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Tanaka, Phys. Rev. B 73, (2006) 064304.

6. First-principles study of bulk ordering and surface segregation in Pt-Rh
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Phys. Rev. B 74, (2006) 174202.

7. General rule for displacive phase transitions in perovskite compounds
revisited by first principles calculations, T. Tohei, A. Kuwabara, T.
Yamamoto, F. Oba, and 1. Tanaka, Phys. Rev. Lett. 94, (2005) 035502.
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Yamamoto, J. Am. Ceram. Soc. 88, (2005) 2013-29.
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1. M. Yanagisawa, M. Imai, T. Masui, S. Komura, Takao Ohta, Growth

Dynamics of Domains in Ternary Fluid Vesicles, Biophysical Journal 92,
115-125 (2007)

2. H. Shoji, K. Yamada, D. Ueyama and Takao Ohta, Turing patterns in
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Solutions, Eur. Phys. J. E21, 91-98 (2006)
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dissipative waves under external forcing, J. Phys. Soc. Jpn., 75, 064005
(2000)

6. N. Yoshinaga, K. Yoshikawa and Takao Ohta, Different pathways in
mechanical unfolding/folding cycle of a single semiflexible polymer,
European Physical Journal E 17, 485-491(2005)

7.Y. Oono and T. Ohta, “Coarse-grained approach to polymer physics”, in
“Stealing the Gold” (eds. P. M. Goldbart et al) Oxford Science
Publications, (2004).
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1. K. Akagi, “Helical Polyacetylene Synthesized in Chiral Nematic Liquid
Crystal”, Handbook of Conducting Polymers, Third Edition, Conjugated

Polymers, Eds. T. A. Skotheim and J. R. Reynolds. CRC Press, 3, p. 3 -14
(2007).

2. K. Akagi, “Liquid Crystalline Conjugated Polymers - Synthesis and
Properties”, Thermotropic Liquid Crystals: Recent Advances, Ed. by A.
Ramamoorthy, Springer, chap. 9, p. 249 - 275 (2007).
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Liquid Crystal Reaction Field”, J. Am. Chem. Soc., 129, 8519 (2007).

4. K. Akagi, "Synthesis and Properties of Liquid-Crystalline-Conjugated
Polymers", Bull. Chem. Soc. Jpn. (Accounts), 80, 649 (2007).
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Helical Polyacetylene in Chiral Nematic Liquid Crystals using Crown
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Soc., 127, 14647 (2005).
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Lemmetyinen, “Effects of Porphyrin Substituents on Film Structure and
Photoelectrochemical Properties of Porphyrin-Fullerene Composite
Clusters Electrophoretically Deposited on Nanostructured SnO,
Electrodes,” Chem. Eur. J., in press.

2.H. Imahori, "Creation of Fullerene-Based Artificial Photosynthetic
Systems,” Bull. Chem. Soc. Jpn. (Award Accounts), 80, 621-636 (2007).

3. T. Hasobe, H. Imahori, P. V. Kamat, T. K. Ahn, S. K. Kim, D. Kim, A.
Fujimoto, T. Hirakawa, S. Fukuzumi, ‘“Photovoltaic Cells Using
Composite Nanoclusters of Porphyrins and Fullerenes with Gold
Nanoparticles,” J. Am. Chem. Soc., 127, 1216-1228 (2005).

4. H. Imahori, Y. Sekiguchi, Y. Kashiwagi, T. Sato, Y. Araki, O. Ito, H.
Yamada, S. Fukuzumi, “Long-Lived Charge-Separated State Generated in
Ferrocene-meso,meso-Linked Porphyrin Trimer-Fullerene Pentad with a
High Quantum Yield,” Chem. Eur. J., 10, 3184-3196 (2004).

5. H. Yamada, H. Imahori, Y. Nishimura, I. Yamazaki, T. K. Ahn, S. K. Kim,
D. Kim, S. Fukuzumi, “Photovoltaic Properties of Self-Assembled
Monolayers of Porphyrins and Porphyrin-Fullerene Dyads on ITO and
Gold Surfaces,” J. Am. Chem. Soc., 125, 9129-9139 (2003).

2002 4= SPP (The Society of Porphyrins and Phthalocyanines )-JPP (The
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1. Hiroyuki Yoshida and Naoki Sato, Deposition of acrylonitrile cluster ions

on solid substrates: Thin film formation by intracluster polymerization
products, J. Phys. Chem. B 110, 4232-4239 (20006).

2. Richard Murdey, Naoki Sato and Marcel Bouvet, Frontier electronic
structures in fluorinated copper phthalocyanine thin films studied using
ultraviolet and inverse photoemission spectroscopies, Mol. Cryst. Liq.
Cryst. 455, 211-218 (2006).

3. Hiroyuki Yoshida and Naoki Sato, Grazing-incidence x-ray diffraction
study of pentacene thin films with the bulk phase structure, Appl. Phys.
Lett. 89, 101919 [3 pages] (2006).

4. Hiroyuki Yoshida, Katsuhiko Inaba and Naoki Sato, X-ray diffraction
reciprocal space mapping study of the thin film phase of pentacene, Appl.
Phys. Lett. 90, 181930 [3 pages] (2007).

5. Keiichi Katoh, Takahiro Sasamori, Norihiro Tokitoh and Naoki Sato,
Synthesis of a donor molecule with metal coordination sites toward
multifunctional complexes, Chem. Lett. 36, 1122-1123 (2007).
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(2007).
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Droplet: Emergence of Regular Motion from Nonequiliburium Noise”,
Phys. Rev. Lett., 94, 068301 (2005).
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DNA Complexed with Cationic Nanoparticles as a Simple Model of
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5. H. Mayama, T. Nakai, E. Takushi, K. Tsujii, and K. Yoshikawa “Marked
differences in volume phase transitions between gel and single molecule
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1. "Transition between tetramer and monomer phases driven by vacancy
configuration entropy on Bi/Ag(001)", T. Nakagawa, O. Ohgami, Y.
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155409(1-7) (2007).
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5. "Temperature dependence of the charge-density-wave energy gap on
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Rev. B 71, 041401 (2005).
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1. Yamamoto, Takeshi; Kato, Shigeki., Ab initio calculation of
proton-coupled electron transfer rates using the external-potential
representation: A ubiquinol complex in solution., Journal of Chemical
Physics (2007), 126(22), 224514/1-224514/15.
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optimization based on linear response free energy with quantum
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solution., Journal of Chemical Physics (2007), 126(14),
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state determination of enzyme reaction on free energy surface:
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three-dimensional reference interaction site model self-consistent-field
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1992 4£ H A IBM B2 E




I HEHE - R—/R— /A H—

(K4 (50237) )
(%4 ]

Gz

[#F7EE]
((ERGEERRD |

[FAX]
[EBFA—1TRLR]
[F—2—2)
[(#F5e55 7]
[BAEDOWF e ]
[#F2EN RS —T—K]
[Fcf& )

[F#h7]

(W& /EE]

[FESMIFTENE]

(FrE=]

[E=72%E, Hifa]
(7 5 FLIN)

[AifrREtR D= H]

HE Z (T2heny 5H02)

Hix

TEER oy AR

vl /82 A3BR 113 55

075-383-2705

075-383-2705

ftanaka@phys.polym.kyoto-u.ac.jp
http://www.phys.polym.kyoto-u.ac.jp

mo LS, WA

m o PO LAy —

T KTV )y I 2B @D T - T VR
1976 4F 3 A RAURF B R R e B A W i AR AR e T
1976 4 3 A B+ GRRURS)

1976 4F 4 H B R FBEE B T, 1981 4F 4 A TR T RZ— BN

BhZd%, 1994 4 4 H [FZd%, 1995 4F 4 A R TEE#ER, 1997 4 4 AL

HR S LA FER #ef%

1978 4 10 H-1980 # 3 H#[E Cambridge K% Cavendish WFZEAT

(S.F.Edwards #d%) {092 5,1990 4F 4 A-1991 4= 3 A | (SCEA 1ES

WHER)

maT¥E, PAYESES, AARAVAnY —%5, AARLER,

American Chemical Society

1. Y. Okada, F. Tanaka, P. Kujawa and F. M. Winnik, 4 Unified Model of
Association-Induced LCST Phase Separation and its Application to

Solutions of Telechelic PEOs and of telechelic PNIPAMs, J. Chem. Phys.
125(24), (2006) 244902[1-11].

2.Y. Okada and F. Tanaka, Pressure-Conrolled Thermoreversible Gelation,
Macromolecules 39(23), (2006) 8153-8162.

3. F.Tanaka and T.Koga, Nonaffine Transient Network Theory of Associating
Polymer Solutions, Macromolecules 39(17), (2006) 5913-5920.

4. F.Tanaka, Thermoreversible Gelation is a Bose-Einstein Condensation,
Phys. Rev. E 73, (2006) 061405[1-6].

5. F.Tanaka, Theory of Molecular Association and Thermoreversible
Gelation, Chap.l in “Molecular Gels; Materials with Self-Assembled
Fibrillar Networks” ed. P.Terech and R.G. Weiss, Springer Verlag (2006)
1-68.
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States, J. Chem. Phys. 120, 2593-2605 (2004).
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Theoretical Fine Spectroscopy with SAC-CI Method: Outer- and
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5. M. Ehara, S. Fukawa, H. Nakatsuji, D. David, E. Z. Pinkhassik, M.
Apostol, J. Michl, Coupling between Substituents as a Function of Cage
Structure. Synthesis and Valence Ionized States of Bridgehead
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1. What We can Learn about Protein Folding from Recent Progress in
Structure Prediction, Frontiers of Computational Science(Springer),
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The central theme of research of our group is “simulation of complex systems with hybrid molecular theories”
with a special emphasis on theories of chemical reactions. Chemical reactions occur for small molecules as well as
complex systems and in excited states as well as in the ground state. They occur in gas phase, in solution as well
as in protein environments. We have been studying a wide variety of chemical reactions.

(1) Elementary reactions of small gas phase molecules. We study chemical reactions of small molecules in
gas phase initiated by electronic excitation or reactions of ions with molecules. These reactions typically cascade
through many potential energy surfaces through conical intersections and seam of crossings.

(2) Formation and Growth of Carbon Nanostructures and Properties and Reactivities of
Nanostructures. Despite all the activities concerning fullerenes and carbon nanotubes the mechanism of
formation from small carbon clusters is not known. Many hypothetical models have been proposed, but none of
them has any solid foundation. Moreover, these mechanisms rely on a principle by which the highly symmetric
fullerene cage is built from smaller units in a systematic, step-wise way. The violent conditions of fullerene and
carbon nanotube formation make such an organized approach very implausible. Hot carbon vapor is a system
far from thermodynamic equilibrium, and such systems may give rise to auto-catalysis and self-assembly
processes associated with irreversible processes. Therefore molecular dynamics (MD) approach has to be used
in which many pathways are explored by trajectories, and trajectories have to be run a long time (>100 ps). The
reactivity of spz-carbon is controlled by m-conjugation, and this necessitates quantum mechanics (QM). It turned
out that DFT, a typical QM method, is about 10° more expensive and cannot be used for simulation of >100 ps.
We have been extensively using an approximate method called the density functional tight-binding (DFTB)
method for long-time dynamics for the formation of fullerenes and metallofullerenes and the growth of carbon
nanotubes.

(3) Structure and Reactions of Metalloenzymes and Effects of Protein Environment. Understanding
of the mechanism of enzymatic reaction, chemical reaction inside protein, is the largest challenge of
theoretical/computational studies of mechanisms of chemical reactions. Enzyme is a large complex collection of
amino acid residues with some metals, ligands and water and other molecules, and theoretical approaches
require a substantial approximation. We are working on such studies in three different levels of approach. i).
Active site only model. ii). Protein model with geometry optimization. iii). Statistical average of protein
motion/conformations and free energy calculation.

(4) Development of Theoretical/Computational Methods. Computational challenges typically requires
developments of new methods and computer codes, and we continuously are involved in such developments.
The emphasis of our developments is mainly concerned with complex systems, in particular, a variety of new

features in the ONIOM method.






I EL#izE8

1. TR AR

o #HtLefzRa

CER194E3 H 31 H BI(E)
Ttk K 4
wHE A —Tza— Marcus Lundberg
wIr =T zn— Lung Wa Chung
fEHak—i® e o

PR wEHtrr A —T7m— Biswajit Saha
(JST) 7 = — woE
(JST) 7z m— K H H A
EHrF—Txn— FIt %
S —7xn— moE P
BHEH—Tzo— R
@t 2—7xn— Mikhail Brik




BIEfxRa

2. BEMERETO T 4—IL

[[K4 (505372) ]
[k ]
[(FrE]

[#F7EE]
[EEERS]

[FAX]
[EBFA—LTRLA]
[FR—2—2]
(#5245 57 ]
[HAEDORF 7]
[AFFEN A —T —R]
[ ]

[“(r]
(& /EE]
GHEE=S

[, Fivim ]
(&2 5 FLIN)

[ OZ B E]

Marcus Lundberg (£—9 DA ERS)
FIFC Fellow

Fukui Kenichi Memorial Research Group 1, Fukui Institute for Fundamental
Chemistry

Room 212

075-711-7647

075-781-4757

lundberg@fukui.kyoto-u.ac.jp
http://www.fukui.kyoto-u.ac.jp/~lundberg/

Computational Chemistry

Multi-scale methods for biological reactions

Oxygen activation, reaction mechanisms, QM/MM, ONIOM method

Feb 1998, Master of Science, Royal Institute of Technology, Sweden
May 2005, Doctor of Philosophy, Stockholm University, Sweden

Doctor of Philosophy, Stockholm University
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American Chemical Society

1.M. Lundberg and P.E.M. Siegbahn, Theoretical Investigations of
Structure and Mechanism of the Oxygen-evolving Complex in PSII,
Phys. Chem. Chem. Phys. 20, 2004, 4772-4780.

2. M. Lundberg and P.E.M. Siegbahn, Quantifying the Effects of the
Self-interaction Error in DFT - When do the Delocalized States Appear?,
J. Chem. Phys. 122, 2005, 224103-(1-9).

3. Guishan Zheng, Henryk Witek, Petia Bobadova-Parvanova, Stephan Irle,
Djamaladdin G. Musaev, Rajeev Prabhakar, Keiji Morokuma, Marcus
Lundberg, Marcus Elstner, Christof Kohler and Thomas Frauenheim,
Parameter Calibration of Transition-Metal Elements for the
Spin-Polarized Self-Consistent-Charge Density-Functional Tight-Binding
(DFTB) Method: Sc, Ti, Fe, Co, and Ni, J. Chem. Theor. Comp. 3, 2007,
1349-1367.

4. Marcus Lundberg and Keiji Morokuma, Protein Environment Facilitates
O, Binding in Non-Heme Iron Enzyme. An Insight from ONIOM
Calculations on Isopenicillin N Synthase (IPNS), J. Phys. Chem. B 111,
2007, 9380-9389.

5. Marcus Lundberg and Keiji Morokuma, The ONIOM Method and its
Applications to Enzymatic Reactions, In Multi-scale Quantum Models for
Biocatalysis: Modern Techniques and Applications, Eds. T.-S. Lee and D.
M. York, Springer Verlag, Submitted.
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Computational Chemistry

Reaction Mechanism of Enzymatic Reactions
Metalloenzymes, Oxygenase, Bioluminescence

August 2000, B. Sc. in Chemistry (1st Hon.), The Hong Kong University of
Science & Technology.

August 2003, M. Phil. in Chemistry, The Hong Kong University of Science
& Technology.
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1. Zhang, X.-H.; Chung, L. W.; Lin, Z.; Wu, Y.-D. “A DFT Study on the
Mechanism of Hydrosilylation of Unsaturated Compounds with Neutral
Hydrido(hydrosilylene)tungsten Complex”, J. Org. Chem. 2007, ASAP.

2. Wu, Y.-D.; Chung, L. W.; Zhang, X.-H. “Hydrosilylation Reactions
Discovered in the Last Decade: Combined Experimental and
Computational Studies on the New Mechanisms,” In: “Computational
Modeling for Homogeneous and Enzymatic Catalysis” (invited
contribution,).2007, pp285-316

3. Chung, L. W,; Lee, H. G; Lin, Z.; Wu, Y.-D. “A Computational Study on
the Reaction Mechanism of Hydrosilylation of Carbonyls Catalyzed by
High-Valent Rhenium(V)-Dioxo Complexes” J. Org. Chem. 2006, 71,
6000.

4. Chung, L. W.; Chan, T. H.; Wu, Y.-D. “Theoretical study of the intrinsic
reactivities of various allylmetals toward carbonyls and water”
Organometallics, 2005, 24, 1598.

5. Chung, L. W.; Wu, Y.-D.; Trost, B. M.; Ball, Z. T. “A theoretical study on
the mechanism, regiochemistry, and stereochemistry of hydrosilylation
catalyzed by cationic ruthenium complexes” J. Am. Chem. Soc. 2003,
125, 11578.
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Computational Chemistry

Molecular dynamics simulations and electronic structure calculations of
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DFTB

November 1998, Master of Science, Calcutta University, India
December 2003, Doctor of Science, Indian Association for the Cultivation
of Science, Jadavpur University, India

Doctor of Science from Indian Association for the Cultivation of Science
(IACS), Jadavpur University, India

December 2003, Postdoctoral research fellow, University of Kassel,
Germany

September 2004, JSPS postdoctoral research fellow, Kyoto University,
Japan

Life member, Indian Association for the Cultivation of Science, India

Reviewer, the Journal of Quantitative Spectroscopy and Radiative
Transfer

1. B. Saha, M. Ehara, H. Nakatsuji, “Investigation of electronic spectra
and Excited-state geometries of poly-para-phenylene vinylene (PPV)
and poly-para-phenylene by symmetry adapted
configuration-interaction (SAC-CI) method” J. Phys. Chem. A 111,
5473, (2007).

2. B. Saha, R. Fukuda, H. Nakatsuji, P. K. Mukherjee, “Spectroscopy of
sodium atom in liquid helium cluster: symmetry adapted
configuration-interaction (SAC-CI) study” Theor. Chem. Acc. 118, 437
(2007).

