminidase (NA), and antiviral drug, oseltamivir (Tamiflu) and
zanamivir (Relenza), have been performed on the basis of the fragment molecular
orbital (FMO) method. The NA monomer (386 amino acid residues, 5749 atoms)
complexed with inhibitor agents were calculated at the FMO-MP2/6-31G level. The
inter-fragment interaction energy (IFIE) analysis
was performed to reveal the interactions between
inhibitor and its binding pocket. Hydrogen bond
network structures of interactions among the
inhibitor and surrounding amino acid residues
were characterized, and difference of binding
mechanism  between two inhibitors was
examined. Such theoretical analyses could be
helpful to develop the effective inhibitor agent
against the drug resistant mutant.

Fig. IFIE between oseltamivir (yellow)
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Energetical validation of the cleft open-close and the

lever-arm swing of molecular motor myosin
Jun Ohnuki, Takato Sato and Mitsunori Takano
Dept Pure & Appl Phys, Grad Scl Adv Sci & Eng, Waseda Univ

Muscle contraction arises from a unidirectional motion of myosin along an actin
filament. It is widely believed that the two large structural changes of myosin, coupled
with the chemical state of the nucleotide in the catalytic site of myosin, drive the
unidirectional movement: the open-close of the actin-binding cleft regulates the binding
to the actin filament, and the swing of the lever-arm (the so-called “power stroke”)
generates the force. However, this widely-held mechanism relies largely on the
structural studies, and accompanying energetics in aqueous solution remains elusive.
Therefore, we here validate, from the energetical viewpoint, the possibility of those
nucleotide-induced structural changes. To this end, we investigate the free energy
landscapes along the reaction coordinates representing the cleft open-close and the
lever-arm swing by using the replica exchange umbrella sampling method, which is one
of the powerful conformational sampling methods. We found that the most stable state
of the cleft changes depending on the bound nucleotide, which is in agreement with the
previous studies. On the other hand, the power stroke of the lever-arm was found to be
unfavorable even in the nucleotide-free state. However, free-energy differences for
both structural changes were not so large, allowing large thermal fluctuations at room
temperature. We then decompose the potential energies on the residue-residue basis to
identify the key residues. We finally address the mutual relation between the

actin-binding cleft and the lever-arm motions.
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Orbital Views of Molecular Conductance Perturbed by Anchor
Units

Yuta Tsuji,' Aleksandar Staykov,' Kazunari Yoshizawa'
! Institute for Materials Chemistry and Engineering and International Research Center
for Molecular Systems, Kyushu University, Japan

During the last two decades studies of
single-molecular electronic devices have
gained great attention of the nanoscale 9‘@_@ QQ‘
science and technology. The variety of
potential  applications of molecular

devices such as switches, rectifiers, and
memories requires detailed understanding

of the electron transport properties
through a single molecule. Site-specific

ngn @ sme e SHemspeet SOMO SOMO
electron transport phenomena through

benzene and benzenedithiol (BDT) Figurel. Frontier orbitals of p-BDT and

derivatives are discussed on the basis of a M-BDT,  symmetry-allowed  (solid

qualitative Hiickel molecular orbital
analysis for better understanding of the

arrow), and symmetry-forbidden (dashed
arrow) routes for electron transport.

effect of anchoring sulfur atoms. A recent

work [1,2] for the orbital control of electron transport through aromatic hydrocarbons
provided an important concept for the design of high-conductance connections of
molecule with anchoring atoms. In this work the origin of the frontier orbitals of BDT
derivatives, the effect of the sulfur atoms on the orbitals and on the electron transport
properties, and the applicability of the theoretical concept on aromatic hydrocarbons
with the anchoring units are studied. The results demonstrate that the orbital view
predictions are applicable to molecules perturbed by the anchoring units. The electron
transport properties of benzene are found to be qualitatively consistent with those of
BDT with respect to the site dependence. To verify the result of the Hiickel molecular
orbital calculations, fragment molecular orbital analyses with the extended Hiickel
molecular orbital theory and electron transport calculations with density functional
theory are performed. Calculated results are in good agreement with the orbital
interaction analysis. The phase, amplitude, and spatial distribution of the frontier
orbitals play an essential role in the design of the electron transport properties through
aromatic hydrocarbons [3].

