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Macromo/. Rapid Commun. 2008, 29, 1472-1476, &EEAH.

2. “Coadsorption and Support-Mediated Interaction of Ti Species with Ethy| Benzoate
in MgCl,~Supported Heterogeneous Ziegler-Natta Catalysts Studied by Density
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“First-principle Investigation on Stereocontrolling Mechanism of Propylene
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“Density Functional Study for Steric and Electronic Influences of Donors on
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Numerical analysis of second harmonic intensity images of a H-Si(111) surface after UV

light pulse irradiation

¥ Y. Miyauchi, H. Sano, and G. Mizutani
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Applied Surface Science vol. 255, pp3442—3446, 2008
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Resume of Research Activities with
Computational Resources at Jaist

Name and Surname: Giulio Biddau

Affiliations: Scanning Probe Microscopy Theory & Nanomechanics Group, Theoretical Physics of
Condensed Matter, Universidad Autonoma de Madrid.

RCIS, Jaist

Computational resources: abacus2, xt3, xt5

Typical computational size (time and # of procs.)

abacus2: daily use, charge average: 4 nodes (16 procs)

xt3 and xt5: daily use, charge average: 80 nodes in SMALL queue (16 maximum allowed per job)

Polycyclic Aromatic Hydrocarbons adsorption on noble metal close packed surfaces: an
innovative first step to fullerenes and heterofullerenes.

Polycyclic aromatic hydrocarbons (PAHs) are chemical compounds that consist of aromatic rings
and sometimes may contain heteroatoms or carry substituents.

Being addressed as life precursors, their presence has been reported in many different extreme
conditions, from interstellar medium to being byproducts of fuel burning (whether fossil fuel or
biomass).

In recent paper (Nature 464,865-869) we have reported an innovative application of two particular
PAHSs, polyarene CgH3p and heteropolyarene Cs;N3H33, as precursors towards a fully efficient
synthesis of fullerene (Cgo) and triazafullene (Cs7N3).

Once proper precursor is available, our method would permit to extend the synthesis process to a
wide range of heterofullerenes and endohedral fullerenes.

It is clear that the characterization of the adsorption of cited PAHSs is a fundamental achievement of
this study, to be able to extend the studied process to other metallic surfaces.

In this contribution we present the structural and electronical characterization of the molecular
precursors and the interaction with substrate of noble metal close packed surfaces such as Au(111)
and Pt(111), in which results are drastically different.

Our calculations have been carried out with ab-initio DFT methods, with Local Orbital method
(OpenMx) and compared, when possible, with Plane Wave (VASP), in both LDA and GGA
approximations and compared with results obtained with STM at room temperature.
Computationally, a remarkable result has been achieved in the simulation of such large systems that
contain up to 400 atoms.

Furthermore, we have characterized the adsorption profile for the PAH that shows preferential
adsorption orientation, and compared with behavior we obtained for the other system.

Our model explains the behaviour obtained for the adsorption of the precursors and is strictly
related with carbon — metal interaction. We assume that it could be valid also in case of other PAHs
adsorption.

In our study, theoretical and experimental results are in very good agreement for the adsorption of
the PAHs and we have been able to characterize the differences between the free molecules and
the admolecules, in term of mechanical stress and redistribution of charge.
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Oxygen vacancy in the bulk and surface structures of SrTiO;

Research Center for Integrated Science, JAIST
Zhufeng HOU
Used machine: Cray xt3, xt3-b, xt5

With the recent advances of thin-film fabrication technology, SrTiOs, in particular, becomes a key
material for oxide-based electronic devices. But the oxygen vacancy can be easily introduced into
SITiO; via various processes such as growth, annealing and redox reactions. It is known that the
oxygen vacancy in SrTiOs; will be doping the material with electron carriers and be responsible for the

degradation or failure of pervoskite oxide-based device. In addition, the ordering of oxygen vacancy in

the SrTiOz surface would cause the geometry reconstruction, e.g. SrTi03(001)-(\/§ x /5 )-R26.6°

surface reconstruction. In order to control the behavior of oxygen vacancy in SITiOs, it is of
importance to understand the formation energies and electronic structures of of oxygen vacancy (Vo) in
SrTiO3 at the atomic scale. However the early theoretical calculations on oxygen vacancy in SrTiO;
are mostly based on the density functional theory with local density approximation (DFT-LDA) method.
Since the Ti 3d states are strongly localized in SITiOg, it isimportant to employ the beyond DFT-LDA
methods (e.g. DFT+U method) when dealing with oxygen vacancy in SrTiOs.