3. B. Saha, S. Fritzsche, “Influence of dense plasma on the low lying
transitions in Be-like ions: relativistic multiconfiguration Dirac-Fock
calculation” J. Phys. B: At. Mol. Opt. Phys. 40, 259 (2007).

4. B. Saha, M. Ehara, H. Nakatsuji, “Singly and doubly excited states of
butadiene, acrolein and glyoxal: geometries and electronic spectra” J.
Chem. Phys. 124, 014316 (2006).

5. B. Saha, S. Fritzsche, “Be I isoelectronic ions embedded in hot plasma”
Phys. Rev. E 73, 036405 (2006).

JSPS postdoctoral Research Fellowship 2004-2006
Research fellowship, IACS, India 1999-2003
National scholarship, Indian Government, 1990-1995
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4. T. Kawatsu, T. Kakitani, T. Yamato, Destructive interference in the
electron tunneling through protein media, J. Phys. Chem. B,
106,11356(2002).
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J. Chem. Phys 144522-144537(2006)

2. Interconversion Behavior of the C-H Bond in the CH4+ Radical Cation:

Ab initio Molecular Dynamics Study
Y. Ohta and K. Ohta
J. Comput Chem 25.1910-1919 (2004)

3. Quantum effect on the internal proton transfer and structural fluctuation
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Y. Ohta, K. Ohta, and K. Kinugawa
J. Chem. Phys. vol. 121, 10991-10999 (2004)

4. Ab initio centroid path integral molecular dynamics: Application to

vibrational dynamics of diatomic molecular systems
Y. Ohta, K. Ohta, and K. Kinugawa
J. Chem. Phys. vol. 120, 312-320 (2004)

5. lonization process of the hydrogen atom in intense laser fields:

Non-Born-Oppenheimer 1D model calculations
Y. Ohta, J. Maki, H. Nagao, and K. Nishikawa
Int. J. Quantum. Chem. vol. 97, 891-895 (2002)

6. A unified quantum molecular dynamics method based on the centroid
molecular dynamics and the semiempirical molecular orbital theory

Y. Ohta, K. Ohta, and K. Kinugawa
Int. J. Quantum. Chem. vol. 95, 372-379 (2003)
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"Gyration-Radius Dynamics in Structural Transitions of Atomic
Clusters", The Journal of Chemical Physics 126, 124102 (pp. 1-17)
(2007).

2. T. Yanao, W. S. Koon, and J. E. Marsden, “Mass Effects and Internal
Space Geometry in Triatomic Reaction Dynamics”, Physical Review A
73, 052704 (pp. 1-11) (2006).
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EE~OISH —>, EHHPE 45, pp. 66-71 (2005).

4. T. Yanao and K. Takatsuka, “Effects of an Intrinsic Metric of Molecular
Internal Space on Chemical Reaction Dynamics”, Advances in Chemical
Physics 130 B, pp. 87-128 (2005).

5.T. Yanao and K. Takatsuka, “Kinematic Effects Associated with
Molecular Frames in Structural Isomerization Dynamics of Clusters”,
Journal of Chemical Physics 120, pp. 8924-8936 (2004).
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1. Motomichi Tashiro and Keiji Morokuma, "R-matrix calculation of
integral and differential cross sections for low-energy electron-impact
excitations of the N2 molecule", Physical Review A 75, 012720 (2007).

2. Motomichi Tashiro, Keiji Morokuma and Jonathan Tennyson,
"R-matrix calculation of differential cross sections for low-energy
electron collisions with ground and electronically excited state O2
molecules", Physical Review A 74, 022706 (2006).

3. Motomichi Tashiro, Keiji Morokuma and Jonathan Tennyson,
"R-matrix calculation of electron collisions with electronically excited
02 molecules", Physical Review A 73, 052707 (2006).
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Properties of Internal Water Molecules in Hydrophobic Cavity around
Catalytic Center of Cytochrome c¢ Oxidase" Journal of Physical
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Stavros C. Farantos, "The Huggins band of ozone: Unambiguous
electronic and vibrational assignment", Journal of Chemical Physics
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"On spin-forbidden processes in the ultra-violet photodissociation of
ozone", Chemical Physics Letters 384, 45 (2004).
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coupling in complex forming O(3P)+0O2 collision", Journal of
Chemical Physics 119, 10186 (2003).
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Crystal field theory
Crystals and glasses with impurities for optical applications

Crystal and ligand fields, transition metal and rare-earth ions

June 1992, Master of Sci., Kuban State University, Krasnodar, Russia
November 199, PhD, Kuban State University, Krasnodar, Russia

Doctor of Sci., Kuban State University, Krasnodar, Russia

1996-2002 Research Fellow, Senior Lecturer, Associate Professor (Kuban
State University, Krasnodar, Russia), 2000-2001 Associate Professor,
Physics Department, University of Asmara, Asmara, Eritrea, 2002 Visiting
Senior Scientist, Chemical Physics Department, Weizmann Institute of
Science, Rehovot, Israel, 2003-30.06.2007 Visiting Researcher, Fukui
Institute for Fundamental Chemistry, Kyoto University, Kyoto, Japan,
01.07.2007 — present Guest Professor, Institute of Physics, University of
Tartu, Estonia

European Physical Society

1. First-principles Calculations of Spectral Properties of Rare-Earth and
Transition Metal Ions in Crystals, Editors Mikhail G. Brik and Kazuyoshi
Ogasawara, Transworld Research Network, 2006, ISBN: 81-7895-240-8.

2. M.G. Brik, K. Ogasawara, H. lkeno, 1. Tanaka, “Fully relativistic
calculations of the L;s-edge XANES spectra for vanadium oxides”,
European Physical Journal B 51 (2006) 345-355.

3. C. Rudowicz, M.G. Brik, N.M. Avram, Y.Y. Yeung, P. Gnutek, “Crystal
field analysis of the energy level structure of Cs:NaAlFs-Cr’*”, Journal
of Physics: Condensed Matter 18 (2006) 5221-5234.

4. P.A. Tanner, L. Fu, L. Ning. B.-M. Cheng, M.G. Brik, ”Soft synthesis and
vacuum ultraviolet spectra of YAG:Ce’* nanocrystals.: reassignment of
Ce’” energy levels”, Journal of Physics: Condensed Matter 19 (2007)
216213.

5.H. Ryu, B.K. Singh, K.S. Bartwal, M.G. Brik, 1.V. Kityk, “Novel efficient
phosphors on the base of Mg and Zn co-doped SrTiOs:Pr’™, Acta
Materialia 56 (2008) 358-363.

JSPS Fellowship, 2003-2005; Dragomir Hurmuzescu Award of Romanian
Academy of Sciences (20006)
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[SCHR][1] M. Irie, Chem, Rev. 100, 1685 (2000). [2] H. Tamura, B1
S. Nanbu, T. Ishida, H. Nakamura, J. Chem. Phys. 125, 034307
(2006) ; Chem. Phys. Lett. 401, 487 (2005); J. Chem. Phys. 124,
084313 (2006). [3] C. Zhu, Y. Teranishi and H. Nakamura, Adv.
Chem. Phys. 117, 127 (2001).
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Moo

ZZ Rk [1] Nakamura, J. Chem. Phys. 97, 256 (1992); [2]Nanbu, Nakamura, Goodman, J. Chem.
Phys. 107, 5445 (1997); [3]Nakamura, J. Chem. Phys. 110, 10253 (1999); [4] Nakamura,
“Nonadiabatic Transition” World Scientific; [5] Nanbu, Ishida, Nakamura, Chem. Phys. 324,
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721-732 (2006).
2. 3L

(1) Shinkoh NANBU, Toshimasa ISHIDA, and Hiroki NAKAMURA,
“Atomic hydrogen transmission through five—membered carbon ring by the
mechanism of nonadiabatic tunneling”
Chem. Phys. 324, 721-732(2006).
(2) Gennady V. Mil nikov, Toshimasa Ishida, Hiroki Nakamura
“Tunneling Splitting of Energy Levels and Rotational Constants in the Vinyl
Radical C,H,”
J. Phys. Chem. A. 110, 5430-5435(2006).
(3) Hiroyuki Tamura, Shinko Nanbu, Toshimasa Ishida and Hiroki Nakamura,
Ab initio nonadiabatic quantum dynamics of cyclohexadiene/hexatriene
ultrafast photoisomerization
J. Chem. Phys. 124, 084313 (2006).
(4) Hiroyuki Tamura, Shinko Nanbu, Toshimasa Ishida and Hiroki Nakamura,
Laser control of reactions of photoswitching functional molecules

J. Chem. Phys. 125, 034307 (2006).

(1) Toshimasa Ishida, Shinkoh Nanbu,
“A local interpolation for multi potential energy surfaces”
International Congress of Quantum Chemistry Kyoto, 2006.5.22(A117)
(2) Hiroyuki Tamura, Shinkoh Nanbu, Toshimasa Ishida, Hiroki Nakamura
“Laser control of reactions of photo—switching molecules”
International Congress of Quantum Chemistry Kyoto, 2006.5.23(B120)
(3) MR, A HEBIE, PRz
IR B E S 2 R U 7253 7kt )
b5 G ETm232006  [iRE  2006/6/9  3A2
(4) Bz, M, A EEE, R
et FHERE 771 O Bl 40 )
Sy TSR G ETm2006  ##E  2006/9/21  2P061
(5) FAFEMMZE, AHERIE, PR
[FEWrEE S 2 R U 7253 F-a%Et)
o TSR G TRME2006  FlE  2006/9/21  2P062
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[1] Y. Asai, Phys. Rev., B 68, 014513 (2003).

[2] W. Ho, J. Chem. Phys., 117, 11033 (2002).

[3] J. G. Kushmerick, J. Lazorcik, C. H. Patterson, R. Shashidhar, D. S. Seferos, and G. C.
Bazan, Nano Lett. 4, 639 (2004).

[4] L. V. Keldysh, Sov. Phys. JETP, 20, 1018 (1965).

2. w3

(1) Tohru Sato, Ken Tokunaga, and Kazuyoshi Tanaka
“Vibronic Coupling in Cyclopentadienyl Radical: A Method for Calculation of
Vibronic Coupling Constant and Vibronic Coupling Density Analysis”,
J. Chem. Phys. 124, 024314 1-12(2006).

(2) Ken Tokunaga, Tohru Sato, and Kazuyoshi Tanaka
“Vibronic coupling in benzene cation and anion:Vibronic coupling and frontier
electron density in Jahn-Teller molecules”
J. Chem. Phys. 124, 154303 1-10(2006).

(1) Tohru Sato, Ken Tokunaga, Kazuyoshi Tanaka
“Calcualation of vibronic coupling and vibronic coupling density analysis”
International Congress of Quantum Chemistry Kyoto, 2006.5.22(B116)
(2) Ken Tokunaga, Tohru Sato, Kazuyoshi Tanaka
“Vibronic coupling and frontier electron density in benzene radicals”
International Congress of Quantum Chemistry Kyoto, 2006.5.22(B117)
(3) Katsuyuki Shizu, Tohru Sato, Kazuyoshi Tanaka
“Vibronic coupling in inelastic current through a molecular wire”
International Congress of Quantum Chemistry Kyoto, 2006.5.22(C021)
(4) Ken Tokunaga, Tohru Sato, Kazuyoshi Tanaka
“Calculation of vibronic coupling constant and vibronic coupling density
analysis”
International Symposium on the Jahn-Teller Effects: Novel Aspects in Orbital

Physics and Vibronic Dynamics of Molecules and Crystals
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(5) Tohru Sato, L. F. Chibotaru, A. Ceulemans
“Analytical Solutions for the E ® — e Dynamic Jahn—-Teller Problem in the Strong
Coupling Limit”
International Symposium on the Jahn-Teller Effects: Novel Aspects in Orbital

Physics and Vibronic Dynamics of Molecules and Crystals
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“Calculation of vibronic coupling constant and vibronic coupling density
analysis”
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2. YH—F—5—

Keiji Morokuma

Research Leader, Fukui Kenichi Memorial Research Group 1 (from 09/16/06)

1. Summary of the research of the year

Simulation of Complex Molecular Systems Using Hybrid Molecular Theories

The goals of the research of this new group is 1. to develop further the hybrid theoretical
methods (such as ONIOM) already proposed by us, 2. to demonstrate that such hybrid methods can
be used for simulations of structures, reactions and dynamics and 3. to solve some of the important
problems in each field. In the present first year, concerning the simulation of nanomaterials, we
initiated quantum chemical molecular dynamics (QM/MD) simulations of carbon nano structures
using the density functional tight binding (DFTB) method. Concerning the application of
multi-level simulations to enzymatic reactions, we initiated studies of reaction mechanisms using
the ONIOM QM/MM optimization. Our research is supported in part by the Institute and in large
fraction by a 5-year grant in the area of High Performance Computing for Multi-Scale and
Multi-Physics Phenomena from CREST (Core Research for Evolutional Science and Technology)
program of JST (Japan Science and Technology Agency)

In the area of simulation of nanomaterials we initiated our research efforts on quantum
chemical molecular dynamics (QM/MD) computations of carbon nanostructure formation based on
density functional tight binding (DFTB). Specifically
A) carbon nanotube formation during vacuum heating on the C-face of SiC crystals.

B) single-walled carbon nanotube (SWCNT) synthesis on Fe/Co/Ni catalysts using C, as carbon
feedstock material to simulate laser evaporation and carbon arc processes,

C) fullerene self-assembly during combustion of benzene,

D) Sc- and Ti-metallofullerene formation in analogy to previous simulations which explained the
formation mechanism of Cey and higher fullerenes from hot C, vapor,

E) Nanodiamond to fullerene and carbon onion transformations at high temperatures.

Further, we have begun to explore the following areas of nanocarbon materials simulations:

F) investigation of excited states potential energy surfaces of Er,@Cg, and Er,C,@Cs, using
TDDFT to understand differences in photoemission profiles,

G) the molecular and electronic structure of the remarkably stable Gd@Cs, dimer using regular
DFT methods,

H) the thermodynamic stability of Fe@Cs, in comparison to Sc@Cg, using regular DFT methods,
and DFTB-based QM/MD simulations of Fe/C, mixtures to investigate the early stages of Fe
particle aggregation

I) the origin of handedness preference in double-walled carbon nanotubes using
dispersion-augmented DFTB-D

J) the geometries, thermodynamic stabilities, and high-temperature behavior of linear polyynes
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CioHz, Ci2Hz, and Ci4Hz in SWCNTs of various diameters, as well as the Raman spectra, using
dispersion-augmented DFTB-D
K) the computation of Raman spectra of finite-size SWCNTs and graphene sheets with increasing
molecular sizes, using our DFTB analytical second derivatives.
Under A) we have submitted a paper explaining the growth of carbon nanotubes. We
explained the following experimental observations: 1.CNT caps only nucleate on the C-face due to

the two antagonistic forces attempting to form a o

G

oy J

g5 43

- el
RI§ {3 1340

:.. ra il it n_‘*

balance: formation of strong C-C bonds between

top-layer graphene and dangling C surface valences on

one hand, and the resistance of the planar sp” graphene R

sheet to take non-planar sp® hybridization, 2. Si atom ;

removal leads to wunstable carbon species with -;1‘96"
oy I
YXPAR

L X » ¥
o ' ’5&,‘3&.‘&\@
existing carbon material on the surface, thereby . v

continuing to grow existing caps into tubes, 3. QM/MD snapshots of formation of a carbon nanotube
Dangling C atoms on the Si-face are protected by the ©n the SiC C-face under random Si removal

dangling bonds which makes stable connections with

Si atoms as opposed to the C-face, and rather tend to form graphene layers among themselves.
Figure shows a sequence during “Si atom random removal”.

As to the application of multi-level simulation to enzymatic reactions, we initiated he
ONIOM QM/MM optimization studies of reaction mechanisms of the following three systems. All
these involve formally spin-forbidden reactions between oxygen and a closed-shell molecule.
Aerobic organisms have developed a machinery of enzymes that efficiently catalyze and control
these reactions, and their theoretical understanding is urgently needed.

(1) Firefly luciferase catalyses the highly efficient reaction between luciferin and O,. Although
initially a ground-state reaction, the final result is an excited species that emits the characteristic
firefly light. ONIOM models are used to understand both how luciferase activates O, without the
use of a metal center, and how it manages to efficiently convert chemical energy into light energy.

(2) Indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-dioxygenase (TDO) catalyze the
cleavage of the pyrrole ring of L-tryptophan and incorporate two oxygen atoms from the oxygen
molecule. Density functional theory calculations with the B3LYP functional do not support the
concerted ene-type addition and Criegee rearrangement previously proposed. An alternative
mechanistic pathway is suggested from the calculations.

(3) Isopenicillin N synthase (IPNS) is a

% B o0 9 Q Link atoms
A

non-heme iron enzyme that uses dioxygen to . ”“fc 5\% 2
catalyze a critical step in the biosynthesis of ,“ “_i‘g't y‘wr
antibiotics. A mechanism for this enzymatic ‘;‘\’i\aﬁ')&: ‘t Y
reaction is proposed based on active-site DFT Te‘rrg" )/
models and ONIOM (B3LYP/Amber) calculations. © ‘f:{“ TN

The most important effect of the surrounding
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protein is that it stabilizes dioxygen binding (see figure) by 8-10 kcal/mol, an effect that is critical
for the reactivity of these enzymes.
The improvement and further development of the ONIOM method and code as well as

preparation for ONIOM molecular dynamics simulations is also making progress.

2. Original papers

(1).G, Zheng, Z, Wang, S, Irle, and K, Morokuma, Quantum chemical molecular dynamics
study of “shrinking” of hot giant fullerenes, J. Nanosci. Nanotechn. 7, 1662-1669 (2007).
(2).S. Irle, G. Zheng, Z. Wang, and K. Morokuma, Theory-Experiment Relationship of the
“Shrinking Hot Giant” Road of Dynamic Self-assembly in Hot Carbon Vapor, Nano, 2, 21-30

(2007).