[1] Tada, T.; Yoshizawa, K. ChemPhysChem 2002, 3, 1035.

[2] Yoshizawa, K.; Tada, T.; Staykov, A. J. Am. Chem. Soc. 2008, 130, 9406.
[3] Tsuji, Y.; Staykov, A.; Yoshizawa, K. J. Am. Chem. Soc. 2011, 133, 5955.
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Quantum dynamics for organic solar cells

Hiroyuki Tamura,1 Irene Burghardt,2 Masaru Tsukada '
"' WPI-Advanced Institute for Material Research, Tohoku University, 2-1-1 Katahira,
Aoba-ku, Sendai, 980-8577, Japan
*Institute of Physical and Theoretical Chemistry, Goethe University
Frankfurt, Max-von-Laue-Strasse 7, 60438 Frankfurt/Main, Germany

Organic solar cells typically consisting of conjugated polymers and fullerenes are one
of promising next-generation photovoltaics owing to their potential for cost-effective
energy sources, so that great efforts have been devoted to the development of
high-efficiency organic solar cells. The energy conversion efficiency of organic solar
cells would be determined by several processes, including photoabsorption (exciton
generation), exciton diffusion in the donor material, exciton dissociation (charge transfer)
at the donor-acceptor heterojunction, and transports of free electron and hole to the
electrodes. Understanding these mechanisms at microscopic level is important to provide
design rules for high-efficiency photovoltaics.

Here, we investigate the exciton dissociations at oligothiophene/Cgy donor-acceptor
heterojunctions [1]. The non-perturbative charge transfer is analyzed based on quantum
dynamics calculations in a diabatic representation considering the vibronic coupling.
Our quasi-diabatization scheme [1] is convenient for analyzing photovoltaic processes,
and can be applied for any ab initio and DFT methods. The electronic structure and the
vibronic coupling are calculated by using the long-range corrected TDDFT [2]. We take
advantage of the hierarchical electron phonon (HEP) model [1,3] for systematic
renormalizations of the vibronic coupling of large systems. We have proven that the
truncated HEP Hamiltonian can exactly reproduce short-time dynamics of large systems.
The quantum dynamics calculations are performed by using the multi-configuration
time-dependent Hartree (MCTDH) method [4].

Our quantum dynamics calculations exhibit
ultrafast exciton dissociations owing to the strong
coupling between the exciton and charge transfer
states, as observed in the time-resolved
spectroscopies. The intra-molecular high-frequency
vibrational modes are found to dominate the
ultrafast dynamics. The coupling strength and
relative energy between thg exciton and cha.rge 0 0 100 1
transfer states depend sensitively on the stacking Time [fs]
structure of thiophene and Cgo, which in turn affects =~ Time-evolution of the exciton
the absorption spectra and the dynamics of exciton ~ Population at the oligothiophene/Ce
dissociations [1]. heterojunction
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[1]H. Tamura, I. Burghardt, and M. Tsukada, J. Phys. Chem. C 115, 10205 (2011).

[2] Y. Towada, T. Tsuneda, S. Yanagisawa, Y. Yanai, K. Hirao, J. Chem. Phys. 120,
8425 (2004).