In order to understand properly the defect states induced by oxygen vacancy in the bulk SrTiO; and
the ordering of oxygen vacancy in the SrTiOs surface, we will employ the projector augmented wave
method with the generalized gradient approximations (GGA)+U approach, as implemented in the
QMAS and VASP softwares, to study the structural properties, formation energies, and electronic

structures of neutral oxygen vacancy in the bulk and surface structures of SrTiOs. In particular, to

explain the SrTiO3(001)-(\/§ x\/g)-R26.6° surface reconstruction, we will compare the results for

oxygen vacancy in the topmost layer of SrTiO3(001) surface with those for oxygen vacancy in the

subsurface layer, including the formation energies, defects states, and the simulated STM image.
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First principles study of carbon alloy catalysts for fuel cell

In the investigations of new power sources, the polymer electrolyte fuel cell
(PEFC) has already been one of the promising candidates. It has many advantages
such as high efficiency, low operation temperature, and rare pollution to the
environment. The reaction rate of oxygen reduction reaction (ORR) at the cathode of
a PEFC is extremely slower than the reaction at the anode, many research efforts are
mainly target the cathode. Choosing a proper catalyst of ORR becomes the key point
of performance of a fuel cell.

Platinum based material is already considered as the best catalyst of ORR.
However, due to the rare amount and expensive cost of platinum, it is necessary to
find alternative low cost and Pt-free electrode catalyst of ORR. One possible choice of
these non-Pt catalysts is carbon-based nanomaterial, which are originally used as the
support of platinum in Pt-based catalysts. Doping a certain number of nitrogen (and
boron) in this kind of carbon material will significantly enhance the ORR activity,
which is comparable to that of conventional Pt-based catalysts. This indicates that
carbon alloy catalysts (CACs) are very likely to be the new economical choice for
using in fuel cells. However, in order to design and produce high performance CACs,
we have to study the detail atomistic insight of N-dopant arrangement in the carbon
system and how they inference the ORR. It is difficult to extract this information by
experiments, since the CACs have too complex structures and the reaction
intermediates only exist in a short time that cannot be detected easily.

To realize the possible adsorption sites for oxygen molecules during ORR and
subsequent reduction steps on N-doped CACs, a series of computational study are
done by density functional theory based first-principles calculations with molecular
dynamics simulations. This study showed that specific nitrogen sites enhance the
catalytic activity without requiring metal catalysts. An oxygen molecule is
preferentially absorbed at the zigzag edge of graphite if there is a nitrogen atom sitting
at graphite-like site near by, which is consistent with the experiment results from hard
X-ray photoelectron spectroscopy (HXPES) and X-ray absorption spectroscopy (XAS)
measurements.

Used machine: xt3, xt3-b, altix
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Thereport on use of JAIST’s computational facilities
School of Materials Science, JAIST
Nguyen Thanh Cuong, D3 Student, Fujiwara’s Lab
Used Machine: XT3-a, XT3-b and Altix 4700

1. Structures and chemical reactivity of Pt clusters adsorbed on single wall carbon
nanotube
Direct methanol fuel cells (DMFC) are attracting considerable attention due to their
advantages of easy transportation and storage, reduced weight, size and complexity of the
system, and a high-energy efficiency and low exhaustion. Recently, we have succeeded in
synthesizing highly dispersed Pt clusters on carbon nanotube support. Small Pt clusters (less
than 1 nm) showed a superior methanol oxidation activity, compared with larger Pt clusters.
In order to have understandings of mechanism and to design better catalysts, we have carried
out theoretical study of
- Structures of Pt, (n= 3, 4, 7, 10) clusters adsorbed on the single wall carbon
nanotube
- “CO electro-catalytic oxidation reactions” - a rate-limiting step in DMFC, over
these Pt clusters on single wall carbon nanotube.
For this work, we use density functional theory calculations with DMol® module in
Materials Studio software. The calculations are carried out on Altix-4700 machine with 4-8
cpus/job in 4-6 weeks.