(3) M. Uchiyama, Y. Matsumoto, S. Usui, Y. Hashimoto, ‘and K. Morokuma, Origin of
Chemoselectivity of TMP-Zincate Base. Differences between TMP-Zincate and
Alkyllithium Reagents: Insights from a DFT Study on Model Systems. Angew.
Chem. Int. Ed. 46, 926-929 (2007)

3. Presentation at academic conferences

(1) Keiji Morokuma, “Quantum Mechanics and Molecular Mechanics (QM/MM) Studies of
Enzymatic Reaction Mechanisms”, Japan-China Crossover Science Symposium (JCCSS)
2006, Mito, Ibaraki, October 14-18, 2006

(2) Keiji Morokuma. “Simulation of Complex Molecular Systems via Hybrid Molecular
Theory”. Open Symposium of CREST/JST Project on “High Performance Computing for
Multi-Scale and Multi-Physics Phenomena®, Toyo University, Tokyo, November 20-21,
2006

(3) Ketji Morokuma. “Toward Simulation of Complex Molecular Systems via Hybrid Molecular
Theory”. Commemorative Symposium of 25™ Anniversary of Prof. Kenichi Fukui’s Nobel
Prize, Kyoto University. November 29, 2006

(4) Keiji Morokuma. “Toward Simulation of Complex Molecular Systems via Hybrid Molecular
Theory”. Supercomputer Workshop 200: Commemorative Symposium on “Computational
Molecular Science: Thirty Years and the Future”, Research Center for Computational
Science, Institute for Molecular Science, Okazaki. February 28, 2007

(5) Keiji Morokuma, “Simulation of nano and biomolecular systems”, Invited talk at National
Meeting of American Chemical Society, Chicago, March 25-29, 2007
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4. Presentation at Institutional/Departmental Seminars

(1) Keiji Morokuma, “Theoretical Studies of Chemical Reactions — Nano Structures, Catalysts,
and Enzymatic Reactions”, Invited Talk at Colloquium, NASA Ames Research Center,
January 17, 2007

(2) Keiji Morokuma, “Theoretical Studies of Chemical Reactions — Nano Structures, Catalysts,
and Enzymatic Reactions”, Invited Talk at Colloquium, Department of Chemistry, Stanford
University, January 18, 2007

(2) Keiji Morokuma, "Theoretical/computational studies of chemical reactions -- a fascinating
world of chemistry". Invited Talk at Colloquium, Department of Chemistry, Beijing Normal
University, January 24, 2007

(4) Keiji Morokuma, "Theoretical/computational studies of chemical reactions -- a fascinating
world of chemistry". Invited Talk at Colloquium, Department of Chemistry, Peking
University, January 25, 2007
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Stephan Irle

FIFC Fellow, Fukui Kenichi Memorial Research Group 1 (from 05/01/06 till 10/31/06)

1. Summary of the research of the year

a. QM/MD Simulations of CNT Growth from SiC-Derived Carbon

Quantum chemical
molecular dynamics simulations
at T, =2000 K and 3000 K have
been performed on model
systems of thin SiC (0001) and
(000-1) surfaces with two
graphene patches placed on top
of either C or Si face. In
agreement with experiment, we
find that a) the C face-attached
graphene layer warps readily to
form small diameter, stable
nanocaps, suitable for further
perpendicular growth of
nanotubes, b) the Si
face-attached graphene sheet
does not readily warp and forms
more  volatile  Si-graphene
bonds, possibly giving rise to
larger diameter caps, and c) C
face nanocaps appear to anneal
to dome-shape structures with
zigzag chirality, due to the
orientation of the unfilled
surface C sp® valence orbital.
Further addition of SiC layers
from below and removal of Si
atoms by either “magic carpet”
(see Figure 1) or “random
atom” removal approaches
show that carbon nanotubes can

be grown from the nanocaps at

Figure 1. Removal of top Si surface layers suddenly (“magic carpet’
Si removal) at Tt = 2000 K. Blue color represents Si atoms, purple
color represents C atoms. (a) initial structure; (b) suddenly remove
top layer Si atoms at 6 ps; (c) the structure after 12 ps annealing at
the end of first removal cycle (18 ps); (d), (e), (f), (g), and (h) are the
end structures after the second (36 ps), third (54 ps), fourth (72 ps),
fifth (90 ps), and sixth (108 ps ) removal cycles.



IV B3R 3E4E (2006)

the same temperatures. Our simulations provide direct evidence for the different time-dependent
graphene-surface interactions on C and Si faces of SiC at the atomic level and of the tube growth
mechanism, and explain their experimentally observed different growth modes. A paper has been

submitted to J. Phys. Chem. C presenting these results.

b. QM/MD Simulations of Metallofullerene Formation

It has been a mystery of how exactly metal atoms enter the cages of metallofullerenes during
their formation. We have performed the first high-temperature quantum chemical molecular
dynamics simulations illustrating the entrapment process of a Sc atom inside a giant fullerene,
starting from half-opened basket structures encountered during the “Shrinking Hot Giant” road of
fullerene formation. A detailed analysis of the influence of the Sc atom on the cage closing
dynamics has been conducted. In particular we note the importance of Sc-C o-bonds dynamically
formed at the tips of polyyne chains attached to the half-opened basket structures, which result in
stronger attraction than Sc-sidewall interactions. In contrast, the entrapment mechanism of Ti is
different due to the much stronger, more covalent interaction of Ti with C. We are currently

writing a paper presenting these results.

c. Calculation BLYP/cc-pVTZ IR spectra of fullerenes Cs, Cg, and Cry

In these
d-breaki
ground-breaking | Cyq Cq, C.,
benchmark calculations, —_ - -
‘é’ experiment experiment
we have computed IR =
spectra, DOS, and VDOS "g Mw
of fullerenes Css, Cgo, and E BLYP/cc-pVTZ BLYP/cc-pVTZ BLYP/ec-pVTZ
level of theory, using kS
NWChem with 128 CPUs %‘ BLYP/3-21G BLYP/3-21G BLYP/3-21G
simultaneously for 2 days 8 M M M
in case of the large E
S | scc-pFTB SCC-DFTB SCC-DFTB
fullerenes in close ®
collaboration with Dr. 'E M M
Bert de Jong. The Cgo 400 800 1200 1600 400 BDO 1200 1600 400 BOD 1200 1600

point group symmetry vibrational frequency [cm™']

was set to D,yp, and the C

] 2h> 70 Figure 2. Calculated and experimental vibrational density of states for selected
point group symmetry to
C,y. These are the best ab

initio calculations of fullerene vibrational frequencies available to date, and are used to compare the

fullerene molecules.

performance of our SCC-DFTB analytical second derivatives. Assignment of vibrational modes has

been performed for each system and compared with the B3LYP/6-31G(d) IR spectra calculation of
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Kertesz et al. Interestingly, the VDOS is very sensitive to basis set effects, especially polarization
functions, as a comparison between BLYP/cc-pVTZ and BLYP/3-21G shows. DFTB IR and
Raman spectra resemble the smaller basis set calculations, but are nevertheless quite close to
BLYP/cc-pVTZ. We find excellent qualitative agreement for IR spectra, VDOS, and DOS in all
three fullerene cases. In case of Raman spectra, which were computed using the modest
BLYP/3-21G level of theory due to the larger computational effort, we find interestingly
discrepancies in Raman intensities with respect to experimental spectra especially for the C-C
stretch frequencies. A benchmark paper has been published in J. Phys. Chem. reporting these
theoretical IR spectra, VDOS, and DOS.

d. Origin of linear relationship between CH,/NH/O-(n,n) SWCNT Reaction Energies and
Sidewall Curvature
The origin of the linear

relationship between the reaction A

100
energy of the CH2/NH/O exo and  1/diameter (A) ‘E‘ . DEF
e.ndo additions to armchair (n, n) W PYRRS! 30.63 006 :ig .
single-walled  carbon  nanotubes T ey
(SWNTs) and the inverse tube 200 E
diameter (1/d) measuring sidewall oo
curvature was elucidated using ‘ =
density functional theory and density AT E
. . o ® * INT
functional tight binding methods for 200 ¢ § " ES
o . = A EX
finite-size SWNT models with n ) 3, 100 + g X ORB
@

. i -1
4, .., 13. A nearly perfect linear ”"'_a""ete'_'{“}'_ . . . .
018 -0.15 012 -0.09 -0.08 -0.03 0.00 0.03 0.08 0.09

relationship between AE and 1/d all

through exohedral (positive f:_:_:_:_:':’:'-_;“__ = S
curvature) and endohedral (negative 2007 Bsecs
curvature) additions is due to ) . -300 |
cancellation between the quadratic ) [P VI
contributions of the SWNT oo

deformation  energy and  the _ . ] ] o
Figure 3. (A) Quadratic relationship between the stabilization

energy DE, DEF(SWNT), and INT and 1/d for endo and exo(s)
CH2 adducts on the 15 A SWNT at the DFTB level. (B)

interaction energy (INT) between the
deformed SWNT and CH2/NH/O

adducts (see Figure 3). Energy _ _ _ _
Quadratic relationship between INT and its EDA components

ES, EX, and ORB and 1/d for endo and exo(s) CH2 adducts on
the 5 A SWNT at the HF/STO-3G level.

decomposition analysis shows that
the quadratic contributions in
electrostatic, exchange, and orbital
terms mostly cancel each other, making INT weakly quadratic, and that the linear 1/d dependence
of INT, and therefore of AE, is a reflection of the 1/d dependence of the back-donative orbital
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interaction of bl symmetry from the occupied CH2/NH/O ps orbital to the vacant C-C z* LUMO
of the SWNT. We also investigated the origin of the two isomers (open and three-membered ring)
of the exohedral addition product and explain the behavior of their associated minima on the C-C
potential energy surfaces with changing d. A paper has been published in J. Am. Chem. Soc. on

this topic.

e. Comparison of Geometric, Electronic, and Vibrational Properties for Isomers of Small
Fullerenes C20-C36

We have employed the self-consistent-charge density-functional tight-binding
(SCC-DFTB) method for computing geometric, electronic, and vibrational properties for various
topological isomers of small fullerenes. We consider all 35 five- and six-member rings containing
isomers of small fullerenes, C20, C24, C26, C28, C30, C32, C34, and C36, as first part of a larger
effort to catalog CC distance distributions, valence CCC angle distributions, electronic densities of
states (DOSs), vibrational densities of states (VDOSs), and infrared (IR) and Raman spectra for
fullerenes C20-C180. Common features among the fullerenes are identified and properties
characteristic for each specific fullerene isomer have been analyzed. The results of the analysis
were published in J. Phys. Chem. A.

g

Original papers

1. C. She, J. Guo, S. Irle, K. Morokuma, D. L. Mohler, F. Odobel, J. T. Hupp, and T. Lian,
Comparison of Interfacial Electron Transfer Through Carboxylate and Phosphonate Anchoring
Groups, J. Phys. Chem. A, in press.

2. E. Malolepsza, H. A. Witek, and S. Irle, Comparison of geometric, electronic, and vibrational
properties for isomers of small fullerenes C»p-Css, J. Phys. Chem. A, ASAP paper. DOI:
10.1021/jp068529r

3. S. Irle, G. Zheng, Z. Wang, and K. Morokuma, Theory-experiment relationship of the
"shrinking hot giant" road of dynamic fullerene self-assembly in hot carbon vapor, Nano 2,
21-30 (2007). DOI: 10.1142/S1793292007000362

4. G. Zheng, Z. Wang, S. Irle, and K. Morokuma, Quantum chemical molecular dynamics study of
“shrinking” of hot giant fullerenes, J. Nanosci. Nanotechnol. 7, 1662-1669 (2007). DOI:
10.1166/jnn.2007.451

5. G. Zheng, Z. Wang, S. Irle, and K. Morokuma, The Origin of Linear Relationship Between
CH,/NH/O-SWNT Reaction Energies and Sidewall Curvature: Armchair Nanotubes, J. Am.
Chem. Soc. 127, 10533-10538 (2006). DOI: 10.1021/ja061306u

6. H. Witek, S. Irle, G. Zheng, Wibe A. de Jong, and K. Morokuma, Modeling carbon

nanostructures with the self-consistent density-functional tight-binding method: Vibrational



IV BFZTR4E (2006)

spectra and electronic structure of Cis, Csy and Cy, J. Chem. Phys. 125, 214706/1-15 (2006).
DOI: 10.1063/1.2370877

3. Review articles
S. Irle, G. Zheng, Z. Wang, and K. Morokuma, Dynamics Simulations of Fullerene and SWNT
Formation, in: S. Nalwa, Ed., “Encyclopedia of Nanoscience and Nanotechnology”,

American Scientific Publishers, Stevenson Ranch, CA, publication in 2007.

4. Presentation at academic conferences

e February 2007: Invited Talk, “Quantum Chemical Molecular Dynamics Simulations of
Fullerene and Carbon Nanotube Self-Assembly”, The 32nd F-NT Symposium @ Meijo
University, Nagoya, Japan

o September 2006: Invited Talk, “DFTB-based QM/MD simulations of nanostructure formation
processes far from thermodynamic equilibrium”, 232" ACS National Meeting, San Francisco,
California, U.S.A.

e September 2006: “The Use of ONIOM in Computational Nanomaterials Research”, 232" ACS
National Meeting, San Francisco, California, U.S.A.

5. Others

ORAL PRESENTATIONS (Invited Lectures, Seminar Talks, etc.)

o January 2007: “Recent progress in quantum chemical simulations of nanomaterials ”, invitation

to JST/CREST meeting organized by Prof. Takeo Fujiwara, Department of Applied Physics,
Tokyo University, Tokyo, Japan.

o January 2007: “Quantum Chemical Molecular Dynamics Simulations of Fullerene and Carbon
Nanotube Self-Assembly ”,Department of Physics, Kyoto University, Kyoto, Japan

o August 2006: “Quantum Chemical Molecular Dynamics Simulations of Metallofullerene
Formation and Carbon Nanotube Nucleation Processes”, Nagoya University and Japan Fine
Ceramics Center, Nagoya, Japan.

o August 2006: “The Nucleation Process of Carbon Nanotubes Studied by QM/MD Simulations”,
Computational Chemistry Unit Cell, Chulalongkorn University, Bangkok, Thailand.

e May 2005: “OM/MD simulations of high-temperature CNT growth on SiC surfaces”, 3" Fukui
Center Seminar, Fukui Institute for Fundamental Chemistry, Kyoto, Japan

POSTER PRESENTATIONS & ORAL PRESENTATION CONTRIBUTIONS (presenter in

bold)

e April 2007: NASA/Rice University 3" Workshop on Nucleation and Growth of Single Wall
Carbon Nanotubes, Guadalupe River Ranch, Boerne, Texas, U.S.A.: S. Irle, Y. Ohta, Y.
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Okamoto, Z. Wang, G. Zheng, and K. Morokuma, “Quantum Chemical Molecular Dynamics
Simulations of Carbon Nanotube Self-Assembly”

o February 2007: The 32nd F-NT Symposium @ Meijo University, Nagoya, Japan: G. Zheng, Z.
Wang, S. Irle, and K. Morokuma, “Origin of Linear Relationship Between
CHy/NH/O-(n,n)SWCNT Reaction Energies and Sidewall Curvature”

e November 2006: The 25 year memorial symposium for Nobel Prize of Kyoto University
Professor Emeritus Kenichi Fukui, Kyoto, Japan: G. Zheng, Z. Wang, S. Irle, and K. Morokuma,
“Origin of Linear Relationship Between CHyNH/O-(n,n)SWCNT Reaction Energies and
Sidewall Curvature”

e October 2006: 3" Japan-Korea Symposium on Carbon Nanotubes, Gyeongju, Korea: S. Irle, Z.
Wang, G. Zheng, and K. Morokuma, “Quantum chemical molecular dynamics simulations of
catalyst-free high-temperature CNT growth on SiC surfaces”

e September 2006: Talk at 232" ACS National Fall Meeting, San Francisco, California, U.S.A.: S.
Irle, G. Zheng, Z. Wang, and K. Morokuma, “OM/MD simulations of carbon nanotube and
fullerene growth and dynamics”

e September 2006: Talk at 232" ACS National Fall Meeting, San Francisco, California, U.S.A.:
Z. Wang, S. Irle, G. Zheng, and K. Morokuma, “Quantum chemical molecular dynamics study
of catalyst-free SWNT growth from SiC-derived carbon”

e June 2006: Nanotube’06, Nagano, Japan: S. Irle, G. Zheng, Z. Wang, H. Witek, and K.
Morokuma, “The Density Functional Tight Binding (DFTB) Method for Large Scale Finite Size
Model System Calculations of Nanotube Growth, Reactions, and Properties”

e May 2006: International Congress of Quantum Chemistry, Kyoto, Japan: S. Tsukamoto, H.
Mori, S. Irle, K. Morokuma, H. Tatewaki, and E. Miyoshi, “Chemical interaction analysis of
tripods containing lanthanide elements”

e May 2006: International Congress of Quantum Chemistry, Kyoto, Japan: S. Irle, G. Zheng, Z.
Wang, and K. Morokuma, “The Cgy Formation Puzzle “Solved”: QM/MD Simulations Reveal
the Shrinking Hot Giant Road of the Dynamic Fullerene Self-Assembly Mechanism”
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Marcus Lundberg

FIFC Fellow, Fukui Kenichi Memorial Research Group 1 (from 05/08/06)

1. Summary of the research of the year
Multi-scale methods for enzyme catalysis

Advanced forms of life rely on enzymes that efficiently catalyze and control reactions between oxygen and
closed-shell molecules. Studies of these enzymatic reactions provide insight into fundamental biological
processes, and can influence the development of efficient catalysts. In the present research, multi-scale
models using the ONIOM scheme are used to understand the factors that control enzyme activity. In addition,
the benefits of the multi-scale methods have been evaluated to improve the modeling of biological processes.

Isopenicillin N synthase (IPNS) is an oxygen-activated non-heme iron enzyme. It catalyzes a key step
in the biosynthesis of the important antibiotics penicillin and cephalosporin and is therefore an attractive
target in the development of novel antibiotic compounds. The enzyme’s activity has been analyzed using an
active-site (DFT) model together with an ONIOM QM:MM (B3LYP:Amber) model that includes the full
protein. In the QM:MM model the reactive core is treated by an accurate quantum mechanical (QM) method
and the environment is treated by a fast molecular mechanics (MM) method. By comparing the two
approaches, the catalytic effect of the metal center can be separated from the catalytic effect of the
surrounding protein.