[3]JH. Tamura, J.G.S. Ramon, E. R. Bittner, I. Burghardt, Phys. Rev. Lett. 100,107402
(2008); H. Tamura, E. R. Bittner, 1. Burghardt, J. Chem. Phys. 127, 034706 (2007).
[4]H. D. Meyer, U. Manthe, L. S. Cederbaum, Chem. Phys. Lett. 165, 73 (1990).
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Determination of Local Chirality of Irregular Single-Walled Carbon

Nanotube Based on Individual Hexagons

Joonghan Kim and Keiji Morokuma
Fukui Institute for Fundamental Chemistry, Kyoto University, Kyoto 606-8103, Japan

The chirality of single-walled carbon nanotubes (SWCNTSs) has a great importance
since their physical and electronic properties strongly depend on the chirality.
However, the chirality of irregular structures of SWCNT, for instance those formed
during growth of SWCNT, was difficult to define. Therefore, we have developed a
powerful theoretical method for the determination of the local chirality based on
individual hexagons that compose SWCNT. The new method and code have been
applied to various SWCNT-like irregular structures that are formed during molecular
dynamics simulation of the growth process. The local chiral angles and their
distributions are well defined and easily calculated for irregular structures as well as
ideal structures of SWCNT. This tool could aid the further investigation of the
chirality-controlled SWCNT growth.
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Fullerene formation from hydrocarbon combustions:
Quantum chemical molecular dynamics study

Hai-Bei Li,' Stephan Irle,” Keiji Morokuma'”

'Fukui Institute for Fundamental Chemistry, Kyoto University, Kyoto, Japan
*Institute for Advanced Research and Department of Chemistry, Nagoya University,
Nagoya, Japan
3Cherry L. Emerson Center for Scientific Computation and Department of Chemistry,
Emory University, Atlanta, GA, USA

Combustion of hydrocarbon fuels in lean oxygen flame offers advantages for large-scale
fullerene production [1]. Saha et al. [2] performed high temperature simulations of
benzene combustion by gradually reducing hydrogen atoms randomly using
density-functional tight-binding (DFTB)-based quantum chemical molecular dynamics
(QM/MD). In this work, we simulate fullerene formation from naphthalene
combustion at 1500 K and 2500 K. All QM/MD simulations were performed by
employing a Nose Hoover chain thermostat, and carbon densities of 0.119 and 0.026
g/en’, respectively. A Monte Carlo-based hydrogen removal strategy was devised
where we calculate the probability factor for each candidate structure after removing
two hydrogen atoms in randomly selected positions, and select the candidate hydrogen
pair randomly under consideration of Boltzmann weights for the environmental
temperature. One hydrogen pair is removed every 0.235 ps and 0.470 ps at 1500 K and
2500 K, respectively, until all hydrogen is removed from the system. One selected
trajectory is shown in the figure below. Although the mechanism of fullerene
formation is similar to previous results [2], in our simulation, lower carbon density and
lower temperature favor the formation of smaller size fullerenes. Our new hydrogen
removal scheme tends to produce more cage structures than the random removal scheme
of [2].
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[1] Homann, K. H. Angew. Chem. Int. Ed. 1998, 37, 2434.
[2] Saha, B.; Shindo, S.; Irle, S.; Morokuma, K. ACS Nano 2009, 3, 2241.
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First-principles Study of STM-induced Melamine/Cu(001) Switch;
Energy Barrier Change with Bias and Various tip positions

Tatsuhiko Ohto,"* Ivan Runggerz, Koichi Yamashita,' Stefano Sanvito®
3

and Hisao Nakamura
'Department of Chemical System Engineering, The University of Tokyo, Japan
2School of Physics, Trinity College Dublin and CRANN, Ireland
3Nanosystem Research Institute(NRI), RICS, AIST, Japan

1. Introduction

(1.77 oV)

The manipulation or stimulation of molecules using
Scanning Tunneling Microscopy (STM) is highly promising.
Pan et al [1] found a STM-induced melamine/Cu(001) switch |
(C1 to C2, Figurel) and analyzed its mechanism by a typical | 10 melemine-C2
model. Such a model uses ad hoc parameters and the ™=
switching mechanism is not fully understood. The validation ggﬂﬁi}l‘e/sé?(cotg{e)s of
of them using first-principles calculations is required. system.[1]