2. Electronic Properties of Ferromagnetic Electrode-Single Wall Carbon Nanotube
Contact

Carbon nanotubes are quasi-one-dimensional structures with semiconducting or
metallic properties that make them promising material for electronic/spintronic devices. CNT
field-effect transistors, which are fabricated by direct growth of single wall carbon nanotubes
(SWNT) between source and drain electrodes, show ambipolar operation with very small
carrier injection barriers. However, these devices show spin-dependent transport property
with small hysteretic magneto-resistance (MR=1.8%) at low temperatures. In order to
understand the mechanism of spin transport, we exploit first-principles density functional
method to clarify the nature of contact between Co electrode and semiconducting (8, 0)
SWNT, metallic (5, 5) SWNT.

We use first-principles density functional theory calculations with OpenMX code. The
calculations are carried out on Cray xt3 machine with a large job (40 cpus) in a long
computational time (LONG-M class in Cray xt3).
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Maximally localized Wannier function within linear combination of
pseudo-atomic orbital method: Implementation and applications to
transition-metal-benzene complex
Research Center for Integrated Science
Hongming Weng, Taisuke Ozaki, and Kiyoyuki Terakura
Using machine xt3-a, xt3-b

Construction of maximally localized Wannier functions (MLWFs) has been
implemented within the linear combination of pseudo-atomic orbital (LCPAO) method.
The implementation is demonstrated to be applicable to both solid and molecular
system no matter whether it is semiconducting or metallic. Detailed analysis using
MLWEFs is applied to three closdly related materials, single benzene (Bz) molecule,
organometallic Vanadium-Bz infinite chain, and V,Bzz sandwich cluster. [1, 2] For Bz
molecule, the obtained MLWFs are six p; like orbitals near each carbon atom. The
hopping integrals among these p, orbitals decay quickly and can be used for
tight-binding calculation. For V-Bz infinite chain, using different initial guesses for the
target WFs, two sets of physically reasonable WFs can be obtained. In addition to five d
orbital like WFs on V atom, the others can be six p, like orbitals or six molecular
orbitals of Bz. Though the latter set is a local minimum of spreads function, the
converged WFs are real and localized. The hopping integrals from these two sets of
WFs are found to be nearly equivaent and suitable for tight-binding calculation. Two
important results come out from the present analysis: 1) for the infinite chain, the
validity of the basic assumption in the mechanism of Kanamori and Terakura [3] for the
ferromagnetic (FM) state stability is confirmed; 2) for V,Bzz, an important role played
by the difference in the orbital energy between the edge Bzs and the middle Bz is newly
revedled: the on-site energy of pd states of edge Bzs is higher than that of middle Bz,
which further reduces the FM stability of V,Bzs. [4]

[1] J. Kanamori and K. Terakura, J. Phys. Soc. Jpn., 70, 1433 (2001).

[2] H. Weng, T. Ozaki and K. Terakura, J. Phys. Soc. Jpn., 77, 014301 (2008).
[3] H. Weng, T. Ozaki and K. Terakura, J. Phys. Soc. Jpn., 77, 064301 (2008).
[4] H. Weng, T. Ozaki and K. Terakura, http://arXiv.org/abs/0902.1584
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BT 2E8RL0, PtABETT LV CIMEEN PR D dET & CIRTO p BB OEMBENIC
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F o, KW T D —R T ) Fa—7 OIEEIE OB EZIE Altix |2 X Y MaterialsStudio
ZRIH LT 57,
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AWZE TG HEAET XY & OFEMEFOENAIZ 1T 2 87 Ok & 8 7 AL ok Z IR
REOD BdE 2 55 — B RIS L » THBR L, $EF13E100 5 SO+ LG LEHRE Z TRk
LTW%, ZOK, Z0 5 SOJRT 2 & ek o /RKFIRIEIZ & 0 SO E TIRIENRZLT 5 FH
MBSz, SEAET XY V3B REREOKEL AT 2EAE TH Y Z OBMmIHIZ 72
MLHENHFF SN D, ARFHEIZSX-8 ZHM L TT/e» 72,
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