In the present system, the reaction mechanism is mainly determined by the electronic structure of the
metal center. The long-range effects of the surrounding protein are relatively small. However, the use of a
QM:MM model significantly improves geometries and relative energies by removing effects from
truncations of the model. A significant result is that the QM-only model fails to describe O, binding. There
are two important reasons for this failure. First, the active-site model has problems to describe coordinatively
unsaturated iron centers, e.g. five-coordinate sites (see Fig. 1). Second, non-bonded interactions, e.g. van der
Waals interactions, are important in binding processes but are neglected when using active-site models. In

total, the binding energy of O, increases by 8 kcal/mol when the surrounding protein is included.

Substrate

@\ \Deoxy structure

\  Oxy structure
- reactant y

- product

His214

Figure 1. Dioxygen binding in isopenicillin N synthase studied by QM-only (white) and ONIOM (blue). The

QM-only model gives incorrect coordination geometries of substrate and His270 in the five-coordinate state.
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The finally proposed mechanism for IPNS includes: binding of O, to iron to form a ferric-superoxo
(Fe(III)-O0O") species, two-electron oxidation of the substrate, generation of a ferryl-oxo (Fe(IV)=0) species
by heterolytic O-O bond cleavage and finally two-electron oxidation of the substrate by the ferryl-oxo
intermediate. Iron remains in a high-spin configuration and the reaction mainly proceeds on the quintet
surface. The modeling study highlights the similarities between IPNS and other enzymes that belong to the
same enzymatic family, e.g. pterin-dependent amino acid hydroxylases and a-keto-acid-dependent
dioxygenases.

The QM/MM scheme is the most commonly used multi-scale method. A major problem of this
approach is the accuracy of the electrostatic interactions between the QM and the MM layer. The ONIOM
scheme is a unique multi-scale method since it allows the combination of any computational methods, and in
principle, any number of computational layers. The ability to use QM as the low or medium-level method is
in some cases essential; QM methods take into account electronic effects of the environment and are fully
polarizable; both of these important effects are neglected when standard MM is used as the low-level
method.

The development of transition-metal parameters for the DFTB method makes it possible to extend
the range of DFTB applications to new metal enzymes. To evaluate the accuracy of the DFTB method as a
second layer in ONIOM scheme, the potential energy diagram of isopenicillin N synthase was calculated
using ONIOM (DFT:DFTB) (see Fig. 2). Although the DFTB method itself shows significant deviations
from the target DFT calculation, the DFT:DFTB calculations are in much better agreement with the target
calculation. This illustrates the applicability of multi-layer ONIOM calculations with the DFTB method for

enzymatic systems.

= Full model - DFT (target)

- = Full model - DFTB

—— Medium ONIOM (DFT:DFTB)
Medium model - DFT

- -y

30 = Energy
(kcal/mol)

- -y

20

10 9 e 8

Figure 2. ONIOM (DFT:DFTB) energy profile for selected parts of the isopenicillin N synthase reaction compared
to results from DFT and DFTB-only calculations.
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2. Original papers

(1) Guishan Zheng, Henryk Witek, Petia Bobadova-Parvanova, Stephan Irle, Djamaladdin G.
Musaev, Rajeev Prabhakar, Keiji Morokuma, Marcus Lundberg, Marcus Elstner, Christof
Kohler and Thomas Frauenheim, J. Chem. Theor. Comp, 2007, In Press.

(2) Marcus Lundberg and Keiji Morokuma, “Protein Environment Facilitates O, Binding in
Non-Heme Iron Enzyme. An Insight from ONIOM Calculations on Isopenicillin N
Synthase (IPNS).” J. Phys. Chem. B. Submitted.

3. Presentation at academic conferences

(1) Marcus Lundberg, Per E. M. Siegbahn, “Photosynthesis and photosystem II by hybrid
density functional theory” XII™ International Congress of Quantum Chemistry (Poster
C001), Kyoto, May 24, 2006.

(2) Marcus Lundberg, Thom Vreven and Keiji Morokuma, “Protein effects on the mechanism
of a non-heme iron enzyme: An ONIOM study of isopenicillin N synthase”, 233™ National
meeting of the American Chemical Society (Oral presentation), Chicago, March 27, 2007.

4. Others
(1) Marcus Lundberg and Keiji Morokuma, “Mechanism for Biosynthesis of Antibiotics in

Isopenicillin N Synthase Studied by Theoretical Methods” The 25™ anniversary symposium
of Professor Emeritus Kenichi Fukui’s Nobel Prize Award), Kyoto, Nov. 29, 2006.
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Chung, Lung Wa

FIFC Fellow, Fukui Kenichi Memorial Research Group 1 (from 10/16/06)

1. Summary of the research of the year (3-5 pages, includes appropriate figures and tables)

A Theoretical Study of Reaction Mechanism of Tryptophan Catabolism

Indoleamine 2, 3-dioxygenase (IDO) and tryptophan 2, 3-dioxygenase (TDO) are unique
heme-containing dioxygenases, which involve oxidative cleavage of the pyrrole ring of indoleamines and
incorporate two oxygen atoms of oxygen molecule to give N-formylkynurenine derivatives (Eq. 1). Very
recently, three crystal structures of IDO and TDO have been obtained. In this connection, two
mechanistic pathways (ene-type addition coupled with proton transfer, followed by either formation of
dioxetane or by Criegee-type rearrangement) were proposed (Eq. 2). However, structural constrain of
indole apparently does not have good alignment of the N-H bond for the ene-type addition transition state.
On the other hand, contrast with many Fe-containing metalloenzymes, site-directed mutation showed that
polar residues in the active do not act as bases in the oxygen activation in IDO and TDO. Therefore,
B3LYP calculations have been performed to elucidate the alternative reaction mechanism of this unique

heme-containing dioxygenases.

co,®

NH; [DOorTDO
—_—
® +0,

-formylkynurenlne

IZ/

%R ene-type
N=="+ |addition TS
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/o Pathway

R/\%R )

R

\—o OH

The calculations showed that the proposed concert ene-type addition transition state is high in
energy (AE = 42 (without heme) and 29 — 32 kcal/mol (with heme)) (Figures 1 and 2). In addition, the
proposed Criegee-type rearrangement from the neutral indole substrate requires a very barrier (51
kcal/mol), due to the absence of a very strong electron-donating group on the indole. Instead, direct
electrophilic addition (closed-shell singlet) or radical addition (open-shell singlet or triplet) of the distal
oxygen to both C2 and C3 positions of the indole are computed to be energetically favorable (Figure 3).
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Figure 1. The calculated relative electronic energies (kcal/mol) for reaction of an indole with O, and the

calculated structures of the ene-type addition and Criegee-type rearrangement transition states.
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Figure 2. The calculated ene-type addition transition

states and the relative electronic energies (in
kcal/mol) for closed-shell singlet and triplet states.
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Figure 3. The calculated direct addition transition states and the relative electronic energies (in kcal/mol)
for closed-shell singlet, open-shell singlet (OSS) and triplet states.
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Moreover, the proposed Criegee-type rearrangement pathway could not be located from the heme-indole
complex, presumably due to high-barrier. Instead, ring opening of epoxide transition states are obtained.
In the closed-shell singlet surface, the proposed most favorable pathway involves electrophilic addition to
C3 of the indole and gives a zwitterionic intermediate, followed by a low-barrier C-O bond formation
(charge-recombination) to give a dioxetane intermediate. Finally, ring-opening of the dioxetane
intermediate leads to the N-formylkynurenine product. Whereas, in the open-shell singlet and triplet
surface, radical addition to C2 of the indole are computed to be the most favorable route and give a
diradical intermediate. However, this route, which could be complicated by formation of a ferryl-oxo
intermediate (Compound II) through homolytic cleavage of the O-O bond, are being investigated before

completing all potential energy surface for the triplet (or open-shell singlet) state.

2. Original papers

(1) Lung Wa Chung, Hiroshi Sugimoto, Yoshitsugu Shiro, Keiji Morokuma*
“An Alternative Mechanism of Tryptophan Catabolism? DFT Study on A Missing Piece in Our
Understanding of Heme Chemistry”

Manuscript in preparation.
3. Presentation at academic conferences
(1) Lung Wa Chung, Hiroshi Sugimoto, Yoshitsugu Shiro, Keiji Morokuma*
“An Alternative Mechanism of Tryptophan Catabolism? DFT Study on A Missing Piece in Our

Understanding of Heme Chemistry”
The 10th Theoretical Chemistry Symposium (1P38), Nagoya, May 14, 2007.
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Biswajit Saha

FIFC Fellow, Fukui Kenichi Memorial Research Group 1 (from11/01/06)

1. Summary of the research of the year FY2006
(A) QM/MD study of the fullerene formation mechanism by means of benzene combustions

Combustion synthesis of fullerene using hydrocarbons such as benzene is well established
and industrial level production of highly pure (> 90%) fullerene is also available. But the fullerene
formation mechanism is not well established theoretically albeit intensive studies have been
performed so far. To elucidate their atomistic self-assembly mechanism during benzene
combustions, here, we have performed high-temperature quantum chemical molecular dynamics
(QM/MD) simulations using model systems initially consisting of benzene molecules. We wish to
present a coherent mechanism on how highly ordered fullerene cages are naturally self-assembled
under nonequilibrium conditions from benzene molecules to giant fullerenes.

Density functional tight-binding (DFTB) method is used for these simulations with non-self
consistent charge approximation. Trajectories have been simulated considering models systems
consisting of 27 and 36 benzene molecules and constant temperature of 2000, 2500, 3000 and 3500
K. To mimic the function of oxygen in the experimental condition, we removed hydrogen randomly
from the model systems.

A few representative snapshots of the cluster formation are shown in Fig. 1 and Fig. 2 for two
trajectories. From Fig. 1 it is apparent that the formation of polyyne chain/cluster is delayed due to
the presence of hydrogen even it may prevent the fullerene formation. Thus when we remove the
hydrogen slowly it leads, mainly, to a formation of graphene sheet consisting of mostly
six-membered rings.

Fig. 1 Model system - 27 benzene molecules, Temperature = 3000 K, slower hydrogen removal rate

75.08 ps 110.11 ps

Where as, when we remove hydrogen at much faster rate from the system, we observed that some
fullerene or fullerenic structure may from as shown in Fig. 2. In this case we obtained a giant fullerene (C,qo).
Even varying the simulation condition single wall carbon nano tube (SWNT) may be simulated. From these
simulations we may confer the following points. (i) The presence of hydrogen may delays or even prevents

the fullerene formation. (ii) Varying the simulation condition SWNT may be simulated. Detailed analysis on
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the fullerene formation mechanism is going on.

Fig. 2 Model system - 36 benzene molecules, Temperature = 3000 K, faster hydrogen removal rate

(B) Poly aromatic hydrocarbon (PAH) formation during benzene combustions: QM/MD study

of formation mechanism

Poly aromatic hydrocarbons (PAH) are formed mainly as a result of the incomplete
combustion of hydrocarbons. It is also found that in flame, PAH are the fullerene precursors.
Moreover to minimize the soot formation in combustions requires the control of chemical processes
responsible for the growth of PAH. Hence it is worth to shed light on the PAH formation and
growth mechanism during combustions. In this research we would like to study the formation
mechanism of PAH during benzene combustions using density functional tight binding (DFTB)
method.

For the present study we considered a model system consisting of 15 benzene molecules.
Simulations have been performed at temperatures of 2000 K and 3000 K considering several C:H
ratio in the model system. The growth of the C cluster is shown for two C:H ratio in Fig. 3. It is
apparent from the figures the C:H ratio is an important factor for the growth of the cluster size. The
growth is slower when C:H=1:1 than C:H=1:0.78. The system reaches in equilibrium faster (~ 50
ps ) for higher hydrogen content than lower hydrogen content (~ 80 ps). It was also observed that
the formation reaction is much faster at higher temperature; say 3000 K than lower temperature say

2000 K. Further investigation on this formation reaction is going on.
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1:1 (left), C:H=1:0.78 (right)

3000 K, C:H=

Fig. 3 Model system -15 benzene molecules, Temp
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Tsutomu Kawatsu

JST Fellow, Fukui Kenichi Memorial Research Group 1 (from 11/01/06)

1. Summary of the research of the year

Mechanical free energy driven molecular dynamics for multiple time-step simulation in
ONIOM

Atomic-level molecular dynamics (MD) simulation requires time step in femto-second order for
representing atomic fluctuations. Recent progress of computer systems allows simulating
nano-second or longer dynamics in classical dynamics. On the other hand, it is still difficult to
calculate million steps of quantum mechanics (QM) simulation. We present a method for long
time-step QM simulation using combination technique to short time-step MD simulation.
During the short-time step dynamics, the system geometry changes by forces from the potential
energy divergence. On the other hand, stochastic behavior for long-time scale of a molecular
system binds to the free energy profile. We therefore propose a multiple time step simulation
that the long-time step part walks on the free energy surface instead of potential energy
surface as in MD simulation. We split the system with two parts concerning to QM and MM
simulation as typical QM/MM or ONIOM. Then, we split the time-progress step of the
simulation with stochastic and atomic time scales. In the stochastic time scale, the geometry
changes following free energy divergence and ONIOM calculation runs. In the atomic time
scale, the geometry changes, following the classical force field and umbrella sampling potential.
The QM part force field and umbrella sampling potential are presented from ONIOM
calculation in former stochastic time step. The results in atomic time scale are only used for
determine the free energy potential in QM part. We have prepared the formula and simulation

program.

Free energy calculation for ONIOM optimized transition state using the free energy
perturbation theory

ONIOM is strong method for finding transition states of chemical reactions in protein
environment. The transition state is optimized in minimum potential energy except the
reaction coordinates. Each energy difference between reactant, transition and product states
presents the reaction rate and possible pathway. However, that is a comparison in a frozen
state at an absolute zero temperature condition. For realistic chemical condition, we prefer to
compare free energy differences instead of potential energy differences. ONIOM calculation
includes surrounding protein environment. We have prepared to simulate the thermal
fluctuation of the protein environment using MD simulation and calculate free energy

difference using free energy perturbation method.
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Yasuhito Ohta

JST Fellow, Fukui Kenichi Memorial Research Group 1 (from 12/01/06)

1. Summary of the research of the year
Tight-binding molecular dynamics simulation of single-walled carbon nanotube

Since carbon nanotubes (CNT) have been discovered in 1991(Nature 354 (1991) 56),
extensive studies have been conducted with respect to the physico-chemical properties
of the CNT systems. CNTs have been expected to be utilized for various kind of
applications such as hydrogen storage, electronic devices, and chemical sensors, and
therefore development of mass production technique of high quality CNT has also been
a hot topic. However, in spite of recent remarkable progress on the efficient production
technique of CNTs (Science 306(2004) 1362), the mechanism of nanotube growth is still
not well understood. As one of convincing mechanism of nanotube growth is based on
VLS (liquid vapor solid model). In this model, carbon source and metals are evaporated
at high temperature and metal carbide is generated in liquid phase with decreasing
temperature. For further lowering temperature, carbon precipitate from metal carbide
to construct sp2 hybridized structure.

So far, many groups have been addressing elucidation of growth mechanism of carbon
nanotube through molecular dynamics approaches. For example, Sibuta and
Maruyama (Chem. Phys. Lett 382 (2003) 381) and Feng et al (Compt. Mat. Science 35
(2006) 243) have independently shown the early stage of nucleation of carbon nanotube
using classical molecular dynamics approach. In their simulations, carbon atoms were
incorporated into metal particle and afterward the absorbed carbon atoms started to
precipitate on the surface of metal particle to create some sp2 hybridized cap structures.

Such absorption and precipitating behavior of carbon atoms support the VLLS model for
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the root growth mechanism of CNT. However, their simulations are based on the
classical molecular dynamics and therefore it is essentially difficult to describe correct
bond creation and destruction process of molecules.

In the present study, we investigate the interaction of metal-carbon cluster with
carbon source by means of molecular dynamics simulation based on DFTB (density
functional tight-binding) approach [8]. We have been exploring the interplay among
carbon source, metal particle, and a nanotube seed fragment.

Figurel(a) shows a model system of the Fe-C cluster. The Fe particle in the cluster is
composed of 38 Fe atoms. 24 C2 moldecules are attached on the surface of the metal
particle where the molecular axis of each Cz molecule is vertical to the metal surface.

The open-end tube fragment is a (5,5)

()

« arm chair type of single-walled carbon
nanotube with the length of 6 A. One
end of the truncated nanotube is capped
by hydrogen atoms.

For MD simulations, time step is set to

1.0 fi h i0di
Figure 1 Model system of Fe-C cluser. White: 0 fs and the periodic boundary

hydrogen, Green: carbon, Red:Fe condition is used with the box size of 40
(@) geometry at t=0 (b) geometry at t=67ps o )
A3. The mass of hydrogen atom is set to
that of carbon atom for the use of reasonable time step. The temperature of the system
was controlled to 1200 K by the velocity scaling method or Nose-Hoover chain
thermostat. Figure 1(b) shows the snapshot of Fe-C clusters at 67 ps. As you can see,
the Fe-C cluster did not deform drastically at this time. During the MD run, most of the
C2 molecules were fluctuating on Fe atoms without noticeable migration and

dissociation. The C2 molecules were not also incorporated into the open-end nanotube

fragment.
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We have also investigated the interaction of carbon source with metal-C cluster with
Co and Ni. Figure 2(a) shows the snapshot of Co-C cluster at 96.7ps. Differing from the
case of Fe-C cluster, deformation of the Co cluster is remarkable and some of carbon
atoms are incorporated into the Co cluster, while the nanotube fragment robustly
maintains its tubular structure without making any new dangling bonds.

Fig 2(b) shows the snapshot of Ni-C cluster at 88.2ps. As well as the case of the Fe-C cluster, the
() deformation of the Ni-C cluster is

moderate at this time region.