I1. Method

Current-induced forces are calculated by SMEAGOL program code [2], which is
based on the nonequilibrium Green’s function method with density functional theory.
The explicit evaluation of the current-induced forces enables us to obtain stable
structures under arbital STM-tip configurations with a finite bias. The nudged elastic
band (NEB) method was implemented into SMEAGOL to obtain minimum energy path

(MEP) between C1 and C2 structures. Because the total energy of open systems is not

well-defined, we calculated the potential energy by integrating forces along MEP.
I11. Results

The energy landscape calculated at zero bias was almost the same with that of Ref.
1. The energy barrier change was 0.06 eV within *=1.0 V, which is attributed to the
dipole-filed interaction (no electron-wind force). Therefore, this barrier change can be

reproduced by the calculation of a free
1300 tip-N=5 &

molecule in electric field. (Figure 2) When the = | L " e
distance between the tip and the molecule is 1w e - | S
close, the barrier change becomes large but E%’W”U . é; il TS NA)
these configurations destroy the basic energy :%Z:EZ o ety

. ——C1-TS2(tip-H=3.54)
landscape. However, the barrier change of 0.06 " v * sete 0 4 o e C1-TS e H258)
F'y

0Eo0 e B Free Moleculs (FBE)

eV is 1/4 smaller than the assumption in Ref. 1.
The analysis of the switching mechanism by a B2 a0 23

Actual Bias (v)

master equation using first principles results Figure 2. Comparison of the energy

will be presented. barrier with finite bias
[1] Pan S e al. PNAS106(2009)15159

[2] Rocha A et al. PRB73(2006)085414, Zhang R et al. submitted
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Functional Features of Voids of Nanosized Golden Fullerenes

Eugene S. Kryachko
Bogolyubov Institute for Theoretical Physics, Kiev, 03680 Ukraine
E-mail: eugene.kryachko@ulg.ac.be

Generally speaking, an arbitrary 3D molecular structure is either space-filled,
compact, without any void, or possesses some void(s) or emptiness that result in a hollow
cage shape. Fullerenes, such as the buckyball Cg, belong to the latter category. Similar
fullerene-like structures or hollow cages have been recently discovered for other
chemical elements, among which gold is a particular one — definitely, ‘noblesse oblige’
works out — due to its rather unique properties mostly dictated by strong relativistic
effects.

When one molecule interacts with another, their outer space between them is
patterned by chemical bonds. In this sense, hollow molecular cages are distinguishably
different. If a void of an arbitrary fullerene is of a sufficient size, it enables to form
chemical bond(s) in the interior, void space with guest atoms, ions or molecules which are
trapped inside, encapsulated or confined within void. This results in the formation of so
called ‘endohedral’ or @-fullerenes which are manifest in a variety of remarkable
features. Therefore, by the definition, molecular hollow cages possess atoms that are
capable, on the one hand, to form chemical bonds with molecules from the outer space
and on the other, from the inner, void one. This implies a bifunctionality of the chemical
reactivity of such molecular systems - the outer or exo-reactivity, on the one hand, and the
inner, void, or endo-reactivity on the other.

The present work further pursues the theme of the void molecular reactivity [1,2] and
investigates the functional features of void reactivity of nanosized golden fullerenes Aus,
and higher by invoking, instead of the global characteristics, such as the ionization energy
and electron affinity, which traditionally characterize chemical reactivity, the local ones:
the molecular electrostatic potential, HOMO-LUMO patterns, and atomic and ionic
probing species. The formation of the chemical bonding patters are studied for some
encaged atoms and diatoms, and compared with the analogous endohedral Cg¢-fullerenes.
A surprising confinement propensity of the 3D space-filled cluster Auy(7,) is under
consideration as well.

[1] E. S. Kryachko and F. Remacle. J. Phys.: Conf. Series 248, 012026 (2010).