Next we have investigated the
¢ dynamical behavior of

metal-carbon cluster in more

supplement of carbon source. We

Figure 2 (a) Co-C cluser at t= 96.7ps. White: hydrogen, Green: ~ ave performed ~ DFTB-MD

carbon, Blue:Co. (b) Ni-C cluster at 88.2ps. White: hydrogen, simulations of the Fe-C cluster

Green: carbon. Gray: Ni.

with 50 additional Cz molecules
in the box (40 A3 ( See Fig.3 (a) ). Figure 3 (b) shows the snapshots of a MD trajectory
between 0.89 ps and 1.88 ps. At 0.89 ps, a carbon atom approaches a Cz molecule
wobbling on a Fe atom to create Cs fragment. At 1.24 ps, a C2 molecule dissociated from
the Cs fragment which was created at 0.89 fs on the Fe cluster. The left carbon atom
actively moved around Fe atoms for 0.3 ps. At 1.51 ps, the interatomic distance
between the active carbon and adjacent Fe atoms enlarged and at this moment, a
Fe-C-Fe angle became close to 180 degree. At 1.88 ps, the carbon atom created new

bonds with inside Fe atoms to be embedded into the Fe cluster. carbon nanotube on

metal particle.



Figure3(b) incorporation process of carbon

atom into Fe-cluster
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Figure 4 shows snapshot of
Fe-C cluster at 100 ps. At the
lower edge of nanotube, a five
member ring 1s created by
incorporating a carbon molecule.
As shown in the right hand side
of Fig.4, incursion of several
carbon atoms in Fe cluster is
observed. Such carbon atoms
might also contribute to the
growth behavior of carbon
nanotube. On the surface of the
Fe particle, relatively small
carbon fragments are also
sticking. These fragments can
be a seed to create some sp2
carbon network structure.

From present MD simulation,

two reaction process can be considered for root growth mechanism of carbon nanotube.

One is the precipitation of carbon atoms inside the Fe particle. In this process, carbon

atoms are firstly incorporated into Fe particle and then those atoms precipitate the

joint area between metal particle and nanotube. The other process is the surface

diffusion of carbon fragment on the metal particle. To investigate which process is

dominant for root growth of nanotube, further MD simulation is necessary.
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Figure 4 shap shot of Fe-C cluster at 100 ps. Left: side view of the Fe-C cluster.

Right: top view of the Fe-C cluster.

Linear scaling method for nano-size tight-binding molecular dynamics simulation

So far we are trying to understand the mechanism of nanotube growth using
tight-binding molecular dynamics approach. In this method, the computational cost
1s proportional to the cube of N. Because of this feature, practical system size is
limited to several hundred atoms and practical computational time(~100ps) is also
much shorter than the time scale of actural nanotube growth (mill-second). To
overcome this limitation, we are addressing the development of linear scaling method
which can handle large scale nano systems. Recently, Takayama et al have developed
so-called shifted-COCG(conjugate orthogonal conjugate gradient) approach as a large
scale electronic structure theory(Phys. Rev. B 73 (2006) 165108). They have applied
the newly developed method to 1000 Si and 1500 Cu systems to obtain electronic
structure. We have focused on their approach and have been independently
developing shifted-COCG algorithm for non-orthogonal tight-binding molecular
dynamics simulation. In the shifted-COCG algorithm, the following linear equation is

solved to obtain Green’s function.
(28-H)G =1 (1.1)

where H and S are Hamiltonian and overlap matrix, respectively, and z is an
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imaginary energy. In shifted-COCG method, this equation is solved at different
energy points to evaluate density matrix. One arbitrary energy point is chosen as a
reference system. For a reference system, COCG algorithm is applied to solve the
simultaneous first-order equation (1.1). The information of residual vector obtained
by COCG implementation is then used for evaluation of the residual vector at shifted
systems using the theorem of collinear residual. We have developed shifted-COCG
code and testing its efficiency for relatively small molecules. Figure 5 shows the
result of LDOS (local density of states) of half cap fragment of fulleren. The peak
position corresponds to orbital energy of the molecular system. Currently, we are
tying to incorporate this COCG code to DFTB program to implement DFTB

molecular dynamics simulation.

300+

LDOS
200+

-
o
2

N,

85050 05 115

Energy [a.u.]
Figure 5 (a) Local density of states vs energy (b) structure of half cap model of

fulleren. Green: carbon, Blue: hydrogen
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(b) Right-handed wrapping (improper wrapping)
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Fig. 1: Two typical time evolutions of the model system forming a nucleosome. DNA is modeled by a semiflexible
homopolymer and the histone core is modeled by a spherical particle. In (a), the system achieves the proper
left-handed wrapping, while in (b), the system undergoes improper right-handed wrapping.
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Fig. 2: (a) Dependence of relative probabilities of the left-handed wrapped state of the nucleosome (open squares)
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Mikhail Brik

FIFC Fellow (from 11/06/06)

1. Summary of the research of the year
Theoretical Study of Optical Properties of Rare Earth and Transition Metal Ions in Crystals

Rare earth and transition metal ions as impurities in crystals are extensively studied due to
various applications of these materials. First-principles and semiempirical modeling of their
properties (including energy level scheme, absorption spectra, interaction with crystal lattice
vibrations etc) form the main direction of my research activities. The main research results obtained

so far can be classified into several categories according to research subjects:

1. Detailed and systematic analysis of high-lying energy levels (belonging to 4f" and 4f'5d
electron configurations) of trivalent lanthanides has been performed using two independent
approached: semi-empirical crystal field theory and density functional theory with configuration
interaction (DFT-CI) method. Obtained in this way energy levels diagram (which include energy
level assignment) are extended (up to 400,000 cm ™) analogues of the Dieke diagram.

2. In addition, DFT-CI method has been also successfully applied to the following problems:

i) systematic modeling of the 4" — 4f"'5d absorption spectra of trivalent lanthanides in
several fluorides crystals (LiYF4, CaF,, BaF,, SrF; etc);

i1) calculations of the L, 3 edge X-ray absorption near edge structure (XANES) spectra of
vanadium oxides, including analysis of the relation between vanadium oxidation state, covalent
effects and charge transfer transition energies;

iii) analysis of the energy level schemes, modeling of the absorption spectra and analysis of
covalent effects for a number of 3d-ions (Cr2+, Cr3+, Mn4+, Fe™”, Ni%* etc) in various laser crystals;

iv) microscopic study of dependence of the crystal field splitting, charge transfer energies
and electron-vibronic interaction parameters for 4d and 5d transition elements and trivalent

lanthanides in cubic crystals.
3. Exchange charge model of crystal field has been used for calculations of the absorption spectra of
3d ions in laser crystals, study of electron-phonon interaction and thorough consideration of the low

symmetry effects in their spectra.

4. New model of energy levels crossing in theory of non-radiative transitions has been developed

(in harmonic and anharmonic approximations).
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5. Calculations of the reduced matrix elements of the irreducible tensor operators between all states

(in the intermediate coupling approximation without any truncation) of and 4f" electron

configuration have been performed. These results are used now for analysis of the energy transfer

between rare earth ions in glasses and Judd-Ofelt analysis of their absorption spectra.

2. Original papers

(1)

2)

3)

(4)

)

(6)

(7)

(8)

)

M.G. Brik, N.M. Avram, C.N. Avram, C. Rudowicz, Y.Y. Yeung, P. Gnutek, “Ground
and excited state absorption of Ni’* ions in MgAl,O4: Crystal field analysis”, Journal of
Alloys and Compounds 432 (2007) 61-68

M.G. Brik, “First-principles analysis of the MgALO,:Ni’" absorption spectrum”, Journal
of Luminescence 124 (2007) 23-27.

M.G. Brik, “Comparative first-principles study of the Ni** absorption spectra and
covalence effects in isostructural crystals NiCl, NiBr; and Nil,”, Physica B 387 (2007)
69-76.

M.G. Brik, K. Ogasawara, “Microscopic analysis of 5d states splitting and charge transfer
energies dependence on interionic distance in alkaline earth fluorides doped with light
trivalent lanthanides”, Spectroscopy Letters 40 (2007) 221-235.

M.G. Brik, K. Ogasawara, “Comparative study of the absorption spectrum of
LixCaSiO4:Cr'™: first-principles fully relativistic and crystal field calculations”, Optical
Materials (2007) doi:10.1016/j.optmat.2006.11.071 (article in press).

M.G. Brik, “Complex study of the crystal field splitting, "ligand - impurity ion" charge
transfer transitions and high lying 4f - 6s intraconfigurational transitions for all trivalent
lanthanides in  Cs,NaYCls  crystal”, Journal of Alloys and Compounds,
doi: 10.1016/j.jallcom.2006.12.072 (article in press).

M.G. Brik, “Influence of chemical bond length changes on the crystal field strength and
“ligand — metal” charge transfer transitions in Cs;GeFy doped with Mn'" and Os*" ions”,
Journal of Physics and Chemistry of Solids, 2007 doi:10.1016/].jpcs.2007.02.036 (article
in press).

P.A. Tanner, L. Fu, L. Ning. B.-M. Cheng, M.G. Brik, "Soft synthesis and vacuum
ultraviolet spectra of YAG:Ce’* nanocrystals: reassignment of Ce®" energy levels”, Journal
of Physics: Condensed Matter 19 (2007) 216213.

N.M. Avram, C.N. Avram, M.G. Brik, “Spin Hamiltonian Parameters of Cr’" in LiNbO3”,
AIP Conference Proceedings 899 (2007) 676.

(10)M.G. Brik, V. A. Lebedev, E. V. Stroganova, “Spectroscopic and crystal field studies of

(Ce,Gd)Sc3(BO3)4-Cr*" crystals”, Journal of Physics and Chemistry of Solids doi:
10.1016/.jpcs.2007.05.002 (article in press).

(11)M.G. Brik, A. El-Korashy, M. Almokhtar, “Exchange charge model calculations of crystal
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field parameters and crystal field energy levels for [N(CH3)4]:CoCly and [N(CH3)4]>MnCly
single crystals”, Journal of Alloys and Compounds doi:10.1016/j.jallcom.2007.05.040.

3. Books
First-principles Calculations of Spectral Properties of Rare-Earth and Transition Metal lons in
Crystals, Editors Mikhail G. Brik and Kazuyoshi Ogasawara,
Transworld Research Network, 2006, ISBN: 81-7895-240-8

4. Presentation at academic conferences
(1) M.G. Brik, “Microscopic first-principles analysis of crystal field effects for transition metal

ions in solids”, Third Int. Conference on Advanced Materials and Nanotechnology AMN-3,
11-16 February 2007, Wellington, New Zealand.
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[R5 5 & B 22 Halo >\ Tl Boothroyd © 232 S MCIIZ L 5 6,101 mORHREAE R Z#HE L6l S
HIZ, ol 48,180 sidab initiosIHFICES TR T ¥ LV EZBREBL T H[7], 6,101 50D
T RTOH, 25V T, Boothroyd 5 232 MCHIZ & % 6,101 sOFHHAR 2 L6l & 512,
BT 48,180 A.Dab initioftEICHES TR T o v L ARR L TWA[T7], = Z T, 6,101 /&
DFFERRNORT Y Vil e R Uiz, RICH DR GB &2 e TRLE TORT ¥ v Vil &R L
oo HIFERFEX (1) TEZTWDHEDOE Y O O 1,000 SO0 %% 2 8546, A
IR 500 DA EEBZIZHETH D, A ThbhbLHIc, KT vy VEBEEEK T 5 H7-0
DFEFERED I > TV D, WA 2,000 SDHEE 2 86515, 1,000 RO EE 2 1256 & [Fkk
IREERDF DAL, B 2 TN D AU 1000 SFREEZZE X VL ZOROLE LW ERboolz,

6101 points 6101 points

~

R(H,Hs) (bohr)
R(H,Hs) (bohr)

)

152253354455556
R(H,H,) (bohr) R(H,H,) (bohr)

B HRICHT DT v v VSRR AFERITEA (1) 12 THfRGER;1,0005 % 4513500
REBE LIS E,

[Z:75 3CHk] [1] T. Ishida and G. C. Schatz, Chem. Phys. Lett. 314, 369(1999). [2] T. Ishida and G. C. Schatz,
J. Comput. Chem. 24, 1077 (2003). [3] K. H. Kim, Y. S. Lee, G-H. Jeung, and T. Ishida, J. Chem. Phys. 119,

— 102 —
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8080(1994). [5] R. P. A. Bettens and M.

A. Collins, J. Chem. Phys. 111, 816 (1999). [6] A. 1. Boothroyd, P. G. Martin, and W. J. Keogh, M. J.

Peterson, J. Chem. Phys. 95, 4331(1991); ibid.,116, 666(2002).

(2) V7 ua~n"FH T ONRME OB RE )5 X

[F] SRS L0 FI I EERN BT 20 X7+ b7
Xy 7o ERETIL. BOBMEE, SRk, AL v TFReE L
LCOFRHNARETH D, V7V —NzT IR L -
THIER - FBRSEZR CTZERmoNTRY, AL vF
& L CHRIHT % 7o I LB O BOSIER O il B0 03 5
FoTWAH[12], ¥Zu~ntHh o (CHD)-~FH F =
HD Z3F (®1A) (TP 7 U —A T o ORSH EBEELOE
LR FF O Z LD, ZDORMALKIEN 7+ F 7 1 3
ALDETIVHE LTS TS (X 1B), JEMEIK
T OE FIRERM O KR T v v LA # (Conical
Intersection: Coln)¥ K UM 7%E (K 2A) T7hbbi—AT A
Y TCOMFESIER LMD, WERRER OIEWEGER 2 11 O X
IS & RNT 9 5 7o OIZILE T L E BT JIEICR S B
W%, AWFFETIE, CHD/HT YHEMA L% ab-initio &b
FRIRIZEAD N T FRWT B B ) O LTz,

(5] CHD/HT 43+ D IR AE & b KRB O EL - FHER
TV Vi % ab initio FHEIZ X > TRk 72[3], CASSCF £
Thaifl L= 0 FHEE IOV T MRCI T f VX —3t R &
To7z0 2IRIED Jacobi HEEE (X1 2B) D27V v K 1T ab initio
AT Uy VERRE L., SRARIO L & CREMKFESL v
2 =7 1 0 — IR BUE R TR ) 2 B
L7-, CHD OE T EERIEDRT o v L ETRD-1E
LR RE DO BOR 2 IR RE & U, JehiEd 2 & HERE B
B2 ik CRIEIRED AR E LB )7 At H LTz,

[#ER L BE] CHDIZAECIRAE (So) TOMFMEZ FFDH(1'A
EIREE), % 1(S) BLUOE 2(S,) MhEIkiETIX 1'BB &
O 2'AEFREEZF > (X 1B), CHD~DYEIRFIZ L |
FISA'BEEEND (X 1B), E#gD 777 —o

L hkge

K2 I
/7 16 (S,00) 04
€193 % 1.1 (Sy0S) 0.9

c fiﬂ@ﬂwmd

23 Cg 1.8 (5,D0) 0.2
X 1. (A)CHD(/£) & HT(H) D5y 11 &
Bk 5 #EAL(HOMO), (B)CHD/HT Y %
YLD % % — 2, (C)S1-S2 Coln, (D)S:
Min., (E)S1-So Coln®##i& & HOMO,
KZ2HEAL(LUMO), B L ORI BIT 5
CEEE- @

VRV B SIRT vy Vi A T 0 R DB A 1'B2'ARREN R ET DV — LT A VU E
Bz DLES,ESDEFREN AL vF+5 (K2C), SIS 15~25fs#%, 1'B2'AL—LATF A
TWHRNRS, &S, 1T 5, DFED, S, ETO I'BMS 2Q'A~DETIRELL L. RIEDOVE %1%
FrL72S, (1'B)2 58, (1'B)~DIEWTEGER | SUSRRIE A 0I5, Sy RT3 % /L1t O BRBR Ak %
RLTETRTZD, S ~ES LTI OB A~ D . 120~150fs#%12 1'B2'AV— AT A T2
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[l H OBEBBEZ 5, KA TONA A A L 2BIE T 1B
5 2'A~DIRBEZALIZ SR 2> & S3fs 14 IS & L5 4], So(1'B)
~NEBTHRKIL. KER 1UB-1'ABEB BT 24 7 LT, KK
REE~D L —HF—F v 72 & 5 ROSIEROE EICFHT&
B AREMED B B,
ERIEN 2'AICEB L L2 %, ST IREI BT IER B 22 0
(K1D), S, KT /‘/17/1/@4\15(81 Min.) TIZCx R B L
fnkﬂ%%ﬁ%kéo::f SIBLUSEIREETIX, BAR
2 # 1 5 A (doubly occupied: DO)¥5 L UVBA % —HIH (open
singlet: OS)BL & 23 Z ILZE N KB Th 5, S| TILIEXFR/2DOIRRE
DIz, C-CsHFHFRIINCr-CeM L W /&< 7% (M1DDK
F), 0o 5 BEAMORT Vv /LAR (K 2DDOMRVE
F) AR D, A%ﬁ5§%’ﬁd<&(ﬂlm DO
OSKVEEICRDI-D, —LTF(4 DL & bICETIREE
DOHEENRAL v FT25 (K2D), 1'BhDH 2'AICE FIREENZE{L
L7c# D5 1 EENILL T D Df%é(ﬂzD@Ew%m%(o
7T ay RUEEN D OAFEER T R VX —(C XV BRI

AN D (BT & SR T v T Y f)iélfoté’)f:bb\

BOMEGm~NE SN, ()RS AREE T ORT
Ty VEETHELS D & IO —HAY 5 BEREEA~MD9,
(v)JERhEE 2 120~140fs7% . S-S, Colnf T Thedl) D I EIRFE
(So) ~DOIIEGHER N Z D, S-S BB OREER DGR
IEEBE(13065[4]) & R< —Ed %, AIHIDS, -S &R TILi R
OIEBEOLED T, KRB OHTOAERILFE R E L 72D,
— 7 WRDHEERE &2 Ko T2 % OB D X DHT : CHDE (X
JSINER) 1ZColnSCHD-HTRI D SeR T v ¥ ¥ VEM EIcdh 5 7=
DIEIE 55127020 (WRTOEREIL 6:4), 2FV ., EBNE
Z5ConDALE & v — LT A & IEIE T D IR O EB) )3
ISR E ZF L TCWDHOT, ZNHEHIET 25 2 L2k 0 KIS
W Zm ETEDAREMNH 5,
S.,-SofdColni, LA LD 5 BB J510] D ColnDAtIZ[X] 3 127~
TARELIERS,-S, Colnd, o> Tnd, HED2-50DColnit
CHD/HTYEEAMEAL TIXEE TRV, Y 720 kit d 5%
L— P — 52 X o TR E D Coln~ D il 3 0> | 13 8 A H5 N
SHDHZEITEY | RUSTCEEHEICRHECE 2 aletEn d 5,
[1] M. Irie, Chem, Rev. 100, 1685 (2000) [2] H. Tamura, S. anbu, T.

M 2 AY—27Arof&X:
Coln(%e), #E5z7(H), EMLHEK
TV RIEREIREBOME
(B) 2 & tdacobifEiE, (C)S1-S2k &
OD)S1-SoR T > o v Vi, BT
v ay Kok, AHeS: Min.,
FRH: 81782 Coln, FHAL: S1-So Coln,
R — AT A v,

4 3. (A)FE A 72 CHD Al L U(B)#
CABAERM Coln D J)-fAiE,

Ishida, H. Nakamura, Chem. Phys. Lett. 401, 487-491 (2005). [3] W. FuB3, W. E. Schmid, and S. A. Trushin,

J. Chem. Phys. 112, 8347 (2000).
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(3) T 7 X VUGA T a9 %K ERBUE O B RO fEAT

[FF] AFBFRFBERS T, FENMESEE BILYP HE&HEAMP2 & IEHENREM LT 2L F
~%f€ﬂzé LB TN D, —fKIZB3LYP TITEBRREDFHE = /L — %3t KEFHM L . MP2

/NG 2 DT, B3LYP & MP2 TROLEHALZRNVTX—2 T 5L, L 0iEtlelE
Wl::nmw‘r PNGELNDAEENER D D [1,2], AFIETIZZ DRSNS, T 77X LV UBA A v %
il & LIR D2 D DRSO 72 2 KB FARBUGEIRE LT, 2MOKIER 7225 1 EOKFE
1R AERRT D BUSRRE O R 21T - 72 [1,2],

CioHs" +H —CoHy' (1)
CioHy" +H —CoHg" + H, (2)

[R5 5] Gaussian98 & Gaussian03 % f#i-> T, BHHE$ A{LFMEIT OV TB3LYP/6-31G** &
MP2/6-31G** (2 K W &R AITV., N6 OMEL $ £ 12 L TMP2/6-31G** I LW
B3LYP/6-31G** TR/ F—FHEE21T-o72, MP2 (2L D= FR/LX—FHHE Tid, spin-projected
MP2(PMP2)Z v 7z, Turecek 1%, AKFBJEFBENLD BILYP & PMP2 OfEME(LT R/LF—D
e MRS 5 )71k E LT, B3LYP O k& x> T b7z B3LYP &PMP2 OiEH(k—
TR —% YT 5 1k BILYP-PMP2 &84 L7o[1], AMFZE CHizICiRET 5 ik
PMP2-B3LYP Tid, FALFHEIC ST PMP2/6-31G** & B3LYP/6-31G**//MP2/6-31G** TR 7=
BNV —ZEY L, ZPE (FRZFXVLF—) OFIEEZIToT,

[REREELR] 777V UBA AL 3OIEFEMARKFZIT T (1,2,4a i) BHY, T bT
«f@m@?%f@)ﬁﬁi@T PEEE Lz 21 BOS (1) OKRBIRFAIMETIX, EDRFEIR

AN 2356 BEBIRBIIEN T, BMARRESUS T 7 X L=U AL AU BAER LT, i<
Jiﬁi Q) DKRFRFEIEHEISTIE, KFRAD 1-F232-FT 72 L= A FNHET 5

&, B3LYP/6-31G** & PMP2/6-31G** @D L)L T, van der Waals S & BRIRAEA R TKES T
WER LT, KBS TEKEG, 77X Vo0 b T NI F 7 X VUGB A A IR -7 (K1,
2) .

HH 40 |
20 LY XX+t A i :
0 e +H o OYYL 0 e_ 8 ./. -
e 1 LN N - g? _ il Yy + ,
S 20 L ) 3 = E
£ 20 “y 4a fif gty 22 / - /
g 40 ks S T S a0t A3y
: -60.0 ~~-60.3  -60.1 ot - &
a o =035 63 3 -63.0 2
S B St /4 \ S 80 [ )
100 . I3 v Ryt gt o =105:3
- . 7 o Y =)
0 1":‘+ 1‘\'1 .\:\‘6 105.3 1915 |= ck. -ty ;\5- :L'“-',
-12 = ¥ o o e
At : e :
Reaction pathway Reaction pathway
Bl F7R2LUBAFE2NT BKEST 2z F+72LBAFA 2N TAKEST
HRRS (B3LYP/6-31G**, ZPEARIEIS) HERLRIG (PMP2/6-31G*+, ZPERHIEHT)

— 105 —



V BFZEEAR(2005F T)

BOGQR)DIEE L= L F —I% BILYP/6-31G** & ) H-H=13974
PMP2/6-31G** TRE RpHZ Lnbnote, £/, 4a- - 0\. L

TR V=LA T BT HRIE (2) DEE. I
B3LYP/6-31G** TITIEBRIRAENN BLIL 72 D> o T2 23,
PMP2/6-31G** TITEBIREN BN, 61T, K& 2) D

B3LYP/6-31G**
ERREOREEIIBILYP/6-31G** & PMP2/6-31G** T

DR DHZLNbroT (K3) , £ZC, BILYP TOM i J) H+H=1103A
A HYE - 9 % Turecek D J71EB3LYP-PMP2 (212 C. MP2 ¢ I
T O E 7 FEUE L 3 5 J71EPMP2-B3LYP % VW CiE

M= Rx X —%2 B -7 [2], £ 1S Q)D

B3LYP-PMP2 & PMP2-B3LYP TXR&O7ZiEMb=r L F—% PMP2/6-31G** 1 D556
L. [®4. 5 [ZPMP2-B3LYP 1= X 0 1557 3 BRIRRE D 77 1A
AR LTz, BLUN TIIPMP2-B3LYP IC X DFERICOWVWTRNRD, 1-FT7 X L= Al F %
T 5 Tl PMP2/6-31G**//MP2/6-31G** TOIEMELT R /L F —785.97 keal/mol T - 7275,
PMP2-B3LYP TI%2.53 keal/mol (2K F L7z, Z OIEMELT= ¥ —DfEIX, Turecek D J5ik
B3LYP-PMP2 (ZJ %235kcal/mol ERIEETHH-7- (F1) , 2-F 7 X VL= LA F L ENTD
DWW T HPMP2-B3LYP CIEHAL =R L F—DRKE RIE TR A SN2, da-F 7 X L= A A
ENT D RISDYA PMP2/6-31G**//MP2/6-31G** C3.64 kcal/mol FEE 72 - =i b L% —
23, PMP2-B3LYP “C%0.68 kcal/mol |ZX F L7,

1o L iy B = 4 20 |
A 6.0
o -0.2-0.0 ./
oL \ 0L
S .10 L W °
g i 5 - £
"_§ = ) -26.3 (PMP2/6-31G**) e 20 L
£ 20+ ~
B 30l ~29.5 (PMP2-B3LYE B 40
5 — 2
& Pl 5
40 L -
-32.7 60 L
(B3LYP/6-31G**//MP2/6-31G**+) H,
-60 |- 80
Reaction pathway Reaction pathway
M4 F7ALEAF 20 e KRR EHRE RIS Hs FIRL VA F YD da (iR d HKERTT | ERE RIS

#1 KEETICKBZFTTHZL 20 LAF ORER T3 EHERKILICHE D SIHE T FILF—
A.B3LYP/6-31G** Dbtz e 3 55 b %)L F— (kcal mol™)

B3LYP/6-31G** PMP2/6-31G**//B3LYP/6-31G** B3LYP-PMP2
1-F 75T LAFY +H 0.28 4.65 2.35
2-FT7RL=ULAF Y +H 0.2 5.69 2.82
da-F 7 2L LAF U+ H 0 not available not available
B. MP2/6-31G** D {bhfitieZEHE L 3 5 ET 3L F— (kcalmol?)

PMP2/6-31G**//MP2/6-31G**  B3LYP/6-31G**//MP2/6-31G** PMP2-B3LYP
1-F 72 L= LAF> +H 597 -0.92 2.53
2-FT7EL=ILAAY +H 16.48 8.6 12.54
4a-F 7 Z L= LAF Y+ H 3.64 -2.28 0.68

[1] F. Turecek. J. Mass Spectrom.. 33 (1998) 779. [2] M. Hirama. T. Tokosumi. T. Ishida. and J. Aihara, Chem. Phys., in press.
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[FE5E] FH2RIIBKE, MEEOKGEOTZOIC, KREREM LT RV F—%2 BB L § 5{L%
FOSIFRE Z 5720, AREFFETEY BiF72F 7 % VU BiA 7 il & 9 5 KT AR S 3i%
LRV FEF—DMENTHDHDO T, FHZEMTHRERMKISED 1 2THD L THRIND, AFED
PMP2 DAkt & FLUE & 4~ % 5 1EPMP2-B3LYP (X, PMP2 & B3LYP TEMIRREDOMEEN R
72 B KRBT BEISOEAIC, WEREE bV X —%2 52 575D 1 2THA 9,

2. #30(2004-2005)

1. Jun-ichi Aihara and Toshimasa Ishida,
"Aromatic character of annelated dimethyldihydropyrenes”,
J. Phys. Org. Chem., 17, 393-398 (2004).

2.  Mutsumi Hirama, Toshimasa Ishida and Jun-ichi Aihara
”Possible molecular hydrogen formation mediated by the inner and outer carbon atoms of
typical PAH cations”,
Chem. Phys. 305, 307-316(2004).

3. Masashi Watanabe, Hiroshi Suzuki, Yasutaka Tanaka, Toshimasa Ishida, Tatsuo Oshikawa,
Akiyoshi Tori-i,
”One-pot Synthesis of Helical Aromatics: Stereoselectivity, Stability against Racemization, and
Assignment of Absolute Configuration assisted by Experimental and Theoretical Circular
Dichroism”
J. Org. Chem. 69, 7794-7801(2004).

4. Hiroyuki Tamura, Shinko Nanbu, Hiroki Nakamura, and Toshimasa Ishida
”A theoretical study of Cyclohexadiene/Hexatriene photochemical interconversion:
multireference configuration interaction potential energy surfaces and transition probabilities
for the radiationless decays”
Chem. Phys. Lett. 401, 487-491(2005).

5. Jun-ichi Aihara,** Hideaki Kanno," and Toshimasa Ishida
” Aromaticity of Planar Boron Clusters Confirmed”
J. Am. Chem. Soc. 127, 13324-13330 (2005).

3. 233 (2004-2005)

(1) Al £1E, George C. Schatz,
HEBTNARIEIZ X D 2R FRDORISAR T >3 v Vi
Oy FREERS A RS 2004(2P093) 2004 4F 9 H 28 H
(2) PR M, AW BIE, PR 2
[FEWrBEL G 2RI L 7250 1%t
4y TREERR A STRE 2004(1C07) 2004 429 A 27 H
(3) HIEFFEESE « A HEEIE - AR - BARE
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(a7 b= 7L NiX OFE IRREICBI T 2 #amrirse
oy TREIE R A FTmES 2004(2P074) 2004 459 H 28 H
(4) ¥R BE, FEE—. AHEEIE
[F7 5 VA T a2 Ky F ARG O BERR IR R |
Gy FREIERR GRS 2004 (2P092) 2004 429 H 28 H
(5) MR Zz. FE MFE, bR ZH. Am RIE
(7 v Y 2o o OB ER FOG O SOGEN /)5 )
Sy FREER B RS 2004 (4P101) 2004 49 H 30 H
(6) Toshimasa Ishida
A local interpolation scheme without using ab initio derivatives: IMLS/Shepard
scheme
The 9™ East Asian Workshop on Chemical Reactions(2005/3/27) Invited
(7) Al ZI1E. 8 {#3. George C. Schatz,
RFTNARIEIC LD EEBART vy VEZRFRORT 2 ¥ L
%5 9 IR Rt (2005/5/17)
(8) MRz, FEMhZE, hiZER, AHERIE
(7 m~FH Vo o O RMALD SUSE 15 )
55 9 [RIERGER L it im 2 (2005/5/17)
(9) MR ZZ, FEE BAZEE, A mERIE
(27 mF Yoo o ORIV OS O Bm IS
e %}iﬁf\ n# A :z:
(10)FE &2, A FRIE, TRz A
[FEWTBER G 2RI L 72y ik AL FROGHRE
(LIS 300 BBCHIBA, FIARESE, A MERIE, B
(27 A4 AuCN O~ A 7 a5y
FHIA 753 e FE R (2005/5/15)
(12)Mh FEkE, AH ZIE
BRG] A A7 N VT K 2 GG O e B 8 R 12
ELHF2T7—F7 U T 1 —20052005/6/7)
(13) Toshimasa Ishida
"A local interpolation scheme without using ab initio derivatives:
IMLS/Shepard scheme"
Czech-Japan symposium(2005/9/14) (Invited)
(14l IEsL, sk B R 5MT. AW RIE. A . (DI . R ER
R Y 7 T L v B—J& (atomic sash) DAHEREE — &&(0] - B FHE DL — |
S FHEER A TERE 2005 1P177  HIL(2005/9/27)
(15)FA#MRZE, A HERIE, AR
MBS 2RI U7z oy a5
Oy FREERS A FRE2005  2DI14  HA{(2005/9/28)
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(16) AAfZz, FEEMBZE, AHEEIE, TAZE
VI aAF YU O RO RE) )T K D
Oy TREERR A TR 2005  3A09  HAL(2005/9/29)
(17)Hiroyuki Tamura, Shinko Nanbu, Hiroki Nakamura and Toshimasa Ishida,

"A theoretical study of Cyclohexadiene/Hexatriene photochemical interconversion"
Pacifichem 2005(12/20)

(18) Shinkoh NANBU, Toshimasa ISHIDA, and Hiroki NAKAMURA

"A new mechanism of hydrogen encapsulation by fullerenes and carbon nanotubes
Pacifichem 2005(12/21)

. ZF0fh (2004-2005)

(1) A HEEIE
5y 2 F 72 W R T NARIEIMLS/ShepardiE IC L AR T v v LD FE L
F3E A R AR — et X — v AR Y U A Pl

(2) WAz, MM, AHEIE, TR
v~y N Y Y ORI B E R AT IR
FIRFA R AR et X — v AR U A P4

HAR(2004/12/6)

HAR(2005/11/30)
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HEmbIITErry ST E
B#E ERE

1. 2005 B LRI DA FE DR

2004 43 H 1 BIZHEME L7z, BiI4E 10 A 1 B X0 SGHRPETENMFZERE (5T & LT~UL
F—EEL—T 7B M)y 7 RFACHIEL, 9 A 30 BIZHE L7z, #ES, 40 4FLL R
DT 0 KRR T o> 7281 Jahn-Teller BIBEDENTE 21525 Z LIS LTz, JRERIZV
a2y =)V OREM AR 5 B S 217 o 7o,

(1) Bh#9 Jahn-Tel ler RAREICRE 9 SRR

[#h&HIZ)] ErRELIESHREN L HIC 2 EfE L7 E X e Jahn-Teller &2 D &)
Jahn-Teller HFEZUZ DWW T, 1958 412 Longuet-Higgins & I3 fiE 2 K > T B (1],

Z DHEARDOFE ORE G ERN KT 2 MR Judd IZ KV STV D R[2] LEOR
BEBITH T DRI F 255 TV [3],

— B TEHSeS DO+ R &E RRIZ T D lfig 2 kO 585 /1 b BE £ THET HALT&
7=[4l,

[BRE)S EF 4 1%, E X e 811 Jahn-Teller [MRE O stk SR IZ 31T 2 PR iR 2 15
7. &5, WEIlob T E X e @R Jahn-Teller 72 O EEfE % K D |
5O TR &t U7z, E720 58 b= ir U ig 2V CIEM BV BLE RS 2 R 7=,

Q

X 1: E X e Jahn-Teller 2 ® = /L% —ghih X 2: TR/ —H ORI - - W
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(R & ZBRIAS A IRIZ IS 1T 2 ML C DT ARIZIER ) & H v TV 5 231,
BB IEL Tz STV RW D, FEWEES D3RI 5 70 E O RKaFE LT,
ARG BN fTIE LWEREEZTR T D720, T OFEEO MBI S iz,

n=1 N=v
B
5.0 "1.' \
= 4.0 RN
-
L
+ 3.0 N
w n=2
2.0
o n=1
1.0 p
’ n=0
0.0 L
0246 810
a

3: E X e Jahn-Teller A DIREUENT, TN EELEM CTH Y | JBRITMNTIETH 5,

MAERER g PRERBEMTHENL —BHLTWVDZ ENDND,

55 0= PUENTR & Longuet-Higgins S 12 X Y KR SN EEE & O fgn 6| i8fsES
MRIZIEWT o7 F—ORAITER ST AR ERD-4 ETIELWZ &
FEWTEME BAE TR T LA AAE I ER D-6 RIBE TH D Z L R bho Tz,

%72, Longuet-Higgins 52X D EEIIZKRD SN R F—AXT MUITA LD
FEATES O/ S IR tE COIEEIZEE) X, avoided crossing (XA HEDTHD Z LA boro
7.