[2] E. S. Kryachko and F. Remacle. In Advances in the Theory of Quantum Systems in
Chemistry and Physics. Ed. by P. Hoggan, J. Maruani, P. Piecuch, G. Delgado-Barrio, and
E. J. Brindas. Springer, Berlin, 2011. Vol. B22.
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Theoretical investigation of charge-transport properties in organic
single crystals from constrained density functional theory

Shotaro Watanabe, Kenji Morihashi
Graduate School of Pure and Applied Sciences, University of Tsukuba, Japan

I. Introduction

The charge-transfer rate in electron and hole transfer is one of important factors that
show transport properties of electronic materials. Therefore, a reliable method to compute
charge-transfer rate in electronic materials would contribute much to the development of
electronic devices. The computational methods of charge-transfer rate have been
developed on the basis of Marcus theory, and ab initio method and density functional
theory (DFT) have been used to calculate Marcus parameters. In this work, we used
constrained density functional theory (CDFT) [1] to calculate these parameters and
estimated intermolecular charge-transfer rates in organic single crystals, naphthalene
and anthracene.
I1. Calculations and Results

The intermolecular charge-transfer rate, k., , can be written as [2]

exp(@cgwq

43k, T

27
h

kCT =

2 1
V.
/ Jamk,T

where V, is the electronic coupling matrix

element between the initial and final states,

A is the reorganization energy, and AG¢, \\ \

is the change in Gibbs free energy from initial | \T : /

to final state. Using these parameters obtained ”//"_ //i. /
from CDFT calculations, we calculated p
intermolecular charge-transfer rates shown in \

/.
Figurel. The hole transport properties of \\ \\

naphthalene crystal are compiled in Table 1.

o

o

Figure 1. Crystal structure of organic

Table 1. Marcus parameters. single crystal.

Vy[eV] A[eV] AGIO{T [eV] ki [S-l]
T, 0.05799 0.1826 -0.1732 1.312x10"
T, 0.03278 0.1865 0.1732 5.068x10"
p 0.06058 0.1845 0 2.401x10"

[1]1 Q. Wu and T. Van Voorhis Phys. Rev. 72, 024502 (2005).
[2] R. A. Marcus J. Chem. Phys. 24, 966-978 (1956).
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Catalytic activity of gold clusters on the “inert” h-BN surface

Min Gao, Andrey Lyalin, Tetsuya Taketsugu
Graduate School of Science, Hokkaido University, Japan

The unique catalytic activity of gold nanoparticles in oxidation reactions by
molecular oxygen was discovered experimentally more than 20 years ago [1]. It was
shown that the so-called "active" supports, such as metal oxides, considerably influencing
the catalytic activity of the supported gold clusters [2, 3]. Recently, it has been
demonstrated experimentally, that small gold clusters deposited on “insert” h-BN support
are efficient and robust catalysts [4]. However origin of the catalytic activity of gold
clusters supported on h-BN has yet to be fully understood. The present work aimed to
clarify whether the catalytic activity of Au,/h-BN is the intrinsic property of gold clusters
or not.

In the present work the structural and electronic properties of Au and Au, adsorbed
on the regular h-BN surface, as well as on the impurity and vacancy defects on the h-BN
surface have been studied theoretically using DFT at the GGA level with the Wu-Chen
functional. The most stable geometry structures, surface relaxations, adsorption energies
and charge transfers from the h-BN surface to Au and Au; are investigated with the aim to
understand the specific role played by the support in formation of the catalytic properties
of gold. In order to model the catalytic activity of gold clusters supported on h-BN surface
we studied adsorption and activation of oxygen molecule on Au/h-BN and Au,/h-BN. We

demonstrate that catalytic activity of 10 :
gold clusters can be sensitive not only to 8—: [

the interaction with the active support 61 vt
materials, such as metal oxides, but also ~_ 4'.%%&1 . ﬁ?u q‘i

to the interaction with the inert supports, F?g z_- ,‘f",ag ,'ﬁ',46 “VM' R |} A
such as h-BN. It is shown that vacancy §_2_' 30 4 50 11" 21!' E'I;Ies-Au
and impurity defects on h-BN surface n.-4-¢ A 2
can promote the catalytic activity of the -6—: S
supported Au clusters and enhance the 1
activation of the adsorbed O,. The charge '10,30 " 35 20 5 0 5 0
transfer from the support to the gold Energy (V)

clusters plays an important role in
formation of their catalytic properties [4,
5].