(2) o ORVECIZIVIZEITHREREEERICET S8R

(3 MREMAENEHEEOER) & B OEEBOM AN L, Jahn-Teller 2R - HRE -
BB Ok RBIGOER 705, ZOMBEEAOKRE SIXREMAIEREE VIZ
KV S D3, TORETE - fTTIEI N E THIL SN TW o7z,

[RETNEIS EF 41X, L—F—FEAOLLIF) /56EIC L0 VOERERHE S TVW 5
CsHslZ oW T[], BBy DR EAR AR 1 OB R T o v )L UD SLYEPERE
QBT 2 BBEBOITKT T AT EHR L LCVEFR Lz, 612, IREMENEN DR
MEE 2 RTIREMAMEMNEE S WO MEEZEA L, B & IR E OB HIRE
AN DA 217 - 72,
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£ 10 CsHs DR VIR AR A e, BRI 3 CAS(5,8)/6-31G(d,p) (2 & V157,

REE— R es(1) es(2) ea(3) ea(4)
NI 0.79 1.30 1.06 0.08
FhrfE 1] 0.62 1.07 0.85 n/a
(a) (b) ()
6 T 17T 17T 1T 11T 11 6 1T T 7T T 1T T 1T 1T 1T 1 6 1T T T r1T T
5 o 5 5 5
s b x10= 1 .} s J X107
ir 1/, 7 3r 3r T
- 1F — N 4 -~ 1F - 1F e
s 0fF 43 of s OF .
> - I/O__ __6\ a4 > 4= > 1} ) -
2= - 2 - 2 5 3 -
5L W, X _. i ; i sl ) J
-4 - . 4 4+ .
5 - 5 = 5= -
6 ) (NN AN N N N A IO DO A & 1 1 1 1 1 1 1 11 6 1 1 1 1 1 & & 1 1.1
6-5-4-3-2-1012 3 456 6 -5-4-3-21012 34656 6-5-4-3-21012 3456
x(au) x(a.u.) x (a.u)

X 15 FiEh b 1.0(a.u) O RO Fif Iz m Q7 arT  TETEE
(b)e2(3)E— N OIREMA AN A FDOE @ e®FE—FRETu T4 TETOR
A ALAE R FE DS I, @k@@%ﬂiauf%é

[(FREBLEIER UL LV OFRMEITERE L B —H L TWHEER 1),

B AIERBEZ AW ofE R, O C-CfEEE TH D exd)T— FOVARH K
VWD, 7nr T4 TETEECIREMRAERBERE OB S DOZEMAMANC-CHEE
HECTELS —H L, REMAFEHBENRRELS RDTEZODTHDLIZ RN -72(% 1),
e2(2)F— NIIEICC-HEAEE CTH 203, 89\ C-CHfEIEE b & 1o 72 DIZC-CREA T CTiE
%mEW%aEﬂ%%k%<ﬁ@\2§E_k%ﬁv%ﬁﬁé

es(1)E— Rite2)FE— FL Y LCHTOEMMNKE WA, EIZC-CEAREITH D=0
REMHAEREE OB NC-CREA I L,

DRIZ, TR T 4 T EAEE & IREMAEREE A OB O— BT 2B <
m®%~b;©%V#¢é<@é C-HEIEETH bes@T— NiZ7u 7 4 TETE
JE L IREBMEAEREE OB 00— BN ITEN D, VIREFITNEL D,
B ODORER G, IRE MEW%wﬁﬁ %, E%@ﬁu®ﬁ%ék&% . BRI oS5
LEETHD I ENTMhoT,

[>ciR]

[1] H. Longuet-Higgins, U. Oepik, M. Pryce, and R. Sack, Proc. R. Soc. London
Ser. A 244, 1 (1958).

[2] B. Judd, /. Phys. C: Solid State Phys. 12, 1685(1979).

[3] M. Szopa and A. Ceulemans, J. Phys. A° Math. Gen. 20, 6327(1987).

— 112 —




V BFFREHE(2005F T)

[4] J. Dunn and M. Eccels, Phys. Rev. B 64, 195104(2001).
[5] B.E. Applegate, A.J. Bezant, and T.A. Miller, J. Chem. Phys. 114, 4869(2001).

2. #xX

(1) The E X e dynamic Jahn-Teller problem: A new insight from the strong coupling
limit”
Tohru Sato, Liviu F. Chibotaru, and Arnout Ceulemans,
J. Chem. Phys. 122, 054104 1-12(2005).

3. FERE

Tohru Sato, Liviu Chibotaru, and Arnout Ceulemans,

“The E x e Dynamic Jahn-Teller Problem: an Analytical Solution in the Strong Coupling
Limit and Vortex Generation due to Non-Adiabaticity” ,

CCP6 workshop on quantum dynamics at conical intersections,

2-5September 2004, Hotel Veldenbos, Nunspeet, The Nerderland

= M8, L.F. Chibotaru, A. Ceulemans, “EX e @I Jahn-Teller [EIEDITLIAREATHE” |
A AR B2 5 60 [EIAERORSS, 2005 4F 3 H 24-27 A, BURELRLRE | & ¢ o /3 X

e 8L, L.F. Chibotaru, A. Ceulemans, “E X e @Y Jahn-Teller R/ : 585 SR T
DOIRITIR” |, o FREER GRS, 2005 429 H 27-30 H, # U —h—/ Ui, 117)1]
X AR e

e fk, L.F. Chibotaru, A. Ceulemans,” E X e @)Y Jahn-Teller [EIRED GRS S MR IZ
B AU |, B RS, 20056455 H 17-19 H. IR FEHX ¥ v /3%

4. Z oAt

YR f8, L.F. Chibotaru, A. Ceulemans, “E x e B Jahn-Teller [E O LI fRATIR”
BohfEF L 2 — A RY T A 2004412 H 6 H

Tohru Sato, Liviu F. Chibotaru, Arnout Ceulemans, “The E X e Dynamic Jahn-Teller
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o i Ok, A —38, a2 VT D VOIEEMEAIER” | F 3 mlEdt
YT H—UIRY T AN, 2005 4E 11 B 30 B, SR FE LAt v ¥ —

TEKRE,  PEHE ML HTR R, v mRr g Vo LT O VORBMAEERIC KT D
FINCARZNR 3 3 @ v 2 — v R Y 0 A, 2005 45 11 H 30 A, LA PR k7
S H—

FEREZ, R AL HET 3, lowvk AU A I NHEEKRICET AHERZE” | F 3 [
BHE =R T A, 2006 4 11 A 30 H, RESKFRE sl ettt v & —

SEYPRE, R L BT 2RT 2T U A YIRS FEHME R VERICE T 5 H

ORI E 3 EfEIEE L X — T WY A 2005 4E 11 B 30 H, FUEL R SR I A
Ity LA —

— 114 —



V BFFREHE(2005F T)

2. BEHEE
Rl %%

*E#'fz\/y‘_7lﬂ—

1. BFZEDER

(1) 2E&ET I Hévay&~y7@HW
— @ EH DR O FERRFE S BAE 9 R ST —

Ty =7 8L, B AWTEE ORI o TEE R S EEIN 2 FERRILRE L2
oz EThHAH. HlzlE, poly (ethylene oxide) (PEO) O K% Bk K TERG LT~ &5y
FOKBRIZL T vy I = T ERTENMBNTWD. ERIFFICZ ORIT, O TR
A 7o AR B R B 2R 2 L DTV D, B2 FEREMER G, GMITE —fEfD
Maxwell BHZ72 5. ZH b —SOEBRFFIL, &0 FHOIERMMEE R, RO
FEME BN C BB R EI 2 R L T D D L ERIBL TV D,

T CHAE, By THEHOES ORI R OREEIEIC G 2 D B E AL 3 v b
U — 7 BRI ESWTER L. ZORMDED, $OES & =3[ 1+4QB)(1-H)] L RE
L7z (rI 2R TA 7 — )V LIZHO KGR E) . AXIERAEORIECTH Y, EHORHETA
DIEIC L > TREEND. £, Fv FNU—7 OFKEFER L T 58 GEEIEH) O HRIER
=P, (I4gP) ERE LT, gld, BN LR OBARELETTERTHY, 2E5ED
Btk ZgDEIC k- TREEND.

DIRTOMZETIL, FEMBEFRE 2 AW E 7 — 7 — B L7 & ORI
FERRDZEICLEST, Vo 7=V I BREIATZDOREU & g DEI EVWTIRED)
Z X7~ [T. Indei et al., Macromol.Rapid.Commun., 26, 701 (2005)]. S EIIiFEm%s I
DICHBESET, DUAgm EIZBEND Y vy 7 =0 70 THER ) OFEZE TR - i (X1
a), 2)IEMIEFREE 7 07 7 A VEORMEFE (B 1b), 3)FERR L OB (K1 c) 72
ExiTirolz. ZHODMEDOERIILUTOEY THD.

9, BARASOFEEZ TR LIZZ EIZEETHD. 4 OEBRRKEWVIEEY v 7 =0 7R
FZDRLTWEHERIT D DIFBERRZETHDHN, ZoTHICINE, LT L OHEH
FELL VWO THD. /bbb, gOENFEMEL Y KEWVHAE, W24 DERK
ELLTHY 7= 7TV ERV. TERAR NMEETHHEMIEL, 4 Aot kEne
T LR O FERIIIE & iREER AR FES L C L E 9 (strong coupling) 7»H TH 5 (¥ 1a).
T, HEREEFHEDO T 7 7 AN D, 4 ERELTDHEERICY v 7 =2 78
E—2713m< 75 ([ 1b) 2, EHICRELT D EE—7ITERL 220 HfEmIc iﬁzé &
EEMER L. UK la OFFRERIEL TS, iz, orEOBMEIZ, vy 7=
v DOHNDEAMIEE N EEAMEERICY T M T A E BRER L. T, KED
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B AR E AT TR RN L THhH D, BT, EREHRAEELERTS
ZELARRIC R o2 B THR LN T B T 7 AU, WimBUKIL PEO 12k 5 FEBRAE SR
ERLS—HTHZIENS Mo (K le). DO L, Az Xy NU— 7 HEOA AN
ZaLTW5.

logg N/ (okyT/B,) N [Pa.s]

2 1 25
Moo a N=100 TN b _ ¢
00 —— thinning £ =001 / \ o 1‘
300 == / \ 20 \
critical point ———— e 7 |
g | forthickening i N - Y 15| ® PEO(C1820)
2k ! A S— - AV = PEO(C16720) |
1>8 el 0.5 (Y ‘&

N
sfrong \ \
. LY
/.r k'd A A=0.01 A s |18 C16
1 AN | l0.05 |
. I A g 0.040.05

) thickening 10000 \\.\- ] . Bals1] 32 | 150 | -
2 oA T leed o 3 o i 2 log[/Bo] T 1 16 w0 10w 1000 T[s]

ﬂl VI THEAT T T A A TENIR LT, MBROTEICH DU, g) DM
ﬂbfi//ﬁ VT EBIERIT. ENIIK LTy v 7 =2 T OBER S (Aeg) DMFET

HZENRTEND. T7hbb, ghfEdg. LV RENVGEI, AW HEEZT->TYH

Ty 7 = U IR Z VR, b IERRE FOREE O AR B, ¢ 0 FEBR (T ﬁm

{BLPEO) [S. X.Ma, S. L. Cooper, Macromolecules, 34, 3294 (2001) ] & ¥H5& 7‘53'51‘%%”

ﬁf@mapm@ %Eimum>X%ﬁmﬁ@rf@iuwtwwWMI>%ﬁu%)
VSRR (A=5) 1T B Gm Bh AR & 26 T,

(2) SHEDOMBEZ Y AN LA R v U — 7 Blim OREE

INETOMEND, DAES T ORISR Z Xy b U — 7 BRI - TH
FLFREND Z ENRN Do TE I, HlxIE, EERMMER GG B EMRATED Maxwel 1
TCREND Z L0, FEMIUEEREEN T AMNEE & N+t 53 7Ty vy 7 =0 7 s
N ESHHTES.

L LR —HIZBWT, 1EROMAEZ %> T — 27 B TIL, MHEEO &S 1
BREARATYE, Vv« FEH I OV FUCPE 5 R E DR  SS B A2 @O0 R 3 2 & 3 Hik 7z
V. ZORKIE, fEROBEFR TERASNIZUTOREICH S EBbhvd : (1) *y hU—
ZIFBEIC o LIRIBICH D & L, 2B R LOMAEH S - B 1, 6%
E Xy U= RHE) LOMOMEERE LTHY. (i) 28EN Xy hU—27
K ~EET 2 AL & 72 0 O GEE) 1L, HOREITKTF L WESHE T 5. (1ii)
MO EEEN TRy MU =7 R ITHAA TN TV H8E, HIERICER & 2727,
ZNHDIEN BN D L 9IS, HEROBERIFEHRM O AVEM 2 BEHATH D AT,
&_%%ég@%EWTi%9i<%¢_kﬁm%@w@?&5(%m?%,iﬁ@ﬁﬁ
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etk X OB ORNNAKAT LA ROSAFEMOM S 2 @MUY AL T elzd, i
5 ODRHEDNRT U ATIRE D L O I ERLokIERE A 5 FHATE S, )

ZOMBEEMRT 5 BT, SHEHAERZIRY ANTZFH LRy U — 7 Bina el
Liz. 7, 26%%2 Xy hU—7 K] EMEEASEZ (REG)) D TiEel, EHEE
HWIMHEBEEAIEL L2z, 2558, BRa RSO T TIXZEE LIES) %
FFOBER AW Z DL O hD. EAEGD) DDV, SAEEOREREERLD
Y VHNE R DR RIZHHI S D Z LIk > THBEZIRY ALz, 20X 510 L THEEE
SNT-EHe Ry U — 7 BERIE, EMERREE Tl Tanaka— Stockmayer 23 L U 72 & A& ey
DA (1994) Ziii7- L TR0, EXEREMT LN,

—UnNZEE k ORRIGRIT, b9~ L EE K OAME IR T D 8H 05 Am BEICB
DEFFRE SR AT CCh MM L CGESL ST Z L2k, ROISHEFETD
ZEMHKD. T, BT VIREIO L & TIFEREHMER GG TP RN R %
FFo Maxwel l BITRINAD Z L3 FER I 1L7-. Maxwell B OB M 2R (X 5 JB I S HH
R EFRFIRERE] (R OVE v B AWRESFE) TR D20, 2D ORERTFMIIERDOE
PR TERBRICTENEONHE LD Z E0RENT. FRICEER O, B ORE
KM TH L. RO TITEMEFRNITIRE ITKFE LW, 2 0GR CILFER & R
(IR & TIEINT 5. ZoRKRIE, WS EE 2 OZERIZED > TO L EHOEIE )
(IR TIIE L EBRETIIDRWNLLTHD. 0L ) R, LEEDORKEWVEESEIC
BN T DT TEHEMMPEN D, ROBMEERITIKEE TS50 THS.

2. JRERC

(1) Tsutomu Indei, Tsuyoshi Koga and Fumihiko Tanaka,

“Theory of Shear—-Thickening in Transient Networks of Associating Polymers”,
Macromolecular Rapid Communications, 26, 701-706 (2005).

(2) Tsutomu Indei,

“Necessary Conditions for Shear—-Thickening in Associating Polymer Networks”,

Journal of Non-Newtonian Fluid Mechanics (to appear).

3. FRETERRE
() HIIHE, Mgz, “fHelxry hV—278RIcEi22600F7 /10

shear—thickeningfl G DFRHTIL”, HARL A1 U —254 32 4£5, RALKE,
2005.5.12-13.
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(2) FIH 5%, “Effect of Overstretched Polymer Chains on Shear—-Thickening Observed
in Associating Polymer Gels”, RENKFIEHEMIRFAAFICATAIZESS, 2005. 8. 1-3.

(3) FIHHE, “&S6Ey 17 /v Dshear—thickeningBlRIZ BT 5 &5 OOV %)
K7, b4 BlESFRtawms, IWERSE, 2005.9.20-22.

(4) EIHIESS, “SE@mm oo day— Az N —7HERIC I 7 7r—
F=7, IRt v 2 — BFREA—T ' ) —, 2005.10. 31.

(5) EIHIES, “HAMR T CTHOE - oo F8EA BT L O RSB RIT T 2,
#5563 BIAA LA 1 —a5me, SHEHEANF AR, 2005, 11. 28-30.

(6) FIHIES, “SAmm 7O LA a v—IZB8T 5 BRI,
FHE R R am e o ¥ —8 3Ev AR Y 7 A, 2005, 11. 30.

4, ZF oA,
[ERFEERE TOREEK]

(1) Tsutomu Indei, “Study of Shear-Thickening in Associating Polymer Networks”,

International Symposium on Physics of Non-Equilibrium Systems, Kyoto,
2005. 10. 5-7.

(2) Tsutomu Indei, “Rheology of Physically Crosslinked Networks with Junctions of
Variable Multiplicities”, The 231st ACS National Meeting, Atlanta, GA (USA),
26-30 March, 2006.

[ HE]

2005 FFE H AR LA B ¥ —255m CE
(AT

FIHIESS, “RE6mn 7V OREE Ak x v MU —7 Bag-"
B Y 7 b~ 4l AR, AER A IEEEETSET, 2006. 3. 10.
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o OEEZ

*E#'fz\/y‘_7lﬂ—

1. 7E{ERE (2003-2005 4E) DORFZEOEL

Z NI EPOCEOS EHERED S TR & . S FRLETE. T ENIEIE. S6ICERG
EHAGDEI AL T Y v B QWM JEICESEZE L, BRI, v R7 V2R
ROFIULZ G & SEIEHEALIRTR, DsbBY AV 7 ¢ REEGEARERIZ L DV ANLT 4 Kk
EBERR E X VIBITTD TR, K OF -ATP & REER R O ATP KRN A5 - 77
S RV — AR I B L TR AT o T

(o RFYURZBEROTHRE & EHELRBR] v R 2 N HIRLTFF— vy 7
KT aROFEE L THORZEETHS, T077 I —ORENR DI, HiEr R
(Rh) 2% 25, RhIZIROMICAFAE LIREHREZ > T D, RhiZ G & v B AR 8K
BURIET7 IV —=D—D2THLH Y, KZRICLY GZ U v EafEs - EHE L, R0y s
TR E A — FSE D, o, BEFREEOKEFIIE, SHERO T e N R TTHHAN
77 UAn R7vr (bR) BEEL, HALF=RLF—EHEH o> T D,

b0 a KTV B R BERERBLOY)
WHRRR L, AV = 2 R ORGSO
B THD, ZOREMACRISIZ, # X
B CIXEET OF AR TIEFICEETH
D EVBIRVEZ o, T OBMIT. &V
AR O (0.6~0.7) %5 2., KZRIEIC
RODOLNDEWEZMEEZFREICL TS, 20
HEIE S D' 1P H DT, ZHET
122 < ORFHEI 3R 3 YEIEIZ X DT T
Xz, AT, ZOLHIRF U IRTEHND 0 20 40 60 80 101
BOS I RS 22 SOSBY ) F 2 B B M2 5728 time (fs)

(2. Rh ORI 6 U CIERRBRA 0 FHuETE X1 S1& SolkED = L —2ED K3 R
ERWIEANAT Yy RQM/MM NIV h =7

IZHESL SBEIREEMOBER 2 Gy 781 /1% (MD) FHREICX 27 7 e —FI12 X 0 BRI AR
VT NDOERICH DTN FERALNCTE I 2B E L GEREHERT),
FPFHELEZE 4 ARKOTRTCO T V27 P VIZBWT, REMEALSNECu=CirfE A DfE Y O
[ElHRIZx LT &, BLZ 200 fsOWNIZE T RIECIREED O A ERE~OEBNZE T L TWNDH Z &7
RSz, ZHUFEBRTEBR SN T D @O E ROSHEZFELL T\ b, K112, Ry
FRIGHT AT M AZKHET B, T Y =7 b VIZIHo 7281 & SelRBED = 3L ¥ — 2 DRI R % 71
T WL D = R X — 227 F TORER] DY 40~90 fs DB W IFIFEIRIZ /04 L TR 0 | TRV

+(Es1-Eso) (eV)
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DEFEF OGN HEDLLT, ab—L > MMeIGEN 1L o> TWh, 20X 5 e EndZe KOG B)
L, O EOFEGTE Y OEERSHIRENIAHE L T\WD Z &Ik D, F I RIGERM DR
Brick v, GH U RV ERBICEETHHLZ ENMONTWVENY v 7 AL KISEED B A
EHL TS Z E 2R LT,

S BTN ERY OFREFEFED N7 Y= 7 R % QM/MM-MD > 2L —v a3 2L DR,
Z OFEFIEFRIAE O RN RN F =D EZFHETHZ LR, ZRETOYIalb—va Yy
FETIIRETH > - BE S EFERY 7L & OEBEO 2R AT, 05, BUt T 200 fs
kﬁps@ﬁmﬁ%%OgO@ﬁﬁfﬁﬁﬁé_E%ﬁmbkoik&%@ﬁﬁfitﬂwiﬁw
XF—DWME > TND Z NSz, D OFFER R, EERI S ERO R, & IR
IZELS—HLTEBY, HFone b7 v=7 NV OEWEHEMEEZRLTWS, TNET, 2O 55
D% D < o> THRMRBBO A IS Z DRSS Em SN TEN, 22 THELAL N7V 7 MY
DFFFTOFER . ROSARIET 200 fs £ TIZEN ) FRZ2EE T T L, & 2 CTH U BWOFEM A #
HOXWN RN X —DWMNE G52 TnD Z ENRRHENRT, 20X )R8 )FERREEIC LY

FOBUSIER S ATRE & 72 > TV B,
WIZ, bR ORI T b 2 I EMHLEIERIC £ 0 AL O 5 o3 BRBIOISE % 51 L3
w?%ﬁbtﬁRi%%@mfmbyﬁy7T%@\
SERMALICHE S A& o Xy die Lz a BR ;\ K i\
y,

K216-retinal M

K216-retinal

®izw#—ﬂk®ioﬁﬂf&/ﬂ7 WEZ 5
T WA ARG 5 O, REEhGDE D 4 Tk 2 5

it 5 ECTHWICEETH D, AMETIE, I Watdozy !
= 3 v TS N RIS PR UK L RS z*ilh s
RNTZATH Z LI L0 IEEEER E OxfIa A E L . 2 'VV‘\I'aMOB \%‘““"*:‘:;\fatdﬂﬁ

5 T RV AR O3 2 ARAT L 72, [ 2 126 b
BOGHIR D >y 7D ORE L KKy 7
HD 0D KU ND RO RIS A 7T, T
NI RBEIHIR S DIRB S ER A~ L%
PERICTEEL L, SR CIIE I IRBR O £ — I
PRSI R BRI 7 h LT g 2 &
AtEn7z, Zhid, JOSICE W AKRKRO Y v 7RO )
KFREEBRIBICBD BT = L 2R LTS, S S %
B HTIAEMRTORRL D | = 0% 5 ke e

{2 (a) bR OEMEMLORE T O

BOBEY DT ANX—WEREREHMERE 5T
& 7 oy 7 OIE s
LT % 2 & A8 B Avle ST, i& / )

o R

Rerative absorbance

[DsbB YAV 7 4 NEREBABRICL D VANVT 4 MERAERE X/ VBIEOS THE]  FERRERM
S FHUEEH VT DsbB & AL 7 ¢ REEAEARER O A HPRMREBIZ I 1T 2 AE IRBORIE & |
FOURICHDL I ANT 4 FEEAER KR EX ) VB REO S FHEEOMALZ B L T 5,

DsbB (X KIGEDIFIEERE S X7 EThH O, XY 7T XAEMANICBIT L2 T EOY AT
A FREGAEREE D BB Z VRV E T =T ¢ TRy 2T LOBERE D —>Th %, DsbB
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D

S S

A

THFIZ OOV ANLVT 4 RS K
OCHIIRFE LTS VT %
WaLl, MU YALT 1 Rt % S8 e o
FoY 7T X LZEMND DsbA [ s
%L LCIii< , [ 3 |2 DsbB = >
B IR ITTERRED A — A EIRT,
DsbB (X, DsbA— & L /R TEH DT A
VT 4 RIEREANCLVETINA 53 DehB OUANLT 4 AL L 5% ) R
HOUANT A FREGTREEL T DA X — I @M4#%ﬁv~%7:ﬁ/u&é&nt%
D —EEEA ROV ANT 4 REEAR ’
BBl TbL, SOICHERKNICZEX ) U 2RICTHZEICLY DsbB AF Z@L L1 7 v
7&757?"50
RRED (R TANVAWE, BEEHEATIREEERE) 1280 . DsbB O ¥ / Vg ui e o i K
&kwf X UFRE 7 AICEAT LI ERRR I (K3 53R, ZORGIHLEIT, F
VFE VAT 4 REGAHICE D DV AT A VRO EIREE @ﬁ%&%k%%bfwé

k%z%h ORI ANT 4 REHKROF ) 55 F DI TTHERE D 53 TS I AR 72 0 W 2 -
25 EMBEND, A7av=s NI, IERERN S THLEEE VT, m%%®$m3£%&@%
Pl FMFZREIC LD 2 U AaE T b T EHIRIEOMI & 2 ORI KT 2 HEMEAZ B 5 6T
T 5,

TP, INETOMEDL DFEBRIC L

D .DsbB @D Cysdd BNF AL — N~ &5

X O RBERSFMEITBNTH /) D%
BB ED, E- T, ¥/ D%
13 Cysdd F4 L — b & OEBERBEFE
AERICERT 2 EHEMEND, 20D

&0 AEN RO BB EISE AT
JE Y OIEBMMERICL D EIHIND &
Ezohb, 2T, ERAIERED
Argd8 7z Ala F(TEIAT HERZEN K4 EaBBEE (A) SHNEAK (B) o
Liz& A, X/ 0K NETIR

PERVHIE Uiz, ZAuUE, Argd8 DBREHRPREARICKE S L THY, 2o hiRETIE
%//kCWM#@m%@%W%%ﬁbfwéka%%k*ﬁﬁé

Z OHER SN D EABEEEAROFRAE FIREA I 5T 272012, FERBRI S FHuEEZE Hv
T, RNV X ) FAEL—RFROTAF =V EEND R DE ﬁ%%ﬁ’f K TET NVEREE L,
%@W RS ENEE (R0 Ok 2 70 B BAR A2 WD TR A X7 h VR ONESCIEEZRIES 2 2 &

IZ LV AREEEROR R Z /-7, X 4A |2 DFT JEIC X 0 P8 S37- 48 BAR IR % fiii ) 5 2 B B B
BEASFET NV OMEE R T, TAX = ERIc LV et ani-F 4L — T =4 By ¥
J O riEEBSHEEREZ LTS, SBIZ, 200 TET VOEBEMBEIFHLIRIEZ MCQDPT
BICEVEHEAE Lz, ZOf5%E. BB = /L ¥ —XER TH LT DRI R K ORI
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IREAZFBLL, 20X ) REMRBEEEAN T
MR DIEAD S FRIEE RV ED Z L bh
ST,

IHIT, ZOBEMBEEANSTF AL — &
RV ) NSRS Z LT E Y, RER

(AR SER SND = L BbnoT, K l

4BIZZ DR Z T, 2 O E A KRGS W Ho
BTk, FAL— T =4 LOBFRF ) v k Py NH k H’Nbrg”‘“
DOJRFANE~BETFBEELEZ L, ZOET% \‘; H N \“512 ﬁ'm
TS DL T X =ik b L% S — ./ B
LT3, ra A, m/”' \$

INHORFEEY, 5D X572 DsbB D
AT 4 REEGRBIL T ) B ILORNHRA 7R
FISETABREIND, T, TAF=0C

IR SNIZT AL — b T =43 F ) ACHil UBRITBEISE RN SN D, FEBRTHAS
IR AR RPMREBIL Z O X 5 REMBESSADERKEZ R L TWb, 0%, IMEERAERIZ K
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BRDO— HMEESD, LW I HIEEZ RE L TV 5D,
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KNE  Hild
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1. ARER

AREIHE « €1 A VLA RY IV BRI

UTAE, PNERIDEL « A A AL DREE 7o ALY RV S, BEGRIC X D aE 7R B S 7= T
L0, ZOX D IREEEBERIC K o TERIITIE, RERPUEEM & B2 RIFFCERV S Z &
DM THY . (DD L 5 R FEEIREEZ LT L2l i O SAC-CLIEDJSHIZRETH 7=, 22T
I¥. R & 512 ROHF IR O |0) & S HBI% & 3% = & C SCF Bl CHLBRR O 2R &
Al S > THLY AL, ETHHEI%E OR-SAC {EIC L > CRdid 375 2 & THRA 4 U (biREEER K LT,
Table 1 {2777 K 5 I1Z OR-SAC ¥51% SAC-CI ¥ & bl U T, D7 W EHE 97 11 THA A bR 7 v
Y IVEFEBEICHEA TE I,

SAC-CLEBIBgsL  [#H )= R, exp(z S, j| 0) (1)

OR-SAC WBIBEIHL [Wo ) = exp(z C,S,]exp(z ch;]oK
1 J

0) )

Table 1 SAC-CI & OR-SAC {EIZ X DWERA A4 L AbART > v /L & CPU time D FLEL

SAC-CI OR-SAC Exptl.

Molecule IP (eV) CPU time IP (eV) CPU time 1P (eV)

CH4 (Cls) 290.97 37 min 20s 291.04 8 min 50s (24%) 290.91
NH; (N1s) 405.26 66 min 20s 405.56 10 min 48s (16%) 405.56
H,O (Ols) 539.25 22 min 3s 539.55 4 min 49s (22%) 539.78
HF (Fls) 693.44 7 min 24s 693.84 1 min 54s (26%) 694.01

Nk A A ALIREEDY OR-SAC 1EIZ X » TRIL I UL, WRBIESSY =1 7 7 » 7 IREIXG)X
DX HICOR-SACCIIEIC L > THRET L LN TE D,

OR-SAC-CI BB % TOR—SAC—CI> _ QZ a’JRJ |\P0R—SAC> 3)
J
Fig.1 IZH,ODWNFEHEL A7 "L DEH#E T 525, Table 2 12779 K 9 IZOR-SAC-CIILSAC-CIIED

D1 04D 1 LN FDWILIRD HfERE KIEIZHEET D, [FERIZ, Fig2 O X S IZHFOWiEA 4 1k
(774 AT MABRICEREZBIL, R TCOE—VIHERIRBRE 5 27,

Oscillator Strength

SAC-CI by — 4
SAC-CI g . Table 2 CI RITD LB
SD-R  536.1 SOT-R - 2p=3R(M) - 2p —35(0%) - —
2p —3s I721.2 i CI Rt
[ 11 1 -
SAC-CI . Ty N H,0
SDTQ-R
- 5070 \ AN SAC-CI SD-R 15208
= N
2 » ,L,. N | |718.7 SAC-CI SDT-R 164260
OR-SAC-CI E|QRSACCL b N WY OR-SAC-CISD-R 15208
SD-R 1 7165
534.3 ol L e
. ! . , SAC-CI SDT-R 24666
Exptl. . .
Botl. A NAT16.4 SAC-CISDTQ-R 213354
20 AN / y /N _ORSACCISDTR 24977
// \ ,/ NS gt 'n-_;\L/_' - - -
533 534 535 536 537 538 539 540 541 740 735- 730 725‘ 720 715

Excitation Energy (in eV) Binding energy (in eV)

Fig.| HHODWERFIRER A4 )L Fig2 HF ORERA T LR R L
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ONIOM+SAC-CEDRF L IHH

ONIOM 1%, FRD L 9 IZE R T %2 WL DNOFEIZ /T, TN ENOMEBICHBED R 5
FEEMAEED ZLI2LY ., BREOHGRICL D EROEREIMNFT L HETH DL, BRI TRIC
BT SRR BE OB RN 21T 5 2dIlc 71 77 AEB ATV, BTLFHE Ry r—
gaussian03 DO H T, ONIOM 0D & k5 E O GG & LT SAC/SAC-CI 5% i F "B L 7=,

ONIOMZD# =K
Level LOW LOW  HIGH HIGH

System REAL MODEL MODEL ONIOM REAL

Oce0®

EONIOM — ELow,Real _ELaw,Model +EHigh,Model

Ji FAfl : Green Fluorescent Protein (GFP)D LR TR ILF—

GFP [3H DM HOLITHE D D (R & F b S & H#OEICIL 3 DD R D IREE (A, 1, B form) 23
BET25EE2x0NT05, FRIOXLHIZ ONIOM EDOETIVHEEE L THLEEOAZERH L,
EAEEE D BERICIE MM IED 1 5 TdHh D Amber {E& 1 LT, A, I, B form O IEEIRAE & BhiEd KR
PO THERELZAT - 7o, REEIEIZB T D = /L F— L O L —(3, Table 3 (TR
TROICEREL RS HBLL, 26D AN =X LMPICTH L TE DRRPELNT,

ONIOM MET L

Real System Model System Table 3 ONIOM+SAC-CI #:(Z & 5 GFP @
GFP£f& 3802RF iRk (W22) JibiEE & B R L —
ﬁ BEIRIL¥— ONIOM+SAC-CI EAfHE
? 9

’ ‘._.a_‘_;_‘_.;._ 3 A Form 3.21 3.13

0,0, 03 ° B Form 2.56 2.61

* 39 @ HEIRILE—

., I Form 2.24 2.44

s
D

s FR4BI : Testosterone(Cy Hs05) D 3 EIE M SEIAE TR JL ¥ —
ONIOM+SAC-CI #£1%, CIS X MP2 IZ X 2 2R DOFHHE LV HFHE I IDs@N/hS NIz s b
LT EREAZRSHFHL, 20ROt o X 5 I/ IEICIIEHTH D Z LR fif- 7,
Testosterone £% M QM §& ONIOM+SAC-CI ONIOM+SAC-CI

] E5 )L : Acrolein ETILHEE:
299 3;1;4
PR et sy
‘._evxft 5

4-Methyl Cyclohexenone

.‘ J. g
o ?
oM ant
(kcal/mol) ot -
HF 432 ONIOM (kcal/mal) ONIOM (kcalimal)
B3LYP 65.7 SAC-CI:HF 75.9 SAC-CI:HF 65.3
AM1 449 SAC-CI:B3LYP 77.8 SAC-CI:B3LYP 70.0
cls 60.0 SAC-CL:AMA1 70.3 SAC-Cl:AMA1 65.0
MP2 884 Exptl. 73.4 Exptl. 73.4
Exptl. 73.4
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2. X

[1] Theoretical fine spectroscopy with SAC-CI method: outer- and inner-valence ionization spectra of furan,
pyrrole, and thiophene
M. Ehara, Y. Ohtsuka, H. Nakatsuji, M. Takahashi, and Y. Udagawa
J. Chem. Phys. 122, 234319-1-10 (2005)

[2] Inner-shell ionizations and satellites studied by the open-shell reference symmetry-adapted

cluster / symmetry-adapted cluster configuration interaction method

Y. Ohtsuka and H. Nakatsuji
J. Chem. Phys. 124, 054110-1-5 (2006)
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1. Mechanism for biosynthesis of antibiotics in isopenicillin N synthase studied by theoretical
methods
(R K& FH1) OMarcus Lundberg, Keiji Morokuma

2. Viscoelastic Properties of Transient Gels with Junctions of Limited Multiplicity— Sol/Gel

Transition and Rheology
(R KfEFHHE) OTsutomu Indei

3. rmnF Y — TN = R EEOS OB ) 5 Ll
(O3 F0F 1 TN R 2 mORAE St °) I 222 'm0 Ol RIE S, iy ZA !

4. Transfer Integral calculations for the electron transfer between excited organic molecules
(R KfmHE. Georgia Institute of Technology)
OTsutomu Kawatsu, Veaceslav Coropceanu, Aijun Ye and Jean—Luc Bredas

5. On the mechanism of fuorescent enhancement in aggegated OLED molecules
CRKEH T, B KPET) OBiswajit Saha, Masahiro Ehara, Hiroshi Nakatsuiji

6. RATHIEZ B Ao F iS4 FE DT IE
CRRfEAE) OmIEEE, FEREZER
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DL ENE
CRRAEH) OMIEAREE

8. OPTICAL SPECTRA OF TRANSITION METAL IONS IN CRYSTALS: FIRST-PRINCIPLES
ANALYSIS
(R KtEHE) OM.G. Brik

9. Calculation of vibronic coupling constant and vibronic coupling density analysis
(R KXfEFHTE) OTohru Sato, (FL K% T)Ken Tokunaga, and Kazuyoshi Tanaka
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Lewis acidity of nano—ball allophane: Experimental and molecular orbital calculation
(B KJE) OZaenal Abidin, Naoto Matsue and Teruo Henmi
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