Figure 1. PDOS projected on the O, supported
on h-BN/Au (solid line) and Au atom (dashed

line)

[1] M. Haruta, T. Kobayashi, H. Sano, N. Yamada. Chem. Lett. 1987, 16, 405.
[2] M. Okumura, S. Tsubota, M. Haruta. J. Mol. Cat. A. 2003, 199, 73.
[3] A. Lyalin, T. Taketsugu. Faraday Discussions 2011, 152 (doi:10.1039/c1£d00013f).
[4] A. Lyalin, T. Taketsugu. J. Phys. Chem. C. 2010, 114, 2484.
[5] A. Lyalin, T. Taketsugu. J. Phys. Chem. Lett. 2010, 1, 1752.
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QM/MD Simulations of Graphene Hydrogenation

Ying Wang, Hu-Jun Qian, Stephan Irle

Institute for Advanced Research and Department of Chemistry, Nagoya University,
464-8601 Nagoya, Japan

Chemical adsorption of hydrogen atoms on graphite surfaces has attracted
considerable interest due to its relevance for a broad range of areas including
plasma/fusion physics, gap tuning in graphene, and hydrogen storage. We computed
counterpoise-corrected DFT, ROMP2, ROCCSD, and ROCCSD(T) potential energy
curves (PECs) based on relaxed-scan UB3LYP/cc-pVDZ geometries for the approach of
atomic hydrogen head-on to a carbon atom of an inner hexagon of pyrene C16H10 and
coronene C24H12. Such attack leads to the only global potential energy minimum
corresponding to chemisorbed H (relative energy for CCSD(T) around -0.4 eV), and a
barrier (CCSD(T): 0.5 eV) for the H approach. Interestingly, ROCCSD(T)//UB3LYP
PEC:s are close to that of pure UB3LYP.

We then modified the C-H parameter set for the
spin-polarized  self-consistent-charge  density-functional
tight-binding (sSCC-DFTB) method to reproduce the
CCSD(T)-based PEC at a tiny fraction of the computational
cost. Using this quantum chemical potential, we

performed direct Born-Oppenheimer MD simulations while

) “shooting” H atoms in 0.5 ps intervals with incident
Figure 1. All-para ) . o ) .
hydrogenated graphene  Vvelocity of 0.4 eV aimed at a periodic graphite target with
corresponding to 25%  randomly selected spin. The simulations were carried out
coverage as observed in ) )
experiment [1] and at a constant temperature of 300 K. Chemisorption may
during ~our  QM/MD  qccur in principle in random positions on the graphite with
simulations. . . . .

little preference for the adsorption site, causing H-frustrated
adsorption patterns over time [1] as reported by Flores et al. [2]. However, during
prolong exposure to H bombardment, a para-adsorption pattern (see Figure 1), proposed
previously by Boukhvalov et al. [3], emerges as a consequence of repeated surface
reorganization due to associative H2 elimination [1].
[1] Haberer, D.; Guisca, C. E.; Wang, Y. et al. submitted (2011).
[2] Flores, M. Z. S.; Autreto, P. A. S.; Legoas, S. B.; Galvao, D. S. Nanotechnol. 20,
465704 (2009).

[3] Boukhvalov, D. W.; Katsnelson, M. 1. Phy. Rev. B 78, 085413 (2008).
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Finite length Armchair Carbon Nanotubes: HOMO-LUMO gap
oscillation and conjugated circuit

Noriyuki Mizoguchi
Meiji Pharmaceutical University, Kiyose, Tokyo 2-522-1, Japan

An interesting aspect of finite-length carbon nanotubes (CNTs) is the quantum
finite-size effects of the energy gap between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO). It has been shown that
the HOMO-LUMO gaps in armchair CNTs show the oscillation depending on the
number of carbon layers along the tubular length axis. In this paper this oscillation of
HOMO-LUMO gaps are discussed in terms of Sachs graphs, conjugated circuits, and
Clar structures.

Sachs formula enables us to obtain the coefficients of the characteristic
polynomial for a conjugated molecule G. If the constant term an(G) is zero, then the
molecule's pi-system has non-bonding molecular orbitals. A Sachs graph Snx with all
the vertices in G is obtained by the superposition of two Kekule structures for G.
Circuits found in Sachs graphs Sx are conjugated circuits for G.

Sachs graphs Sx were studied for (n,n)m armchair CNT. Here m stands for the
number of layers in CNT. Figure 1 shows three Kekule structures and two Sachs
graphs for (2,2)2 armchair CNT. Superposition of Ki and K2 produces Sachs graphs S,
which contains two 6-membered conjugated circuits and one 8-membered conjugated
circuit. Superposition of Ki and Ks produces Sachs graphs Snz, which is Clar formula for
(2,2)2 armchair CNT. We found that Sachs graphs Sx for (n,n)m armchair CNT contain
not only 4k+2-membered but also 4k-membered conjugated circuit. Note that benzenoid
hydrocarbons can have only 4k + 2 conjugated circuits. By using Sachs formula we
found that the constant term an for (n,n)m armchair CNT is zero if m=3j, and non-zero
otherwise. Thus it was shown that the oscillation of HOMO-LUMO gaps arises from
the existence of 4k-membered conjugated circuits in (n,n)m armchair CNT. Clar

formulae were found in Sachs graphs for (n,n)m armchair CNT with m=3j+2.

Goo

I<l 2 3 SNl SNZ

Fig.1 Three Kekule structures and two Sachs graphs for (2,2)2 armchair CNT
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Relativistic quantum chemistry of heavy elements, hadronic atoms
and heavy ions collisions

Alexander Glushkov,'*
'Odessa OSENU University, P.O.Box 24a, Odessa-9, 65009, Ukraine
2ISAN, Russian Academy of Scinces, Troitsk, Moscow reg., 142090, Russia

The gauge-invariant relativistic many-body perturbation theory approach [1] to
consistent calculation of the spectra for heavy and superheavy elements (isotopes) and
hadronic atomic systems ions with an account of relativistic, correlation, nuclear,
radiative effects is presented. Zeroth approximation is generated by the effective ab initio
model functional, constructed on the basis of the comprehensive gauge invariance QED
procedure. The wave functions zeroth basis is found from the Klein-Gordon (pion atom)
or Dirac (kaon, hyperon) equation. The potential includes the core ab initio potential, the
electric and polarization potentials of a nucleus (the Gauss and Fermi models and
relativistic Dirac-Kohn-Sham approach for charge distribution in a nucleus are
considered). For superheavy ions the correlation corrections of high orders are accounted
for within the Green function method. The magnetic inter-electron interaction is
accounted for in the lowest order, the Lamb shift polarization part- in the Uhling-Serber
approximation and the self-energy part — within the Green functions method. We carried
out calculations :1).energy levels, hfs parameters for superheavy Li-like ions for different
models of the charge distribution in a nucleus and super heavy atoms Z=114-118; 3).
Shifts and widths of transitions (2p-1s,3d-2p, 4f-3d) in the pionic and kaonic atoms (He,
U etc.). Further a new consistent unified quantum mechanics and QED approach is
developed and applied for description of the heavy ions collisions and heavy
quasimolecules. To calculate the collision cross-section and quasi-molecule energy
characteristics we use modified versions of the relativistic energy approach, based on the
S-matrix Gell-Mann and Low formalism, and operator perturbation theory approach [2].
The nuclear subsystem and electron subsystem has been considered as two parts of the
complicated system, interacting with each other through the model potential. The nuclear
system dynamics has been treated within the Dirac equation with effective potential. The
calculation is carried out for the 238U+238U, Z2Th+2°Cf and 2U+*8Cm systems and
diatomics with X''?, X"'* atoms.
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